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AEER) LORHREEARHE) M(HFIREEAIE ) H( R AN ) | & 22 A2 4 Ab B4 51 2 S CKP (Jo4mAbHE ) (TP (fIRHR EE Ab 3 ) |
MP (R EEAN ) HP (B yREEALTE)  alad it RSB A Cd A B4 22BN T R AR AR AY Cd B B, e H
T &2 A Cd AbFRXT LI S e s A A MBI Cd S AN IFTM T & EF550(BCF) R R4
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Transfer characteristics of cadmium from soil to Salix X aureo-pendula
ZHANG Wen, WEI Hong" , SUN Xiaocan, GU Yanwen

Key Laboratory of Eco-environment in the Three Gorges Reservoir Region of the Ministry of Education, College of Life Sciences, Southwest University,

Chongqing 400715, China

Abstract; Cadmium ( Cd) is one of the most phytotoxic of the heavy metals, as Cd is highly water soluble and readily taken
up by plants. It easily enters the food chain, and can be a serious threat to human health. Heavy metal soil contamination
has become an environmental concern throughout China over the past decade. The acreage of arable lands contaminated with
heavy metals such Cd, As, Cr, and Pb has been increasing in recent years, now totaling 2x 10’ hm* or about 1/5 of the
country’s arable land. Phytoremediation is a powerful technique for using growing plants to extract toxic metals from
contaminated soil. However more information is needed concerning the optimum plant species, particularly for Cd
contaminated soils. Salix X aureo-pendula is a fast-growing native riparian plant which has a high biomass, potential flood
tolerance, and eurytropic to habitat. To determine the transfer characteristics of Cd from soil to S. X aureo-pendula, a

microcosm experiment was conducted. Two groups of four treatments, with or without plants, were established with 5
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replicates per treatment for non-plant group, and 15 replicates for plant group. P referred to ‘plant’ S. X aureo-pendula
(CKP, LP, MP, HP), where CK, L., M and H represent the control (0), low (2), medium (20), and high (80)
treatments of Cd in mg/kg of soil dry weight. Soil and plant tissues were analyzed for various forms of Cd, the neutral
exchange form of Cd concentration was extracted by CaCl,, the chelate form of Cd concentration was extracted by chelant
DTPA, and residual fractions of Cd in soils were tested. These measurements were used to determine the effect of S. X
aureo-pendula and different treatments of Cd on bioavailable and total Cd in soil, and also Cd accumulation in the leaf,
root, xylem and phloem in the plant treatments. Bio-conceniration factor ( BCF') , translocation factor ( TF), and
bioavailability factor ( BF') were calculated as indicators of the translocation and accumulation capability. The results
showed: 1. S. X aureo-pendula significantly decreased the content of bio-available Cd, total Cd, and the bioavailability
factor of Cd in soil. The neutral exchange form and available Cd concentrations decreased 52.73 % and 25.34 % respectively
in HP compared to H. The total Cd concentrations of MP, HP significantly decreased by 11.33 % and 13.89 % respectively
compared to M, H. 2. The Cd concentration in all tissues of S. X aureo-pendula increased with greater Cd treatments. After
90 d's treatment, Cd concentrations reached 170.64 mg/kg and 212.49 mg/kg in xylem and root respectively in HP. 3.
Under increasing concentrations of Cd, the BCF in measured parts of S. X aureo-pendula decreased significantly, but
opposite results occurred with prolonged treatment. LP-BCF increased 6.9 times from the 40 d to 90 d measurement. 4. TF
increased under lower treatments of Cd. The 90 d TF for LP, MP was 47.94 % and 41.34 % respectively, which was lower
than the 40 d measurement. 5. Cd bioavailability in LP and HP was 70.73 % and 88.46 % lower than in corresponding non-
plant treatments L, H. There was no significant difference between MP and M. In summary, this study has shown that S. X
aureo-pendula could effectively translocate bioavailable Cd to the trunk and crown for storage, particularly concentrating in
the xylem tissues. These results determined that S. X aureo-pendula is suitable for long-term phytoremediation of Cd
contaminated areas to improve soil security. S. X aureo-pendula is a promising phytoremediation candidate for Cd

contaminated areas.

Key Words: Salix X aureo-pendula; Cd pollution; bioavailability ; phytoremediation by woody species

Cd SR M AR N E A8 2 — NIk AYES & B, 2 A WSO T #E A 5%, DR I of A A e i i T E
KB o TV HETS 38 AKX bR - AN T - 1w o T ORI RR B Cd 54 BT AR 5 Y+
He B BIE A 2x107 hm®, 2 EH B 1755 0 WIHIAEH TAEMI Y Saa, AR BB 8 Emas s 358
WOACES B IR | 55 M s I o 2 ML, I ) Phytoremediation ) it FFFTHE4 Wl -+ Aty 47
B B o 43 A5 e ) e is B b B3R R AT, AT Y v BE | DT B2 5 3822 e B O B —Fh R 2R SR R
TR,

T 20 ARG A S g Ae B T AR A OC T, IR A AT B X E S A R T LA TR E PR, B8 T Thiaspi
caerulescens'® BBZEH ( Lolium perenne) 1 Jp 3% ( Solanum Nigrum 1.) o) FlLAe T ( Tagetes patula) Wt 2 B 48 a5 A fe
T ELARFEY) . AFSE0E T  REARE Y R R S YN E S R S Em K Bl T HAY /D MERE LR N ELEE
2 3o} B 4R i MR IR 1B 5 2 BB, LS AR A X T AR AR 4 A4 1 FR W e, 7 ) 5 E R R R, N TR SR R
A AEL Wy W) 5 AT R X A e R A R B P R R K a2 I A K AR N A2 M 5 Xk B e S Y 3 O A AR
SN HAAE RN ESBIEEW S, BRI B 550, B2 PO AR (10 5 5 68 1 LS M8 T 04 A 0
PR R LR A T R I 1Y) B SR A T A RO 4 v E 4 S 7 AR R R, DB AS AR ) R G4 A B A R
PN

G 22 T ( Salin X aureo-pendula) FAIVEHINE AL TR A MR R Kk A B S REME S K HE T B AMpel ) A
NIBFFRR I 4 22 TEMI B X B BE 1Y Cd e EUA B0 i 1 1k (R B SR R ) Bk Z i — 0P 5 AR SC LA 4 22 R
FEXTG, R ARy 20, B B B MR Cd JBhaa I T I RIS Cd &8 DURAES 22 & HA P Cd & &, JFIT
BT E BRI R R BRI A A R FE R, B AEIRTY Cd 76 13- 22 MR R b RS RRAE | DA 6 22 TR XS+ 40 h Cd i3
BREOR PP LR AR Ae e = LI 2k X b Y Cd #ETRMIE S .

1 MREFE
1.1 R
2011 4F 5 H NEE PR TR VL1 [ M e I < 22 WA AR 56 A NAR 15 em (55 20 em BOZEER R BEEE 1 Bk, SBRPREAL
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RTG53 5 mm G001 4 kg, FIEFEARPIEMER ILSE 1, 28 50 d 853538 B, B 4 A K i se B A ik, SR BRCTCAE )
HE 20 2 R K AAFEAR— B 4 22 W 60 7L, SR — UM BEHE A9 )y 20 2 ARG R HE R INA CdCl, - 2.5H,0, AR B Cd e
FREER O TCARAL 3 ) 2 (MR AL ) 20( Ryl BEAL ) (8O ( Rk B Ab 38 ) me/kg 4T, JoA W 40 45 Wb 3 ok ok 38
(CK) MKHEALEE (L) PR EEAL R (M) vk BEAN R (H) |, 4 22 TEMN2H 45 Ah B A SO TEARAL B ( CKP) fIRHR BEARBE (LP) | rhifk
FEANER (MP) (e EEACEE (HP) , T A B AT S N EE , L TGS 15 AEE . Irf ke TR K =k EX A4
BT HE S 2 IR e KM HEA T 3R RIS R MR TR R (), HRIR AR H A, 0,40 FIT 90 d 435I M
& 2 ANAFHNE S AT E P A TI0E iR IG 45 A X 2 8 A HE A £ AT

F1 TEERBEBHER

Table 1 The basic physico-chemical characteristics of soils

AHLE

Orpenic e g x| Alkali R AL A cd AR Cd
pH game Total N Total P Total K Available P Available K Total Cd Available Cd
matter hydrolysable N
/ (g/kg) 7/ (g'kg) / (¢kg) / (mg/kg) 7/ (mg/kg)  / (mg/kg) /(mg/kg)
/ % /(mg/kg)
7.18 2.52 1.41 1.01 17.82 132.82 31.72 129.54 0.15 0.03

1.2 WEdER M
1.2.1 Cd &2E

WA 4k , ] 20 mmol EDTA-Na, 32l 5 min LA Z R Cd 257, 1 J5 108 FH A 40K ik T, 7 FH B 4N T4
R ZRMK Y, B4 22 M50 R AR AR 4 4%, 5 80 CHLAE TPt BEHHFH /S PR T3 (DW) . K4t
L 00 25 8B A AR E B TR 240 5 e 28 3 DR AT, 7 3 YRR S8 LS — UM 2, % 3B 705 B B BRURE & 0.2000 g T-HE7E ETHOS A/
269 1% 1Y (Milestone, Italy) FPZ3UH2 (6 mL HNO, .2 mL H,0,) JHf# )5 , R TAS-990 J5—F W o366 B i (AL mt 4, e )
HEAT Cd FmilaE , Cd F i F/RA mg/kg T,

26 3 WHEYIBURR e EE S5, B4 22 A A AR ) 2 b BRZE 2k R i 8, AR, DB 2, AR B S R ad 1 mm JE B
D5, SR FH 7 2% S HE BS54 b Cd BB S i 2 B CaCl 4R BUP#Esc i s BE A 7 DTPA 4REUES A4S Cd ™ ek
FHSR R VA MRTR BRI S |3 FIORIRIE A A Cd & B SRR IR e e BE T Bk i
1.2.2 WFHAEEOTE

FIH 4 22 WA TR0 Cd & = HEFT A W) 5 4R R 80 ( BCF) MFH R 80 (TF) 1153, FHLAPHN &3 434 Cd AR B fig ) Fn 1
R Cd 1074k FFRA RS IR, A

AV EERE (BCF) = Mol L5 Cd W (mg/kg T8 )/ 5 Cd WK (mg/kg TH) 5

HR AR (TF) = b LT3 Cd W (mg/kg TH)/ MRETHY Cd &k (mg/kg THE) .

Cd WA= bk (BF) BV AT Bl A= W R SR I A5 09 Cd & B 38 Cd B i P Bn o kel AR F

T8¢ Cd EYABEFRE(BF) = (P EIAS Cd R+ EA8 Cd & &)/ Cd &

1.2.4 BIaaobr

FIFGE 1 8] 44 SPSS 19.0 F1 Excel 2003 #EATERAL R, 32 B K K J5 22 5387 ( One-way ANOVA) 3BT AR [FIHE A Cd Ab3
Xof & 22 M4 Cd AR i ) E R FPIEAS Cd S i A, LA 207 22 5301 ( Two-way ANOVA) 4347 4 22 30 A1 FIAS [ b 3
WXt L3R Cd A LA YA IR B AR . ] Duncan 28 FL4 ( Duncan’s multiple range test) 76 56 45 4b BE 2 ] F 2
w22, R Origin 8.5 YEEI 44T,

2 REER
2.1.1 S 22IEMIX IS Cd B
AN AL BEXT 8 N AR LA Ab B +3Erh iy Cd B S B A M B E I (3£ 2) , 13 Cd MAEMA RS SRIEAME Cd

g P4 i A AR N S, DA PR TS Y £ R Cd SR AW TR Cd SR, KR, 4 90 d AbERE
ST, 4 22 A4 Cd WA +Herh 5 Cd 2 TR MP HP AR B, Cd WAEYA RS R TR
HAH G 22 TN HP LAY SCS & N T H 24100 74.66 % , 255 .35 LP MP 540N 59 JC A b FRZE 22 18] 0] G ' 35 25 5%
S TEMHP A RS SEAE Cd FREAMET LMY, HP H'5 HAHZ M B B EXE S, SHAAEYA AL, 4 2 EH)
MP HP 434S Cd & B AR, LP 415 A%, 2SR B2 WOSUR E )5 220 Wl ST 1, 4 22 Tetgixt b vk H2 1S s
YIRS Cd Bt DA SR i FLA W S R ), Ve B A B U)X S -5 L 2 A 8 3 R ), 3 B 58 LU 5 4 24 TG0 A AR
745 SR AR
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x2 SLEFUWNIEHARRE Cd BB

Table 2 Effects of Salix x aureo-pendula on Cd forms of different concentration in soils ( mg/kg 1)

b3 SR BEd WA RS BRI S
Treatment Neutral exchange form Chelate form Bio—available Residue Total Cd
CK 0.00+0.00 a 0.04+0.02 a 0.04+0.02 a 0.09+0.02 a 0.15+0.03 a
L 0.25+0.01 a 0.51+0.02 a 0.76+0.02 b 1.07+£0.03 a 1.82+0.02 b
M 3.27+0.07 b 6.29+0.30 b 9.56+0.34 ¢ 9.50+0.21 b 19.06+0.22 d
H 21.60+0.29 d 20.00+0.70 ¢ 41.60+0.82 e 37.30+0.69 ¢ 78.90+0.26 f
CKP 0.00+0.00 a 0.02+0.02 a 0.02+0.02 a 0.07+0.01 a 0.09+0.03 a
Lp 0.19+0.01 a 0.28+0.01 a 0.47+0.00 b 1.15£0.05 a 1.61+0.04 b
MP 3.03+0.13 b 5.55+0.38 b 8.58+0.31 ¢ 8.32+0.19b 16.90+0.32 ¢
HP 10.21£0.95 ¢ 20.86+0.50 ¢ 31.06+1.08 d 36.88+1.31 ¢ 67.94x1.24 e
iEEZ/L b
* ® ns * ® ns * %
Plant treatment
WL Ab T
R EE R EE ok
Concentration
HEL ) X e BE
* % ns * % ns * %

PlantxConcentration
PR AR P B e bR (n=5) s AR NE TR0 51 3R RIS 22 (604 25 22 57 (P<0.05) 5 ™" : P<0.01; ns:P>0.05; CK L M H 733l
AR TR b BHLH TOAR AL K 7 E A B e o J3F Ao TR 755 ik E AL B CKP \LP MP (HP 3514 36 4> 22 T 2 JC 40 A B AR vk J3 A B wp ik J3E b T
e e B AL 3

2.1.2 AFERE Cd A T 4 220480700 Cd FUR &

4 24 MR LHLGUT Y Cd R A T A TR ] 94 S AL B Cd MR B8 AR I T 34 n (8T 1) o AbTH 40 d I, 4 22 TEMDA&- 3R
Cd SRR EE Cd ¥R B34 w8 107 S 5 14, 3 A b B v A B S R 1 2 L 4 R 1:1.97:3.63 AT 1:3.47:7.72, RSB
FARFR P LB 45020 1:7.38:10.07 #1 1:1.72:9.21, BB R Cd 504 7, MR EFFFAARFTER 19 Cd & EA LR Z Tt Al
IR AR,

ARTE 90 d i, 4 22 TR B 3B AR AR A Cd A5 e 357 It Ak T e JB8 %) 188 1N 7 S8 38 180, A BB AR S e s Cd 2 01l
47 170.64 mg/kg 212.49 mg/kg, MEY Cd 2t Bl 2 BE 438 I B0 R S 0 5 T MR A 3, 2 AR IBRE MR IR e B Cd AbBEAY
AR BRI R AR S A TS 70 B ) BAVREAE
22 R[FEHREE Cd Wl T 4 2 i i R Rerk:
221 A¥YEERE

4 2 NN EBOLLE 40 4,90 d 2 YRBUREIN AR B & 4 R BN REAL I Cd e Th i i R B FRAR (£ 3) . MP HP ZAM-I A A
SERBEZ T LP 4153 B 80.12 % .90.68 % , 5 HAWTOL A A= W & 42 R EUH Lb , 1P 21 IR AIR I 2 A, U IR AR 4 T LA A6
X Cd 1952 M B8 BURE 90 d B 4 22 DA AR A 1) e A R A 5 T 40 d AR ZEIR R IWI 4 22 Rt Cd s AR s
A PSR (4 JEE A T 1, F v 90 d B LP 2 1) B2 &8 R AR R 0 s SR R A 40 d AL, N T 6.90,5.52,1.11 4. 32
5,552 MP HP 41, LP & 8 2 B0 KO- S i

®3 AR CAREMETESLENNENEERY

Table 3 Effects of different Cd concentrations on Bio-concentration factors( BCFs) of S.xaureo-pendula

Ab B [R] Jb3 & M Salix X aureo-pendula
Treat time/d Treament i Leaf 1 Kz 3 Phloem AR Xylem #2 Root
40 LP 1.61+£0.19 a 0.95+0.19 a 5.68+0.74 a 7.56+0.62 a
MP 0.32+0.04 b 0.33+£0.02 b 4.19+0.57 b 5.30£0.34 b
HP 0.15+£0.03 ¢ 0.18+0.01 b 1.43+0.06 ¢ 1.74+0.14 ¢
90 LP 6.72+2.22 a 6.19+£0.96 a 12.01£0.49 a 40.23+3.49 a
MP 1.31£0.40 b 1.82+0.16 b 3.51£0.42 b 8.90+0.42 b
HP 0.20+0.05 ¢ 0.70+0.07 ¢ 2.13+0.12 ¢ 2.66+0.12 ¢

PR BUEA B AR EDR (n=5) s A [E)/NG T REG3 51 375 [V 5 51 s 22 18] 4 18 35 22 5% (P<0.05)

222 HERBAK
G MR R0 40 d I TE B 3255 ,90 d i HP 2418 2 5 TP IRIR AL HRA] , 4358 LP MP 4019 1.93 .1.80 fi5(
2), 540 d #H,90 d i LP MP HP 45555 ZEIREAL, 534K 47.94 % 41.34 % 0.28 %,
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