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Pb. Cd 7EA[RIWRFE T XA LA 2253 40 7
A M AZTE A RS2, 38 2 0 S RO N £ S
BT A R AT . B i A AL T ( peroxidase,
POD) Flid A LA (catalase, CAT) i /1 451
o, CREARFRIVREES R . FAERAMR R AR
0 B2 L WG ) KNS AR BRR AR 5
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1 SLIf

1.1 #ilEY

BERAPIEBCR /N | A RKARS AR B, B,
oI HE R FEIG, FF6 S50 BRI e 58 Bz
2, W TrE A R gt RImise A kK
W PR Fe 1H 1) ARGk 2, R BR AR
PITESAE, T RZE IR 1~2 K.
1.2 ZRRH. #HESNE

1) SEBH

fil§fR 4 ( Pb(NO,), ) ARG ( CA(NO,), ) . Pk (14
B H0h 70%) o #h iR (4R B4 B0 10%)
Carnoy [HE W ( FELSIKZERIKFILL A 3:1) | AR
. WAIKRE . o SEARE . BR, LRI
Sy pal, W E 258 A AR R R 5K,
SEEE F

2) ELRRE SR

ALK 2%, YK-RO-B B!, FIFIZRILAS
HBRA T IR, HI-85-2 Y, SR
BFTRARA A mEE.odl, TG16G R, HrEl
PR B A A BAAE IR KA, HH-2 B,
b T AOE I B IF AR A BRA A5 A% LT RO,
BSM120.4 Y, FiskFIE R A R A\l Ot
S RIEE, xsp-01 B, FIFHFHEEA BRA | 28450 -
Al LA e, A Te #rikad, dbatibrim A Y
A R
1.3 ZBRFHZE

15 W5 R E 42 1) Cd(NO,), Fil Pb(NO,), Bt il /i
AR RKER, E 9 S, HEETFK
YERZS AN IR s BRI 3 A PAT588s, RH

IKEREEE A, 30 MES. BR B G RL
GRS, XA R AR K
AT Il sk 7 d JEUERAN W) 8 43 Jm v T 15 5= 11
TERMAR, SRR L0340, FExt il 4
Fe it At A SRS T TN E
1.4 MEBESUERE

1) FEAMRANNEA 227 2B g, 59 T 2R
RE50.5 cm, H T 1 2 W E E 20 min fEE ATERS
R R ZVARIREUH , KR JE OA BAT /D  10% %k
BRI /NBERR R, IE 8T 60 CIHIR K IBH PR e 8
min, FLEMRRKER. SR XS
B, 70 RA K B A k5, B TR b
JAEML, FETE BT A AR A 64 0.3 em
A SBR 1/3 %172, SRJE RCEE SR v e, K BT EL)
MR FEAIIRES . FF BRI Y gL, IR
HAVFH, Yuth 5~20 min, W 2R, 55 L a8,
FESSBE A B2 J2WoKAR, SHERRASIE, 41 A
Yot (RERIT . SEAIRAY BRSSP B, wE%
A E A VAN Y e B SR e e
TIMEE, FARRIC SR LS IR

2) S E ARSI IE . RBGE AR AR 1 g,
L 5 mL 20 mmol/L KH,PO, & THFAk Fh i1 |
513, L 4000 r/min #5350 15 min, WSOER FIWOR
FETEA IE, 5% ] 5 mL KH,PO, 4R I—K, &
HPIRPEE, B E . fEE M inA 3 mL @
BIARBVIRAW, 1 mL KH,PO, IRIRIERTIR; HB—
M A 3 mL VIR AW S 1| mL B, 7B
FRPRITI, 72540 - AT UL 8T 470 nm 40
EWECREE, A 1 min E—K, FHic8dE, U
BAP P NG ARAER — RS 1AL (U) o

3) AL ABRE S e, BUE RVEAR AR,
A/ pH=7.8 IR ZE MV W, WS AN, %%
B % 10 mL B0 W, 2SIl s e i ek, JF6
MRS 2, 10 000 t/min B0 12 min, iG]
RIh o A A AR A AR . B T/, A 2.5
mL B, FIA 2.5 mL 0.1 mol/L H,0,, F 30 C{H
TR RS 10 min, SZEPAIA 2.5 mL 10% BRERY
WA -8, F 0.1 mol/L kMR Wi 2, Bl
PRI (30 s IANTHZR ) WS, (ki e
THFERY KMnO, #BAATR , WIS 77 FH 45 v i 54 i 7
10 min /3% H,0, MZFEERR, 8GR S
LR A
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AT 5250 B A Excel 2003 #54T-FH{E 5
B G4 PF Origin X UM 284 3 A= 4 b
] 4T Logistics A2 KA A

2 HEREHMH

21 EEBEMFERRERKRAHZTW
211 E2BANFEEAREZBEINYH

N T 5T T 4 TR IS IR TN B AR B AR KR
BLASENR , TEANTRIVREE Pb, Cd TSR R 1L
KAGI, S5 1 PR,

H 1T ATAL, R [AVR BE 9 Pb(NO;), B2 CA(NO;),
WP HFARAFERIA T LT 4 FhEAREMDN
4. K 1afE 60 mg/L 1) CA(NO,),. 2000 mg/L [
Pb(NO,), il i, #IMFAM AR I LR, WARR
TMokL; & 1b 76 20 mg/L CA(NO,), % W H 7 240 i #iL
SRS & 1c 7E 40 mg/L i CA(NO;),. 1000
mg/L ) Pb(NO,), %, FRIrF AR R L BAE |
AR AREW S AER S B 1d 78 3000 mg/L 1)
Pb(NO,), W, 53 VE 29 30 T AR I 1 i 3
Z X TET AR A R, mE
Pb(NO,), [EPEA MR R E R, FkIER) CA(NO,), Sk
MWRAH A AL B, WA BB, Wihiay

BONBUR, I EGRET . A WY .
G

a) 60 mg/L Cd(NO;),. b) 20 mg/L Cd(NO),
2000 mg/L Pb(NO;), {1 T

¢ ) 40 mg/L Cd(NO;),.
1000 mg/L Pb(NO,), 5K
1 FRBEHEPFERRZHERRE
Fig. 1 Growth situation of onion roots in
different solutions

d) 3000 mg/L
Pb(NO,), &’

212 ELBMNFERARESN YA
ATFHEE CAINO,), i, —HNFERER AR K

AR 1 TR

®1 FRRE CANO,), PHFARRKE
Table 1 Root length of onion in Cd(NO;), with different concentrations

JE R / K /mm
(mg'L™) 1d 2d 3d 4d 5d 6d 7d

0 3.692 +0.001 5.886 + 0.003 8.241 + 0.002 12.733 + 0.001 17.970 + 0.001 22.422 +0.003 23.154 £ 0.001

20 2.587 £0.001 3.292 +0.001 5.081 +0.001 6.697 + 0.002 7.346 + 0.002 7.538 +0.001 7.500 + 0.002

40 2.347 +£0.001 3.025 +0.001 4.794 +0.001 6.077 £ 0.002 6.781 £ 0.001 6.917 +0.001 6.977 £ 0.001

60 0.967 + 0.001 1.259 + 0.002 1.833 +0.002 2.130 £ 0.001 2.214 £ 0.001 2.226 +0.003 2.214 £ 0.001
M1 AT, BEE CA(NO,), ¥ g K, ¥ AWK EA, R 208, BRI, EE
AR Z K EEEN, HS5XTRAMERK, 4 Pb(NO,), IR K, FRAM A KBS, K
CA(NO,), JFE W E J 60 mg/L i, i3 1dEHRAK FER/N, 5 R LA 22 AW K. 24 Pb(NO,), Jit it
JE SN RELH A 2E 2,725 mm, A 2~7 d A RIAEZE 4.627, HeE K5 3000 mg/L I, 5535 1 dJ5 50 B2 AH 2% 3.692
6.408, 10.603, 15.756, 20.196, 20.940 mm, i} [i] ik K mm, 5 2~7 d 43R 2 5.886, 8.191, 11.858, 16.970,
MR ZERIOR . IWALNRA, XTHRZE 7 d N R FEY 21.422, 22.154 mm, BJfEJEEHK 2258k, WAL H

AR AN 3.308 mm/d, 24 CA(NO,), Ji R E K 20,
40, 60 mg/L B, VAN R P ARKEARTHIH 1.071,
0.997,0.316 mm/d. (=) CA(NOs), ARSI i
AR, CANO,), M B, BRI T AR R K,

2 HARFAHRE PO(NO,), ¥ i Hh — J& N P A AR

KF, 2 Pb(NO,), Bk &4 1000, 2000, 3000 mg/L
BF, WA R4 KRS 0.302, 0.167, 0.143
mm/d, HH 3000 mg/L ] Pb(NO;), %5 I H ¥ 2 HR 22
WA 5 dfE IR, XS EVREE Pb(NO,), iV 2041
RIEREA X,
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£2 FRIRE Pb(NO,), PEHRFEKE
Table 2 Root length of onion in different concentrations of Pb(NO;),

SRR / K /mm
(mgL™) 1d 2d 3d 4d 5d 6d 7d
0 3.692+0.001 58860001  8241+0003  12.733+0.002 17.970+0.003  22.422+0.001  23.154 +0.002
1000 1.600+0.002  1.647+0.001  1.722+0.001 2.031£0.002  2.143+0.001  2.188+0.002  2.1110.001
2000 0.000 0.143£0.002  0.333=0.001 0.750£0.001  1.000+0.001  1.050+0.001  1.167+0.003
3000 0.000 0.000 0.050 = 0.001 0.875+0.001  1.000+0.001  1.000+0.001  1.000 0.001

2.1.3 #ZAR % Logistics £ KA R
FIIH Origin X AN [R5 W i 200 R KA K
I IA] EA T Logistics A= KMBIRUDLE, 45 5RUNIET 2 P .

30

= H,0;

0 20 mg-L'Cd(NO,),;
5[ A 40 mg'L'CA(NO,), 5
v 60 mg-L-'Cd(NO,),;
© 1000 mg-L-'Pb(NO,),;
# 2000 mg-L~'Pb(NO,),;
© 3000 mg-L-"Pb(NO,),

%)
=3

length of roots/mm
O

S

t/d
2 FERBRECRAK Logisties FIEME

Fig.2 Logistics equation fitting effect of onion root growth

P 2 7TH1, 7E CA(NOy),. Pb(NO,), W, ¥
B A ERKREIIFFE Logisties KA, CA(NO,),
1 Pb(NO,), W B MR, VEAAM R A, 78
60 mg/L CAINO,), B PR35 7d 5, AN &R i
e, IR N 2.214 mm;  FEAM R A B SR A Y,
Pb(NO,), JEHHEJE o 3000 mg/L B, VEAM Rk,
KR 1.000 mm. VEZUKYE 7 d 5, MRRKEE
ARE, PIVE R SEIGAE T M AR R A G

% 3 N AN[E K JE CA(NO;),. Pb(NO,), ¥ i HH AR
ZKJE 5 K] Logistics i FELE A& R B

RK3 ARIBETP Logistics AR SHXERE

Table 3 Fitting correlation coefficient of Logistics equation
in different concentrations of solution

peaslid SR / (mg L) R
0 0.9944
20 0.9991
Cd(NOs), 40 0.9995
60 0.9994
0 0.9944
1000 0.9981
Pb(NO), 2000 0.9946
3000 0.9999

& 3 AT, TEATAT]— P A OC R B R T
0.99, fFEMIERBR =099, HAMRRAEKHLF
4 Logistics A4 KAFHAY
22 EEEMFEERRBLSAMTIN
221 HNFEIRRALSAGHA

R TR FE AN ) T 4 I (R X AR R R 52 )
FI R G AR AN AR B Cd 454 T V2 R 41 i
ITEAARL, S55 K 3 Fis.

a) X4l b) 20 mg/L Cd(NO,), 7

E : A WA AN

¢) 40 mg/L CA(NO,), % d) 60 mg/L CA(NO,), W
El3 ARRE CINO,), BHPEERRANELN T

Fig.3 Mitosis of onion root tip cells in different
concentrations of Cd(NO;), solution

TP 3 AT, X RELL AV AR AN A 2250 2445
AMEHRIIET s 18 20 mg/L CA(NO,), I+, 4iEE
BTEUF, Ye@INs], HHRE AU 2 FAT 22
YR, A ZAARERE RS 1E 40 mg/L CA(NO,),
W, A, ARARYNA T A T4 S ;
£ 60 mg/L CA(NO,), I, HRAAM kb 43241 1,
MRS, SEASHUNIEAR , RIS H B A
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I FH A W TE AN ] U B Pb 2544 F VAR &R
MIWAITESAAL, 5K 4 s
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a) 1000 mg/L Pb(NO,), % b) 2000 mg/L Pb(NO;), &

¢) 3000 mg/L Pb(NO,), ik
4 ARRE Pb(NO,), BRPFARRANBTLIR

Fig. 4 Mitosis of onion root tip cells in different

concentrations of Pb(NQO,), solution

m & 4 7] 1, 7E 1000~2000 mg/L Pb(NO,), i& ik
HEESR 7 d, AR IR A A R AR, IR
A EIEAR . 7E 3000 mg/L Pb(NO,), I, VEA
MR A M2z ph (R i IR A8 Sk 2Ptk AR AR i
MIA AR . e AR SRS I Z BIREIR, 1555 AR AR
AL AR B R I . X R
CA(NOs),. Pb(NO,), HJ I 2L AR 20 M 275 e A< 1) T
B, MM HIARIAN AR 2257 54, FEAR R A K
FEWE, LR R A AR K
23 EEEMHEARRIEAVEOZMW

i T AR ORI JE CA(NO,), #1 Pb(NO,),
VW TP B SR 0V 20N R 1Y POD il TR 7, T LA
Cd(NO;),. Pb(NO,), Jit 5t ¥ & hy i Ae b5, POD i
FI R AEFRER, G5 NE S FiR .

i [ Sa AT, 24 CA(NO,), B9 i B ik B 78 0~60
mg/L i [Fl N BF, POD i1 71 5 CA(NO;), ¥ i 5 1E
AHSG, 1B AE I vk B Y5 Bl N CA(NO,), X POD [iff H
FRGEER, Wt vl bk S B Cd(NO;), X
ZINS S A M B 35 T BB AR 32 VR BESE Bl . 24 Cd(NOs),
J e Sl 60 mg/L, VR R 1 1 AL W T

K, 4 28.0068 U, H[E 5b Al HI, POD Mid /i
Pb(NO,), W B3 K, SIFEMRE . 24 Pb(NO,), it
HHEE o 3000 mg/L I, H: POD i f1%/)N, 0.8 Us
1R B ) PO(NOS), XEZARJAN L POD BTG 147411
TVEF, R CA(NO,), IR AT POD 36 71,

40

30t
E 2
% 20 7
?
104
7 Z
L7 /
0 40 60
mass concentraion/(mg + L")
a) Cd(NO,), %
10
8_
2
R
L7
< ' %
a
a3
1 0 a0 u
0 1000 2000 3000

mass concentraion/(mg + L")

b) PA(NO), %l
5 FRREBHEBPFERER POD BEN
Fig. 5 POD activity of onion roots in different

concentrations of solution

24 BEEEMIFBERRIFNSEN W

WL AR CAT B 1 J1, DL CA(NOs),.
Pb(NO,), Jii ¥k B M Ak AR, POD il i 1 hy Ak b
TR, S55E 6 s .

M &l 6a 7] I, 4 CA(NO,), it it & B R 20
mg/L i, PEAMARLNN CAT B 1800t R 20 1A% 5
2 CA(NO,), Tt el 40 mg/L W, PEZHIZ 40 il
CAT G J1 5 XT BRI AR Y ; 24 CA(NOs), i vk i
k60 mg/L iF, FEAARISANM CAT % J7 v T % g
ZHY, B MR B Y CA(NO,), % CAT i H A 1005 1E
FH o 3SR R H A ot A LR BE i R bk, 5
6 vp F 4 R AR T BB ] TV 2L HL0, 1 4 ff i A i
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TR E H0,, SRR HR TS
H,0, ™, R/t £ 1 H,0,, M H15 CAT i
F1 BTk, FIE 6b uI A, 7E Pb(NO,), MHE T, £
CAT TG F1 ¥R T3 R ALY, 78 Pb(NO,), Jii it e
£ 1000~3000 mg/L JTE N, CAT BiiG 77 5 B2 s,
AR X AN A R R T S VR A
X Hop RO N, ARl CAT BigG 7, AT
4 MO i B R, WS ) A
IR REHGH E SR B EEH, Lk
HEZH %) CAT G 1. XFELIEl 6a~b BT AT, Pb(NO;), X
CAT G J152 i o B g B2

10

8 .
2 %
EgA /
g %
g af
%‘ %
7
2t é %
%
7
0 20 60
mass concentraion/(mg * L)
a) Cd(NOy), %k
8
6
2
ENN
2
54
:
5
2t
0 % |
0 1000 2000 3000

mass concentraion/(mg - L)
b) PA(NO,), %
6 FRREBFEPHFZIRER CATEED
Fig. 6 CAT activity of onion root in different
concentrations of solution

3 %ig

AT E BN E S RET . Wi s, Rt
Pb(NO;),. CdA(NO;), MHE FHAMRIEE . 4K IR
ISHUHMIAT 2243 %L . 4L POD F1 CAT B 7146 )7 T 1
Ak, DOESFAEIR T T8N 1V AR 845 E

Pb(NO;),. CA(NOy), i fme WARFE . WF5E LB, =
4 J& Pb(NO,),. CA(NO,), X V£ MR R4 K HA
THIVER, AT S ar B AT 2253 24, (il 4 s
FRAEA 2253 2L 00T BB 10T S0 A P 35 B 2 e
(IERMIIE S8R . AE— A VR B Bl CA(NO,), REFLTE
AN M A L SR A D R IR 2R, A iV AN E 4
J& CA(NO,), g JHlren 5 2R HE B 1 A5 3 o7 AR E . 358
1 e Y PB(NO,), . CA(NO,), ¥ W, 40 it JC vk iE
TTIEF ARG sl Ik A R B R AR
ST SIRET . RXIVEAMR R . AR
i 76 71 S 45 T A BRAR BRI 52 m S HE L], 4
e AR A R LB A 52 ) A B 4 iR Vs e R AR S
&5 SRR .
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Effects of Heavy Metals Pb and Cd on Root Growth of Onion

ZHANG Han, ZHANG Erke, ZHOU Guiyin, ZHANG Yuping, DENG Xinhui, TAN Ping

( College of Life Sciences and Chemistry, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In view of the impacts of heavy metal pollution of soil on crop growth and food safety, by adopting
water culture method, the changes in physiological indexes such as mitosis, peroxidase (POD) and catalase (CAT)
activities of onion roots and root tip cells under different kinds and concentrations of heavy metals were studied, with
the mechanism of heavy metals on onion roots summarized. The results showed that Pb and Cd inhibited the growth of
onion roots, which increased with the increase of the concentration. Under Pb and Cd stress, most of onion root tip cells
were in the interphase and prophase of mitosis. Higher concentration of Pb and Cd made the nuclei of onion root tip
cells distorted; The activities of POD and CAT increased with the increase of Cd concentration, but decreased with the
increase of Pd concentration. Onion roots could produce corresponding physiological response mechanism to the stress
of heavy metals of lead and cadmium, which provided theoretical basis and objective basis for the study of heavy metal
pollution on plants.

Keywords: heavy metal; onion; mitosis; POD; CAT

—45 -



