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Table 1  Feathers of Background soil and H. cordata

J& HufE

L HEFRAL PR w(As)/(mg-kg") 3.41£0.25
w(Cd)/(mg-kg™) 1.67+0.13
w(Cr)/(mg-kg™) 44.44+1.68
w(Cu)/(mgkg™) 24.35+3.71
w(Pb)/(mgkg™) 13.46+1.93

WOESHAERT) (mg-kg ) 82.67+3.61

W B (mg-ke ™) 41.42+2.55

w(ER)/(gkg™") 1.00£0.04

FH B 728ttt /(cmol kg ™) 10.07+0.39

wEHLR) (kg ™) 20.32+1.82

pHOK AL 5:1) 7.10+0.10
A /10" 3.440.1
(CFU-gh k07 1.340.08
TLH/10° 1.740.06

fa R H |35 3.78+0.26
w(t)/(mgkg™") T 6.93£0.35

1.2 SRR R R W HITRE

J TR R E Y L E L
YERT, 5B PR UM AR A 1 . BOERAD T fa e
10 IR R IE 5 ¢ [& wli) N 200 mgkg™],
fIA 50 mL 2285 77K, 1E 300 r/min. 25 C&MEF
P&z 2 h, 1+43E, B 10 mL 38 %] 500 mL %45 200
mg- L™ %) BP $53: 56, 7E 230 t/min, 30 CHIHRY
garhiEge 1 L, FEHRI 50 mL 5535 % 3 500 mL Hr
(Y A4R 200 me- L JC BP B 3Rserh, R 1
Jilo ¥REEFRE, BHEFRIRAE 4000 r/min Z0 15
min, $&E FIEWR, BUTTEEMAE 1 L JoH 135
W, A ( Microbial suspension, MS ),
HA o giE 7.5%10° ~/mL, 4R 3.8x10° 4~/mL.
AR IRORE Bl FH T £ R AR R A T B
1.3 A

£ 18 R 3R B BB B 1 — AR
BAK, Teisde. @A KH,PO, Fil NH4NO;
i AP AR SR 80 mekg™, AHAE 100

mgkg!, AU 80 mgkg! P, A-3E4RRER 50 Sk

s, Bk 800 g, JFEFH 40 ZfMA CdSO,

VW, 20 25505 S0 mgkg!, AR 20 Fh AR 200

mgkg' o HAY 10 RS IR, AR E L 2,
F2 ZTHAEHEARFITHIEE

Table 2 Treatments and grouping in experiment

i fa B FR a3 D 13wl (mgkg")  FATRESL
Z R MS Ab B 1.67 10

1 MS Ab3 50 10

2 A MS AbHE 50 10

3 MS b3 200 10

4 A MS kb3 200 10

1) MS Ak FFIR AP SR BB (MS) L.

WS 0 R A ) AR IR R e, AR IR AR AT
IEON T5%ITEREEIRE 10 s, FHEBETE w=0.1%
HeCl E#H 10 min, FEH 28 FKIEDE 3~4 K.
B2 R TR AL HLAY 20 R IR R R 24
h, [EI 85, B, 10 BEERFIE &4 50 mgkg™
IAEZEL, 5 10 Bk AP T340 200 mg-kg (AEZL
B Hpfa R s fh T AT, BHE—%.
Bx 50 Ffa R E T A L 5595 8 A, <R 20~25
C, BREFPEK 10mL, FFEt, BRIk, 5
IR 58 UG BEBOEA THE Hp R 3R T 1 3 e i L
A TR ST
1.4 TEfMEREShSRENNE

B 2 FFH—RAEATATRAE— IR 3R 5L, Y
FFMRFEE 10 mm, £Z+LITF 100 mm,

+45 pH fHA pH iHlE, 25 C, TR
KA 5:1. IEANEEE. A AU EA DR E
FEIEN OGP AR e M AR R R M | M
TERAAIFE 60 CHEFTHBET , WS Bk , 424 2 mm
Je e b, R ERE S I AR AR . AR AR
iR, 7E250~300 CHLY" M EETE L6, E5.
TR R IR . SRR . AR R A AR e
280~300 ‘CHLFM LML T, B BNt
S f WA I WSO A ( PerkinElmer Analyst
HGA 800, P i) EMEm &R (K 228.8
nm ),

2 HFR51He
2.1 REMEMIETE BEFEEKIZMN

3 KW, gt 8 FMRE, ERKAES 50

mg-kg! 1 200 mg-kg™ A4 138 P Y £ IR LAY A KA

BB FS R, YK E 109 g, WK
432 f%, G T2 84, Dechamps 25\ Wy,

EREMEESBIGYEHE B BSE Thiaspi
carulescens W/ W) i BTt 5 T AE K AEEHE R 5215
et 13 FAOMIRAEAR . X R IHARTS YR e AR K
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%3 @ETRAEKANLIE pH KT "
Table 3 Growth of H. cordata and Change of soil pH

. faJEE Y L Vg 13 pH
ji T (25°C)

Z 0.86+0.04(1.39) 0.6+0.04(0.11) 6.42+0.13
1 10.0+0.28(2.56) 3.7+0.45(3.08) 6.51+0.11

2 14.7£0.19(13.25) 4.740.52(1.88) 6.74+0..9

3 10.0+0.36(3.70) 1.4+0.06(0.24) 6.53+0.12
4 13.000.83(2.37) 4.240.19(1.27) 6.61+0.14

DAFS NBHRFRIR IR TE 8 Ji f5 fhJl A a5 A o i I 45 2) ABe¢
BN

FH B aERE Y R, H AR ST g
(200 mgkg™ ) A+ IEAT ISR AT . (H3% 3 dofmlit
FH, AR KT 200 mgkg ™ b FL IR FE AR B TR
KT 50 mg‘kg'1 SOREEN A= RATE Y/ hr

T KT 200 mgkg™! AR &, ARE
PR AR TRIR 16 I X6 b R A K ) s ) L FE R 292 9
ALPREE NS . FERRRGUEMIIERT, RARD
AR R R B AN K, R R AT R
HR AL W e i o BH B AL AR 2 - BB,
XA ot 35 14 R e e R SRS TN L
B . 3% 3 Bl in, MREPARZIZ A B FA i
FRAR A A K FEAR TR 282 i T A PR A STV, X156 ]
MR RETEE T, MR YR 1 A K
iy 8
22 AREEMENESE

4 R IR s e AR EI Y (8 JR) M
e E SRR Y AR 50 mgke! I,
W RLR WA A M PR 3548 47.07
mgkg!, ESMM 1325 1%, [RIBAREEEZ I
12.57 £ BRERA A R o EaR gAY E s,
NI B 22 B s I\ S i S R 1 i 3.+
Hrhimta (Rell Rk ) B, MYxTEn
B RN MR RAEIAN (F4), EEH
200 mg'kg! FAERK G MRRE (ARFRIER LR )
(o b3 ik %) 74.22 mgkg !, RS RN 202 75,
TAREBIA S T 338.7 mgrkg!, J&S 0411 49.76 1.
B R A KRR TS YR A0 X, M B3R &

x4 BETEMNEHNEEES

Table 4 Cadmium Accumulation by H. cordata after 8 weeks

5 FIRE P W) /(mgkg™) £ I B R B R g
=

T T 1 HF
el 3.51+0.26 6.806+0.35 5.286+0.18 3.607+0.11

1 52.843.67(14.9) 86.70+6.72(12.7) 104.7+3.41 43.3142.51
2 47.04+2.84(13.3) 85.56+3.51(12.6) 99.58+4.16 62.79+2.19
3 7470+5.71(20.9) 242.7+14.6(35.7) 123.6+8.48 143.548.46
4 65.2746.13(20.2) 338.7+17.3(49.8) 128.9+10.3 258.9+12.6
D5 MR AR SRR w3 £

b 74.7 mgkg', iR 8 A, RRABIEMHE 90.64 ¢,
HEERBRR— (PR EaEEmeE ), A
£ IR A AR RUR FE Kayser Z2 T8I A4 7 il = 464
P hR T

Jiang ZUMWGE TIREPAEKTFHMT EDTA
1+ IEAENEEIYSE Brassica juncea, 42 d J5 Hih I
B EEAF] T 160 mg'kg” . T Dechamps 2545
H, EAMETF 10 CHIREFESE 3 AA)E, B
3¢ Thlaspi carulescens B HEF 51k 380 mgkg”
M. ASLEnrh, fRFIRRTE 8 Al . =4h. i
FEfRTT 20 CAPF R E 45 338.7 mgkg, A4
MR E R 2169 mgkg', FTLABR T X4 200
mg-kg" B TR AT AR IR SN, f VR R R 3
T 58 53 Thlaspi carulescens F1E[ i JF 3¢
Brassica juncea —FERIXT RN EHERET . T HHM—
SEREFYINFAN 38 SR A H A4 R o &R (g,
W, B B E RO T ARSI A R
XTERI S SERe AN, (EASEM.

Y5 Tudoreanu F1 Philips FUBFSE AL, 45256
H R RIS pH A — & LA
Ko TIE pH RAZARERTE AW H IRV sZ T
FEAR/IN, S5 e BIg R Sk 2, pH A
WAL, 3P E A hRE TIEE, R
BN, %5 pH {EXE N, A&, BERPREAE
TS A AR AL, AT ISR 3 R Rl
A e, st 2 £ . Lofis™
Adams' HZEVE A 43 5I%F 162 MR/ A 215 Bk
EARIAT R, B3 SRS S pH (R AHSE,
pH X /N2 FIR ZE X 1) & AL i B E/E M . Kirham
A0y pH R RERE ISR b &R KR T
RIS e, R iR I A & AR E e T
Bl - 48
23 REREY I EEEEEEANZEI

IS 50 mgkg ! B, AR R
T R A IR RS IR 14.87 1%, &
TR AEE 2SI 13251%), £5H@
RS 200 mgrkg ! B IR —FE, IR

*5 GEHMF/TEHEEEEZILSTiES
HEFHEEHENXR

Table 5 The relationship between Cd accumulation ratio of shoots/roots

in H. cordata and Bacteria and Actinomycete in soil

. e N IR
P ERU10° R0 Wi 1 1) - i, T
ZM 343x1.0 13.6+0.8 1.465

1 26.6+1.37 15.240.86 2.417

2 24.9+1.13 13.740.52 1.586

3 8.1+0.64 15.940.82 0.867

4 7.7+1.48 8.340.25 0.498
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YRt R S AR . AR A, T
55 50 mg-kg™ F1 200 mgkg™!, HEERG R RIE
4 8 B T R B i R T AR AR BRAOAIG, I
BATAT RIS, R 2 M IR L i e P i 5
U = R e O e T e e L S A S A

TR 50 mgkg ! I, HRFR S Ab B A £ B
Mo 3RS TR R b R
BRI T 2.5 fF, MURERSERRGIN T 1.5 F5; it
BESH 200 mgkg ! I, B I IR E ST EA
Ko X FEH Y 35 5k 50 mgkg ! I AR T R RE
EERE ZA, WP YRR AR
B, T T35 200 mgkg ! IFARER SRR,
R Bl Aot £ JU2 B4R PN A R A RS A PR AN I i
Rt AR R R SRR
W 5,435 HeA 35 4% 50 me-kg! A1 200 mgkg'
OB R AL FRLE AT E3 . M RSz
AR R T 67%F0 100%, B BIAR 2R Ak Mrde
TR FERS, Jiang Z5USBFSR AR Y, Y t-agErh
SRR T 130 mgkg ! B, WA EDTA J5, HIRRARES
RS B T, i B AR T, i
EDTA A— g B 30N T Fa e 38 R R N 1 2
B, EIISER TR AR EIREERS

WHBATAN, H3EP LR 48 fErgsm il
AYEYE, R E RS E Y, K2
N P SRS 583 A T T > > B Y AR s e
(£ 5), MAWEBS@EEH E IR TEEZ
FE S P — SR AR g, e mvk R R SR,
TR 2 B B TR K, AN AR
BRRAK . NI HIIERT, MR ik 2k 15 %48
FERYIR N L RS 2] T B2 .

XTESEPRE) TR B AR, o TR L
Hei5 e, W R SRR R E R T
KT RN SR AR, IR kst
IR (Hetndsin—eefbrE, #EPY, EDTA S
B S B P s e Yy, Ingn o),
BIEA RSN AT, e T elgE
T HEZER, RIAR RS M, (AR 4 ) -
TEERS, T UCEI RS SR, AR 2T
WER, PUABIRYIRESE, FE AR
FERE X [ HERIMAAE S YT RS T
IK S WA G 7= e KA TR, H AR
SEAGTERREET IE P2k 5 T kS
e, Frid, FATA AR FHR R i v o gtk
A U ORI I3 I R R B YL ) - AR
BRKERFEELRE,

3 it

WIS R B, R L s A

RS E EER, 3% 8 MR MARESIARN S5
216.9 mgkg”!, AL TEFERTHTAY 4.15 mgke ! 1
5, ESESEMT 50 K. WAMEY (FE
JETCEZR TR ) R AE R P ) A T AR Y
ER, EnsE T e e A, A
B T8 & A G2 B I H Y 3 rpeR ik
i, PR TR

Bif: RARBARAR2EEASERE@EEH
ROEMHE, RATINKETFERELHARE S
Tl E LR AR H B
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critical limits for Cu, Zn, Cd, and Pb: a method based on free ion

The accumulation of Cd in Huttuynia cordata
and its promotion by rhizospheric microbes

HOU Linglongl’ > HUANG Rong3, ZHOU Lirongl’ > CHEN Wenqing*l’ 2 LIU Chen"*
1. School of Architecture & Environment, Sichuan University, Chengdu 610065, China;
2. SCU-HITACHI Environment Applied Technology Research Center, Sichuan University, Chengdu 610065, China;
3. Apartment of Chemistry & Applied Chemistry, Sichuan College of Education, Chengdu 610041, China;
4. State Technology Research Center of Flue Gas Desulphuration Engineering, Sichuan University, Chengdu 610065, China;

Abstract: Contaminated in soil with cadmium, which is highly toxicity to humans and animals, is widespread. Plant-microorganism
combined bioremediation was used in this study in order to investigate the Cd accumulating capability of Huttuynia cordata induced
by rhizospheric microbes. In this study, we compared the cadmium biosorption by H. cordata which was treated with or without mi-
crobes of high tolerance of Cd at different cadmium concentrations (50 and 200 mg-L~"). The Cd concentration of 200 mg kg™ ' in the
soil had the most important effect on the amount of accumulation in shoots and roots of H. cordata, which was approximately
20-fold and 50-fold compared to that of the control, respectively. Moreover, When the concentration of Cd is 50 mgkg ' in dry
weight soil, the ratio of total Cd accumulation in shoots/roots is 2.5 in the plants with the microbial treatment, , while only 1.5 in the
control without microbial treatment. Based on our study, the rhizospheric microbes were found to enhance the translocation of Cd
from roots to shoots, which would then be multiplied when the concentration of total Cd in soil was much higher. Therefore, our
result suggested that, the plant H. cordata has a great capacity to accumulate Cd contamination from soil and has a better effect on
the Cd uptake enhanced by the rhizosphere microbes. The present study provided a novel, effective and environment-friendly method
to cure the contamination. The research of rhizospheric microbes will gain a great development because of its convenient and
low-price, and be used widely.

Key words: cadmium; bioremediation; Houttuynia cordata; hyperaccumulating plant; rhizospheric microbes
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