HYREEIR 2021, 39(5) : 535~542
Plant Science Journal http . /www.plantscience.cn

DOI.10. 11913/PSJ. 2095-0837. 2021. 50535

BER, XN, FRE, BETT, XEGRE, RS W WA R YR S ROK IR B R ACRIESE [ J]. ARk, 2021, 39(5) :
535-542

Guo CF, Liu L, Tang FX, Dai HF, Liu HY, Yang JW. Remediation effects of common wetland plants on cadmium- and lead-polluted water
environment[ J]. Plant Science Journal, 2021, 39(5) ;. 5635-542

LR A YR BT R RENE S AR

FER, A HT ERE, REF, xER, HRX
CHERIEEAE ey TR B, RO 232038)

B B RAKERE, RAIAFMWER(CA) M (Po) [ 4 FhbFEXT 6 Fh W AAEY) . TIRSE ( Nasturtium of-
ficinale R. Br.) . /K3 | ( Raphanus sativus L.) . B4 #13% ( Rorippa islandica (Oed.) Borb.) . HJt ( Sinapis
alba L.) ., /KJ¥( Oenanthe javanica (Blume) DC.) F1ZE3Z ( [pomoea aquatica Forsk.) e ny4 K, |4 EH R
5 | PrAALEE TG PE SR MAE TR AT SY . A5 R WO, 7E Cd, Pb i —RE SO, Tk, K
FEARK . RE, kT EYEEMM TR, KA — Po AHAKE b, AIFRRK ., Mk TESTWE, A
— Cd Ab34ih, 6 MY s 5 RECV/IMRIR . TR > BAEESE > KT > KE b > 28 > HJr, Po B—J
JBJE, THRESEXT P E R R BN, (U 0.013, KE MIHTE Cd Al Po B4 Wk T A AR 5 XT JeAH L TG i
F25, HCd, P B REGEK, b fbEREMR G, WAL, RZYMmEREGRIHMEE N

Y,
XK@ BE, BER; B R A
hESES. Q945.78 TEEFRIRED . A X EHES . 2095-0837(2021)05-0535-08

Remediation effects of common wetland plants on
cadmium- and lead-polluted water environment

Guo Chun-Feng, Liu Ling”, Tang Feng-Xue, Dai Hui-Fang, Liu Hai-Yan, Yang Jun-Wen
( School of Biological Engineering, Huainan Normal University, Huainan, Anhui 232038, China)

Abstract. Four different concentrations of cadmium (Cd) and lead (Pb) were used to treat
six common wetland plants, including Nasturtium officinale R. Br., Raphanus sativus L.,
Rorippa islandica ( Oed.) Borb., Sinapis alba L., Oenanthe javanica ( Blume) DC., and
Ipomoea aquatica Forsk., under hydroponic culture. Results showed that root length and
weight and dry plant weight in N. officinale and R. islandica were significantly lower than that in
the control (CK) under both single and combined Cd and Pb stress (P < 0.05). Root length
and dry plant weight in R. sativus and S. alba were higher than that in CK under Pb treatment.
In the single Cd treatment group, the enrichment coefficients of the six plants were:
N. officinale > R. islandica > O. javanica > R. sativus > |. aquatica > S. alba. However, the
enrichment coefficient of N. officinale under Pb treatment was the smallest (0.013). The growth
conditions of R. sativus seedlings under combined Cd and Pb stress did not differ significantly
from that of CK, and showed increased transport coefficients, higher antioxidant enzyme
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activity, and lower root cell death, indicating that this species has good restorative potential.
Key words . Remediation; Enrichment coefficient; Transfer coefficient; Antioxidant enzymes
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FAFRKIGRY A () ), IFE(2018 4
] A S R B AR B0 20 41 ) v 4 S A Sl s I A7 A 4
FAEE(R) &R AR R, EARTEENE, K
Wi Cd, Pb 45 4 & Mibn AU K 4B AR S
WhE, X AR O o, B, bR
it Cd., Pb %5 4 )@ 7 i & R AF i DL i A A8 30
BEIn)

BT, FHEDEE 548 TS YOG R 2
RBLAS . G HeE H B K i s B H RS B 5%
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stralis (Cav.) Trin. ex Steud.) H1/K Z ( Scirpus
validus Vah!. ) 7Ky Cd A 550 Y & 4 fE
(BFESEbRig I, Bl R PRI A K™ B
IRIAXE AT, & 48 PR IR XE, 3 V8
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¥ Excel 2016 FI SPSS Statistics 17.0 #ff:
HATEE Ge it B R 22000, RSP HME +
brifEfm2E, £ Duncan X4 A0 BEXE 0.05 /K F
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2 HBRENH
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Table 1 Effects of Cd, Pb, and their combination on seedling growth of six species
LRSS WEEE (10 8k)  RTE(108R) B T (10 ) FHE(10 k)
Yyl b3 (cm) (9) (9) (cm) (9) (9)
Species Treatment Root length  Fresh root weight Root dry weight  Plant height Fresh weight Dry weight
(10 seedlings) (10 seedlings) (10 seedlings) (10 seedlings)
N CK 326 +0.21a 0.248 +0.004a 0.0020 + 0.0001b 491 +097a 1031 +0.041a  0.1320 = 0.0190a
N;;fi;;m Cd 216 +021c 0030+ 0.003d 00020 + 0.0001b  4.34+ 058a 0703 £ 0.022a  0.0740 + 0.0110b
officinale R. Br. Pb 222 +024c 0052 +0002b 00040 + 00001a 525 +083a 0752 +0017a  0.0760 + 0.0110b
Cd +Pb 2.79 £ 0.27b 0.044 £ 0.002c  0.0020 + 0.0001b  4.53 + 0.86a 0.088 +0.012b  0.0720 + 0.0080b
n CK 1480 + 1.15b 0590 +0.040b 00170 +0.0010a 7.88 +094a 11.065 +0.215a 05540 + 0.0840a
R;J;farlv\us Cd 14.04 + 1.16b 0658 £0.050a 0.0150 + 0.0020b 854 +1.03a 13814 £0.080a  0.6820 + 0.0400a
sativus L Pb 16.26 + 1.65a 0490 +0.050c  0.0160 + 0.0010ab 886 + 1.05a 13.363 +0.118a 05780 + 0.0740a
Cd+Pb 1510 £062ab 0350 + 0.025d 0.0110 £0.0010c 910 + 125a 8933 +0.315a  0.4220 + 0.0700a
e CK 4.88 + 0.62b 0.034 +0.003a 0.0110 + 0.0006a  3.40 + 0.66a 0494 +0014a  0.0460 + 0.0010a
Rorippa Cd 213 +031c 0007 +0.001c 00030 + 00005c 1.88 +020b  0.145 +0022b  0.0230 + 0.0010b
islandica Pb 654 +151a 0012 +0002b 00040 + 00003b 3.11 +047a 0503 +0.0040a 0.0440 + 0.0030a
(Ced.) Borb.  cq4+Pp 131 +023d 0003 =0001d 00010 +00003d 173 +035b  0.152 + 0.0130b 00140 + 0.0020b
CK 2278 + 4330 0130 £0010b  0.0120 + 000200 12.16 +2.30ab 5073 + 0.1110b  0.2820 + 0.0350b
=Bt Cd 15.63 + 1.83c 0.087 £0.007c  0.0080 + 0.0010c 947 + 1.45¢c 2492 +0.0500c 0.1860 + 0.0290c
Sinapis alba L. Pb 2829+ 194a 0163 +0003a 00170 £ 0.0020a 13.78 +2.79a 6641 +0.2410a 0.3670 + 0.0650a
Cd+Pb 1758 £137c  0.103 +0.020c 0.0130 + 0.0010b 10.48 + 122bc  3.423 +0.3880c  0.2660 + 0.0140b
K CK 6.83 + 0.38a 0292 +0.020a 0.0130 + 0.0010a 212 +0.31ab 0622 +0.1200a 0.2180 + 0.0820a
Oenanthe Cd 441 +046b 0102 +0006c 00050 + 00010c 211 +023ab 0.263 + 0.0150c  0.1040 + 0.0190b
Javanica Pb 391 +028b  0.105 +0.006c  0.0050 + 0.0010c 193 +0.3%b  0.292 + 0.010b0c 0.1160 + 0.0210b
(Blume) DC. ¢4 +pp 496 +011b 0156 +0022b 00080 + 0.0010b 239 +049% 0401 =00130b  0.1600 + 0.0070b
L CK 1184 £ 1.02a 0698 +0020a 00380 +0.0030a 213 +228a  10.394 + 0.0710a 0.4660 + 0.1840a
lpzfjsea Cd 9.87 +0.31b 0590 +0.010b  0.0240 + 0.0010b 15.28 + 2.65b 6.291 + 0.0520ab 0.3540 + 0.0670ab
aquatica Forsk. Pb 768 +1.26c 0538 +0.030c 00170 + 00010c 1454 +283b 4523 + 067000 0.2160 =+ 0.0420b
Cd +Pb 537 +032d 0602 +0.006b 00220 + 0.0010b 1463 +254b  7.872 + 0.1900ab 0.4700 + 0.0290a

TE: BRI TFIME + b2z, RSIAIR/NE FREFRR W — WA R AL B 22 55 W3 (P < 0.05) . T,
Notes: All data in table are mean =+ standard deviation, and different lowercase letters in same column represent significant diffe-
rences (P < 0.05). Same below.
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G ALY VE A B S Y B PR | AR e R T R
BEXHFXE(P <0.05), ¥— Pb il F i
FIF S AR RORBL A, T Cd i F A K
P 25, HOMK R BR A ok BRI 0N T
31.39%H1 22.12% , AbFRAL b 28 35 (1 4% 30 A K35
Fr 5% 22 5+ B3 (P < 0.05) , 7E 20 umol/L Pb
WEER K B NG, RN R, & #
16.26 cm, (HIHEEAEKAGHR 50 AR 22 A
#(P>0.05),
2.2 6 MEWI Cd, Po ITREE®IE
AR (F 2), 16 10 umol/L Cd #eJEE 4b
BT, 6 FEY Cd M FERBERIMIR . T
X > THAESE >IKF > K% N > %3 > 1, Pb
H—fha T, WRBNFE AR, B, AT > %
X >OKA > KE N > AR > O, B4

FR, K% N HZESERT Cd Wiz 25 > 1, 6
FEEYIXT Po BY5z e RE4 <1, EHT5%)E, K
2 MXFCd, Pb M H 4R RE i REO B —
REFRIGR, Horbxt Cd 1Y & 4 S iz RE0Ch 6 Al
Y B R AE,
2.3 Cd, Pb REERITLI 6 MEMHRENK
i iE RS0

6 MEYIfE Cd, Pob RIHE Bi5 B~ =
A BRI S AT A R R (£ 3), 7E Cd
—VEYLF, HIT. ZESRAY POD JG M v EAR, 2
IR KT (P <0.05); KB N, BAERSERMK
Fri POD & M0 IR i 35 o VA AE R K
FERIETT I CAT 16 15 % BEAH HL AR HL 25 57 3%
KEE N OISR FIZE S CAT 16 P et 18 I 25 42
Mo fEPo BL—I5 LR JKE N HESE . KA
RS POD W Mo s H 22 5 W3 HAERSK

*2 Cd.Pb REEAGTEN 6 MENHBEERREEE HIZRHNHIT
Table 2 Effects of Cd, Pb, and their combination on heavy metal enrichment and
transport coefficients in seedlings of six species

LSTES

Yrh Ab 2 Enrichment coefficient Transfer coefficient
Species Treatment
Cd Pb Cd Pb
CK — — — —
P Cd 8.601 + 0.793 — 0.815 + 0.101 —
Pb — 0.013 + 0.001 — 0.003 + 0.000
Cd + Pb 10.415 + 0.175 0.030 + 0.004 0.928 + 0.024 0.167 + 0.016
CK — — — —
Cd 5.170 + 0.036 — 1.248 + 0.293 —
KE b
Pb — 0.106 + 0.014 — 0.001 + 0.000
Cd + Pb 14.743 + 0.022 0.504 + 0.036 1.962 + 0.016 0.004 + 0.000
CK — — — —
e Cd 8.100 = 0.168 — 0.190 + 0.001 —
HAERCR Pb — 0.037 + 0.005 — 0.004 + 0.000
Cd + Pb 5.005 + 0.015 0.000 + 0.000 0.138 = 0.001 0.000 + 0.000
CK — — — —
, Cd 4.664 + 0.209 — 0.636 + 0.026 —
F3F Pb — 10.176 + 0.257 — 0.040 + 0.005
Cd + Pb 3.225 + 0.081 4.185 + 0.081 0.748 = 0.022 0.212 + 0.014
CK — — — —
K Cd 7.442 + 0.122 — 0.603 + 0.006 —
Pb — 0.318 + 0.008 — 0.434 + 0.071
Cd + Pb 10.895 + 0.711 0.268 + 0.012 1.529 + 0.092 0.038 + 0.004
CK — — — —
s Cd 5.149 + 0.035 — 1.511 £ 0.010 —
- Pb — 1.282 +0.175 — 0.095 + 0.002
Cd + Pb 2.365 + 0.201 0.024 + 0.004 0.420 + 0.043 0.002 + 0.000

0 —" RORR TR R R,
" —" means below detection limit.

Note .
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Table 3 Effects of Cd, Pb, and their combination on
antioxidant enzyme activity in leaves of six plants

PUAALEF  Antioxidant enzyme

LY/Eai Qb H
Species Treatment POD CAT
(U-g"-min7") (U-g'-min7")
CK  2742.50 + 137.70c  1328.00 + 61.00c
Cd  2440.00 = 111.00c  1968.00 + 225.00ab
T
Pb  4350.00 + 111.00a  1632.00 = 137.00bc
Cd +Pb  3453.00 + 281.00b  2076.00 + 239.00a
CK 49.60 +5.70c  2124.00 + 121.00bc
Cd 92.04 + 11.94a  2744.00 + 155.00a
K
Pb 5111 +7.41b  2324.00 + 128.00b
Cd+Pb 3471 x611c  1916.00 + 130.00c
CK 870.17 + 15.00b  2004.00 + 81.00a
A Cd  3650.00  144.00a 1672.00 + 188.00b
iz Pb 436.00 + 15.00c  1848.00 + 161.00ab
Cd +Pb  3611.20 + 121.80a  1840.00 + 117.00ab
CK 217.00 + 16.30b  1592.00 + 187.00a
B Cd 64.70 £9.90c  1568.00 + 190.00b
o Pb 207.30 £ 17.90b  2004.00 + 72.00a
Cd +Pb  255.00 +17.40a  2060.00 + 147.00a
CK 135.00 + 8.00c  2216.00 = 129.00b
Cd 245.00 + 23.00b  1460.00 + 159.00c
I Pb 354.35 + 17.65a  2644.00 + 226.00a
Cd +Pb  236.00 + 34200  2128.00 + 161.00b
CK 548.00 + 19.60b  1656.00 + 219.00c
cd 376.64 + 49.49c  2864.00 + 205.00a
A Pb 734.08 £99.38a  2120.00 + 141.00b
Cd +Pb  442.88 = 49.18bc  2208.00 + 162.00b

FEIT POD i PEEO0 FRAK

THA SRR CAT 61

BOUIRAR, H2ERARHE(P>0.05), HHlEE, K

# b, AIE. KT

HOKRE N

32 CAT i thdex iy, H
KIFFIZESE CAT WG R BE, 4

4N IR S 9.42% . 19.31% Fll 28.02%, 7E Cd.
Po BEGHINA T, BR3E. HAERZE, AJTA
JKFE) POD JE PR XT IR E, HA B EER, KE

N g
MR, AT RIZE
TR FNZE

32 POD TG MR FAIE 2 A E .
) CAT MR R e, H
XTI S, WAKE D

S5
AR

3. KRS CAT 1GHE R 1[3% HESARZE,
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MRARAM I Y (o 25 SR AN & 1 ffs, X HRZH Y 6 A
Y g%, R IE R ;10 umol/L Cd
B — il 3E T AR AR SR FNSESE  AR A MAE T R
PR FSFRIKITAIEAE Po 15T, AR
FECR, WRAEIsET &, 4 Cd, Pb H G154
Jiie 6 P S, IO AR AR M YL (A A R HARISTE
BREBRAA, ISR E MRRIF AR

A
a & g'
b c d e f

CK

'i
)
/

Cd

Pb

Cd +Pb 1
IV )
a b [ d e f

a: HIE(N. officinale) ;
LB (R islandica) ; d: 3T (S. alba); e: KT

b: /K% (R sativus); ¢

f. ZESR (1. aquatica) ,

1 REAMETHRE
Fig. 1 Cell death in root tip

(O. javanica) ;
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HEEBEE T, HYAE RS AT RN Y
Xof T 4 S A 27, [ s [ 2 s A 4 ot o 4
TGUIRE B B RO AR SR i 5T SR
Hy, WEGMRAAH TR ALK, AR
Cd. Po E&ABEA R A, HiksE
VR 5 REAE L 1 R, 2RS4 7E Cd . Pb
P Z AT YR, SRR AR A AT
AR KRS NTTE Po o —hE T, AR
Fe x5, BRI T e — e MR BV R N Y
Pb n] MR FARBAE K FIAE, #5402
HK SRR R S TR SR IRA L E ] B 2E R,
B B2 RN, RBE T K N X4 . HTT5 Yer
B B — 8 R 32 1

S A B BEAR IR B R A A A K ) SR
W, XPAMFROARBEHUR, BT R IS B ( Cha-
ra fragilis L.) 1" | &3 (Acorus calamus L.) 1"
A ROR MUK IR ) Po, Cd, Cd 7EHEY)
VR 5 T8 sh HAE A A e A K RE AR 4672 27
Cd. Pb Ay BCF J Wk % 7k v 1 4 Jg ot % A
BAES, TF WIS T 5 4 @ b AR & ) b 138 4 3T
MIRE 1, AW L], Cd EEEHIEH YR
W, HAEAREE N KITFRZESRIZE . A A,
HTF > 1, ii PoJLEARRZE, T8, XF
wia A %, Cd EEmd I Fikiaim®,
1M Po W@ e iRz iy =X, 52 B o BE
TFE R Pt Cd Lt Pb AE BT 76 40 i 1] 33
i, SR AR ZE . MR SRR T Cd
TR R B2 24 Cd B — K B 5 3R 4 i
BCF ik 8.601, AEARWICEFRI Iy Ca'®, (H
Haptidkza R &, Wik, SRS Cd
(AT A2 P AR, AN S50 75 YL K IR B8 i B A 16 B A
Y1, Cd etk E 4, Hamzk, ik,
AR LM, Cd H—hiajE/KE M TF ik 1.248,
MCd5 Po BEAM4HE, KE MY Cd, Pb Y
BCF. TF 343k, (H bk i A fief 2 55 %0 A L TG i
EES, RPHAARRMEERT,

Cd. Pb FiFheE 4 & 3 5 it T ek ik oy Ji
A BTV AU R N AR KAy T4 e T
ENLPUERE ST AP IR U/l ck: i A Uk =K I /)|

fii (POD) Flsd A fb &l (CAT) , —FIL[FEH H,0,
Ak A H,O, R YA H,0, & &, HX s
R A A R IE R B A BTG B AR Y R
i, HYUELEEARRY) . AR ES G TH
AR R, Cd #—4b# R /K% kg POD I
CATEM R E®m T, Po o —4bH T, /KE
N, JKJE. ZESER) POD il CAT 31 & T X iR B
W, EEEWENESRA T, POD fil CAT )
WEHERA S, A X Oy 2 E 4R
IR Cd. Pb AT KE Ny
POD F1 CAT il M0 AR E ARl . WIBE2 M T
WA 1 OUEE AR FH e 40 P R i a2 2R i 5,
TG PE NI

BRSO A FH AN A4 i BT B 8 475 A A1 4
fh2egekl, mriE ASCHINL, ok AL SMEDIfE
ARG AN A, AR A5 e €2 5 S m R AR AR A Y
Pb V544 N FIF MUK TG B AR AR 4 L Y (3R, iX
SR Po 6 3 K T A AR 2 A0 5% T
4 Po SRR A, R 1 R AR A RE Y
S E, DT AR A0 5 B 0 T A
FSEMEAIFFE Cd, Po &40 H S, MR
B, LT E, T AR, S B
Cd. Pb FHESUIR TR, %t Cd. Pb &5 Y/KIE
BRBEMRAE, WK MAERRES S E SR
Cd. Pb PR ARFFALUIFA I Wi & €, Uk
A B 4 U Y PR X AR 2 2 K AR s ™ EE S
RIS | Je EOREERTR . A5 UK A A —

TS 2 RE 1
4 #Zig

AWFFE L, 78 Cd, Po 5y 3psE v, K&
N AR KRS S X FRA LG B 22 5, ELARRAL
ZUNMSET /0, nTHERRIE R B AS5 M bk
BTGP T IR S0 R A L E AR R AT
Mo FFH, k3 ME Cd. Pb 54k th AR K A
AWz, EEAERENT, K3 Nxf
Cd. Pb & RE 0 Hik5] 14.743, 0.504, #%iz
FEOH 1.962, 0.004, HXTHE AR, 4, L
S, R —E W RCR . B, 7E 6 FEY
o, KE SRR EBEE Y.
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