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The response to the combined pollution of cadmium, zinc, and lead by the antioxidant enzyme activity of
Lolium perenne L.

ZHANG Jun'?, WANG Wen-ke', GENG Ya-ni*, REN Xue—ying?, WANG Zhou—feng', CAO Shu—miao'

(1.Key Laboratory of Subsurface Hydrology and Ecological Effect in Arid Region of Ministry of Education, Chang’ an University, Xi’ an
710054, China; 2.Shaanxi Key Laboratory of Disaster Monitoring and Mechanism Simulation, Baoji University of Arts and Sciences, Baoji
721013, China)

Abstract: To study the relationship between plant antioxidant enzyme activity and combination heavy metal pollution, the effects of combi—
nation pollution by heavy metals Cd(0, 10, 20, 30, 40, 50 mg-kg™), Zn(0, 150, 250, 350, 450, 550 mg-kg™"), and Pb(0, 100, 300, 500,
700, 900 mg-kg™) on the activity of the enzymes catalase (CAT), peroxidase (POD ), and superoxide dismutase(SOD ) were investigated for
different periods of stress( 14, 21, 28, 35 d), based on orthogonal and interactive soil culture experiments. The results showed that CAT and
POD were activated by Cd, whereas SOD was inhibited. CAT and POD were inhibited by Zn and Pb, whereas SOD was activated. Under the
contamination stress of a combination of heavy metals, POD and SOD activities significantly increased with incubation time. In addition, at
28 and 35 d, POD and SOD activities were respectively 260% and 637.4% of those of the control. SOD activity significantly responded to
the interactive effects of CdxZn, CdxPb, and ZnxPh(P<0.05) and insignificantly responded to CAT and POD activities. The response of
SOD activity was more sensitive than that of the other two antioxidant enzymes. Therefore, SOD activity can be used as an indicative index in
the evaluation of the heavy metal contamination of soil.
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TR, L HESRE G, AW
Ml 1), R ), B R o , S 2 9 & B HLAS W]
AR A B A T B A 3 e
D7k Bz A AR R A R S X A A B 1
B ER, PEGHYIALZE L BT A ] LhE L [ B
BEMLTRE AR DTG R R X A e, AT
H—EEe R E LRSI, Bl 2% R R
SRR EE A T RN AR AR R A [ P A
W9 R AT A AL 2R 40 AT LUTE BR B 48 7 A2 1Y
TS B L, Hor i AP R AR AR b A
(CAT) A4 LY (POD ) FldE A AL L AL iF(SOD ),
3 Pt AL Bl G 2 4 A 2R v B IR ) 2 Y
AR S SR B s S VR . fE— 2 E AR
ol 7K ST SOD 3 PE FTAH A P ARG 6 P A H B R K
SR IEAH G, POD {1 5 R R N 4 R VR 2 OE
AE M,

Az B (Lolium perenne L.) &% [E b 778 WLAG L
J BB R, A AR 0 TR RE T, AU Z
B ARG = SR8 7, i HG 4w Jilke A AR
TR P R iR 2R B, R BT AL Pk RT 1-
S G e 5 AT W S e 1, B — E S U5 U AT LAY
& CAT . SOD POD & 14, 545 i 525 75 ox Tl 1 M4
I EA P[RR, Hodr, Cd X 22 B2 SOD \POD
TEPEARA POEVERT, SR B0 S in 5 AR A A
Ph ZEARHEE A BF 0] Py AT DL SRS 5 SOD 15 1 HH i
F+i5 , {H POD {E Bl Ph ¥ B TH S bl 2 FEAIET LA
MR ZEPER - FEL )RR E S ESETS
e b X 2R E A 2 A TS Yt e e ) 1 AL A
UL AT AR R R F R 22 i A AL B 8 42 )R
15 YL L REAE G R R R AR e T 1
S @G YRR,

YT HESRE A5 RAERTE SR A1, 1T 20
B 350N AR TR FH B — 5 YL AT LR f R, TR AR BF
FEREFE LIS Y E A Cd Zn A Ph /E M5 YLk
U5, R AR BIEAS S ik, AR RN S
A Wi oY A R AR T Yot B A R AL P 1
SEMR), ISR 1 45 T 4 R 15 YA B RS Y Ui 4R
HERRIS I

| HREHE

1.1 TS

R A Bl E e ] M X 4 R £ a5 A
WITHERI 0~20 em 28 4, 36 A% B8ty [l 52
= KT, bR MEYIFRARSE SR IE T 20 H 47
R o e AR AR B RS BTy R A 1 S AL
PER LR 1, 3 4 8 & R A SO 0 g - 1CP-
MS (NexION 350X, PE, & [# ) Il & ; FR B 4 38 £ 5
0.150 0 g, % HNO,—HCI-H,0, 1% (MDS-10, | ¥
BASO W, RIBS RIVE 2 (1, I ARG TR E
[7) INF 2R FH R A o R (GSS-8) HEA T ik 5l [mllic
HH 97%~103% ,RSD<5% ., FrAMR¥ Mikgi4t, K
HiEEAK (>18.2 MQ),
1.2 SEE&IT

VEH 3 FifEPI B A AL CAT POD . SOD A48 /R

fhr,Cd Zn \Pb [ ELFIEE SR I RIVE R SE g0 R &, it

IE A S PR &R AR 22 (AN 2) . Cd . Zn (Pb AT (7]
HEERTRERA Lo($)EEIELR,3FESR
L HAEHSE R Ly(27) A8 HIEAC K . HARTEIRK
V1S B A A BT T AR HE (GB 15618—2008 )
A OC STk B 1771, Cd (Zn (Pb 43 5] A CdCl, -
2.5H,0 .Zn(NO;),+6H,0 F1 Pb(NOs), Bt il /K 5B i
KOMAZ] 58 7850t VA 3 RS, Bab R
3INEL,

TR TS 1% 2 min, AL BT
IKIGVE, SR G B YRR A AL 1 5748 (PGX-450L,
TUHR) A R IR AL R 2E . TF 7 d RFE#

2 XKW
Table 2 Design of orthogonal experiment

95 Cd/mg-kg”"  Zn/mg-kg"  Pb/mg-kg”  FEFEmfIaj/d
Lig(4)7KF 1 0 0 0 14
Lio(47)7KF- 2 10 150 100 21
Lio(4) K 3 30 350 500 28
Lio(4°)7KF- 4 50 550 900 35
Ly(2)7KF- 1 20 250 300
Ls(21)7K - 2 40 450 700

® 1 LW EBAMR

Table 1 The physical— chemical properties of the experimental soil

JBi /% Al /mg kg

FHEKR TN/g-kg!  TPig-kg’  OM/%  pH  CEC/emol-kg’ - 8xe
Wk b g by Cd Pb Zn
#t 1.78 2.53 3.15 8.31 8.90 25.63 66.0 7.27 0.62 12.2 54.1
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R IEFE R, B B AT 30 bk, A3 H LI De K, P
HE B 7K 2k FH ) 2 7K 01 60%., 1 85 it A /b HE N P
B, HE % B WRUS 4 7 d RS B R TSR R 7E
R A KA 35 d NFERAE 4 Y, H2 8 1.3 5y kil
AE

1.3 Mikistr5 7%

PRI 1.0 g 2247 8 i i 7 2 Bt S8 10 i (SOD
POD .CAT) 4847 : 2 8 Marklund 252050 2 J7 g , ¥ -
R VRER A rf i A B BR VAR, 7E VKV T I B 1
WA UR S 0 I EBUTRE - 9 BRI, i A o) 750 2R e
(NBT)FEJE T i JEAE FH S H 5E SOD §i6 4 , — > il i
PR BAA7 B NBT Yk J 50% 3 2R ; 2 B8 Polle 25211
FE TR AR B b e k0 POD 161, LA 1 min
PN 470 nm WG EEARAE 0.01 BV O S il 6 % 5 DU i
it 1T 240 nm T IO AR T R R S it 4A LA
A3, LA 1 min I8/ 0.1 AR R 1 ANEEE B0
FH L8536 56 B 7 (DR6000, HACH, H 4% )il & CAT
TP
1.4 42

K Excel 2007 #4754 23, 5% 1 SPSS v22.0
VEAT IE 22 5286 5 22 fl 22 57 1§ 2 1% 43 B ( Duncan , P<
0.05),°%H Origin8.5 /£,

2 HERESMH

2.1 Cd.Zn . Pb ESEAMBEZENELEE TR

H25 3 AJAL, 7ERY 16 452 BdE T, T6 411
CAT G A K, T3 411 POD i PEAE i K, T4 211
SOD {EMEE R K . M ZE Pl AL, & S50 R R X
CAT S0 5 A4 Uk g 15 5% B 6] >Cd>Zn>Ph ;- % POD
A TR U A 5 R0 (8] >Pb>Zn>Cd ;. X} SOD 21
P AU SRy 35 3% B [8] >Pb>Zin>Cd 5 B ] DL, 3% 77 1)
[ XA 3 Rl AL BN R F 2N R, E4)R
Cd XF CAT {GPEA B K50 , Pb Xt POD SOD & PEAT
BRI

K ATMEAIER T 20 a8 R R, 3 el
IS PEXT Cd Zn (Pb #4708 F M (P>0.05), #5370
()X CAT 36 MA 5 i 2 52 (P<0.1) , % POD & ¥ A1
SOD JEPEA B350 (P<0.05), [RIINF, 4543 3 AT LA
153, CAT Xt Cd \Zn ()77 22 AR, % Cd \Zn Ve
IR, 24 Cd 2y 10 mg-kg™, Zn 2y 150 mg-kg™ 1)
BN BE , CAT J5 PE{E A )5 K 3 731.4 U-min™' -
g FW, B VE BE 1 Cd . Zn %F CAT 75 M EL A 0%
fEH;POD SOD %I Pb 7 22 Fi kK, 8] POD .SOD
X Pb #5808, 24 Pb Sk 500 mg kg™, POD 75 P15 %)

x3 L4 EBFEXTTWER
Table 3 Results of combined orthogonal experiment , L;s(4°)

A E RS TE%E@?&‘@/Q'WH"'%" Fw
Cd Zn Pb K5 IR} E] CAT POD SOD

T1 0 0 0 14 344.3+21.1 837.5£28.2 68.9+1.7

T2 0 150 100 21 538.0£2.9 595.8+22.5 262.6+42.0
T3 0 350 500 28 1 046.9+14.2 2 757.6+103.3 319.7+16.7
T4 0 550 900 35 728.4+31.0 145.1£25.7 1 577.8+0.0
T5 10 0 100 28 1 283.0+13.1 2 473.6+21.1 299.8+19.2
T6 10 150 0 35 3 731.4+83.0 931.9+11.5 982.0+61.1
T7 10 350 900 14 375.7£8.0 1 047.0+43.1 225.5+78.2
T8 10 550 500 21 581.6+9.8 427.1+6.7 232.0+56.1
T9 30 0 900 35 2 302.5+18.5 1593.1+134.4 682.9+158.3
T10 30 150 500 28 1 573.4+6.5 2 468.1+95.9 918.0+49.7
T11 30 350 0 21 523.4+12.5 349.8+72.0 353.5£39.5
T12 30 550 100 14 456.7+2.9 1 104.4+14.0 132.2+23.1
T13 50 0 900 21 613.5£16.3 501.4+14.2 142.3+25.9
T14 50 150 500 14 425.0+2.9 949.1+8.1 120.1+41.6
T15 50 350 100 35 2 398.9+89.1 1 992.4+49.2 243.1x10.5
T16 50 550 0 28 1 475.9+37.5 2 551.4+172.9 518.4£98.3

T BRI 3 KRR MpRiEd 22, TR

Note : Values are given as mean + SD from triplicate determinations. The same below.
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A 2757.6 Urmin™+g” FW, 4 Pb 2% 900 mg-kg™',
SOD JEPEE AR F K 1 577.8 Usmin™ o' FW, B
WeBE1Y Pb XF POD 3P A WTEAE R, kD) Pb
XJ SOD i BABOEE
22 Cd.Zn.Pb X EEAX EZE M ELEEER
A

W 5 AT, TEAC HAE A 5L 8 A s 1, S3 1Y
CAT 1& MR K, S8 1 POD i B i K, S4 9 SOD
WM R o AR ZE 5B T, 25 SE B0 R 3R CAT 52
i W AR YR N ZnxPh>CdxZn>Pbh>CdxPb>Zn>Cd ; X
POD S I EAR YR A Zn>Pb>CdxPb>CdxZn>Cd>Znx
Pb; Xf SOD M FAK Ik N CdxZn>ZnxPh>Pb>Cdx
Pb>Cd>Zn,

PR T A2 . POD 36 HAE Cd ¥ EEH 30,50
mg-kg™ B 550 B 25 22 5 (P<0.05) , 43 5l Jhy X} HEE
(1) 127%F1 138%., SOD {EHETE Cd ARl FE T 34 Xt
HEME IS, 76 Cd ¥k EE R 10,50 mg-kg™ B AH /N T %) R
(P<0.05), 435 %t BRI 78%H1 56% ., ViHIBEZ Cd
W BB, CAT (POD J& P& ¥ &, 30E 1R,
SOD {EPE SR FEAGE S A B2 aymdifER .

Kl 1B KA, Zn R EEAE 150 mg kg™ B CAT 7574
i, Xt BRI 138% , 7 550 mg-kg™ B K5 ik, S %F
W& 71%, POD IEPETE Zn ¥ 350 mg- kg™ I,

F6 LO2HXEMEREZRBHFEDNT
Table 6 ANOVA for interaction orthogonal experiment, Lg(2")

AE 5 N JrZH P
32 6 22 I BRI, Cd Zn  CdxZn. P, SR A CAT POD  SOD CAT POD SOD
CdxPb . ZnxPb ixX $& [ R AR X SOD i M4 A I 2 5% cd | 11 65 1859 P<0.05
(P<0.05), % CAT {%4EF0 POD {6 £ 2 7 Zn I 396 27627 1251 P<0.05
2.3 Cd.Pb #0 Zn R B EZE M FLEE RIS CdxZn 1 2895 5128 40569 P<0.05
4 @ v FE XL AL B PR 52 e An ] 1A~ 1C Pb 1 803 13411 7036 P<0.05
JroR , AN R 557 s ()T S A B S 2 i an /& 1D By CdxPb 1 S19 8997 5547 P<0.05
Ko LA I CAT IR PESE CdRRIRBOK P 3 00 L o 3 0 o
BUH 95 (PO.0S) B CAWKE 10 meke e 8 1 0
BT RS W B 225%  JE B Cd e FE 8 65 -
T4 L(P)EEIERELIWAHEN
Table 4 ANOVA for combined orthogonal experiment , Lis(4°)
S i I : i
CAT POD SOD CAT POD SOD
Cd 3 1 454 690 394 432 217 169
Zn 3 1173 154 486 763 366 550
Pb 3 988 611 642 074 521 122
R ] 3 8 973 160 9 612 908 1 282 345 P<0.1 P<0.05 P<0.05
e 3 1 086 661 568 196 119 178
JESan 15
5 LOQ2HZEEAXKRER
Table 5 Results of interaction orthogonal experiment , Lg(27)
Jrenra FHE R *E%?ﬁfi?ﬁﬁ/@min"'g" FW
Cd Zn CdxZn Pb CdxPh ZuxPb CAT POD SOD
st 1 1 1 1 1 1 416.1+8.1 7539+213  126.7+51.2
$2 1 1 1 2 2 2 482.2+10.6 804.4+6.8 168.5+18.5
s3 1 2 2 1 1 2 538.2+16.3 856.5+5.6 173.9+19.0
s4 1 2 2 2 2 1 4643433 8357+28.1  356.1:83.8
S5 2 1 2 1 2 1 477.6+2.5 6704+102  353.5+39.5
S6 2 1 2 2 1 2 476.2+6.4 77524153  287.5+25.8
s7 2 2 1 1 2 2 4884114  7944+205 1134113
S8 2 2 1 2 1 1 41755161  987.5x100  192.8+154
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SRR 114%, 550 mg - kg™ I fik, % BEEY 78% .
SOD VG MEAE Zn ¥ 150,550 mg-ke™ B 5 % B i
H25(P<0.05), 4305 % BRI 191%F1 206% ., i3iFH
Bl Zn WP RI3E N, SAARFE X CAT POD &4
SeTFE R REAR, A AEIE X SOD JeTt i 4R J5 BEAR
T+ REIEVER

Bl 1C 8], CAT 35 H:7E Pb ¥k JEF &y 100,500,900
mg-kg™ B 5% BEAT i 2 22 5 (P<0.05) , 43531y X B
W 77% 2% F 54% . POD F M7 Pb ¥ B & 100,
500 mg-kg™ B 5% FEAG I 2 25 7 (P<0.05 ), 43 51 A %)
MEAY 132%F1 123%.,SOD JE47E Pb ¥4 100,500,
900 mg-kg™ B 5% FEAG I 2 25 5 (P<0.05) , 43 51| A %)
M8AY49% T0% 01 149% ., $iBH CAT 1GPERE Pb ¥ BT
TR B A, B AR T, POD 36 PEAEAR IR E TH i
e R BEREAIR, e A2 S AR 5 SOD i PR S BRI S Tt
1 PE R R TN RIS VE R .

& 1D 07, ) 14 d 5] 35 d, CAT F1 SOD 3% P bifi
H WA, BEE M — BT L AR OE VR, CAT Al
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3 Pt AU A i R 4 Jm vk B 2 IRl ) 2 ot Il A
FEAn=C( 1)~ (3) frzn. Ma(1)~x0(3) a5, Cd Xf
CAT .POD SOD JEE 4[| 19 R %5043 51y 14121402
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POD &L HRIME T, % SOD I PEAELEE . 20
[ AR AT 25 55 DL b 2250 Bl AR
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Different lowercase letters indicate significant differences between treatments at the P<0.05 level
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Figure 1 Effect of different cadmium, zinc, lead and time on three antioxidant enzyme activities in ryegrass
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3 g

4R 15 P PP AL 5 2 T
BB, CAT.POD SOD #i A A A 1 18 1 AN 5
YL bl 0 PR A B , A2 SN EE 4 S i e T o] LAY R
% iy L= A i 15 2 SR L ] (Reactive Oxygen Species,
ROS) , I3 HE ) 240 M AN A2 BB IR, FEARBFSY
o, B8 R Cd . Zn Pb X} 3 Rl Wit E AL G T 1
S AR AL R K H Zn A Ph AR R4 Cd 2R iE, X POD
TEPER R 2, Y Zn WP R 550 mg-kg™ B, POD
AL BN T 21.7%, 24 Pb ¥ FE K 900 mg-
kg™ B}, POD & PR X B R B T 10.9% , JC i % 48
1k, ] POD 7E 22k Zn A1 Pb 5ILH) H 3R
BRI X SR LM FREVR AR —
oo AT, ERE ALV T AR Cd Zn
X CAT [ 1g ME LA K m, . @R Pb Xf
POD SOD i P HLAT AL IS, T8 55 I )% 3 A
PUABERE M FLAT s, Bl BE R ] e
CAT F1 SOD {EPE TRy, RUIX 2 Fhdi A LG
— EABLEASE T BRAE AN B 3R VE T o BRI
1] (28 d 1 35 d)H 4 J& A T, CAT F1 SOD #{ i 2%
15 TR RR(P<0.05 ) , FR 30 7 B B 5] A8 540085 2500 o 7E 1
LAZH LK, CAT 52X ZnxPh  CdxZn 32 H.AE
T U, POD 1 PEXT Zn Pb K ZnxPb 58 HAE FH 5
JB&, SOD 1 X} CdxZn  ZnxPb 38 B AE FR U, % 5
B — 4 Jm WaE T R A B AL S MRS A AN
[F]E1 RHHTEE AR ARG YT, BE tfIE R —
HE R Z N, TR R s dEBUE R, Mk
T Y EACEH A A TR S KT, B IR RS I A Ak
YRR R BMstT . EAJEACH B BIE5R T CAT,
SOD G PR 10 , 3 — 45 S AT R BAZE R 4N gt s AL
il LA % 7 42 J =22 1] 14 58 FAE A 6B,

MR A JEMRA T, 0] LS L Z AL Rk iR
THERE AR A B E Rl e o B A LB PRt
K ROS, X FIfF Y H 1™, AW AE LRSS
RN, EEJE Cd.Zn Pb 515545 SOD {54 5% 1
B 53 (P<0.05), JtHSZ CdxZn, HK 2 ZnxPb, Zn 1Y
FEFERT LI Cd P XTI AL B A2, TR
JEHESR SOD FE & M, X 5 9 K vk b 5% SR 2 AR
SOD J& 5 4 Ja i PE AU bR 45 R — 2™, SOD X 3 Fil
4R R A5 Y HA W A R, X AT RE R BN HTAR
LT SOD e Je bl s AR L bR A Ak A B 3k 05+ 3
EBRI Y H0, #kE— 4P A L R4 CAT . POD %%

AP TR B S B A AR P B SOD Xt 51 4 @ 75 YL Al
BT CAT F1 POD.,

4 ZEig

(1) Cd\Zn Pb E&{5H ~, BAE RHUALNE™
A TSR EE R 1 o Cd SR B XS CAT POD 5L
WS AEHL, X SOD iSRRI HIFE M . Zn Ph RBLUXS
CAT POD & Pk i3l i A T, X SOD 7 4 A i A1
Mo AEXT 3 FhEGJE AU, HiIRIS )% CAT POD
SOD {EMERZM B, FEHIERT POD 1E LR IR R o

(2) & Cd \Zn Pb {5YLHpi8 T ,SOD & P %f 3 Fh
G Jm N A2 HAR R U (P<0.05), JEHJZ Cdx
Zn ZnxPb SL[FEIME RIS, PR R 22 B S Al v m]
PATEIR SOD 10 H 4 Ja B w5 95 YR BE A 45 78
fitr.
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