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Physiological effect of cadmium on Saluinia
natans and camparison of the detoxication of
exogenous lanthanum and calcium against it
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Abstract; The paper mainly studied the effects of La and Ca on low aquatic plant Saluinia natans growing in
the solution containing different concentration of Cd . The results showed that the leaves of Saluinia natans
lost green color, leal margin twisted following with spoil spots and root-like leaf broke when Cd polluting.
With the increasing of Cd concentration, the chlorophyll content, SOD,CAT and POD activities of the leaves
increased first and decreased afterwords , hut the Cd concentration was different when they reached maxima re-
spectively,i1t was the highest when POD activity reached maxima. The soluble protein and MDA contents ap-
peared decrease and increase trend respectively and the toxic effect of Cd on the soluble protein content was
heavier than that on the MDA content. Exogenous La and Ca could alleviate the decrease of chlorophyll and 7
soluble protein contents and the accumulation of MDA caused by Cd stress, The effect of La and Ca on protec-
tive enzyme system was much different.
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X, B LEMEYNEHERA KBRERENS,
1991;Kneer %,1992) ,{HH X+ 1 Cd** 5 F
RHEEZMTFRT KR LR, ACBEIKEMYRT
3 (Saluinia natans) HE LR T AR WE Cd*F
FETHHENESBE AHEARNE LS
Ca BRI, UMBEATHRESREEMY
MYV A Y PLE & R Mo ML R (KR .

1 M5 F %

1.1 EBH#

STRATHE MR BB RN R ERBEKE
HYEFRRERTL O, ERKERFMHEHK
BEFELRERKIRAKE H,FHAMRKERI . &
EaBmA, -HirsBAEHE 2.4.6.8,10,20
mg/L CdClL, (A#k Cd i) MR R P ERE LR,

LAA B CdCl, B #EST B CH 0 mg/L Rm); 7 — 4
SRBAME 1 PR & RBE R, 75 RBE
4504 6 mg/L 5 10 mg/L )8 — CdCl, (LA 4 Cd
TR RIEE R B, PAM B RE For-
ma 3744 2H AT RS EREE 70 um”. 7
BRI 14/10 h I8 D+ N=25:20C, WEHRH
AT EEARE Z KRBT,
1.2 XBHZ*
HZESTENNUESREKERNFHOKER,
1990), 8 {y mg/gFW ;i EHEB S BEAESHR
& G-250 &, LU 4 1 V5 2 B 4 #r #EE B (Bradford,
1976) ;3 AL AR (CAD E WA CAT A&l &
(FgIER, 198D, KIEHBEMEX K 1 g Y
#t1s4rf# 1 pmol HO, 1) CATER —TEHE
itk U/gFW; B A 1L 4 i 1k B8 (SOD) & ¥ H
SOD R & W E, S 1 mL RE WS SOD 4 &

®1 BEBEFREGT

Table 1 Design of each mitigating solution
Ccder Cd* +Lad* (mg/L) Cd2+ +Ca?™ (mmol ‘L)
6 6+0 6+3 6+6 6+9 6+12 6+0 6+5 6+ 10 6+15 6+20
10 1040 10+3 10+6 10+9 10412 10+0 10+5 10+10 10+15 10+20

ik 50 Yo i B Xf 7 /) SOD & 5 — A i ER 2R & uf
I NU/gFW &R i € 40 %) BF (POD) & 4 F &1 81
KB HE B35 T 2 (Maehly, 1955), LA48 1 min 0% 3¢ B
MANERREE KD, B ADg,. min'. g' s =
B (MDA) & B 1% Heath £ L E L ZER (TBA)
b8 5 B E (Heath %£,1968) , 84 b/nmol. g*, %
TRBEBEL 3R, WEHHE.

2 X

2.1 Cd™* 362 it 3 Rt S 25 B9 32 W)

X RRAME KGRI, 07 sk, ERLE.
Cd" 438 3 d Ja, M 6 mg/L FIREEE Cd W EFH
R B RS,8 mg/L Cdt M & IF i 2%, 84
RRITEH, CREER, EH ALY E.
Cd** 4bH 5 d /5,4 mg/L Cd™ LB B IH3E 0t
ERBRE, DT A A BALE,8 mg/L UL
Cd" HEFEMTARFE, HAABERAT%E
THRES R HHABRREEE, 8 mg/L
Cd*" 4L¥8 6 d M KB ZLH K FEKIEHR,10
mg/L UL L EAL K BT,

2212 Ca* W CA rB THEMHEHRFHERES
BRI

M Cd™ BT MG EITE LA 4 mg/L
i % B8 49 105. 7% ,6 mg/L B 9% BAY 121. 9%,
HEE Cdt B N, i H & B ZH W L, 10
mg/L B TR A3t B 86. 9% .20 mg/L B BAH XY
BB 57.3%(E 1), Cd 5 La't 5k Ca™' B/ E 4
H M REEYETHES., EHMK CA HRE S
mg/L) T, MAM La*™ 1 Ca™* # E 4 %1k 3 mg/L
55 mmol/L Bt K& B A HREX B, 8E
Cd RER (10 mg/L), 52 HEH) La’' 5 Ca*t 1Yy
s E S B — FRE0E D,
2.3 La’* [Ca’* 3§ Cd** jhpiB T SOD.CAT.POD &%
=8-A o)

MNR 2T, R EE Co fhia T, 8ok 3¢
R A AL 8 B E B8 (SOD) it 4L A B8 (CAT)
BidEhy B (POD) EH M ER LN EEATR
EREMTEE . A= ER&RITNE
Cd** ¥ R [@, POD. SOD. CAT 7 M & & ot 1
Cd"®E 254 8 mg/L.4 mg/L 5 2 mg/L,
Cd** ¥ H 10 mg/L B, 528 419 La** fff SOD,
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POD M FH & 5 BR1K, f CAT WE PR, Ca° &
SOD #E ¥ 5E 7 5 i POD.CAT EHTR. 7

1 Ca’* ¥{f SOD & M FH & . POD & ¥ FEAK, %
CATEMEMFZ W AR: La' f CAT BHAF,

BEWE G mg/L)CA BET, 52848 La't Ca®* {f CAT EHEARERERK.
16 BT 2 1.5
= a4t T s W6Ca O10+Ca E [ W6+lLa O10+La
@ 087 o i
(rq 0.6 H 41 0. ¢l g 5
M0 4r e e
Boot % )
& Ul bl Ll Ll LD E
0 2 4 6 8 0 5 10 15 20 o 3 6 9 1
Ca¥ QIRE (mg/L) Ca’ iR (mmol /L) La" i (me/L)
B 1 Cd* 153 SMR Ca?* SME Lad* xot @2 A MM
Fig. 1 Effects of Cd?* ,exogenous CaZ*,exogenous La3*t on chlorophyll content
& 2 La*t ,Ca’t 3 Cd?* ifiB T SOD,CAT,POD & 149 % i
Table 2 Effects of La3* and Ca?* on SOD,CAT,POD activities under Cd?+ stress
“ " sobwEa caTEAPODEA O sopwmy catma popw A T T SopE 4 CAT I POD I 4
B i35 W
0 979.5  708.1  10.4 6+3 1190.1  657.0  25.4 6+5 11923 732.3 9.3
2 1130.3 731.7  11.6 6+6 1283.7  796.1  15.1 6410 11174 4574 7.1
4 12061  647.1 12,6 6+9 1454.2  718.4  16.5 6415 1382.9 3515 5.3
6  1132.5 636.7  25.4 6+12 1374.6 7517 13,1 6+20 1270.6  291.3 5.8
8§ 1107.4  668.3  32.5 1043 1850.0 437.2 265 1045 1900.4  340.9 20,3
10 10323 674.1  22.4 10+6 1817.1  404.7 119 10410 19919  317.4 111
20 358.0  509.4  17.4 1049 17144 479.4 9.3 10415 22438 3542  26.9
10412 17052 325.2 7.6 10420 16752  350.7 7.1

. Cd** ,La’* MHALH meg/Ls Cal* f 57 3% mmol/L,

2.4 La’* Ca’* % Cd** B8 T MDA £ B i) B0

BERE I L= MDA 5 B R 2 4%
EHEERGRZ — MM A+ MDA 4 B E
CAlHHadENMATEFAREE. 20 mg/L &
HH MDA &84 0.026 8 nmol/g, 25t B4 EH
1.6 f5(& 2), ARMIKE (6 mg/L)CS HaT,
La't 5 Ca®* fff MDA & B & 5 AR, Cd°F frid uk
EHE (10 mg/L)Bf,3~12 mg/L La*t 5 5~20
mmol/L ) Ca** {#f MDA S BFE,EH L't 5
Ca®* 3 CA* EE3|EH MDA S B AB A LMY
YR E2),
2,5 L2’ Ca* 3 CA* BB THRRTEMEASE
9k A 0]

WHEEEASR Cd T B E A, AL 38 B B
WMATRETHE. 6 mg/L 5 10 mg/L &4 FI{E

SRR T 24. 7% 1 58. 1%,20 mg/L Cd** 43¢
BJLPUABEAFEE 3., BRERKH,3~6
mg/L La'* ZE 8K ¥ B (6 mg/L)Cd?" Bhid T fd ]
MRS BT — PR, 9 mg/L B FE AR B
B 104%, La't ERBEE (10 mg/L)CA Bl F
MUBHEATENEMS Ca" L HEFEH
TRAFEREME 3).

3 i

AT AT EERKE C HET, 0t
AR SRS, REMKE CLS* HER
BT SR 3G AR X AT BB R A ) 19 — R AR 4 5E o B
R MEEELENHRELRTR ARKEH
HRRG, IEMENI)MTRERN, 4 FRG
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EHYSELBREEEHANERNE, HEES
BT HMERE,Stobart £(198)INA—EEERM
%1 B 0t 4% % BR i 56 [ B8 ( protochlorophyllide reduc-
tase) IE 1, — R &M EE — XK (aminolaevulinic
acid) B9& B, X ZH& A B2t & R G BT L% R B
MER. B HRESENTHREMNES CIE
HBEARFRELE, SHEE+ERR LM —SH

HES S BARKPR Feit (2o’ Mg™ &, BT
MR RSB S EETE A X (IR, 1985) . I
1 X8, CEEERME 6 mg/LIF, SZHAEMN
La*t 5 Ca* e B CAT ERMMTHRESES
BT EREMEFKT. T Cl kER
B0 mg/L), 52 AAM CTEFHGRIEHR
—HREAS, R Ca’" E CTIRER R AR &

0.04r 2 0031
003r A Ne 6+La DO 10+La
— 4 00351 me+ca D10+Ca - 0.025 1
© 0025} >~ 0.03f £ 0o
S 0.02} € 00251 ~ 0.0z
§0015- IIIE;H 0.02r 3“5;0 015
o wp 0.015 T <r: 0. 01
0.01F ¢ 30
€., g ooy = 0,005
g 0.005¢ = 0,005} ]
0 1 1 1 1 1 1 1 0 0
0 2 4 6 8 10 20 0 5 10 15 20 0 3 6 9 12
Cd” QIR (me/L) Ca” SR (nmol/L) La” W E (mg/g)
A2 Cdtt sy SME Calt SME La’+ it MDA & &1
Fig. 2 Effect of Cd?t ,exogenous Ca?* sexogenous La3*t on MDA content
14000 16000 r H6+Ca D 10+Ca 14000 - 6+La D 10vLs
12000 s :;888- " 12000
g 10000 | | ] = &1 . 10000
41 = 8000 f I °, 10000 @M 8000
higrs kS 8000 4
g 20 6000 ¢ = £ 6000 i 0000
2 4000 f ;E 4000 | 7 £ 4000 |
E‘ 2000 F 2000 T 2000
0 | | 1 I { =1 0 0
0 2 4 6 8 10 20 0 5 10 15 20 0 3 6 9 12

Ca” QIBIRIE (mg/L)

Ca' ikE (mmol/L)

La iR (me/L)

B3 Cd* s SR Cat SME L3+ AT E S & BT W

Fig. 3 Effect of Cd?* ,exogenous Ca?* ,exogenous La3t on soluble protein content

MEMERINTEME Tt RENHEK, 52
FMLLE Cd° T R R T IR Y La®t th 5B
B Ak 33 G

SOD.CAT.POD %2 HME AN EAUERK
FILRFEHRPE, CNEELBRHEFHAEE
FE 18 25 L iF B (A K 35 %, 2001), SOD fELL
O;ﬁgﬁﬁi&ﬁ‘ﬁ%ﬁﬁj:zo;‘f‘ZHJr—’H:Oz '1’027
MR BERAEY & O, CAT #1 POD I
MHEBEKR HO f1 HE % B B % (Scandalios,
1993), ZEEFHAT . EYWEAN~EMER O 1
AL THEFET T £5%,1989), 7 CdF Hil

T.Ee¥at i SOD.CAT.POD & ¥R & 15 I
BRERAMBEEEEASAGRRKE D, XAAE
ZEBBRELT B EANEREES.BRT
MEKEEEAS . E—ERE LBE T A HEST
BHHE. MTEXERENEAT . BLTHER
I B PR BE A W IR S5 H AR o B O PE R AS L SX BT At
SERNEREEEMEE B, 0T H.0, ¥ iEH%
AHOBERS KERE, AT MEEIE T E/ARE,
BAMFRENMNEZIRA , SLEELREE
BEYMFERRHE, CATEERN 6 mg/LAt, 528
48 La*t B4R & SOD., CAT i # i M 4% POD 1%
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MW 25 %

5 Ca®t i SOD {E¥EFH ¥, POD #& R, CAT &
W R, KRR EEZERBRAKERT,
La** #1 Ca’* fEiE L R EHE Y M R ALBEIEE, AR
BEHRRMNAT R 2 EEE N —ERE LB
TEOEEYGE. K C4” HakERR 0
mg/Lit, RR 5 ZE A M La** 1 Ca®* G SOD
EWA R, B CAT Ml POD EHH 2 TR#
P RHXHHEY S WRPBEIEREEL HR
O mAEMNBARENEANNE. Hik L f
Ca™' g Cd WY EEE A —TREN, T
REefE—E C& R FTEHEANEER.

N_EMDA)RRET A FEYZ— K
SRTABAUERERETE 4 EE (Chns %,
1992), #M-3Em o MDA § BBEE Cd™F fiya ik
FERIIN KT FH R R VIRRE i AL R N, X 54
MR FEBREEAMEN SR B, MWE 3 AL
HEH,CHMEaTT BT ENEATETR, &7
BAERAEER, -2 CI #AHARERATEA
KERBMEE, MR TRAEEARSH, — £ Cd&
SNEAERNREMALAFEMAEMNIER IR
S AR A AR HE 6 40 MY 28 32 B G, A T B
BEAEM. I ERGERERY, THEHERZ
Cd™ ) 3w 852 K, Bl AL BB O A0 86 KT 2 % T F%,
Ca* #£ Cd" WMWK ER AFHILEAIT BB M
R, La't RAEER &K E A4 BAXHE Cd
FEEEMNEATERKEA.

GLEERCH WHYHEEFAZHELE—
MEgEHE RN ERE, TENEYENM
ERENMAMR N ERBEGE, X SEERS
(000 AR BHEEREVTARGENAESRE
—¥H. SME L' f Ca* AR RE A BB AL
T RIS i AL MDA & &, M E M4
EKV HEEHEERD ARHE—EBELER
MR C BEMER EBREYXT ESLREBE
M., LRGEREHEMCSITHET, La'" 1)
RERBWER 6~9 mg/L [ Ca® B BB R
FR 5~15 mmol/L,

RS EE
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