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1.1 ka4

PERAB KL oK (Zea mays L. ) f A ik 28, b
s A A RA A B E SR CusSo, -
5H,0, 5084k, Jb b 1),
1.2 EXFFHESF

TR T4 R % 30% H,0, N 7 30
min /57, DA A RKFE 0 Bk, 1548 R KR 1 h,
LA ALIFAE 25 C ORI ZE , FhF 88 LR #EFEiE A1
W B ROK PR RERR IR E , 7E LRH R 30 A fb 85 57
FETEZE, 7d S5 KRS FE A Hoagland 5 37K
JFCE OGRS R N A KR FOEIR 12 hd, iR
4 4000 lux, 3 E 25 °C, HH R 9 AL 10% HH
ERFRFN 1 mol/L () A A AL AR T E AW pH (2
6.0,2d B4 — R E IR, & HER 6 K, BIK 20
min, AR M Sd G, 25 0.0,.5.0.10.0,
20.0.40. 0.80.0.160. 0 mg/L ) Cu 4b B E K F54
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9 CuSO, -5H,0 , X B EFW ., B 12d J5, Bk
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1.3.1 A#H=niE

HUREJG 43 M 1350 R R 38, FRECERE T, 0k A
FRES, D AR St b3 53151
1.3.2 H,0, ¥ 2 & &R

K FH Schiitzendiibel 2500 25 Hy B 7 1k HEAT 1 44
R H,0, et Jeft 30 min Ji5 HZEE K whik 3 WK,
WMETFA IR,
1.3.3 RAMNEZHEfR A FNE

HL0. 5 g EARL I R L BKET IR & T H0R
R, AR pH A 7. 8 BYBEFRZE 1P 10 mL
HATUKRB ISR, SR J5 % A B0 48, 7E 6000 r/min
L 10 min, BRI E LLF FE R

ZMOSCHR[ 11 ] /97 EN 2 SOD i 1. SOD i
P AL LU ) 208 DU e Al ik B 509% S — A
PRI

KA EE B I POD 6, LA%E min
M A 246 0. 01 24 1 4> POD J5PEB

SR FH A R A e kT N g a1k A
(CAT) i, BEYE R ¢ fF SRS 7E 10 min N5
fiit H,0, (mg) I FEIR,

FIUBACEL FZ R (TBA ) i1 2 7 R
i, UL wmol/g 11,
1.3.4 YA Cu BESH

ZROCER[ 13 18777, R T30 5 e BGRIAR
KB AR 80% LFE(E) , 2B T /K (W), 1 mol/L
NaCl % ¥ (NaCl) , 2% HAc (HAc) , 0. 6 mol/L HCI
(HCD),
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TESIE T, B K 52 20 A5 0 S 1 S WL A
PRIZ TR/ i 7 RS 8 8 i T AR /N, gk 1
N N N 9410 - 7 o B i a7 =B
BlA Cu Tt ik B A9 T 8 20T T B, 2R B AR K
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Jo e P P o sk e, O LS I 3 Y
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36 (LA P AR S AN A 2253 24800800 | 3 B4 I
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WE Cu W (AR = A 5 2 0 52 v it fie
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PER RS AT R Al A AR R

R 1 A Cu LXK L i AR B SR

Table 1  Effect of Cu®>* treatment on the growth of

maize seedlings

Pen’ HLpRAE /g ¥4 MR /em  Hy |4y
mg-L~' M EFS MFE MREC P BK S S/em
0 6.59 2.12 12.0 12. 47 15. 00 14.92
5 3.56 1.62 13.0 13.21 15. 63 15.23

10 3.46 1.59 12.0 11.35  13.27 13.34
20 2.56 1.51 11.0 9.32 12.75 13.01
40 2.00 1.48 11.0 9.18 12.42  12.59
80 1.59 1.37 10.0 8.85 11.63  11.57
160 1.49 1.31 8.0 7.42 10. 62 9. 64

2.2 CuSEXNEXRLEFERUHEBERFIT
2.2.1 E=R%% H,0, 4%

ASCWFFE Cu 51 AP AR E H,0, LR
K1 s, AL ATRVE Y BEE Cu B ik 2 42
151, S AR G 0 A B R, B Cu o i iR
Bl H,0, R, 7047 Cu 51 H,0, By R
AT RE A PR ok 2 ) 9 B 1 I 1 S 4 R] i) ROS 7K
S, T AR T AR Y . ROS LS B B T
H,0, FHEH B, e 7 R 2 E AR AR
i KA A P DL AR A
2.2.2 ERYBHRAR_BEE

N R R A R A, O R
PRI AR 05 AR S Cu b BN R oK 4
B RN S R A 2 s, AL 2 TT L
B AEESRAIN Co BTEREE S ~ 10 mg/L F, A
TS AT T UL Cu A 28X A PR
TERLT 53 BNk S A I | BB 2548 52 45 SR R B
R, W& Cu g i BT, B2 40 mg/L, TN 1%
THEA TR R, XU AR G 3 T AR
RGN R ALHTX A FE (HIE, BEE Cu
[ vk B Bk — 2D b N RS R B X
i Cu BTat ik B O i g B 1 — D IiE s i1
FREEER Z VR R B © 4 B3A — A Y S E K
2.2.3 EpEme T

A L N B 2 Rl A T DR B R
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(a) XT38

(b) 5 mg/LL

(e) 40 mg/L

W

{f) 80 mg/LL

(c) 10 mg/L (d) 20 mg/L

(2) 160 me/L

BT ARJE Cu BOEVREE T FORAETE AR H,0, Je@ R A

Fig. 1 Accumulation of H,0, in maize seedlings for treatment with different mass concentrations of Cu’*
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Fig.2 Content of MDA in leaves of maize seedlings for
different concentrations of Cu®*
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4) ,CAT EPERE Cu JoT 5 Mk BE (1938 fin 2% 7 & J5 B AR
(F5), ARFRHRE Cu AbFERT ( <10 mg/L) , £ K
S H I R 3 R ) TR A T 3R R 4 X
Cu 5 54 (R RSO, Xof T B ARCAR ) 1A PR 7™ A 1 3 1
A WA R RRZS A R e e R e

FE L REHRPL 2T R 2% Cu A MRaE A 36 2 4R
TR RGERE IR T4, AT PR IR P 1A 1 5 IE 5 1
AAARE, SRR SCEOR G A AR B AR |
MRECEEHRARRE Cu 5T 5 Wk B2 T v T BV [ o
P TR TR (< 10 mg/L) ISFHE 30 M 1 T 35 10
PG Tk J HE— 3

1 Cu Kb 4R Bl 20 mg/L i, POD &5 1
BRI T B S — BT X — 2 R S AT TN —
T B I A A AR, 33X 58 Y DR 4 Tl 1) o T P R AR i
f 5 B A YRR RN i S AR VE T . 7B Cu TV
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Fig.3 Activity of SOD in leaves of maize seedlings for

different concentrations of Cu**
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Fig.4 Activity of POD in leaves of maize seedlings for
different concentrations of Cu®*
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Fig.5 Activity of CAT in leaves of maize seedlings for
different concentrations of Cu®*

2.3 CuRETERMEAD Cu LERESH

2 A EOKY L RSy Co B , 3R 2
AL, REF AR BOCS B E A R S AR Cu iR
FER T g in, JF BN R B R BEALEE T Cu 1Y
S, BT R (5 mg/L) Cu ZL 3T R
MIFRICE B T K B IO & i, 1 T it ok
(10 ~ 160 mg/L) ZbH T /K (R BCS & & & TR 4
BUS T, XATREE RN Cu BT B &
I EILEEN

SAATANIE] Cu JoT it vk B AR 38T 45 P EE 4 | 1 %
i, VAT LR KRS 5 O R BUS R £ X 3
FARGH A Cu E2DIE G IR AL, 0
Cu IS A WLRREY Y 4G9, I A7 7R
e, SRS SRR, 1Ak, Cu B ZFPEEHL
YIRS &t 22 RN A Y I . X DR &
Kyt i B A A Z R A R S Cu 45
AN

3 A E KL L EF AL Cu S EC L,
H% 3 Al BEE Cu BT ik B AN, B Fh B2 S

2 ERLEH A Cu B

Table 2 Cu’* distribution in the shoots of maize seedlings

peu/ TR IGR BRI Cu i e B /mg - L™
mg-L~! E W NaCl HAc HC1
5 0.155  0.094  0.080  0.126  0.104
10 0.233  0.119  0.115  0.085  0.114
20 0.205 0.176  0.095  0.158  0.159
40 0.464  0.456  0.178  0.414  0.293
80 1172 1.178  0.432  1.033  0.502
160 1.376  3.615  0.963  3.238  1.462

H A JE S 1 4 C LA 3 B AN T 9 722 Ak e # 10
mg/L Cu ZbPRAT, 1% P4 8 4 & 70 e Le 49 7 5, 10 ~
160 mg/L Cu ZbFRES | 76-PEHE 48 /0 Be L ) TR, 3
VLI T VR B Y Cu AL BRI E 5K &1 35043
HY Cu ) TEPERR I SRS M B M Y Cu
AEFRAEHE Cu mTE VRS MBS, T H1Y Cu
A RES TR S A VLS A B 2k IR
FIA HILIR 55 45 5 I Wl A7 72 W P, VR U7 B Cu
Xof 2 e A T A5
F3 ERYEHL FERASIEA Cu L LA
Table 3 Distribution ratio of various forms of Cu®* in the

shoots of maize seedlings

P/ Cu 43 L1/ %
mg-L~! E W NaCl HAc HCl
5 27.73  16.82  14.31  22.54  18.60
10 3498  19.87  17.27 12,76 17.12
20 25.85 22,19 11.98  19.92  20.05
40 25.71  25.26  9.85 22.94  16.23
80 27.15  27.29  10.01  23.93  11.63
160 1292 33.93 9. 04 30.39  13.72
3 i

(1) B Cu VR B R HE K, E K4 A 4 B
B F R, s i AR /N O B
160 mg/L Cu ALFRRT | FORAEMREL ZIFIAAGZE 5 Cu b
PRIE 2 AR KL, AR ARZAE 4 . Cu b B 0 0K
A7 iR ) A A I R, L 1S PR R AT L ) A 3
E,

(2) W% Cu FEEDVREE YT H,0, & N
M i SOD 14 S POD i 1435 3R 30 th 128 3 1 755 1
e CAT TR I e Tt i Ja R AR e 3, 3
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Toxicity of copper to maize seedlings and its mechanism of action

XIONG Si LIN AiJun SONG Liang WEI LianShuang LI Qiang

(College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; Hydroponics experiments were used to investigate the toxic effects of copper( Il ) on maize seedlings and
the mechanism responsible. When treated with different concentrations of copper( Il ) , the growth and the oxidative
damage of maize seedlings was monitored and a sequential extraction technique was used to study the distribution of
chemical forms of Cu’" in the shoots of maize seedlings. The results showed that the growth inhibition of maize

. 2 .
* concentration and the presence of Cu™" led to macroscopic scars. Copper

seedlings increased with increasing Cu’
( I ) -induced stress leads to changes in enzyme activity in the antioxidant enzyme system of maize seedling blades.
In the mass concentration range of Cu’* employed (5 —160 mg/L) , the activities of superoxide dismutase (SOD)
and peroxidase (POD) increased and the activity of catalase (CAT) initially increased and then decreased with in-
creasing Cu’* concentration. Copper( I ) also results in oxidative damage in the plants, and the content of malon-

dialdehyde increased with increasing concentration of Cu’". The Cu’" accumulated in maize seedlings in different

+ 2+

chemical forms, and one of the main mechanisms to resist Cu** pollution is by decreasing the mobility of Cu’* in
plants by means of the binding mechanism.

Key words: plant toxicity; copper; morphological analysis
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