8507 B 12 B H A 2 # Vol.27,No. 12
2007 £ 12 A ACTA ECOLOGICA SINICA Dec. ,2007

7 3 X H % B E A Xt £ B 5 ( Houttuynia cordata)
HEREZSERNMENVEREZ I

FH4%7 .5 #7F 2 A

(L. )R REEFRIPRAERE, R 625014 2. ) R BA S RER, A 610065;3. VU4 B FETFRR M .0, B5E  637000)

WE  RABEFMERTENRS BEAEREEAMNARETRESBENELBRANT N, SBRERER,HEE PbIRE
R, A EEH SR SBREFRERETBERL. I A ERETHRREFAEEHSE SR, MAERKE Zn BE T, &
FEBAR TR, AJERM i SOD.POD #1 CAT 3 MESIE AR RBEE Pb IRERI NG EAE TR, BEE Zn IRERIM,
SOD #1 CAT 2% b7+ /5 TR, POD N2&Z ¥ b F. Pb-Zn XA RN T A B E & &, % SOD F1 POD iE# BA M
fER % CAT EHZ WA R, FINHRERERY, £5— Pb.Zn MAEEHZETENHELMBREANEHWAT Pb.Zn —
HHIEFER , P RIEE Zn XA BEENHEERR K, T LB R Pb AR B X 2] 400mg/L i, & R R RBIE ¥ 4K, 15
B JRE BABIRAE Pb 887

KR4 R A AR 3R T AL

SCE S :1000-0933(2007)12-5441-06  FhEI4y 3B (Q945,Q0948 X171  SCRRARIRMG:A

Effect of Pb, Zn and their interactions on the chlorophyll content and antioxidant

enzyme systems of Houttuynia cordata Thunb
LI Zheng-Zheng', WU Jun'?** |, TANG Ya’, YANG Gang'

1 College of Resource and Enwvironment, Sichuan Agricultural University, Ya'an 625014, China
2 College of Architecture and Environment, Sichuan University, Chengdu 610065, China

3 Nanchong Environmental Monitoring Centre, Nanchong 637000, China

Acta Ecologica Sinica 2007 ,27(12) .5441 ~ 5446.

Abstract; Combination contamination of heavy metals is one of important soil contamination types. Phytoremediation is an
effective approach for remediation of heavy metal contaminated soils. Nutrient solution culture was conducted to determine
the effect of Pb and Zn contamination singly or in combination on the chlorophyll content and antioxidant enzyme activities
of Houttuynia cordata Thunb. In single-heavy-metal systems, as Pb concentration varied from 5 to 400 mg/L in the nutrient
solution, total chlorophyll content in leaves decreased linearly by up to 40% . As Zn concentration varied from O to 50 mg/
L in the similar single-heavy-metal systems, the total chlorophyll content in leaves increased initially and then decreased as
the Zn concentration in the culture increased beyond 10 mg/L. The activities of SOD, POD and CAT in those single heavy

metal systems increased with Pb concentration initially to pass a maximum and declined as the Pb concentrations exceeded
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100 mg/L. For the effects of Zn concentrations on the enzyme activities in similar systems, the same trends were found for
SOD and CAT, but not for POD. Instead, the activity of POD increased with the Zn concentration in the entire tested
range. In the dual heavy metal systems, Pb-Zn interactions increased chlorophyll content of Houttuynia cordata Thunb,
restrained the activities of SOD and POD, but has no significant effect on the activity of CAT. These results indicated that
the effects of single Pb and single Zn treatment on chlorophyll content and antioxidant enzyme systems were more severe than
the combination effects of Pb-Zn interactions. In addition, the The high Zn concentration resulted in obvious damage of
Houttuynia cordata Thunb. In contrast, Houttuynia cordata Thunb could normally grow with high Pb concentration up to
400mg/L. Therefore, Houttuynia cordata Thunb may have a high tolerance to Pb.
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i (Pb) B—MELEPBREMR, HABBHWESE, BT ALEN BARIRKABIT 2 ABIE, i b
TR, BB T B RN SREETEE. HHEATEE, A 8R4 YR, XHEY kg
B VERER S R, T S BRI R AR ER PR M AR — B R AR IR SRR
BRI kAR,

B (Zn) REYERHOEER TR EERERBLT BN Zn BRI EE N2 RBHER K ES)
UGB, BEOESRRER RN ELBTE, SBNEXEY . sh M A EEE —EHE FE
T, BRSBTS R Z R T xR K 2 B RS £, BREE AR TH Ml “ =5 Hii
BN RSB ROKE RIS LR, SR E R SE R HE AR A E

AR D B LR FESENEAERS, AMAES RS UL REESBRTRERNE ST,
REHHWXATESB-HYBERNARRZETEESE-RIEVERX — U, Tt 84 E R BN R
B U RE A P A RIRE LIRS FEATRRMEETENMAZS MR NRIE, FHRRHAEFBIE
FrE, B T A FS R ET , hA M A EEM R R & B EMBEE AR, FiT T Ak
X BT B E BT LUBAOR 4 5 T AR R B B2 40 s e R SRR AR AR
1 HEE5FZE
1.1 HaRESENLANL

BT R B ( Houttuynia cordata Thunb) , 3R B Y 1] 48 FE 2T R 4 X =B 4o

BREIMBEFEBPA/DN—HH T ERRTELEFRRD, EFBRPERHABN: Ca(NO;),
4 H,0 2. 00mmol/L, KH, PO, 0. 10mmol/L, MgSO,-7H, O 0. 50mmol/L, KCI 0. 10mmol/L, K, SO, 0. 70mmol/L,
HBO, 10. 00pumol/L, MnSO, - H, O 0. 50pmol/L, ZnSO,-7H, O 0. 50pmol/L, CuSO,- 5H,0 0. 20umol/L,
(NH, ) 4Mo,0, 0. 01 wmol/L,Fe-EDTA 100pmol/L, FidEsF 21d, FEHR K HEFM IS, A T/K R,

1.2 EFBErL

B LSS R R AR @ BEAT R R B9 405 B K P AL 3, 3% 4 4~ 857KF (mg/L Pb) :0,50,100,400;4 4¥KF
(mg/L Zn) :0.5.10,50; R —H R g 2iit, 3 16 MbH, BAHEE 3 K, EFBHEMELHILL Pb
(NO;),,ZnSO,TH,0 JERMMA . FrA EFrl i) KH, PO, ¥R E W/ 0. 005 mmol/L, LA G E VN, BX
A pH i@ ERWE pH{E, 3 0.1 mol/L NaOH &%, 0.1 mol/L HCL &5 pH £ 5.8, {#fF24h FELER,
B 3d Bk 1 WEFRR,ALH 30d 5K, AFEAR 4 XY KK BFEER TR,

1.3 Haat5NET %k

BURERT , S5 H B 2ROk R E UK , P 20mmol/ L Na-EDTA &I HRER 15min , 2 BRHR R T W M 45 FIEE,
BEREBR TR T S, AROKGORE R KR T, W EMH A 4K & & 544 (SOD ,POD,CAT) ,

MR E G ENE  RARI-ZBRABIRE, e E%

FEEAL Y LB (SOD) F 4 : MR Bewley %5 BTk kA9 NBT SERFEMIE"
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ALY (POD) ¥E R AR BIAREB RN " .

A EAE D (CAT) 15 IR e
2 ER5HH
2.1 RIFEWKE Pb.Zn AbFxifa JRE -4 24 B

MR R & BEEYEENAEISR, S BNZ O EBEMYCA RN KD, ELBWAT,H
BESBNBLTRBESBE T EYORERE,

MIE 1 T, BEE Pb ALERYR RGN, R a +b AR R o P2 THMEE,HEE b FE Pb AL TR E
H3E IS A b, {H 24 Pb AbBEYR B BT 100me/L & B8 THE. BRSTUA 0, BEE M S, HE RS
BB T, HEE a WHEZE b THREER, HEE o/ b EERENERMO&M M A L E B 4 Hi
PRo MiMFE L 741, Pb fif FAJEE R o/b {EFE Pb ¥R AT BEL (P < 0.05,LSD ),
B Pb A T f R M5 R 8 B BT (%R REVE 5 3 75 AL 8 R B 3, 76 Pb ¥R ¥ <400mg/L i}, X £
BB ERAREE, LT Pb 7 s AR, A i Pb LB B 8@k s, ik AR B
HRIRET Pb 887, WEE Zn ALBIVREEOIEN, BB MR K a +b NG R a HRE LTS TR, ATHE
HEHE,HFE b B8 A R E o/b ENIKE Zn W E N B EREE(P < 0.05) 78 Zn R E LT
50mg/L BHiR BEREAK(P < 0.01), XM T Zn ENEY B BN EFRTE, E—EWKE T eI 4
KEY , BRISERENHEESEBEMBER KR BRE ZIn CERAREEHSEA R, BiERH
PR R R I kK E S, RS B i a2 iR ™
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Fig.1 Effect of different Pb or Zn concentration on chlorophyll content of Houttuynia Cordata Thunb

2.2 AF¥E Pb.Zn AL} JEE SOD,POD Al
CAT J&EM: R

B2 B, AFEHE Pb.Zn XA REN
SOD.POD 1 CAT &M n B %, WE Pb LB
B3Hn, SOD. POD F1 CAT #£% L FE T, H
SOD 716 IR B B K, POD 2R 4L IR KT CAT,
KU REEAERVEE Pb B8 T, P9 BT B B L AR
FITHERHE B9 A BT Sh oSO iR, ik B B T
PR R P S LB TS MR R AR R Ph BT E R
WSS N %25 E., EHEEOHEEE N
K, ELBEFEINEANRREEMNAK, XY
i, SN 270 T RERE KB R G R, A AR
#L,SOD . POD F1 CAT &M )2 i 52 B0l FF 46 T R, 12
BT,

£1 AERE Pb.Zn LB AREEHZE a/b EHIRMN
Table 1 Effect of Pb,Zn concentration on chlorophyll a/b values in
leaves of Houttuynia cordata Thunb

Ab 38 (mg/L) H4# K a/b chlorophyll a/b
Treatment % P<0.05 P<0.01

CK 0 8. 447 a A
Pb 50 3.129 b B
100 2.648 b B

400 2.568 b B

Zn 5 8.748 a A
10 6.321 b A

50 3.005 ¢ B

R LSD i I ab I 2= R, RIS EIRE R A RS 75
FEFORTE0.05 KELERBE  RARKEFHEFRTE. 01 KF
FERH5%E The method of LSD tested the differences of treatments,
different of small letters in the same row indicated significant difference at
the level of 0. 05, different of capital letters in the same row indicated
significant difference at the level of 0. 01.
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7E Zn 58T , BEE AL BHVR BE 938 i SOD Al CAT W2 5E EFHE TR, HAE 50mg/L Zn SLEUKF T HAEME
FXHHR, BLHA VR Zn Xt R A BRI S, POD N2 FEE A VR B A3 i 2R Hr b7, X R RE R
B TREYEARESEHA T SRR ESHLE ", POD WU R Zn S ABYALS, Bl —
RIVEBAEALR N4 T — XY A FHE E4Y), i T POD RA MM X B BA FHS AL Pr
SRR TRE, B M REE ALY P P 2k POD M4k B8 RO M , 54k POD vk s
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=
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B2 H—Pb.Zn 4% EEE SOD . POD F1 CAT & HEHIRE R
Fig.2 Effect of different Pb or Zn concentration on SOD,POD and CAT activity of Houttuynia cordata Thunb

2.3 Pb.Zn XH N AR &8 K SOD.POD Al CAT {E MR H

M3 2 WAL, Pb Zn XEAEFIIEIN T A EREHERE a.b.a +b K& 8, XTI BER Pb.Zn X HAEF A YT
He—FRFHE SR ITR YRR MRS B Wy E 2, B AL A F i — 5 BT
Pb.Zn R HXBAEHXIMSE a fl a + b WWH R BERW, HRR b HEEFHH, K2 B8R, Pb.In XE
YEFE T R R M b SOD &4 , AR HENR]H R Pb 2y -0.069,Pb-Zn 2y -0.169,Zn 2y -0. 453, HAERX
/WA Zn > Pb-Zn > Pb; 3 F M v POD ¥, Pb . Zn R H A4 HIMER , (B#M /N T Zn 71 Pb By HE T,
R/NH Zn >Pb >Pb-Zn; 5 PbZn BMAE AR, Pb . Zn XX H ME X R F M A POD & B MERT
SOD; Tfii Pb.Zn XHAZH X CAT EHEMBEAN B, X658~ BERR L REY 5.

F2 PbZnHEES5HETMHFESER SOD.POD # CAT Eiti & B HEE
Table 2 Multivariate regression models between chlorophyll content, SOD,POD, CAT activity of Houttuynia cordata Thunb and concentration

of Pb and Zn in nutrient solution

[l J5 77#2 Regression equation R? F ARVE(R B3 B % Path coefficient
Y, =1.569 -0.290X, -0.003X, +0.001X, X, 0.725 14.048 ** X,:-0.912, X,. -0.767,X, X, :0.675
Y, =0.296 - 0.055X, +0.003X, +0.001X, X, 0.360 2.997°* X;:-0.688, X,:-0.453, X, X,:0.442
Y, ., =1.869 -0.357X, -0.003X, +0. 002X, X, 0.775 18.366 ** X,:-0.966, X,: -0.763,X, X, :0.700
Z; =228.504 -44. 112X, -0.080X, -0. 112X, X, 0.331 2.633° X,:-0.453, X,. -0.069, X, X,.-0.169
Z, =163.793 +201. 160X, +0. 655X, - 0. 204X, X, 0.534 6.113"  X,:0.769,X,:0.211,X,X,: -0. 114

Zs A B3 Insignificant difference

n=16,F 1M %+ P < 0.01, P < 0.05;FHHHEP < 0.001;Y FoRHGE A&, Z, 7% SOD 11 (U/h-g FW) , Z, 307 POD E#E( Ug
FW) , 2,355 CAT i b (mgl, 0, /gomin TW) ;X, ZARE Hh Zn M TRRE (mg/L) , X, Z7R 8 JEREh P P49 (mg/L)

n=16, Ftests * = P < 0.01, %« P < 0.05; In the regression equation, P < 0.001, ¥ refers to chlorophyll content, Z, refers to SOD activity (U/
h-g FW), Z, refers to POD activity (U/g FW) , Z; refers to CAT activity (mgH,0,/g-min FW) ; X, refers to Zn concentration in nutrient solution ( mg/

L), X, refers to Pb concentration in nutrient solution ( mg/L)

3 itig
MR ST HEERANFEACR  HEENRREEEWEY EFRESEREZEHERARE,
FESENEL, B B YA EFTIRER RS, W A ARIE S G PEAHS R ENEER
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I, WAL RRE, AERE P A THRE S BAFMRKEREE, In E—EREBEEN
R BEENSRNARAERET, RIRESNHDHEBHSRME 8K, IflaEREA K, B 20 e
60 FRFRAEYEHEGEFXREBHLUR, B ENATRELYHARE EVNEOR., MAYEKAY
SOD.POD.CAT i, T —MEMBYTEHE H i EFER AL . E¥EKLMT,SOD,POD,CAT & HAF
YRR 4R B A RN =R TS RIS T4 , AT HERR T B h EXHE Y RS A B
R, I H SOD.POD . CAT {EH: 4 AR E LU s YT 2 BRI MY Rz —1,
Zn AbFEVR FE 3TN, SOD 1 CAT #R25E L FH/E TR, POD 2% 8 LA &% ; Pb e T ,3 MBSt REE
AR RN SE EFHE TR, AESBIRELAET 3 FiB BRSNS, A A IS AR KK
RSB TUR S AR ", HHAE IR A RES RS S B, B3 T A
M R o (EScR BUR A 52 B4 v R O BRI , BEAL BV I3 K, B4 BB TN R ER K,
NSRS R MR, B4R A RENT=AENEEE B HEBIRTEAENERE NN, S
S E R AR A AR IRE , TSI RS EA R G . Luna &7 gysuas 45 BA4iFA T
ELBEYRGERED A RN W,

TEARZIH , Pb TR B KT Zn, MR G R R, Zn XY 6 R R R W MG FERH B KT Pb,
VLA R A BRI Pb BB . MXTAEEEM- SR 3 Ml ALK E , Pb-Zn X HAE /N
F Pb 1 Zn B AR, B, TS EFEMHAEEBE Pb B HE UK —% Pb-Zn HAE R+, &
TFHRETEEEPAN N E - XER FHE LS, EHARENES BRI ENESM BN EES
BMEE EYRNESTREZ MY EHRAR, UMAIAH EARESEERRIE., HBEHRE
EERETH RN EYEMERSE, TR R Y &+t , Rt HE 4 8 i W i EARAR B
TTHE—5R, S ENERTEE M R ES P S ERESBSAEREIEFAKIERE,
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