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YA MDA &5 B EH N (p <0.05) , KAFEANERZS TIHEHEY TG, 35 A+ GSH. PCs SH &t Cd* & &
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Abstract: A solution culture experiment has been carried out to study the effects of different cadmium levels (0 — 15
mg-L™") on the biomass, superoxide dismutase ( SOD), peroxidase ( POD), catalase ( CAT) and malondialdehyde
(MDA) , glutathione( GSH) , PCs( phytochelatins) and total acid soluble SH in Canna indica Linn. The results show that
1 mg-L'Cd in the solution significantly increases the biomass of Canna indica Linn (p <0.05). The activity of SOD,
POD, and CAT was increased. The increase of Cd’" enhances the SOD, POD, CAT activity and the MDA accumulation
(p<0.05), which indicates that Canna indica Linn has been stressed by Cd. Under this condition, the GSH,PCs,SH in
Canna indica Linn increase as well. This means Cd stress induces the production of PCs which helps to decrease its harm to
the plant. The roots have more PCs than the leaves. The higher the Cd concentration of the solution used in the experiment
the more Cd in the tissues of Canna indica Linn. At the level of 15 mg-L ™" Cd of the solution, the concentration of Cd in
the shoots reaches 555.4 mg-kg ™', which proves the ample accumulation capacity of Canna indica Linn, and the Canna

indica Linn was a potential species for phytoremediation of water polluted by moderate concentration of Cd.
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DAKH ik B LR B S M 8P . 32 A#E(Canna indica Linn) J&—7f 5 FAH (B 5 5 B9 0L
HITF. MR, FEEMDBR TENR, AFKEEDBEKIEFHESEBISREBREZATFRE N
XKk, AHERKAEYENEMESREA —EMERKERY ZHREXRENES. EAEURAYEK,
HEREER, M ESRA RIFRRI FEENTAZXE" Y ERT AR EBEEH7Ex LR KRk
LA RIE A3 A0 J7 T, S E 4R e F R S BT s pr e s o . Ei, MR E SR E T, 2 AE
A FRFE AR AR AL L R R EE AL, A SCLAR NN GEXT 4 B9 T Cd e T, 2 AR EAL B S FE R
FEHREEE R R e KGR Cd BEMIE, BENENEET SR 15 YUKEE T J i 5 $e 3
WK
1 #HRE5H®
1.1 #hk

At AE Y 32 NFE (Canna indica Linn)
1.2 i {5ukb3E

TEBRFA2EBE B i B A K — B 2 NELET, BT 150 cm x 80 cm x25 em HFHFFH IR, %
NEKZE 8 MG, B EXTE S0 em L4 MHEK, A 12 L3RRS, GAERPE, /i 10 L 1/8 Hoagland
BRWHT/KEE . BN Cd BT FEFRB P BESR 20 d, FAERK RIF R EREMAA BRAERG , B0 Cd ghge s
F 12 d,Cd FhnAFEHR0.1.2.5.7.5.15 mg-L ™" (Ph CdCL:2. 5H,0 N A, B Cd** 3144, % Cd Tk B 0 19
REFERXTER) o BR 3K, 4 d B 1 REFRR, FFRIFESHES . BMARAAERE 7M.
1.3 JE R
1.3.1 FER RIS TE I E

FREUBYHE B 5 H9 38 N A 0.5000 g, fill A 0.1 mmol - L™" f B FR 2% #f ¥ 10 ml(pH7. 0, 5 0. 1
mmol -L~" EDTA, 1% ff) PVP) Fil/b B4 Jeib FA B B B DTS JR A9 3¢ , 76 4 °C 15000 g TR0 15min'®) | | W
B, F Tl SOD CAT . POD &£, SOD &£ % K F &k DU (NBT) Stfbid Jisk , CAT 15 MR A %
SN Wik POD I P52 SR A AL R AR B i , BRI RN E S B2 4 2 ) I Bt AT o
1.3.2  ZiE K MDA & &EMIE

Ry E SHf SR BRI L& B i I 5 2 R SCik™ 0" #5 0. 500 g 5 F i 36 NZE M F A S ml 0. 02
mol - L ™" f¥) EDTA ¥, 7£ 4°C T HFEE L5194 , 78 12000 g #5.0> 10min, i3 E WA TIEE A SH MillE ., B3
FEMSE B 0.25 ml 1) EIE WS 0.2 mmol - L' = 32 F 3£ B 2 28 wh i ( Tris 28 Wk 0. 25 ml, pHS. 2) F1 0. 01
mmol+L ™" DTNB(0.05 ml) JE&7E 15 ml (¥RME d , im A B EE 3. 95 ml, F 20 CA#3E 10min f5,7E 412 nm &b
MERIAE . FIRHEATZS B (R SRR FIRER 2 B BB H K (GSH) &8 5illE S e ™ 52
M. MYEGKWEE(PCs) HREME SH § &5 GSH S EMZEE,

B (MDA) 5 ESEESE M ENE . M EES5HENRBSNETE 0 ~4 CAE TR, &
KPR Z D 3 AT .
1.3.3 Cd&ENE

FREL0.250 g Mt T HERERIEAZE T 100 ml =AM, A 10 ml fRFI40%k 5:1 % HNO,-HCIO, ,200 ~
220 CHAEEBE"  HEE T/RERE R AR TR MELEH (AAS, HITACHI-Z5000) % , [7 i AR
FE(PELLAf , ESP-1, A [ PR5E W I Sl ) #EAT BT 45 BT A Bl Al SPSS11. 5 Bk {43, DL B %70 3
AT o
2 ZR55H
2.1 CdXEAEAYEK Cd EF RN

FENELERI Cd S5 4 RIFEE, B 0.1 mg Cd-L™ b HAh , AR I A RN RREhIEE;F 7 R
BF,7.5.15 mg Cd-L~ ' AbFEM - BB BT, 2IURGHER , FHRWER Cd AR FEAENERK, M Cd
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SRR AR T LA AL BRI 1 ~ 15 mg- LB, B Cd ABEIRBE M3 I 2 BE M T RE (R 1),
Gt ot R K, 1 mg Cd-L™" A3 5% BEAR L 22 57 B3 (p <0.05) , 58] | mg Cd - L' Ab AR T 36 A
MK . K 1 ATLIE h, BEFRAL B B (3, 26 A\ 83t b b R B4R & 2 B3 M3t i, 15 mg Cd - L7
AEEEF 3 b b T AR S A3 B 555.4.1159.2 mg-kg '

1 CP*HEAEEKR Cd FEEIHM (mean +SE) *

Table 1 Effects of Cd?>* on the biomass and Cd contents (mean + SE) in Canna indica Linn

Cd(mgL-1) Cd %% Cd content (mg-kg™!) Y & Biomass(g, DW)
31 F #B Roots 138 Shoots £ E Whole plant FEXTE 2350 ( % ) Relative percentage
0 0.09 £0.01 d 0.05+0.01 e 49.3+2.8b 100
1.0 110.2 £10.7 d 55.3+5.6d 57.2+6.9 a 115.9
2.5 454.9 +34.6 ¢ 235.4+25.7 ¢ 46.6 +3.5 b 94.4
7.5 1091.9 +127.1 b 409.9+19.6 b 43.5+3.5 be 88.2
15.0 1519.2 +159.4 a 555.4+39.8 a 38.1+3.3 ¢ 71.3

* [F B A [ /RN FE 0. 05 K ZEF B E; TR The same letter in the same column meant no significant differences among different

treatments at 0. 05 level; the same below

2.2 CdxtEANEHEE RSN

Cd IRInxtEANET A R A ZmE 1, WEPRLUE L, W& Cd b33k B i3 fin, SOD . POD
CAT y&EPELL & MDA & B 237k, 78 Cd AbFRUREE N 15 mg- LB, 5 5#R & A SOD #5451
o BRAR S T 75% F188% , 5%t MR [E] 22 R % (p <0.05) . POD J&EHEM {5 SOD A1, 4R &+ POD
EHERH R AR, XA RBESREAT Cd FEREA R, WAEP CAT HEHESH AP Cd & &Stk B35 EAR
(r=0.931,p<0.01) M F 1 CAT J&EHES54b F 3 Cd B RR B ZEA%(r=0.968,p <0.01) , MDA
BWHEE Cd AbFRVR B3 s fn , RIISE NEEREE Cd AbIRYR B FBEIN , BT 32 (1 Jbh 38t i o
2.3 CdXEAEHESENT I

MK 2 A LUE Y FEE Cd AbFRVR BE 34, it i SAR R+ ) SH.GSH . PCs 23 M B L&, RER
Hi SH.GSH &b 27 83 (p <0.05) ,2.5 ~15 mg Cd-L™" b PCs FREBEEF (p>0.05) {55
StHELAK 1 mg Cd-L~" b BRI 22 R B3 (p <0.05) , M- HH SH,GSH.PCs & BIHE TR R WAHM A H, 5
Cd bH 53 HRE 2R BE (p <0.05) . XAIEESRASP Cd FER T L& EH K, FW SH.GSH,PCs
EERNEPRD TR MR Cd ER,

%2 C&* 3 ANEEEE SH &8 (mean  SE) BH M (pumol-g ™', FW)
Table 2 Effects of Cd?>* on the acid soluble SH concentration( mean + SE) in Canna indica Linn

cd SH GSH PCs
(mg-L7") A8 Roots I Leaves 42 Roots I Leaves #8 Roots - Leaves

0 0.59 £0.07 e 0.37+0.02 ¢ 0.48 £0.03 e 0.31£0.04 ¢ 0.11£0.08 ¢ 0.06 +0.05 ¢
1.0 2.05£0.13 d 0.58 +0.11 be 1.50 £0.11 d 0.41 £0.03 be 0.55£0.09 b 0.18 +0.10 be
2.5 3.60+0.20 ¢ 0.75 +0.10 be 2.32£0.20 ¢ 0.42£0.04 b 1.28 £0.02 a 0.33 +0.07 ab
7.5 4.38+0.11 b 0.99 +0.09 b 3.12+0.16 b 0.56 £0.05 a 1.26 £0.09 a 0.44+0.13 a
15.0 5.27+0.29 a 1.17£0.11 a 3.86+0.10 a 0.66 £0.10 a 1.41£0.21 a 0.51+0.18 a

3 itig

AWK IAE 1 mg Cd - L7 4B, 38 AN b 53T #84 Cd & &40 5135 %) 55. 3 mg-kg ™' 1 110. 2
mg-kg ', LAY BRI BIGIN, 15 mg Cd - L~ AbFRAF 435135 5] 555.4.1159.2 mg-kg ™' (F 1) , KHIEANFERSK
R Cd ARGEARIS ERRES  FFRI XM PR Cd ARGRATE, B—F REFHBERE Cd 550K
Rk AR (ERIREER Cd S NI R4, FLAS T RARMAER (K 1), X 5T ERIED K
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Fig. 1 Effects of Cd>* on antioxidative enzymes activities( mean + SE) in Canna indica Linn

E AR R FRTE 0.05 K FZER B The same letter in the figure meant no significant differences among different treatments at 0. 05 level

BRFEEERARML o Cd Bt i RS AT REIREAET Cd BUR T I ob Fe®* (Zn®" \Mg®" 4, EEEREIR ISRk
PRAEH A SRR ARG £ R, PRI SRR A AR SR & &0 Cd MFF7E R (LA I SRR
B IRl i 27 A TR AR BT (ROS) —— B AR (0, ) VEAMR(OH ™) 2 A fi %k (- OH) (i A AL E (H,0,)
F o XEFEEAIYRBIABIE LY R EERURER, MEEMANERET™ . MY EL b
AALEE RS (SOD CAT POD 2§) 5EHGH) 5 (GSH . HUI M FRERE 5 ) SRIH BRI ROS AR I % . E—
SEFLHEPY,SOD \CAT JL[AIfEFBEIE O, I H,0, %462 H,0 A1 O, , F BB B AN w1 1 1 OH (TR AL,
POD il CAT M /A PSS EALER I B3 7= 4 H, 0,50, BELIE LR BERg 9 ooty , W & Ak AL g AR
SOD 2Hi ARG o —H BRI, 2B AR R o A i) 2B, = — P PR A 1 B B RE, S
W PTEE PR EEVISE . BHFFRY, SOD I PRI N, A FI T AR T K35, POD ZAEM ik &
HAFTE T PR B — PR R, B S PRI DGR AR AE RS AR EIMR, HHEY RN Cd A—E
e BER , BEBRRS AR YR, (78 POD YEYETHR, [FIRF, CAT WRBEHEMN, 4330 POD RIS MY ™
ABFARR, POD (CAT {EVEREHE Cd AEIHUR S A9 AN 238 A A8 L a3, 3 1 T I YL B A TR R i
ARG 32 159 - MDA SR BRI ot S 1k MO B 287y , 2% A A A Sh AR A B 92k I . MDA BB RAE— 8
B ERBRT RS A RS, KRS RERRR 7Y ZERD, Rt T-0H.0," % H HHK
BRI ABFT LI, A3 E MDA & 2257 B3 (p <0.05) , X ATRE SRR Cd M tEtEM A K.
SAEDTFLRE], PR RS 5 BB MDA Rz T o

H A BGE 1A R GRS R T A B fa 35, 7 o3 3 5o 32 1 3 2 2 BOR M B Cd i fa
ABTAREZY], B Cd AR KA, S A#E AR ) SH GSH PCs & B 230 K22 ka3, 3R I SHGSH,
PCs 7EJHFR Cd HHEDNBRHEE TR, X SRAFF " MR B GSH AU A WA & AT
=, H B A A TS Cd EE, FES GSH B AT @1d AsA-GSH 4E¥Ff{ i ( Halliwell-Asada i
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%) %15 0,1, T EEERIEES A mE™ . PCs REWASNES SH WLk, B4 E MG THEY
%S PCs A MY REIHZ —. PCs Bl ik 5ELBESHRIEHRLEY (metal-PC 4-E5H) , A
T NI M E SR B T, MR ES B AW EER™ . Hsh,PC-Cd &g Cd i b
EHK RS IR R PTRIRH Cd A 60% B4k & i Cd-PC T2 25 2 13, Aot it B %Rk
PCs 2L {7 PC & BOHEY T BB A Btk . ABTFST4R KM, Cd il T EAEH PCs &8 BN, i
Bl Cd fhia %S T PCs 4R, PCs 765 Cd FENLBEPEEEEIEA,
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