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Effects of High Concentrations of Cadmium and Lead Stress on Growth,
Physiological and Biochemical Parameters in Hydrocotyle vulgaris L.
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Abstract; In order to investigate the changes of physiological and biochemical parameters and potential for
remediating heavy metal-polluted water in Hydrocotyle vulgaris L. exposed to high concentrations of cadmium
(Cd) and lead (Pb), a study was conducted to investigate the effects of Cd (5,20 mg-L™"), Pb (50, 200 mg-L™")
and their combination on biomass, physiological and biochemical indices as well as Cd and Pb accumulation in
Hydrocotyle vulgaris through hydroponic cultivation. Results showed that the physiological and biochemical indices
generally increased with the increase of Cd and Pb in each treatment. The plants exhibited the highest tolerance to
Pb under 50 mg-L™"' Pb stress, while the highest purifying rate of Cd by the plant from the polluted water was

shown when they were exposed to 5 mg-L™" Cd. Pb alleviated the oxidative damage due to Cd stress in the plant
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under the combination of 5 mg-L™' Cd and 50 mg-L™" Pb. Moreover, the purifying rate of Pb reached a peak in

the plants exposed to the combined contamination by 5 mg-L™" Cd and 200 mg-L™' Pb. In general, the phytotoxicity

induced by Cd was obviously higher than that by Pb stress in Hydrocotyle vulgaris. Hydrocotyle vulgaris possesses

the potential to absorb and enrich Pb and Cd from the polluted water, suggesting its competence for purification

and remediation of Pb and Cd combined pollution of water.

Keywords: heavy metal pollution; Hydrocotyle vulgaris L.; phytoremediation; physiological and biochemical

parameters
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KV-(AX224ZH/E , H 1 BTS2 (116 ) A BR 2 7))
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i3 ALY B (peroxidase, POD)TE M, A B HE Z R 1%
TP % (malondialdehyde, MDA) & & 2 52 42
PO i e 2 B e, AU EL (6 I AT R
A3 IRRBUAE IR 0.5 ~ 1.0 g(% n] R & 18 b5
DN FT FH A R R A T I d, JHL 4 40 2 A 4 £ I
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Effects of Cd and Pb stress on plant biomass

L T4/
Leaf dry weight/g

BT iy
Total dry weight/g

Table 1
Jb3 A B /g E-S s
Treatments Root dry weight/g Stem dry weight/g

CK 0250+0.010 d 0.520+0.010 d
Tl 0280+0.010bc 0.580+0.010 b
T2 0203+0.012 e 04770012 e
T3 0343+0.015 a 0.630+£0.010 a
T4 0.280+0.020bc 0.570+0.010bc
T5 0296+0012 b 0.587+0.006 b
T6 0260+0.010 cd 05570012 ¢
T7 0213+0.015 ¢ 0.520+0.010 d
T8 0.180+0.010 f 0487+0015 e

0270+0.020 b
0273+0.012 b
0.183+0.012 e
029740012 a
0270+0.010 b
0243+0.015 ¢
0217+0.012 d
0223+0.012 cd
0.113+0.006 f

1.037+0.021 d
1.113+0.006 b
0.863+0.025 f
1267+0.021 a
1.120+£0.040 b
1.126+0.012bc
1.034+0.015 cd
0.960+0.020 ¢
0.773+0015 g

VAR /NG 25 4 B 2% 53 25 (P<0.05 ) R,

Note: Different lowercase letters in a column indicate significant differences among treatments (P<0.05); the same below.
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BN RIS AR 2 FRES R
4 MARARELBALIE, 1 Cd 1 Pb BEME T,
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2.2 Cd Pb WMEXHREL N [ (MDA) & it (52
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T B 52 )

i [l 2 W51, SOD {EPERE#E Cd Pb ik ik & 7t
A BT B T7 F1 T8 AbFHAL AP 2 K [
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ESy S
2.4 Cd,Pb JHpie x4 4% w5 i S AL ) i (POD) i 1
0P|

H &3 A, Cd \Pb i— 55 S ACFET 4 il i
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Fig. 1 The malondialdehyde (MDA) content of Hydrocotyle
vulgaris L. under Cd and Pb stress
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AR, s s ol LIE AL b il
AL MRS B BB Cd . Pb 8 v B2 1% 38 i 3 i
fm, BT A AL PR & = m T CK; 5 CK A L, T8
REFRR ] A B Y AT S A IR B (R, A 13.893 mg-
g™ M 67.93% , 7E 50 mg-L™" Pb AbHRf, 5 CK
AH AR R B T S MRS S B 9.753 mg - g, M I
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Fig. 5 The soluble sugar content of Hydrocotyle vulgaris L.

under Cd and Pb stress
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F 5 mg-L7' Cd B—A4bBE4, Cd . Pb B A WA,
fIRHR B Cd XF Pb iyt 80K, 431 R 36.123 mg-
L™ f1178.533 mg-L™', 5 mg-L™' Cd.200 mg-L"'
Pb E A WAL EE T, Pb ik R 515 (89.00% ), T7 Ab
HEZH , Pb bR R /T T4 Hhia db B

3 itig

KT Cd Pb % A RT3 e BIF 5
AR T Bl AR W 0 A B A U T 5 A R 2
— PN FEREE 2 B w4 R S Y e A AR K
R o B SO RE AR [R] I 3 A 2
BT RE I T G R T PR R B RO AT
g, MR FAE S mg-L™' Cd 50 mg-L™" Pb A} 4
AV RS CK AHLILII R T B % Cd Pb rif ik
JERTE @ AR A R I R, X
A RE S TR R A U T R R E B
ARG, m TR MR (e St A &, T
TE—E YO [ N B i A s g n . X 5 Pb, Cd
i3 Xof A 4l A R A BRI %) R e B 5T 445 SR
RIEY 5 R SR AF ) IO 08 S I 3 B 20 A A A 5
BER N REY N Rl s w1 iR DO 11 7) 51 B =187 1358
Cd . Pb WHBE T8 1 il Sk m A B /K268 7, 41 M 254
FAE BRACIH I RE IR | A= W i & TR, 3 S5 X1 R
SEOIRE Cd i aE PR AR ISR A5 RSB, BF
R ARV i 6 Jm 3 A B T IR A Y
ST T v A R S M DU R AR A A A T R
A REZ IS LT

PR 1 A AR 4, e ) 20 N

HAREAEBMAETRE, WS EEika]
LS W HH AR ) 240 A2 2 W3 i 1) 2 R ) R g o
JEPY  FEARWFIE R BRI 2 PR EAEE T N
TR E R R BT, X—45 RS Tl
SR AR — B, WA Cd VR EE R TH e, Ak
B2 B 0 EE EAE D NGE . ATRE IR H & 7E Cd ., Pb
SEAMRATT AR P A TE AN, FTR S T 4
AARI A, S BOB R o E A ™ 1, BS54 8 2
PRBO T Ho e B Cd Pb AHE ME TR, i 3 S 48
A RESRET S U e e Cd Wt 4 S 00 e
M REAR i Ak, A 2 EARRE . MR Pb
PR H AR R e N TS A B ARk
XA RESE R Ry e A R LR Y P ARG, X
S Y 50 B M AR S T /N

HIWITE 52 BIAS RIS E A S 7= RIS PR S A
JE S B ) 20 M B AR 2ok A Ak, DT X AT ) 7 A
EOY TEARRFIT A, R FE Cd P i3 T SOD
1 POD 1 PE B M0 v 3 1 THis S b T (B
Cd B AT 2 F R, x5 5 RSP iF oy 4
A—F, Cd.Pb [ 252 W H I PR 9 1 SR Ak A T -
i, AN AR o SR Ak, 51 A0 M B A5 #5245, 4
PN BB B IR T RE R RS M A B B —
VT VE R 30 o 4 56k B S8 Ak i 1 PR R 1 Ak
Hanm F B 0z R 0 T 4 JE XA B
SOD 1 POD FEME AR Y 7E— & FE B b f 2 ok /2%
SRR (B Y B SRR E R 1 A PR A,
DI, B M Cd Pb Wil FAEY) R G52 5 T B B
I, SOD F1 POD % T I,

®2 WEERSBRECKLEN
Table 2 Changes in Cd and Pb absorption by Hydrocotyle vulgaris L.

Ik ¥ WA I 4 5 ik A(mg - L") L% WA 45 5 it (mg - L71) %
Treatments Absorbed Cd concentration/(mg-L™") Cd removal rate/% Absorbed Pb concentration/(mg-L™") Pb removal rate/%

CK — — — —

T1 2.633+0.107 b 52.66 — —

T2 12.700+0.197 a 63.50 — —

T3 — — 31.137+0.104 ¢ 6227
T4 — — 148.937+0.584 b 7447

TS5 1443+0.597 ¢ 28.86 36.123+0258 ¢ 72.00
T6 2633+0.107 b 52.66 178.533+0.777 a 89.00
T7 12.180+0.096 a 60.90 20453+0.577 d 4091

T8 12.330+0451 a 61.65 137.697+0.734 b 68.69

T —" ARSI ) o i

Note: “—” represents no heavy metal content detected.
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SRV 2 o o
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WP R SRR S R A — RPN AR, SR A
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—E MR HEAE T 358 A S Pk, 5 Po AL,
Cd JWr8 T Bl i e o i B TR, XS B i
SRR RGN A BT S R — 2, AR
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