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Abstract: Soil cadmium (Cd) contamination poses serious environmental concerns. The arable land area contaminated with
Cd has been increasing in recent years, and it has now reached 2 x 10° km®, which accounting for 1/5 of the country’s
arable land. Soil Cd contamination has already jeopardized food security in China. Cd is one of the most phytotoxic heavy
metals, and it is easily taken up by plants owing to its high bioavailability. Thus it easily enters the food chain and poses
considerable threat to human health. This environmental concern can be overcome by phytoremediation— a powerful
environment-friendly technique that involves growing plants for the extraction of toxic metals from contaminated soil. The
ideal plant species for phytoremediation would be a high biomass-producing plant that can both tolerate and accumulate the
desired soil contaminants. Exploitation of heavy metal uptake into plant biomass as a method of soil decontamination is
limited by plant productivity and the metal concentration achieved. Therefore, more information is needed to identify the
optimum plant species for phytoremediation, particularly in Cd contaminated soils. This study aimed to bridge this gap and
evaluated the usefulness of Vetiveria zizanioides as a candidate species for phytoremediation. V. zizanioides is a tall (1—
2m) , fast-growing and perennial tussock grass, and eurytopic in terms of habitat choice. It develops a long (3—4m) ,

massive and complex root system, which can penetrate the deeper layers of the soil. This species is known to have potential
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applications for phytoremediation of Cd-contaminatedsoil. Here, we conducted a microcosm experiment to determine the
transfer and transformation characteristics of Cd from soil to V. zizanioides. The experiment involved two groups, each
comprising four soil Cd-contaminated treatments, with or without plants, and 5 replicates per treatment. These included
control, low, medium, and high treatment groups treatments, containing Cd concentrations of 0, 2, 20, and 80 mg/kg soil
dry weight, respectively. Groups containing soils planted with V. zizanioides were designated CKP, LP, MP, and HP,
respectively, and those without plants were designated CK, L, M and H respectively. Cd contents in soil and plant tissues
were further analyzed by ICP (inductively coupled plasma) method. The different forms of Cd, including neutral exchange
form of Cd concentration extracted by CaCl,, chelate form of Cd concentration extracted by chelant DTPA | and residual
fractions of Cd in soils were examined to determine the effect of V. zizanioides on bioavailable and total Cd in soil. Cd
accumulation in the aboveground parts and root of V. zizanioides, bio-concentration factor ( BCF) , translocation factor
(TF), and bioavailability factor ( BF) were calculated as indicators of the translocation and accumulation capability of
plants. The results showed that V. zizanioides significantly decreased the bio-available Cd and total Cd in soils. Furthermore,
the Cd concentration in aboveground parts and root of V. zizanioides increased with increasing soil Cd addition. After 90 days
of treatment, Cd concentrations reached 180.42 mg/kg and 241.54 mg/kg in aboveground parts and roots, respectively,
under HP treatment. With increasing concentrations of Cd, the BCF of V. zizanioides decreased significantly, but it
increased with prolonged time. Moreover, Cd contents of aboveground parts were lower than those in roots for all treatment,
and all TFs were lower than 1. Planting V. zizanioides could facilitate the transformation of the residual Cd fractions to the
bio-available form. These results demonstrate that V. zizanioides is suitable for phytoremediation of Cd-contaminated soils

and aids in improvement of soil quality from the aspect of food safety.

Key Words:; Veiiveria zizanioides ; Cadmium; bioavailbility ; phytoremediation
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1 #MREFE

1.1 5k i

AR A H P T B8 VI b > A A AR R BE AR S SRR 42,2014 4F 5 SR BUE KA — U9 &
WA EEMBRART TR, . 205 20 cm, AR 15 em AT SIS 5 mm Fif 58641 4 kg, +35
FEARPRACPERT W 1, 1 W MERE TR 50d JE i UK SABEA — By A AT 80 4L, BEDL 3N 4 41, SR IC— IR P e i
77 2 1] L HE A CdCL, - 2.5H,0, 43 B8 Cd W BB BE R 0 mg/kg (JC Cd Ab3H) 2 me/kg (MUK AL
) 20 mg/kg (FPUREEALHE) F1 80 mg/kg LI I (FVREEALHR) | £ AbBROY I RE XOATE Cd AbER (CKP) (R
WHEALHL (LP) PR EEALEE (MP) RIS R BEALEE (HP) , [RIE, BEE JOA Y 4L AR T R AL B 4 41, 454058 5 A4~
HE,300E T Cd AbFE (CK) MRVREEALIE (L) hyREEALEE (M) FImk AT (H) . A RFREE T
VU R K2 = X AR S I B U A S 00 S R0 S W AT 3 IR B TR AT R P e A, At
A Z H ik ,0d . 40d F190 d 435 N FAR B4 A4l S AN 5 A ) R4 T AR SCHE AR % | [R) 301 6k 190 2H 45 b B
HHEHEAT IR IR E

F1 TEEXREAMER

Table 1 The basic physico-chemical characteristics of soils

AL R B g Alkali ARk el B ARcd
pH Organic Total N/ Total P/ Total K/ Hydrolysabl Available Available Total Cd/ Available Cd/
ydrolysable
matter/ % (g/kg) (g/kg) (g/kg) . P/ (mg/kg) K/ (mgkg)  (mgkg) (mg/kg)
N/ (me/ke)
7.11 2.62 1.31 1.11 16.82 122.72 29.72 119.54 0.15 0.03

1.2 JERER
1.2.1  Cd &EMNE

WAL ) Ak R B AR B4 A3t B35 20 AR, B 20 mmol EDTA-Na, ZE3E 5 min, ZEBRF MW AY Cd 7,
SR JE T HTER 20K e T, T 80°C LA Ak 2 1E e ML IS AR S R B SR A T 40 1 | 8 B A7 1 3
WHURESE UG SE— D, HIE 2 FARKT, 2R 4%, WS J5 it 100 H Je Je 0 , i A7 B0 5% S B L R B 4 g v
AFRTEAR) Cd, 5351 CaCLARECh Mg # A Cd, 28677 DTPA $2EUE G348 Cd, Fe 8 TR TR 7 A 5k s £ Uik
A Cd'™ L, I ICAP 6000 HLBGHEA A5 B T & SR IGHAT Cd & il i,
1.2.2 WMEEGTE

FIH Cd ST B A E R R (BCF) B ARE (TF) MAEYARYME (BF) PPN & MR RO
Cd MR B R Akme )1, iHEARWT .

HEYE SRR (BCF) = R 135 Cd % (mg/kg TH) /3 Cd ¥ (mg/kg TH) ',

R FE (TF) = 3 135 P Cd & (mg/kg TE) /AR Cd(mg/kg T8) 5

Cd ZEABIEIRE (BF) = (P HESCHE Cd FR+EAE Cd i) /Cd Bl
1.2.3  BdEanbr

FIRGET 5Bt SPSS20.0 AT AL 31, iz FH AR 3R 5 22 53 M ( One—way ANOVA) 73 BT AR FE Cd
AL BN AR AR B A4 Cd AR K I S AE S Cd SRR, UK 5 2 508 ( Two—way ANOVA ) 434
FAR TR G AL B B X 3 Cd JEAS 52, Duncan Z 8 b4 (Duncan’s multiple range test) A5 5545 4b
ZEH 25, R Origing8.5 1EEI#7

2 HIEER

2.1 AFEEEE Cd i B F R A AR R
P 1 D AR b P FIAR AR ISR IA] Cd BN SR Bt Ak B I JBE %) T o AR AL B i) ) | 7 AR
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Fig.1 Effects of the different Cd concentration on Cd content of Vetiveria zizanioides
P EUE A P B AR DR (n=5) s ANR)ING S0E 3 5 FRR RIS AL B2 ) A7 3 22 57 (P<0.05) , ANR] KE 5 B 3R 7R [Rl L Y& Ak B 22 (8]
A EE R (P<0.01) ;CKP; FHRELHTC Cd 4LFE control check ; LP; FHRELZH ALK Cd ALFE low treatment group with plant; MP . FFHRE4H
YR Cd AP medium treatment group with plant; HP ;. R 54 Rk & Cd b3 high treatment group with plant

2.2 FAEIXNS 8 Cd B2 KA WA SO i 5

ANTF] Cd e BEAL BERIFPAR A AR F XA B 90d H 3R L Cd &8 J Cd JEASREMA LR 2, XURZ 7 2250
RN PR AR O e R PSS BRI RS ARV RS Cd (PSS B AR WA E R
XF A Cd B EAPRE R, NS Cd SR W, WEELL BRI 5 NSRS R

®2 BRENIEPLERE CdESHZE
Table 2  Effects of Vetiveria zizanioides on Cd forms of different concentration in soils (mg/kg DW)

R EBE TN

Ab Neutral exchange BED ﬁfd;ﬁ?& 'ﬂ%ﬁ ;ﬁzis Mood 2
Treatment form Chelate form Residue Bio-available Total Cd
CK 0.00+0.00** 0.05+0.024 0.09+0.014 0.05+0.02 0.14+0.03%
L 0.25+0.014 0.51+0.024 1.07+0.02" 0.76+0.02 1.82+0.02%
3.27+0.07% 6.29+0.30% 9.50+0.345 9.56+0.34% 19.06+0.22%
H 21.60+0.29™ 20.00+0.12" 37.30+0.68% 41.60+0.82"° 78.89+0.26"
CKP 0.00£0.00 ** 0.03+0.02* 0.06+0.02** 0.04+0.02%¢ 0.10£0.06*
LP 0.24+0.02" 0.42+0.02% 1.05+0.03% 0.66+0.03" 1.72+0.02"%
MP 3.14+0.19% 3.87+0.27% 11.55+0.50% 7.02+0.11% 18.57+0.19%
HP 19.05+1.33¢ 20.94+0.92 31.86+0.93™ 40.04+1.15" 71.89+0.78"
THYIALHE Plant treatment * ns # ® -
WeE AL Concentration % % % % % % % % %
TP x ¥ Plantx Concentration ns * % % # %

F PR VP E AR UER (n=5) s RIRVNG 85435 R R FI R Z 014 .35 25 5+ (P<0.05) , AN A K E 7 85 360 [R5 503 =22 160 A b 3%
£ (P<0.01); * % ; P<0.01; * :P<0.05;ns; P>0.05; CK: JCAEPA T Cd 4B control check without plant; 1. JGAE YA K B Cd 4L low
treatment group without plant; M; JCHIYIZH K Cd AbH medium treatment group without plant; H; JCAEY)2H &5 i B Cd AL B high treatment group
without plant; CKP: FHREZHTE Cd 4L 2 control check with plant; LP ; FFAR L IR Cd AL low treatment group with plant; MP; FHLE 4 rhik &2
Cd #b ¥ medium treatment group with plant; HP : F A ZH 5k & Cd AL PE high treatment group with plant
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P S BN PR PSS Cd 5 i TG 3 R, X B A ISR S Cd A B A R R R X A A RS
FIUE Cd S W, 24290 d AP AR 45 TR WY AR LA [R) o B2 Ak PR 4 3 vp 6 Cd 5 i 2
i, LP \HP 2 S5HIN A TCAEY) A Z () 22 5 3 . S AEYALAR L, i f 2 LS h A WA A0S Cd 3 BERRAIG,
Horh MP HP 4UAEYIARGS Cd S BE R T4, FARRA LB LIPS i S MZE S8 Cd &8
PRRAR, e vk BE AL L B AR TAI R O O )AL PR . AR R 41SRIE 2 Cd R TR AL, Horb LP #l HP &

FART AR JCA ) Ab B

2 NN Cd Y FE AL PR AR LA MCAE 2 5 Cd YLEA R . i, B3 Cd AR
ROPEFE R A B E Y TR G I, A AR A A WA R bR HP A ANR T oA M Ab A e rp TP 4

HLYAnESBE,
2.3 AIA] Cd e R AR Y A A R R

TR AR A Y AR ) e A R BT 40 d 90 d T U HBURE
A A7 B 1 Cd Kb B B T v T 2 R R (BT 2) , Hidh
ERAr LP A A R B S T MP Al HP 4,
MP Fl HP AT 25 5, B EARES LP A& £ R
BB E ST MP R HP 41, W 40 d 190 d I A AR %
MP HP AR E A=Y & 4R R AR LP 2053 IR AI% 65.4%
77.8% M 81.4% 91.5% ., iz AL A [H] Y HEH 90 d B
B AW S EREBIIKT 40 d PR 454, Hor 90
d B FFARE HP 20 M 1350 0 AR 00 A= ) ' 4R R BT
W2 40 d BFAY 2.95 5 2.22 f%,

TE40 d.90 d PRRIUEERT B AR & LP A1 MP 4 19 5%
B AEBI B EET HP 4 (E 4), HP AR R E0E
40 d #1190 d BF 4051353 0.56 1 0.74, 43 )& LP 441y
1.20 {5501 2.05 135, /& MP 41§ 1.24 £ 1.94 1%, BfE
RS A FE R 90 d B LP ZHH1 MP 2H i 55 2808
40 d RAFHIREAR, 5 40 d AHEE,90 d B HP 4R95455 &R
BOA PRGN, 2 40 d 1Y 1.34 175,
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Fig.2 Bioavailability factors ( BFs) of Cd in soils with Vetiveria
zizanioides Nash and no plant under different Cd treatments

P BUE R P E AR R (n=5) s RRVINE F 8R4 5 R & Ab
B A BEER (P<0.05) , R KE FH3 PR R F 4B
(a7 % B 325 (P<0.01) ; CK—control check without plant ( FCAH
YWAHTC Cd Ab3) ;L. TCHEPIAARIREE Cd AL3H low treatment group
without plant; M: JCAE 4 2H 1k & Cd AL3E medium treatment group
without plant; H: JEAH ¥ 21 % # £ Cd A& FE high treatment group
without plant; CKP: AR % 416 Cd 4bFH control check with plant;
LP: FARFEYUEAKE Cd AL HE low treatment group with plant; MP
FRHH AP UIE Cd 4B medium treatment group with plant; HP ;. 7
MR F e Cd AR B high treatment group with plant

R B FER Cd AT 100 meg/kg FIFEY ™ L BRI ARHFSE & 0L 22 ( Solanum nigrum 1) 25
R Y Cd L E R0 5135 F) 104 mg/kg T 125 mg/kg; #Fi e 20 Z 58 & LG B ( Pennisetum purpureum) Hb
RS Cd AT I 200 mg/ ke, ARFERATIL 91 mg/kg, (H DL ARY) 9 A=) B/ A2 S B B Hh 3 398 Cd

B BCRA R

W FE R WI B AR ENS Cd A7 — 5 WA s B2 R ), X B = 2 A5 G K R R 7 & IR AR R T Cd i B R
i AL PR B T T AR AR 5 -8 R TP AR E R RN Cd SRR EES . &
HREEXT Cd B SR B s ) 4 S0 i, X6 90 ] e AR 2 0y A U6 PP Y G Ak B e J38 IS [ 16T P R
S WS, YW AR AR Bl 75— Y ] Cd B R AR, A AR BH 90 d i, v e J3E A B ZH 7 AR R |

http ; //www.ecologica.cn



\

BRECIERRE

Bio-concentration factors of Vetiver

(=} —_ NS} w B W N = o0
T T T T T T T 1

N

b5 LS
Aboveground part Root

SIS 1 6%
45
WLz Aa 90d
40 vz
s L NNHZ .
N\
30 \§

HRECAFRRE

Bio-concentration factors of Vetiver
)
W

—_
W
T

—_
(=}
T

(=} w
T

b5 LS
Aboveground part Root

3 AERER CdINE TERENEERHY
Fig.3 Effects of the different Cd concentration on Bio-concentration factor of Vetiveria zizanioides
PP EUE A P IE AR MEDR ( n=5) s RIRVING FRE3 53R AL R 4 AL B2 [T .38 25 57 (P<0.05) , R RS P 043 5 3 [l vk 454k 22
ZIAA W 5 (P<0.01) ;LP; FR ALK E Cd 4P low treatment group with plant; MP; MR ELZL ik B Cd Ab P medium treatment

group with plant; HP; FAREY] =k EF Cd AL PR high treatment group with

ST FIMRZR A Cd FRE 70553k 180.42 mg/kg F1241.54
mg/kg, W BRI Cd FAERETT .

B AR R BT LS WA 4 %o T 4 e i R R A
T HUMBEE BRI R Y & R 1 LR

B2 REGE 42 W, LA B ( Tagetes patula) R W1 HG N

( Populus euphratica) W) & 5 Z F bl 5 45 & Ab BRI B (1)
Fhunim R R AR g R 5 H -5k, FR X
TR EE B Cd & RO N W0, 40d IV B2 4 31
AR F B S AR P e A R A ik 3 2,99 F
6.48, W EE T R AL BRZE | {HL G 25 Ak HH A [i) f1 4iE
K, FRRA A 1 S R B LT, 90d B g vk
2 Hby 1B AR ER ) Cd B R4 40d B 43 31350 66.
3%F 52.6%

YRR RRNESBIFETSEL BT R
Ho 1 #5y, RZH PR E 4R & 4w T B
Gy REPIAR AN AT AR 2 1 Cd, Jdb Cd s
Harryisk' >, B R Cd nf BRI SRR T Y Fe
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ShG IR SR AR TS ] SR AT R 5 L, IF 5
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Fig.4 Effects of the different Cd concentration on translocation
factor of Vetiveria zizanioides

PR BUEA P BB AR HEDR (n = 5) s A TE/NG TR 53 51 0% [l 4t
WA IR Z 847 B35 25 5 ( P<0.05 ) , AN K 843 il R R ]
HER A AL R [ B i 22 57 ( P<0.01 ) 5LP. MR SELIT e
Cd 4bFT low treatment group with plant; MP; FRELZ] ihifk [ Cd Ak
! medium treatment group with plant; HP ; 7R 2020 257k & Cd b3

high treatment group with plant

FEAREL 40 d 190 d B 25 vk B 41 (0 e B 2R 5004550 0.56 FI0.75, ¥/ T 1, TR B X i Cd il 3 55 w5 7] FAIG

Cd X b &= A T F A

I H I IR Cd B iR HOB AR 1918 AR, B Cd A8 IR P I AR PTG PR B E Cd 15 3L fE
AR W BH K DRI RO T B K AR T, % 2 Bk A A0 e B i 7 e IX el - 3 P AT 280 Cd
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Bl 50% , FEOZHCARAEY) Cd & AR . B FHAE ARTTE 2 B, SRS Cd & ik R
Cd Fimf BEMLMCR ™ e RVIEY AR i HARPR L 3erh SR B M EEiR, A
FEN AR IS AR B o W oA Xt 3 PR S 19 Cd BEAT IR AL, 3 13 b Cd AR ALY . BIE R %
WFFE R AR R o3 W b A LR AT AR FE XV A1 Cd A, n /N 22 FK R 7 SRk i 175 0 T 23 AR P R B ik
FEVBREAA  REAE TR ALAR BRAEAZS 0 Cd, INTTTSEN 3 h Cd pEaS" . A mT S i AR 2R B O, s
A VIR G R B I AR B e AR, WIS LI DA RES ERE & i A ilsrh, #54b 22
IR Cd HYLE WA RS BE A PR B B RSN TR A, BER Cd R AR IS PR RS Cd B B e
R A TERGR , AR b, R 215 TR A0 L 3 b A= WA RS Cd FLEL Cd A R IRAR, D00
P A AR A T AR L rh Cd &, SOOI AT LE, B AR A 45 A B AR i 2 Cd 35 B D20 e W] Pl 7 AR R
5 Cd F N WA RS Cd, BRI 5E s 4R S OC T BLARVE HIBL . IR B AL HAH A AR RO AR B £
Cd A= WA AR BB 2R T ICAE Y 4, B Kb BRI IA] B S 4 S A= WA 8P A B B, AR B 90 d I & AR
R SRR AEYARES Cd SR Cd &8 RZ WK TAH R JCRL Y Ak B4, 158 W) 75 AR R 7106 4 2
T L3R ) Cd BA B RO BRASCR , HLBEE AL BRI A9 E R S BRACR U 2

4 ZHie

(1) ARG AR RSB Cd, B3R Cd $e 78 =4t b3l | % B 22 Kb Ak P e J32 348 Jonn R Ak 2L
(]S MG K, (AR R BIR /N 1

(2) T B REAT AR PR LS P AYLEL Cd 58, e G AR SR B Ak 9 52 ) v R A AL R 1 4 S 7 386 4
(EL Rt A BRI FEE O3, L 4 R B 2 R A

(3) PR AAR B A HAR PR 1 rh Cd IR A AL, PT R m A AR B Cd T BRALES ,

A A AR TN R AR B b Cd BT BRACR , X T HP ZUIEBRACR o I35, £33 A i
AR AR R AR A, TS R T Cd I R IX AR B A
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