ISSN 1000-0933
CN 11-2031/Q




L 0 £ 7S %R

<>
" (SHENGTAI XUEBAO)
RSN £33% £ 14 2037 RH (FAT)
H Ve

AR 5 ERER
G R o R OFR,NE K (4215)
MEEEMER
Xi]ﬁ]]‘&7jﬁ&§u‘z}§}m%‘}ﬁfr}1#&7m4ﬁ#ﬂd’)}iﬁ}]%j’ﬁé\iﬁiﬁbf#ﬁiﬁitfé]i‘é‘]%ﬁﬂ ..................................

....................................................................................... E #22 #H,7T 1=,% (4226)
A IR 28 B ) S 4 AR 40 AT A AL B AR A R e #le, FAERT, B oL, % (4237)
REERAIE T RAR AL LI P AL R oo B EEE EME L (4248)
AR AT AS BRI YRS TR BAEEE AT EIE K G0 L eeennrrrnerrnrennnreneriir e reneeeeeaaes

....................................................................................... KEE,RXR, T ,% (4257)
FOFHRE L FBHREIE T EEFR AL e EAK EHFEE T K % (4266)
REED TG R R EAE T GG A TT A KL o everrnenreneneereneeineneneanen AR BB EIAE % (4278)
B B R A B R R EAR A Z B0 e FIME B, 2 k% (4289)
CO, REI ST LM BEH IR E F B EH A BRI H R oeeeeeeennes JE R PR AR, R, % (4297)
pH {iA= Fe (Cd 4t 223 RAGHR R BAR K Fe Cd BIAT A GG Fmh <oeeeennnees AFEE F BT, (4306)
BAMARE AR ERRARE TR A BREE S B H e B TE, EEiE, A K¥, % (4315)
ERFCAEBAVERT BRI ER T FT A I oo BAT, TER HHH, % (4324)
R4 T AR B A AR B LM e RS, RN, EEE % (4331)
FHAK TR AT TR ALK T R B BEIHIF J0, + v e vmeeeseemeen e et e et et et ettt e e Vo, WERF (4343)
W50 2N 0 S BEAT Ay B S B R B IR T A R e I F R E, B, E (4354)
T 58,62 Sk IR 09 R S AT R PR v il FHEMN,F R, % (4361)
R RAG S b RSP HRE KRR T A& EARATRA G ol F B BRAEFH EHZZ % (4370)
ThE BEMAESES
BT miCOIT B 350 7 B A AR B B R ST R B AR B TR AR ZE M BT coeveernrrnerneen e,

....................................................................................... AWA, T B,E M4 (4377)
KRR R R B LE M TR S AP e e B4 0 B W% (4387)
TG L T i A B L A T ALAE X o eveererrrnererierie e T O BTFR,ZEOE % (4398)
I Ao BT B A B A oo O, EEZR,H 4% (4409)
FLEBHRFRRARER R AR P B S W, R A B, % (4416)

SN XFMEIKES
BT UL A B 0 JE TR T HL 8 ] 4 IR e eeeeee et e TR W45 (4425)



2 F P IR LA AT AR R LIRS ) AT e R Z A, A, % (4436)

2000—2010 4 B H A EHBARIVEF E 5 AT cooeervemnenne Be R TR E iR, % (4450)
A TR R IIG A TG RN FTIRIR I ASRBER oo FWlh, 1L K # & (4460)
RALF AR b5 B 5 AT o F A S F A AL FARGY R - KK, FE A BRI (4468)
CO, IRJE A B K B AR A XA FEAT S A KA B oo B, BRI % (4478)
BESF=LER

W R A R 6 A KRS ZAR N T ik VA I T A A oneeenneennnns MSCHL, 2 &, Tt , % (4486)
W R A DA F AR AR IR AT VATV A ] emeeeeennnnen FEEM, R NE ELW,F (4495)
R E R

] A APABIL T R A ARG IB B TH Bl vverrrneerrneeenieeeeine e, AT A E,EKE, % (4505)
F R AR T IFEMIEARIR A coerreerrnrerneriie i TRk, EgokER L (4515)

HAFIEARSHECN 11-2031/Q * 1981 * m # 16 * 308 * zh * P = ¥90. 00 * 1510 * 32 % 2013-07

EEECEEECEECEEECEECEECEEECEE

STEEE : H P 1L 2 B bR S U ——— S RAGH 5 2 O T [ R R AR DS Y 2R ) 2RO TR R MR,y T LD b Ak
HSIE A A W B e = S A, P TR R A AR ) B BRI 67, A 2 SR (1 v I BT S R A,
PR B BT, A 2R T Ar g R B BT T LR A T 2R S R AR A
FEEGENL THFFRERR h B LR ARAMAE Y REE YRS R A 4 2 REMEXT AR S R LTI RE IS, L) K
A A7 A X S AT R B FURBR R B k1) S

HERERRE, FEAEE K% E-mail: cites. chenjw@ 163. com




5533 B 14 1) S = & il Vol. 33, No. 14
2013 47 H ACTA ECOLOGICA SINICA Jul. ,2013

DOI: 10. 5846/ stxb201204200573

RS A, El R, 50 ik BR A, B, pH (H A Fe Cd AL B K FEMLFR K AR Fe  Cd W BT R 0952 M. A= 452441k, 2013, 33
(14) :4306-4314.
Liu D Q, Chen X, Yang Y Z, Wang S, Li Y J, Hu H, Zhang C H, Ge Y. Effects of pH, Fe and Cd concentrations on the Fe and Cd adsorption in the
thizosphere and on the root surfaces of rice. Acta Ecologica Sinica,2013,33(14) :4306-4314.

pH {270 Fe,Cd b X /K FE R BR K
R Fe,Cd W B 1T 4 B9 22 M

NAEHE F BN, E R, ERE L & RALY B B
(1. MO KA S R4 2B B st 2100955
2. W R B A ST AT, IS A T RS R R R S S, M 210008
3. MR R AR L TR 5AMEETR A RIS, B 210095)

WE . 0SR-S SRR 1 E &5 pH {8 (4.5—7.5) Fl Fe Cd AP, W5 AR pH {8 % Fe  Cd He 8 % KR8 F i 47
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0.050 p, =0.004) , WA RALHA Fe MAZHAS Cd SAHE pH {HF1 Eh 87775 .38 B9 A S (pH {8 < pp. <0. 001 pg, =0. 009
Eh:p,. =0.016 p;,=0.002) , MRFIZIZ Fe MZZH7E Cd 5L pH EIRIG B2 HAHICHE (pp, =0. 007, pe,=0.048) , A[d]
Fe Cd ¥R EEALFEXT AR PR Eh  pH BRI THREFIRL R Fe (Cd WA R0, S5XTHAALE 3 Cd b3 ] DAREIRAR R Eh FIFHE pH (E,
WDV Cd YR BEITHE AR R Cd WML ; 14 Fe ALFRNI AT LAFH S ARPR Eh FIFEAT pH {H, 3 MIVER Fe ,Cd Y B2 I I/ MR FR Fe (Cd
W, X SR KRN XT Fe  Cd ¥ B8 Miha ) AR B R R =22 —
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Abstract; Cadmium (Cd) pollution in soils has become a serious environmental problem as this toxic metal may be easily

absorbed by plants, leading to inhibition of plant growth and development. Rice is a global staple food crop, however, its
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quality may be threatened by the accumulation of Cd in grain. The risk to human health associated with Cd-tainted rice may
be reduced by minimizing the Cd mobility from soil to rice root. So far, a large number of studies investigated the effects of
soil pH, Eh and root iron plaque on Cd bioavailability. These factors may increase, decrease or have no effect on the Cd
uptake by rice. However, the underlying mechanisms for these various effects still need further clarification. Thus, in this
study, effects of pH (4.5—7.5), Fe and Cd concentrations on Fe and Cd adsorption in the rhizosphere and on the root
surfaces of rice were studied using nutrient solution and vermiculite culture. The results showed that Eh and pH in rice
rhizosphere differed among various treatments, and the oxidizing potential was lower at 0. 9mg/L Cd than at 0. 5mg/L Cd,
while the acidity in the rhizosphere at 50 mg/L Fe was higher than at 30 mg/L Fe. Besides, the composition and amount of
Fe/Cd on the rice root were controlled by the pH and Eh in the rhizosphere. The adsorbed Fe and Cd were lowest at pH 6.0
and respectively reached the maximum values at pH 4.5 and 7. 5. However, the mechanisms of Fe/Cd adsorption on the rice
root surface were different from those on the surfaces of vermiculite. On the vermiculite surfaces, crystallized Fe was the
major form, accounting for 73% to 78% of total Fe adsorption, while on the rice root, noncrystalline Fe was the major
form, accounting for 91% to 95% , both of which separately had significant relations with the treatment pH and Eh
(crystallized Fe on the vermiculite surfaces: p ,, =0.011, p,, =0.042; noncrystalline Fe on the root surfaces: p ,=0.050,
P =0.004) . Either EXC-Fe or EXC-Cd on vermiculite surfaces had significant relations with treatment pH and Eh (pH:
Pr.<0.001, p.,=0.009; Eh: p, =0.016, p.,=0.002), while EXC-Fe and EXC-Cd on the surfaces of rice root just
significantly correlated with pH (p;, =0.007, p.,=0.048). In addition, Fe and Cd treatments affected the adsorption of
these two elements on the rice root. Compared with control, Cd addition decreased Eh and increased pH in the rhizosphere,
leading to a decline of soluble Cd and a rise of Cd adsorbed on the root surfaces, while Fe application increased Eh and
decreased pH in the rhizosphere, resulting in more soluble Fe/Cd and less adsorption of the two elements on the rice root

surface. These were physiological reactions of rice to the stresses caused by excessive Fe and Cd.
Key Words: rice; rhizosphere; root surface; Fe; Cd; adsorption

P RS -4 Cd 5 5 /b H3E Cd MK SR N IR — B LR SR [ N AP 22 W IE R I Il i, %
OKFEARPR Cd TEM ARSI Cd 15 ik AKREIR N EZ xR 2 —, USRI, £33 pH {5 . Eh
(B A MU Y A T 4 B 7 B AR A I A5 TR % 39 KOKREARPR Cd A stk A )
B4n, Chuan 55T £G4 P AU B 48 Ph . Cd A1 Zn B9 fPESZ 38 pH (ER Eh (R W 8 2%, il +
HE(pH fH=8.0) &M N EL B IR MIERAL, MEmRM: 38 (pH (E=5.0.pH {H=3.3) 1, HEJE ol iwEER N,
It HBEE AL BRI AL, T4 Jm T i Pt 98 ) Kashem ZE7ERFSEACRNIE HI X+ 8 4@ Cd \Ni Zn B ] A
PR WA BRI 2 B0, 34t WA o] 25 PR AR 358 pH (i, 3458 + 8 A b o 4 B ml VA (R kT A e 4
JEIE ARIRRAAR P, (B LRG0 it - 4 RAR 2SR AN 4 R A B R TR AR TR

BRI Z A1, AL FHE K S5 T K REAR 2R R R 8 KRR 2 2 KRS Cd AR R E 2
— I HAR R AAAE I FIRER Fe (11) ¥ B K AR B BRI ) A B 407 RIS KR X Fe . Cd 1)
WS DA 5% (RS R 250 HSE i R —20, Bn, ZE K 553008 rh | XUA0RE 25 0% B0, AS [R) 7K A 35 8] 0 A A
Fe 5 Fe BEEHEA0 Cd i ARFRAIHL 1350 Cd &2 B8 A, AWM 2 Fe BRI LAMEUE Cd AW ;i
Liu ZEF5E I & B Fe BT LIS/ ARER Cd &, {H Fe BEE MY Cd S 5K, I ULBHESVE A BR , AR SR 20 21 2
B Cd MEERED, LR AT R KRR R TE BB 2 iR 1 Cd i AKFER &R iy
R, SE I E RN Cd BRI Tt A 5 3 AR e R BT KRR R S R S Cd R A ) R AR
AN Weiss 25 ZOHERESE AR AR I645 SR 2 0 ML AR R BHITR Fe ( RIAR 2 Fe f55) Y41 BRI 5
MR PR+ 3 Eh pH {EA B AAHDCHE > MR Fe X} Cd AW L SR PR pH (B EAHE ) A 78
IKFEFER B ARPR Eh  pH {EACEE DL J Fe MR S5 I Z HUSE I T, K REAR SRR KRR 2R Cd IR B AWz i 14y
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SN AT DAR A AL HE S0 58 S ma AN (R 7 AR 3k SE U R 2500; ) HARHL A 75 TR AR

PRt , AU R FH IS A - SR IR G 35 57, RIS A UK R AR BRI 22 I 5347 Fe \Cd TE/K R 3R (18
AR TES A 555 A pH (E % Fe .Cd AbHER | KRR 2 Fiig A1 18 4 Fe ,Cd AW B L B2 /K A5
XT Fe ,Cd MR , I LU0 £ 2 T W2 P25 7K R AR i B ATL 7 11 25 S5 LSBT ) B /K A AR B PR X Fe (Cd A
AR S I LB
1 #R5FHE
1.1 KMk

B R R 5 2 RO B2 BE s B R RERE S0 Fh NO7-63
1.2 {5t

AV ol 5 35 BBt AR 5 )R- FH 15% H, 0, ¥R 30 min, F A RAKFI LB TR SRR 24 h )5,
ST ERE O B TR FKE RS L 38 CEMT 20 h,32 CHEZE, TFHEIKE 2 em Z4HH, R
JER(H 12 h,32 C;K 12 h,27—28 C) . WA R ENRE TR, SRR T K E 4 bk R 2
B -IEA A IR IR AR NG TR, AR bl e e 4% (300 H ) , N3 200 g 8 A fCRRER, X
ASHNNE TR ACERAEMRPR . ERITARTR] pH (AT Fe  Cd ¥ X AR FAR I AL A XS Fe  Cd IR B WAL 1 5
M), X R 34 Cd A1 Fe 3 ZHALTE

(1) %R pHH 4.5.5.0.5.5.6.0.6.5.7.0.7.5 B5ELE M +Cdl +Fel

(2) #&Cd pHA{H 4.5.5.5.6.5.7.5 M5EREFHFM+CA2+Fel

(3) #Fe pHIH 4.55.5.6.5.7.5 HEREFRM+CA1+Fe2

Hrr Fel #l Fe2 230 mg/L 1 50 mg/L FeSO, ¥, Cdl #l Cd2 4 0.5 mg/L 1 0.9 mg/L CdCl, %,
ST TRy (B mg/L) 9 :Ca(NO,), - 4H,0 20; KH,PO, 10;K,S0, 20;CaCl, - 2H,0 40;MgSO, - 7H,0
40;MnCl, - 4H,0 0.5;(NH,), + Mo,0,, - 4H,0 0.05;H,BO, 0.2;ZnS0, - 7H,0 0.01;CuSO, + 5H,0 0.01 ; Fe-
Na,EDTA 2.0;Na,SiO; - 9H,0 0.1, &MA0HE3 ANEE AL BT FE AR 2d $ 1 YOE IR, AERRIRIE TR
FiJG 0% PR AR R T8 I Fe ZbBE 1 )5 UEFT Cd A0FE, Cd kb3 | J&J5 WOt S o kA7
AHICAEARIE .

1.3 Em H S
1.3.1  HPRIAEAE bR Aok R A Y il e

TR b R 0 S 47 P9 ) pH (B AT Eh, pH AN Eh {8 A B AET R - H R AR 7E PHS-3C
R FETHINAE , BRI pH (E A Eh W E FT, S ] pH (A ARMES WA TE AN, [R) Asf X 4800 R bR AR 058 M A0 38, 4 P 0 i T
il (1) zorbell TR FEL AR HHEA T4 TE., 0052 Ao 45 Hh W A A8 A7 /K A4 28 R S 20 min, RF 2 50RR R J R IO 22 1
FESOR IS, — 053D K R b FRFAR A A i B AR MRy, 73— 3840 7E 90 C R AT 15 min, 70 C ML
BIETE TR EERA S KR,

1.3.2  15413R1 Fe Cd 202 BUR &8 &

BRI G I A IR 4], B 1. 0 g 24 IS A T 100 mL B0 b, TESRBUT I 1E S IR Weiss
2T Salirian 251 A5 LA A Bkt SR 2 1 R TSR BUASEEAT Fe Cd S AERATIRA 3
FIES B ZRAEE, PR 48R 125 1v/min 30 min, 2.0 558 2500 r/min 20 min, Fe Cd 7 &% H
ICP-AES( Perkin Elmer Optimal 2100 DV) il 5E .

1.3.3 JKFEARZE Fe Cd B & 8 2

W10 g Z2 4 /KRR (R /D 0.5 g Z247) T 100 mL B0 T SRITER 1 s i B
17 Fe .Cd &S HEE BB AFIE S B IARE, IR 458 125 1/min 30 min, .0 45144 2500 r/min 20
min, Fe Cd &% ICP-AES( Perkin Elmer Optimal 2100 DV) il %€ .
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F1 EAREMFAKFEIRE Fe Cd EERNT R

Table 1 Sequential extraction procedures for Fe and Cd on the surface of vermiculite and rice root surface

P IR P PRI A
Extraction step Extracted fraction Extract condition
A FE T 1 AEH TS 15 mL 1.0 mol/L MgCl,(pH {H=5.0) FWAI 1 h
Vermiculite surface 2 B[ ES 40 mL 0.2 mol/L R MGEEHEI 4 h
3 A 40 mL DCB ( & ZMEARFR -1 R M-Ik TR 080 ) VMR I 16 h
JKFEHEE Root surface 1 A 15 mL 1.0 mol/L MgClL,( pH {E =5 ) 7AW 4RI 1 h
2 IS 40 mL 0.2 mol/L FhFRVEBHEIEHEIL 4 h

1.3.4 KA AL E3AY Fe (Cd 2 8 E

B K REARER AN L FR7E 90 °C TR 15 min,70 C FHLTZ 46, 8558, #80.100 ¢ A4 THMAE THE
BN, 2 mL AN R, K T N A EE AT 2 Fe . Cd % &R i ICP-AES ( Perkin Elmer Optimal 2100
DV) M5
1.4 BT

K SPSS13. 0 Geit o3 B 85 44 A7 5 o0 B S 22 57 W B R 56, SR SigmaPlot10. 0 #E47 5048 70 #r 5
2 ER551
2.1 R[AAE XK AR B A AR 1 B &)y i AR A )5 il

TRFER 2200 B A8 HIL TR RN A 285 43 o el AR AR B
pH A \Eh pe + pH {E 1fij 5% M AR B AL iE ORI, B 1
FW B pH {5 A0BE pH (H WA B E LR R,
AL pH A 4.5 EFAR] 7.5 B, KFEAR PR pH {H
2.92 BFFE]3. 12,440 B[] 22 5776 P< 0. 05 [ EfF X
HNARE (P=0.595), Htud BIFE K R 3 7R 0, 0K
FEAR BRI L 15 TR R B S5k, PR IL 2 A1, 4R PR Eh | pe
+ pH SAbBE pH M AA7E 3 0 R EH G &R, ik ‘ ‘ ‘ ‘ ‘ ‘ ‘

W pH M 4.5 FFHEI 5.5 56.5 BF, Eh th 550 mV 72 PN it
ALTHFNO10 mV Zidi pe + pH 138 EFENIA.8J2 o iR pi 0 70 pospH B0

F s B pH (EEARLLIE K Eh Fl pe + pH 2 T[] 500 Fig.1 Effects of pH on pH, Eh and pe+pH in the rhizosphere
mV 13, 1, X UL K FEAR BRI 4 7E pH {E M 5.5—  of rice

6.5 iz,

EFRW Y Fe .Cd Wk 5225 /K FE AR pH {A .Eh 1 pe + pH. HIADEHS 7 rh AT %0, 39 Cd Fl3 Fe
SEFRATHIEE T 4 4> pH E (A2 T pH (XK R A KAV W IEA B2 (P > 0.05) 113 Cd, 1 Fe 95K
N A 2 3 2 RIS AT IR, 3 Cd B Fe AP 4557 (E 2 4.5,5.5,6.5,7.5 X 4 4> pH {H F WII{E
SEXIME, 2 K, SXTIRAIEL, 3 Cd AT LAREMRKREHRPR Eh AL AR ER pH E, {H 22 528 35 ;38 Fe 7T LAY
25 MR R K REARPR Eh RGBS pH (E, SXFTREAHEL, 3 Cd FI3Y Fe AHLS K AEE S M 308 T
BT RN ZE I B A RIS, X BRI AE KRR IE 52 (I K F I R TR] pH (AL BR300 Fe ,Cd WREEH 25
XK R A = A A A
2.2 A[ABEXTIE AT Fe  Cd W AR MR

Wy 2 ELA R F Aor P RERR RO, A A R B W R R etk . 1 2 R A A SRR B A AR A
Fe JEfh Fe 2&## Fe JAE M Cd 28# Cd, 5ULFIET, @2 Fe 34 Fe B Cd FI5cH: Cd BE SR pH (HA 2
FI RIS R, S KREARFR Eh [RIAF7E AR AP A A R mESE R

E=

16 ¢
HiBR petpH R2=0.903 P =0.009%*

14 |

v
12 F

#Fr Eh R>=0.871 P=0.017*
6 »Q/F—/—’Q—U\KV\Q
Py —

2+ HFR pH R2=0.645 P=0.030%

#RFrpHs Eh (mVx100)s pet+pH
pH, Eh (mVx100), pet+pH in the rhizosphere
oo
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AT AT BFF Y T 2SS Fe 25 B 7E 13.38—16. 11 mg/kg Z[a] , ZEALFE pH (A 6. 0 B A, 7EALHE pH {H 7.5
B e, o A WG BT Fe SR 1Y 78% —87% , IT 5 HRPR pe + pH A W& HIAHEHE (r=0.753" ) . pH HMEIE T
6.0, A Fe FIZCHk Fe 7 BRI ; 1R Fe & bl
K2 EFREARFE Cd, Fe EIHKIBRER pH {H, Bh R 4EKHR LR

Table 2 Comparisons of different Cd, Fe concentration treatment effects on pH, Eh in the rhizosphere and plant growth

e PR pH PR Eh 7= LSS Wi EHTE HMEHTE e
Treatment pH in the Eh in the Shoot height Root length  Shoot dry weight Root dry weight Transpiration
reatmen thizosphere  rhizosphere/mV /ecm /cm /(%) (/%) /(mL/%%)
popitst 3.01+0.09 568+49.56 33.47+1.38 14.61+0.42 1.58+0.11 0.13+0.02 560+6.09
1 Cd 3.05+0.13 560+26.98 32.21+1.35 13.57+0.44 1.45+0.09 0.12+0.01 546+6. 16
14 Fe 2.70+0.12 610+26.20 30.33+1.11 13.41«1.16 1.20+0. 18 0.10+0.01 511+12.66

XTI 53 Cd ns ns * S ® ok ns ns
X 5 Fe R R R e ] e EE ]

ok FRANF AL IE] 2 AR W3 (P<0.001) 5 * * FRZEFMPFE(P<0.01) ; * FIRERTEHE (P<0.05) ; ns FRERARE

WA FE T A W IR S Cd L JE S Cd &R AE 5. 83—7. 70 mg/kg ZI6), 7EAL TR pH {H 5. 5 W A%, 7EALH
pH {8 7.5 B, A UIUE Cd B 93% —98% . B S5IEMA Fe A—F¢, 503 pH (A | Eh #5A B4 AH
P, BT RE S — LM B4R 55 1 M(OH), MCO, k&,

WE AT A SCHe Fe B iR 0.102—0. 203 g/kg Z[H], 25 5 5 Fe 119 0. 6% —1. 1% ; 584t Cd & &N
0.096—0. 603 g/kg ZIa] , £ B Cd 1 1.6% —7.3% , BN 543 pH HHA RLH M (py, =0. 002,
Pea=0.023) , T ENF 5HER Eh B3¢, H LA K, 38 #t Fe MBSk Cd BR 5205 £ 2% Y HL P51 W B
Ah BT RESZ K AL Fe WEBRHUTRR AR,

= o
20 < 10
&N
< A Fe R*=0.894 P=0.011* g
S 15t v g 87 JERCd R2=0932 P=0.005**
s v v 1 3 2
=2 25 (| 5
Q 7]
o= 10y f"f.“:’
=9 OF 4l
Eg S g Fe R*=0457 P=0294 = E
> [ o
ow '“K > L . _ _
o8 S mg 2 Z#e Cd R2=0.906 P =0.009%*
g 8 o
= or " * ¢ o 2 M
& 24 Fe R*=0.977 P=0.0005%** g O
E 2
S -5 . . . . . . . 2 . . . . . . .
= 45 50 55 60 65 70 15 5 45 50 55 60 65 70 15

AbEE pH Treatment pH Ab 3 pH Treatment pH

E2 AREAIE pH EXEER Fe,Cd IR &2 0H
Fig.2 Effects of pH on the Fe, Cd adsorption on the surfaces of vermiculite

AIF] Fe Cd ¥ BEXTIE A FE M Fe Cd MBI — & B, an36 3 i, S5t A H, 38 Cd b # 5 i3
R Cd, H EZESMWIEMS Cd MR Cd F R, HbdE s cd e Cd & & F R RE (P<
0.05) ;1 Fe Ab3 5 05 A R ACHA Fe, B Fe BB, M Fe G Fe FILE Cd FRFiA WD, B THE
FEWiHs Cd AEFEAY 0.9 mg/L Cd M= TIRIAHE 0.5 mg/L 1Y 4/5 34 Fe AEFHFY) 50 mg/L Fe ¥ 5 TR G
WREE 30 mg/L 19 2/3 T 148 3 1A X0 V5 TR 125 140 W SR 250 o A — 1 T A9 B YR e 3 48 n i 348 o, B 8 P 38
SR 1E PG Fe 3G Cd S5 8 A rh s/ b 1 W B 6 7] BE— 3R A0 AR R TR, 00— oK R T i
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ms O JEfFe R=0766 P=0.054 K2
i I 2t
gg ¢ T T E A4 Cd R2=0.955 P =0.002%*
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&3 Cd.Fe MIEXIERRE Cd,Fe W30
Table 3 Effects of Cd, Fe addition on Cd, Fe adsorption on vermiculite surfaces
WE A FTH Vermiculite surface

e, Cd & Cd content/ ( mg/kg) Fe & Fe content/ (g/kg)
Treatment LA Cd FEf Cd B cd SCHLAS Fe B Fe A Fe M Fe
EXC-Cd Noncrystalline Cd Total Cd EXC-Fe Noncrystalline Fe  Crystalline Fe Total Fe
Xf R 0.29+ 0.22 6.77+0.81 7.06+0.98 0.17+0.04 3.25+0.72 14.90+1.32 18.32+1.24
4 Cd 0.05+0.00 5.87+0.49 5.92+0.48 0.08+0.03 3.03+0.88 12.98+0.92 16.09+1.28
14 Fe 0.13+0.11 6.17+0.60 6.30+0.51 0.20+0.05 3.63+0.35 13.89+1.44 17.72+1.77
X} HE vs 1 Cd ns s e ns P ® % ok .
X vs B Fe ns ns ns ns * s ® %k ns

2.3 R[AAE XK AR R R Fe ,Cd MR 52 1

K4 BoR TAFEAEE pH (H Eh FKREXTRE Fe . Cd B2, 56 00, /K REAR 2 W0 BHHITTRA 22
Fe B Fe FIZcH: Cd, Hrb, JE 5 Fe & 0 35.07—47.65 g/kg, 29 MG A Fe F21Y9 90% —95% , B AF
A3 pH {H 4.5 BFS e, TEALEE pH H 6. 0 B & m e I ; [ & S5 4028 pH {E IR A W3 R &G, 5
Eh A RGFIILIER R . X EEAH IO R I8 A1 R MW Y S Fe —4F SRR AYIE A Fe L2 —Fh
FALTTIR . REACH: Fe TN 2.41—5.05 g/kg, 284t Cd 50 52.97—94.59 mg/kg, BATT 543 pH {EHIH]
WA BENEIEEER, UL E AT AR R A B E T, X KRR 2 58 A R E A Fe  Cd W TR, SEASXE
F L A 2 AP R 32 AR B A i JEUIR DL A pH (E 52 IR, AN, S A R AN A B AR R R L
WA B Fe MR Cd BT, R TS Fe FI5c# Cd 5K Eh %A B M X AR BR SR A
FEIT ) W= T R T REA K

AN Fe ,Cd HeBEXTKFEHR E Fe ,Cd MRS ILEE 4 %xﬂﬁm Ee, RE SRS Cd Ab PR AT G 35 14 N AR 2%
APAS Cd, 18 Fe AbPRA] i 5B IAR RS AS Fe, FEARAE M Fe, &L Fe FIZZHE Cd &, XUL22 7 il TR
Fr Eh pH {EX} Fe .Cd WREERYSZMN . H T35 IR Fe Cd %?E%ﬁ(xé& TR AL B MPR (Eh 76 558 mV LA
) AR RAER R E R, SXT A, 1 Cd A BEAR R Eh BRI, pH (E34 &, 45840 2108 Cd W R /b ; 1
Fe AL Eh Th&, pH (EFEAIR, 547 3R THLEL Fe WP/ (322,38 3) o Hi# Al FEARAR PRiA M Cd W IF-54
HRZR Cd M RFF 5t XA TR Fe V& B2 AR 28 I B St 52 AN R U5 3 TS NI Fe YR L, TRRAIRAR M B i, 31X
BOZE R T Fe ,Cd BBEAEH T AKFE AN HLEE,
3 itig

TEKAEEEFR I KRR PR IR B2 LU 5 SR MR B T o, 3 S5 A N T4 B A — 3%, 40, BRI A5 /K e K 5
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Table 4 Effects of Cd, Fe addition on their adsorption on root surfaces

Cd & & Fe i
Kb Cd content/ ( mg/kg) Fe content/ (g/kg)
Treatment B Cd BEARAS: Fe JEfHS Fe B Fe
EXC-Cd EXC-Fe Noncrystalline Fe Total Fe
popilst 78.03+0.39 3.51+1.18 43.54+4.06 46.17+4.01
i Cd 101.00+0.00 3.90+1.28 46.95+4.04 50.85+4.49
i Fe 49.63+6. 66 4.83x1.72 38.23+6.76 43.05+5.86
IR Cd * ok ns ns ns
Xf 54 Fe ns * K ns ns

P ORT] pH (HAL B R AR IOARPR pH {3k 1. 5—4. 3 A7, B0 Eh 7] 23K 100 mV RAED ) Bt kk
HRBRER AL B K AT AT 3 A (1) A AR 2 %8 BT BH 5 i IR sk A 22 55 (2) AR AR I AE €O, 5 (3) AL
g H* SRR AT R KSR+ B0 2 I H AR R S I KR AR S T A HLER , an S

PR R BR S 20 X B LA A TAE AR X B 2 0 BRI (10 Fe, P %50 %K) IH &R i i

(4 A) A F T AR AR R IRBE 0 PRS0, A T3 e o o s 4 >

R 2R 5 058 T 2 TR R A 70 B4 E 3 R R DA M AR R T Fe Cd I BV -5 49 2 T 40 Ak s )
AL, W R 1 2 53 AR R RESZ AR B Eh pH B 29, XZARBR Fe \Cd VR FE RS20, 18 40 X AR BRIA W Fe R
B — Bl B W B B 5 0 3R T Pk M R S T IO P A G, 2538 3 4.5 AL AR A
Fe JE05 £ MR 2R R AT FF ) R ZIE A 1S Cd, 1S Fe AMFEXTIE A R AR TS Fe B2 i 2 5 TR R 208 5 1M
pH AbFILXF AR R RS Fe, Z8HAS Cd 15200 S 25 2 T X I A SRTHT A S0, 3 S84 [ s e 1 A~ 2 1T
PEBTAY 22 5 . MR 2R AT AE S WA HILIR R A= 25 4, AN R] A B 1 25 53 W00 1) 18 4 RN R a: , pl OS2 el 6 R B 1%
W Eh pH fE(E 1) 40 SRR Fe \Cd YREE, BT AT, PRS2 1H 4] (7T Fe ,Cd V& A Eh  pH {EAR 2
MR R M (RIS VAW 2 5 2 TR R B A7 T WA B4 9 DG % e, Ak T [ — AR B 1 T 1> e T, gl 2%
R S 52 14 B 40 A [ T Sk W B 20 4 RS et 1 22 50, 3t S B804 Cd Y e AR ™A B LI 25 5%

WA R TAT 2 B BB RE R ER B W T 1T , STV Fe \Cd BT i (W BRE 485 45 B, DR G 8 0 3 1 L BB T 1 4%
AR NS Fe FIUZRZSAE fAZS Cd, MNXLLH A TEMR R AL, A BT R KFEAR 2 A WA S0 R IR 1 g
T3, AEAR BRI X S AT TR B — A~ SR AL A AR B h el AR BRI pe + pH 85 T 5800, 1Ml pH (B AR T+ 18
o TN Jkt‘fuﬁf‘iﬁlu AR S RS HUURR s AR 1) 0 A 2R TR AL AR B (B AR 2K AR e 1T, FL B AR e ki
BB A, It 850 0 Ay 2 T W B FH - VA e Cd R BE (0 B8 ) IR AR FU R B (T )
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£5 ARELSLEIIRRFIEARTH Fe, Cd W F 2200 H EL B

Table 5  Comparisons of different treatment effects on Fe, Cd adsorption to rice root and vermiculite surfaces

HZ T Root surface WE A 2R Vermiculite surface

b3 LA Fe R A Fe LS Cd LA Fe AR Fe Al Fe s cd dERS Cd
Treatment EXC-Fe Noncrystalline EXC-Cd EXC-Fe Noncrystalline Crystalline EXC-Cd Noncrystalline

/(g/'kg) Fe/(g/kg) /(mg/kg) /(g/'kg) Fe/(g/kg) Fe/(g/kg) /(mg/kg)  Cd/(mg/kg)
Figcq 2.404 3.552 36.598 " 1.922 268.315 ™" 187.726 " 0.3%4 12.503 **
Fig e 21.355*" 0.402 0.092 1.75 261.777"" 178.171 " 3.294 5.021°
Fon 14.428 ** 2.293 8.952 " 0.697 0.074 0.97 3.998 " 0.098
Fig caxpn 0.633 0.254 8.836"" 1.016 0.896 1.2 0.312 6.038 "
Fig pexpnt 4.228 " 3.225 6.004 " 1.058 1.01 0.835 1.038 6.803 "

R 2 17T Fh MR 2 Bz 4 2 A, 0 S e - 2 Ry BE AT, 0SS DA 37 00mala , AOAR 3 i A % 0 W AT g
W XD RE K R X AS [ AR PR ER BT, AT FER[R] Fe \Cd W EEADER T, 38 2 AR 2R 43I0 B A8 MR PR Eh  pH
{E AR Fe ,Cd MBS, VAW Fe , Cd B AT AE A FARITR B2 5o O AR SR W R TTCAR, S RERE BT i A AR I
X B K R ML AR AR N Fe AR B394 (5.79+0.48) ,(7.47+0.58) mg/%, 14 Cd AL 5 K (4. 48 =
1.25) (7.05+1.03) mg/7, 14 Fe ALBRAM 519 (3.98+0.79) . (6.73+0.41) mg/7%h. %MK ARG H 350 FIAR
N Cd BB 4350 (12.09+1.18) (2.88+0.37) we/ 7,34 Cd AP435 (11.76+1.28) (2.71+0.59) pg/
%5 1 Fe AbFRAY 50 (8. 66+0.96) ((1.64+0.14) wg/#h. 45 SR EW I EHE (22 4) a5, 84 Cd Ab P HE X R
HEINT Cd Fe TEAMRRAYMIT I8 /0 Cd Fe AYHEA ;38 Fe AbHINZEREARAR F I Fe . Cd W B AY [RS8 2> Fe . Cd
WL, X2t B 5 K REAR R RN X Fe \Cd A I TIRER XK.
4 ZEig
4.1 JKFEMRBR pH fH, Eh Fl pe + pH 5403 pH {8 53 5 AE7E 8 2 M R ImH G R, Ab 3 pH {EAE
5.5—6.5 i}, Eh £l pe + pH 235355 600 mV F114. 8 Wyfmfl , B b iR . B IR Fe  Cd 3 Bt
ERPREY pH {H Eh, SXTIRAHLE, 3 Cd BRI Eh A& pH {E, 3 Fe ZLFRFTIEIN Eh FIREAK pH (H,
4.2 MFHEAXS Fe Cd B HLEIA R, 058 A R E W Fe LLFIE Fe 283, 5 BLETI Fe 19 73% —
87% , IKFEMEFTUR Fe LLARS, Fe N, (5 ST Fe 1991% —95% , A 1543 pH {5 HRPR Eh F1 pe + pH 2
B FHN IR R R,
4.3 R[AIH EE AL EGE S ARPR Eh pH {H P FHEREZ IR R Fe (Cd W, SXTREARLL 3 Fe FI3E Cd AbBRERXT
KRR AR . 3 Cd Ab BRI AR ER Eh AT pH EDRBEAIRIA R Cd W ZE3E AR 3R Cd MR
BRI D Cd IR ; 38 Fe ARFRTFEARPR Eh AR pH B, B RIEI Fe ,Cd BRI IN (0l F HT 195
G/ MR Fe .Cd B FIKFG Fe ,Cd HMISCERAA g/l CRIKARFRIXS Fe  Cd ¥ B B3 1) A= BN
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