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To R IR AU KR A TR SR, Bk
KPP TE G B T K FiRdk0.5he Bl 5 7E 8 4h
Fa, BT R R K R & rpk3ik, B
0.1% 15040 7K K B 8—10min, 5% J5 F L H K R S
VoS ¥ K E G T JE S V) S —10 mmi () 25
B HRAEE S L e, B TMSEMB R EGE R
I HB8469) . Hoh, B35 5L 5 6- & FLIEIS (6-
BA)l mg/LF1ZE ZFR(NAA)0.1 mg/L, pH 5.8—6.0.
R SR ZE B 2R 5, W A OB M S 1 7 2k
(B AR AL [R] 1), R Ak 8 A KRN AR AR, e 28k
KR e R

KA R R0 1, BLZ910 em /S
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5.8—6.0) AT LR . FERE2 R TE e LIRS TR,
ks FR2 8 JE AT SE 06 . B RIS AR A B AR
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FEE oM 120 1200 6 S T 2R, dRLEE25°C .
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MTOoCGHE). 5. 10, 20F140 mg/L Cu’ (CuSO,-
SH,O) S5 7o ). 5. 10, 204140 mg/L
Cr® (K,Cr,0.)ff11/10 . 1 Hoagland ¥ 2. %
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AR TRERITE 7S AT A B (A003-1) AT I A

AT R I e BRI BT B T
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B K 8 I B TR R B3R, R B b g v
K FH B B AR ) TR e AT R & (A 145-1-1) 3
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P AP<0.05, A7 BRI 2 7K1 8 P>0.05

2 R

21 EBEFHEEFXTERMERSENEMN

B Cu’ IR B Th i, 4 2a. MR bR
SRE B BT BT (K 1a). ECu” R E
N5 mg/Li, 4t Ra. HEERpMH SR S EY T
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Ff, Hpmtag R D\ 21,18 mg/g. {EUbitFE
th, I 2 I 4 M B B3 . R ECr
FE (40 mg/L) s, T M2 5 & &4 Frial o,
Hrprat g a & B2 1.30 mg/g, (HAREIL 10 mg/L
I 2R 28 B
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Fig. 1 The effects of different concentrations of Cu’" and Cr*on
chlorophyll contents of Lythrum salicaria
AN A BER R 22 7 KPR P<0.05, M A # BER R 22 Rk PN
P>0.05; F[A
Means with different letters indicate significant difference at
P<0.05, same letters indicate no significant difference at P>0.05;
the same applies below

PN EE(MDA) & &3 T X I (K 2), Bk R
T, Hobcu” R H10M140 me/LET, T JESE
MDA 7 & i 3% & T % H 2 (P<0.05)
FEARFIIRER B TRIREE T, TIE L
(IMDA & & 4e M f5 THE 2). 7ECT WP H0—20 mg/
LEf, TJEELH EMDAS BB A EE, 1o
WG 2240 mg/LI, T JE 0B BIMDA 7% f ik
B 5 K AEH0.95 nmol/mg prot, &3 & T H R AT A Ak
A,
23 EBEFHNERESFNTERATAEESE0F M
HEARFIRER B TR IREME T, TR
(] 5 PR S A B TR R (- 3). 1R
Cu” W10 mg/LIN, T 3670 B B nl VA M & &

A B = {ES5.02 mg/g, &3 =T R 4H(P<0.05).
M Cu” I BE M 1084 520 mg/LI, A VA MRS £ B
%2.18 mg/g, MHIEIA56.61%. 4Cu” I 4k 544 i
240 mg/LJa, nIEYERE & &4 B Lo, MR T
Ha 2 .

TEAN IR BT3GR0, TREILHE M

(Rl PR S AR S 5 A A N A S (1A 3).
TECT" W N0—10 me/L, T 3 B 1 ) v v 1

WA B E W R . 2ECr YR EE 10 mg/LE W] VA I

SRR E R N2.41 mg/g, BET XM, 4
Cro MR B R N5 20—40 me/L, AIVEVERE & & W 0%
T A X IR K .
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=AU

TEAN[FVR A & 715 752 560 T, TR e LB

T TR O A E R R T E RS (E 4). T
i S T0 T T R VA PR R 1 A B AECu” TR EE A5 mg/LIn
ik B KAE N4.02 g prot/L, i3 i T4 R 4H (P<
0.05). 7ECu” VR 910 mg/LES, Al MR (14 &
53 NP T39.28%. 1ECu’ WK J940 mg/LI, 7T
Tt R T O R T B 411 60.86%
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Fig. 2 The effects of different concentrations of Cu™" and Cr” on
malonaldehyde contents of Lythrum salicaria
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Fig. 3 The effects of different concentrations of Cu” and Cr"" on
soluble sugar contents of Lythrum salicaria
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TEA IR RS B TR IR AME R, T e R
AR A A BRI CPR-TH- s (E 4). 4
Cr™ WK A5 me/Li, T8 S TC W 1 rl v e R A A
BRETM. MESECS W N0 mg/LI, 7T EE
AW FTF. EC WK J910—40 mg/L, W ETE
B R T, 7ECT WREE 40 mg/LI, 7T %
PEE S8 TREZEL10 g prot/L, B FH KT HAH
AEERAH
25 {ABEFMEETFTEIGEHEE RSN

B FAEE T TIESODERIS N [
5 B TR FE IR T, T SR TG T T R R A B
LRE(SOD)E P R Hr 4 b THE 3 (18] 5). fECu” K
FEN5. 10, 20H140 mg/LZ&F F, SOD4y i) L%} i
Y ETFT8.37%. 41.13%. 74.17%F1100.04%. 1E
Cu’ W FE 40 mg/LI, SODE ik 3 & KM N
14.96 U/mg prot.

B 4% B IR B 1 BT, T SR JE B T IfISOD
TR R AR E T, HA R T IR 4H(P<0.05;
Bl 5). 7ECT® W NSHI20 mg/LI, T 35 B
SODVE PE43 5] | FF41.77%H144.7% . 4Cr° Ve i 1
hi%40 mg/LI, SODIE N _E Tt 1138.18%.
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Fig. 4 The effects of different concentrations of Cu” and Cr*" on

soluble protein contents of Lythrum salicaria
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Fig. 5 The effects of different concentrations of Cu” and Cr" on
SOD activity of Lythrum salicaria
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(POD) T 1 5 s 52 5 TH 5 e #a #5181 6)0 4Cu” Ik
FE 2820 mg/LIsF, T 370 B i PODE P35 21 it K
fE11.76 U/mg prot, ‘&3 = T % R ZH(P<0.05) . 4
Cu’” VR P 4 418 25 40 mg/LIN, PODSE M M 225 R %
“H6.87 U/mg prot, {&-T-XJ {4 .

T i S TC R W AR AR B T 15 R 441 R IPODIG
PR TAEA B T8 52 461 FRO(B 6)0 7ECT™
W N0—10 mg/L, T i 22 JC 1 1 I PODYE P b
Cr™ VR I T & e 24 Cr" W 20 mg/Li,
PODIF MRS A T [, (EA & T 4. 4Cr™ Wk
BN % % 40 mg/LIN, PODIE B % F T E &K
{£26.33 U/mg prot, &3 = T HRALF AL H A

ETARE T TRERCAT RS T
Ji S TE B 1 3 S S (C ATt 1 o o5 0 5 -3k
FE 3N 2 RSk bR (E 7), IR R T
B TR TR FHIETE . CATIS PEFE & Cu™
VA BE Aib T3 4 18] B 4K, 5B 35 (P<0.05) . 24 Cu’ REETE
10 mg/LIN, CATIHIEC B2 @ T o fdl. 4cu’ Ik
[ 940 mg/Livf, CATIE 114 $] 5 KB 12.10 U/mg prot,

35,
g 30 | & Cu 74 Cr a
on
25 t
- E
=2 20 ¢ b
fag b
oz I5r b ab a
=35 10} bee be .
s ot N N
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Fig. 6 The effects of different concentrations of Cu™ and Cr* on
POD activity of Lythrum salicaria
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Fig. 7 The effects of different concentrations of Cu” and Cr"" on
CAT activity of Lythrum salicaria
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XTI 2.7
TR E TR T, TR LW W CATIE M
HAR KPR T 0 ALK 7). TERAECT W
5mg/LEM T, CATIE RN B Z K T X A, 18
Cr’ ¥ ¥ }95—20 mg/L, CATIE B A K. 4
Cr® W BEHE N 240 mg/LI, CATIE M 5% 7+ &
3.73 U/mg prot, {HATHIRT-Xf FE2H .
3 itig
31 fARNEETFTFERMEZRSENEN
MHER R I AFAE TR e 2, 2 AEY)
AT B EH Y At . MRS E5EY
I6EAE FHAVE FRRGUE VIAE S, Rete S LR 4 1)
ARG . B 4 JE X R 2R 2K 1) 52 e 3 BRI
PRI TR SR AR, b 2 25 2 i
TEAM T, T S8 0 1 RS 35 3 77 %A
TGRS EEES THE . E2MEFR#

AT, TS R B BT - T

M. EAGKREHAE S T HEH SRR SRR
A R BRI R Cu® R AR R A
H RS, I A 2k BRI R AR B ) DA
TN B, R Cu” B B S R A . (H
B Cu” WP O T, KB Cu” HE AR Y, WA
TSR ER IR S A BT AR SR T

FEMRKE O R T, TSRS
BB LTh, XA AR T S S2 BR IR B Cr i3,
Rk TSR A R (EBEE Cr” Wk 7E T i S
HI A R EAR R, R T S i 75 ZE BRI T
%, Cr 5E AR ESHES AU BiE T g
RIS RN T . HeAb, T A A RIS 2 1 35 97
M T SRR a/bEZHTEC, SRR e B
SEME FEOR, RO G RE A IR AR 0 PR AIK . w AE A
RE R R 7t A e

B G A IR A A 0 T SR AR 4 R B
LM OB AR TP 2k 3R A S 42 ok B AR AR 4 14
WM 2R RIK S . EYEE SR K TSRS
BRI B B SR . AMA
T FC R I — LE R P AE e T B 4 B A BT, 2%
ROESWMN. Bt NFELESIKE (40 mg/L)#%
a T, RS EAFE . B (Thalia
dealbata)™ . YL (Gracilaria verrucosa) " FIZE
R F32 (Potamogeton pusillus) > 25 1E 8 4 J@ 4L 31
T, MRS ERET-F- B HHINZAR
(IR G AN 48, EAR SIS, T S #E40 mg/LA
A AL ER, R S EWA T B, TR 5Ree
VR PE 385 PR P R L 7 2 e,
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S o J LA U Y R ) 4 O 4 ) B
AR . MYEMEZMET, RS IER RS
SR A 3, SEUE NG ALY, T RO T 4
1, 453 41 M R AR e 1, B2 IR AE A 1) I R AR .
HAMDA RN At EER e —, H&
T 1] S AR ) 1R o Ik SR A R R RN A 4 A R
FEASZIG o T8 SR TE B S IR B Cu” R 97 4%
P FMDA S BB 2 FFHa3s, & Cu” W B A F 40
MDA & &3 & TR . 7ECu” W 120 mg/LIT
IS i A P2 P A i, 150 B T S 4t CR B AL
T—EH, BESEKAE T RA, KU1
JE SR B R AE R R P AR EE R Y s B E . T
TC T B AR AT b Rt 2 B 2B AL Lk

TEARSZIG R, T JE 2 TC W MDA & = B AR b
Cr™ VR BE PR G I T o5 . SR AN I RS Wl R
FEMDA 2 B Cr® I B ) T i i T, 4E B TR
FEBR S . T T B SEZECT W E 0—20 mg/LH,
MDA & & F g N, 5XT AR 2 54 R
% R HZ RN . ECT W 410 mg/L
i, T JERMDA & & H 2 0%H T, Ul B H AR L
BT —ERIER o AH24C MR RS N ZE40 mg/L
i, TJERMDA & &5, B& & T HRra B
H . IX 3R B SEE AR HLEI T RE L& Tk S
it 2 W4 A 2k, 5 300 B R TR 10 FE R R
H, 25 b, TR SN M AR AR A2 B PR A
K, TR B Cr® (<20 mg/L )bt T+ J 3240 i i fis 4k,
FEEERZMIR /N
3.3 EFEEFNTREIGESE AR

AP AR M B R AR N BB S
EWTYI . EEEEMIE T, EY T LOs R R
ATV RE A A M AR R GE R A5 E B, RIEK
SRR A A AR . AT VS PERE AR AR N AT
12, ATTE B 25 T 3 s A A AR K T3 R K g, £
A R B FE A SEEG o T S B e T
EYERE S 2SR T 2 ERER, 5TE%
FECAFIPbIME T 78 4 —35"", I A2 B I
G MCuT IR ASHI0 me/LI, T Ji 32T A 1 b
a1 R, U B LR s B v T A
SR FE IS E S . T R B I Cu” R T S AT
VAR S0 I, E 24 Cu” VR E 940 mg/LI AV
MRS E AR, HS5XBAZRARE. £
BAAEET, TIEEMEERESE TS
Cu’ M, R ASEME G THE S, 5V B 5 Wil
Trma R — Y, X AR TR EEC AR R B
ST JESVBIE RSB 8, TR T TR
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KB F e A BRER S WG A =W B, 115 TV PR
BRI R R B (EL ATV PR A B R Cr R Ny
10 mg/LIf & 25 T REAN, HRAFHZIHA L
o XK T JESE I HENE & EAE S BT T2
oM A] Be AN R ARR, HA B e Hkiae

ALV R AR AR N S A )2 HE TR
SRS % R, T AR i E B, R AR
W, S mEY YU IR 1. AR, T
JC R 1 A VR SR A AE AR AL BE R BT S R
X 5 ¥ (Potamogeton crispus)TE8 Bria T~ a] ¥ 1
A A — 8. =B (Trifolium pre-
tense) (¥14Y5 YL BF 7 22 BICIR B2 Cu” A S VA
PEER S, T e R A S A Y. ax
BIRIREECO W T E A S R A A M
TWEVEH . BBAh, AT A EAE10. 20140 mg/L
28T IR R R, BTS2 T gext Cu” A
—EPLE. EAHET, TR AEEEA S =N
B LR A%, X 5 B R AL B o R — 3
(HER IR RIC X M AR K, 7ECr" W 20 mgy/
LI, TS a1 A & B AR 50 R4 G 2 2%
5, T 24C" WP HE— 25 T 940 mg/LI, AT
WEAGTEARERE TE. 45, T EEEmm
WAL TR —E & W i, bk b
X T i SIS 2 R T 5 ) R M AR
34 EFEETFNTENELEEENR I

1R 4 & e T, M 2 R R 2 A
(ROS), XLy YA fE 4 b R E R R 5 =14 4
M. Ko7 A DNAFIRNASE . HUHE
PR R B AR, M2 BaE P AL ER LR
THRRIEZ MRS . SOD. PODFICATR MY &
W E RS RIE AR . SODA LUK O™ 1k
N MEAE R 85 55 1 H, 05, 1 CATAIPOD M A LA
H,0,i#t — 5 #:AL WH,0f10,°" . fE4ifa T, #m
Y% (Hydrilla verticillata) 1JSODAIPODYE M 7 4L
FrEtY ) 2 (Cabomba caroliniana)fIPODFICAT
P T s DU AR B T A e . FE
A, 2M S A ISOD. PODAMCATIE 1
At B w2 R (Leersia hexandra)
TECr" Y20 mg/L A P LML A 7 7 v,
DAHRAE 8 A JH e

TEASZEG A, T E SODYE M /R4 F R A
BIRRFS: FHES, HAER I T T K SODYE
PR R IR 25 5 T4 o X SR BH T o SR A A R Ak R
T RE R G MR SODTE M, ii Brid 2 1 B H &, BF
B . FEHARX T4 4021 &, T JE£SOD
X b B S BB ARG . T SE PODE 14 75 4 Ab

BN RN TG B, RURWKECO REBOR
PODIFHE, T ik FE Cu” 23| PODYE 1 . 7E4& 4L
R, T JESKPODE ML 44k 5 T+, PODIE
P B Cr® V& B R 8 A0 AN W7 b T, DL B LA P9 A ot
FACE, HHPODM B AHXS T4 A 3 T 52 9
Weo TIRSELEHINIE T, CATYETERECY™ R B 189
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PHYSIOLOGICAL AND BIOCHEMICAL RESPONSES OF LYTHRUM
SALICARIA ASEPTIC SEEDLINGS TO COPPER AND CHROMIUM

ZHANG Shi-Wen"’, LIU Chang-Zi"*, MU Dan-Dan’, WU Zhi-Gang' and LI Tao'

(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3. Shuishengzaoan (Wuhan) Biotechnology Co., Ltd., Wuhan 430075, China)

Abstract: An experiment of hydroponic culture was carried out to investigate the effects of copper and chromium on
Lythrum salicaria Linnaeus aseptic seedlings. The plants were cultured in 1/10 sterile Hoagland nutrition liquid with
Cu” at 0, 5, 10, 20, 40 mg/L and Cr* at 0, 5, 10, 20, 40 mg/L respectively for 4 days. We analyzed the toxic effects on
chlorophyll content, malondialdehyde (MDA) content, the activity of antioxidant enzymes (SOD, POD, CAT), soluble
sugar content and soluble protein content of the seedlings. The results suggested that the osmotic regulatory substances
(soluble sugar and soluble protein) increased at low copper concentrations and then decreased at higher concentrations.
With the increase of Cu”’ concentration, the degree of membrane peroxidation increased, while the chlorophyll content
was not significantly affected. The activity of antioxidant enzymes (SOD, POD and CAT) was high under the copper
treatment. With the increase of chromium concentration, the chlorophyll content was also not inhibited. The extent of
membrane peroxidation was not significantly affected when the chromium concentration was 0—20 mg/L. The CAT
activity was continuously inhibited, but SOD and POD were well activated. In conclusion, L. salicaria has a certain re-
sistance to copper and chromium. Its chlorophyll content was rarely affected, the antioxidant enzyme system responded
well, and could regulate the osmotic system for stress reaction. When the concentration of Cu’" is lower than 5 mg/L
and the concentration of Cr’" is lower than 20 mg/L, its physiological and biochemical indicators are relatively less af-
fected. Our findings provide theoretical basis for further research on the response of L. salicaria under the treatment of
heavy metals, as well as its ecological application of water restoration.

Key words: Lythrum salicaria; Heavy metal; Copper stress; Chromium stress; Physiological and biochemical response
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