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Adsorption of Iron and Cadmium in Rhizosphere of and Their Uptake and Translocation in Rice Pretreated
with Iron Deficiency
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Abstract : Cadmium ( Cd ) accumulation in rice poses a serious risk to human health. Cadmium bioavailability may be affected by the
chemistry of iron(Fe) in rice rhizosphere. Here we investigated the effects of rhizospheric conditions and low molecular weight organic acids
(LMWOAs ) secreted from rice roots with iron deficiency pretreatment on Cd and Fe adsorption on the vermiculite/root surface and their up-
take and translocation by rice using nutrient solution—vermiculite culture. Pretreatment with Fe deficiency increased acidity and reducing
condition in the rhizosphere, but decreased amount of LMWOAs. Iron deficiency had little influence on Fe adsorption on the surface of ver—
miculite, but decreased that on the rice root. Compared with normal Fe, Fe deficiency caused increases in non—crystalline Cd on the vermi—
culite, whereas had no impact on Cd in the Fe film. Enhanced concentration and accumulation of Cd in rice root suggested that Fe deficien—
cy resulted in less competition of these two elements in the rhizosphere and on the roots. Iron plaque on rice roots showed limited shielding
effect on Cd uptake by rice, leading to increased Cd absorption by rice. However, Fe deficiency decreased the Cd and Fe translocation from
roots to shoots, maybe due to declined LMWOA carriers in rice roots.
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i, AT ERHE R OIF B TR s oK A
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s 12 h, (28+1)°C], 2B FRMRG IR W JE iR 1) =
HNEFE . R KRG K BN b A R B 5
W I8 A R B SR S (T AR 21 em, T HEL
17 em, 5 24 em) ]EEFE 3 J8, B34l 4 9, B¢ 10
Mo HINZEE SRS (O EAR 20 em, T O EAZ 14
em, /5 18 em) DAEE 300 H Y JE e A%, 4S5 1
kg WEAT  ARFARPR ; AN R E TR ACFAEMR R .
PRI Fe FANFEXT 7K AFAR 28 53 WA 520 S X 7K
FEAR LR BT WA Fe \Cd W B g2, A
I ' T AR

(DKL Fe B IR (2B IR )T
rhRBR T EER) WG 7 d, SR JE AT Fe .Cd AbFE . 47
FiWi(pH { 4.5)+ FeSO, + CACL 5535 7 d.,

(2)7KFE S RG4S RS 7d, 857 1Fe |
Cd Zb3 . 28 550 (pH {1 4.5)+ FeSO, + CdCl, 5537 7 d.,

Fe ¥ 4 30 mg- L ( L) FeSO, JEL ), Cd e Ny
0.9 mg-L'(Lh CACL JEX) . 4% 1E [ ProK B 5% il i 20
EFRIRAC I RO, 56 B SR : 188.7 mg- L
(NH,)»S0,.43.95 mg -L~' KH,P0,.61.0 mg -L~ K,SO,.
110.8 mg-L~" CaCl,.405.7 mg L™ MgSO,-7H,0.1.801
mg+ L' MnCl,+4H,0 ,0.092 mg-L™'(NH; )¢+ Mo;Oy
4H,0.1.144 mg- L H;B0;.0.044 mg- 1" ZnSO,-7H,0 .
0.039 mg -L™ CuSO,-5H,0.,9.96 mg L™ FeSO, - 7H,0 .
14.76 mg -L~" Na,EDTA -2H,0 .28.42 mg L Na,SiO;-
OH,0. FFLHALFE 3 AFAL, Ab PR FE HhAERE 2 d 462 1
YCE TR o KT Fe FIEH Fe B IRWIRE 1 J 5 ik
T Fe F1 Cd it ab 38 . b B9 R WS A0RE it 3 064 7
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(1) Zorbell FRAER AR JFERRIER XD T4k
WIERLAIRIE . 4% 0.140 8 g KFe(CN)g-3H,0,0.109 8
2 KsFe(CN)q i1 0.745 6 ¢ KCI %5 fi# 2 25 2100 mL,
FHEARL ] Zorbell FRUEWE , fliAE T 4 Co H o I Bhf
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MLRR AR 7E B B TR g F, #R)5 ] 15 mL 1 mol - L™
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x| BARME Fe Cd EERMSR

Table 1 Sequential extraction procedures for Fe and Cd on vermiculite surface

PP IR Extraction step PEIUGS Extracted fraction

FRIZEF Extract condition

2 EISAFRES

3 EERESS

15 mL 1.0 mol - L™ MgCl,( pH=5.0 )4 1 h
40 mL 0.2 mol - L™ ERRVEBGEOCHEE 4 h
40 mL DCB (% — W AN —Frig B el — Ak e S0 ) 7R I 16 h
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2 ERESH

2.1 &k Fe FiAbIE 3T KFERBR pH (B .Eh FOIR R 53 i
KA TFEEVERIHZIE

1EH Fe B IR FIHL Fe Wikh B R K AF AR BR pH
{53530 6.11 #15.98, ¥ EE T EFM pH (H 4.5
(#£2). ikt Fe HALEE T ARPR pH {H 2 Z K T IER R
pH {H, MIEH Fe HEFRAAH T MRFR Eh 32 5 FHER
br Eho 51E% Fe B IRALHIAR L , Gl Fe AL T KA
HBR pH Eh #B 5 FEAT; mARARER Eh 8238, -k
MR pH EAR A K . R AR VIR SERR . 4
% . FLRRAIF IR R Fe FAMFT T (Y 3 2% 40 T
AHLER (LMWOAs), I A6kt Fe Ti4bEE T A9 LMWOAs
S ERTIER Fe BRAME 3), SIEW Fe &
FEMbFRAR FE , Bl Fe FHALFE R BLAR T 41 AR . AR 3L
i LR FFTF G RR X 6 iR o5 it i 25 BRI, 1 S SR iR
AT ZRE R EEmM, FRRZH Fe WANEE T &
2L ILMWOA, 2 i A0 BT A HLER B 1Y 32% 5 1 i
AR IR Fe BIRAHTAY T2 LMWOA, 2y 5H
MY 35%.
2.2 Hf Fe FAMREXT /K FEIR FRIEA R E IR R EKIE
Fe .Cd =M%

Bl Fe TALHL R /KA HRBRIE A7 210G 145 S A
SEANAS Fe, PIFIEAS & Fe $RBUS M —F A4
b Cd A EEIEA, 25,5 4 Cd &5 66% ,

PR Cd, HIEH Fe BIRAFAA L, 6t Fe Fikh
IR PFIEER Fe, A Cd AR LHAN .25, T
JES5 A Cd BERm(E 1),
2.3 f Fe TRAMIEXT/KFEIRREKFE Fe .Cd S ERIZMT
Bkt Fe TALFRFNIE % Fe & 5 A0 PR /K FE AR 242k
JEEr Fe WS35 0 5 T Cd WM& . SIEH Fe '8
FRALFREL , Bt Fe TALFR T K FEME AR Fe 5 2 3%
REAG 5 AR FRERMEE Cd & A BT, (B2 22 R I A
oy (] 2) o ARFIZBHY Fe Hbg £ iU B i)
Fe ZL/DVEZ SR Cd WIGFHH L, AR 2 W B 7 238
T A F A B AR (R 1.8 2)
2.4 HR Fe FALIEXTIKEE Fe . Cd RIS #IE HIE 00
FABAR IR, SIEHR Fe BIRAH, B Fe igbHE
TFOKAEHIER Cd Fe £ AR S in, il 35 Cd 7%
i SRR Fe & SRR R E ,Cd Al
Fe RS2 (3 3 Cd Fe i/ F 35 Cd Fe 5,
FR N SIR) 5351 6.85%F111.62% , B E K T 1IEH Fe
EFRAFIRE Cd Fe ##52%:(19.74%M118.59%) .

3 itig

A TH 138 Fe AT PEA2 B/K 7348 BEAE AR Z R A4
S2, 0 S K R Fe LM IR A, T 1k
B, L HEHEKTE T2 Fe (11 ) B BT 4L, 16 1
WAL s 55— 7 1T, AR FFAR B S AL Rl L (A AR 1) Fe €
SN Fe 5, FEAR Fe AOTEYE . (XL ] ZANATR2 R

R 2 IEE Fe EFFMER Fe HAMEKFFRBRFIEMRER pH #1 Eh &

Table 2 pH and Eh in rhizosphere and nonrhizosphere of rice pretreated with normal and deficient Fe

ARFR pH & pH in the

rhizosphere

AbFE Treatments

AEARPR pH {E pH in the

non-rhizosphere

Hib7 Eh ff Eh in the

rhizosphere

JEARER Eh {H Eh in the

non-rhizosphere

6.11+0.04
5.98+0.03

ok

1E% Fe 3% normal Fe nutrition
it Fe FALFE Fe deficiency pretreatment

6.19+0.04 267+2.04 226+3.51
6.17+0.02 246+5.97 248+2.08
ns ok ok

T * FORA R BN 22 57 B35 (P<0.05) , % IR AR b PRI 28 S R 35 (P<0.01) , # 0N [ Ak BT 22 54 12 35 (P<0.001) ,ns FoR 2257 A

2. Tl

*Indicates significant differences among treatments ( P<0.05 ) ; **Indicates significant differences among treatments ( P<0.01 ) ; ***Indicates significant

differences among treatments(P<0.001 ) ; ns indicates no significant differences among treatments(”>0.05). Same below.

& 3 EE Fe EFER Fe FAMEKTEIR AT MHVED FEBAVERIRE (Lmol-¢'DW)

Table 3 LWMOAs excreted by rice roots under normal Fe nutrition and Fe deficiency pretreatment( mol+g'DW )

B Treatments WA R SRE G cm o BT s
Oxalic acid Tartaric acid Formic acid ~ Malic acid ~ Lactic acid Acetic acid Citric acid  Succinic acid ~ Total
1EH Fe 7% normal Fe nutrition 1.05£0.00 12.02+1.41 11.35£0.00  0.84+0.00  4.56x0.00 4.33£0.97 0.64+0.27 nd 34.79+0.94
it Fe TALPE Fe deficiency — 0.15£0.02  4.28+0.44  6.32£0.00  1.73x0.32  2.72#0.15 331045 0.48£0.12 0.46x0.10 19.46+0.48
pretreatment o Hxk wxk *k *kk ns ns Hkk *kk
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Different lowercase letters indicate significant differences(P<0.05)among different treatments. The same as below

1 IEE Fe EFRF0ER Fe FAME/KTBREREARE

ERSMIEERE Fe TMEMEERTCIZE

Figure 1 Crystalline and non—crystalline Fe and exchangeable and non—crystalline Cd on the vermiculite surface in rice roots

under normal Fe nutrition and Fe deficiency pretreatment
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Figure 2 Fe and Cd contents in iron plaque on rice root pretreated

with under normal Fe nutrition and Fe deficiency

IKAERT Cd BRIz 1 AN+ R TR, AR
Bk AT —E IR 7, LTIkt Fe FIE N
Fe EI7 T Fe #l Cd B9AL=A17 09 KL BOKREAR > T2 A
PLRR Y 3 i, DUIHE /R Fe {6 PEASAE XK A Cd
WS RIS 3 RS2 MR AL

pH E Eh 2520 L85 . MRERIREE Cd Fe {1 K&

HAYA AR EEER R AR, B Fe TRALEE
FKFEMRER pH {H (Eh 35 B EFEAL AR R, i
AR BPRER AL LR AT REAT = FEAAR 22 5 B B 1
P AT A 25 5 iR R ™ A CO,, LR JH
GAETR S W) 5T 1) 43 WP T s i) Eh (%) PR 22 D) 32 2
AR S ) BT B R Fe S50, FIAR
o FEAVER /i N (3 3), IRIOK AR B
pH {H N AT BEEARER Fe( D)L= H* R . A
R I A -8 SRR G 35 57, AR PRAIAEAR PRI ER
{HI7E 225 mV L) |, AbF AR, IS 61 Fe
T FRAEAFAR B A AL R LA AR, {H Eh XT Fe (Cd
TEVERSE IS/ N T pH AE RS20

HR RIS A MRS, A 545 A Fe (4 HL34 78
5092247, 1 Cd 19 FEIE AR A A FAESS fb A (F
D) UEAA SIS A5, BRI T Y Fe \Cd Bl 5 i E
AP OB E AT A, FR AW B Fe A= T &4k
B AR RS A T Cd TR AR . X 5 IR
HAEZEL, BN Lin 2208 B, AR BR L3 rh Fe 22
L A (66%+7%) ,Cd FEE AL, Fe (Cd A= TG

& 4 IE'E Fe EFRHNER Fe FALIR/KFEM_EEBFNM TEB Fe . Cd R EMRRE

Table 4 Fe and Cd content and accumulation in aboveground and root parts of rice under normal Fe nutrition and Fe deficiency pretreatments

Ho B3 Cd R HR Cd Hi 3 Fe HT B Fe
Cd in the shoots Cd in the roots Fe in the shoots Fe in the roots
Kb P Treatments - - - - - - - -
e/ R/ i/ TR/ y iy MR/ s TR/
mg kg pg-pot”! mg-kg™ pg-pot”! g-kg™ mg:pot”! lgkg” mg-pot”!
ik Fe FAbHE 18.33£6.29 53.88+£5.48  267.71«+11.10 139.21+14.88  0.71£0.10 2.88+0.72 6.11+0.48 1.75+0.09
Fe deficiency pretreatment
1EH Fe B35 45.51+6.60  244.61+27.18 230.54+10.21 109.88+14.20  1.03+0.20 3.81+2.15 5.54+0.81 1.27 +0.01
Normal Fe nutrition
ok ok * % ns ns s o




XUPHTE % - B Fe HIALFRXS Fe Cd ARERKIH S5 /K ARIBCRIES 2 1 B0 229

PSR PR TR B Ak A MR A 5,
it Fe AL FRI A 5 47 R 10 1) Fe R MBS KA
Ay, (AEHELS A Cd BRI, 35S Cd AT
TR, Cd W BRI PR R AR A R H— T
JEH T Fe AR KT Cd, 55— HHNEREN Fe
55 Cd TEMRPRAFAE Se i b

Fe B KFEHR Fe ARG N A P= 1) , AR SK
B AR Fe BEAEIE 25 IR T e A 2 1B W B 1 Fe
(e 1.2), 1M FLERE Fe FEURE Fe B EUR B & T
(1 2), 5l F20m Fe W AR RAR/NCE 1)TE A faf
BN LG . X RP22 R Ui, JGie il Fe 545, KB4 EA
HRBRE Fe( T ) UTRE IS A1 e 1T, HoBCRE W REC 3530
AT M 7S, R Fe (%500 T SR PR AE K 5
MR Fe B EFAR(E 2), Fe BEEUR IS T
DCB-Cd (1) & it (& 2) , (F i AN 2%, 6B Bkt Fe
oAb B el T PRI G 2 A AR SR B a5 s 4 (H
Cd 1YW B0 88 m, S8 21 Cd B EA T
HRPN(F 4), X5 Liu 5250 R], RIFRER Fe il
XF Cd B RHAE 2 A BR A

it Fe WANHE /K REAR N Cd Fe 7 FIFH B
Y 8, B A Cd S A R SRR,
i Fe S AL R EAR AN 25 (R 4) 0 XU Fe
R T Cd I HFEAR T Cd i%%ia. BRT Fe 5
Cd Z [A T2 RN A0, KRR CZE RGE 5
LMWOAs B4 A . SIEH Fe HIRAIAAL,
Bt Fe WAbHL T g AR R \FLER . L BRI GE
RIX 6 Fft LMWOAs (430 i B 5 R, TSEIR R
AT R S N (3R 3) 0 X5 DAEHGEA LR
], WG o W, e RS Zn AP AR, KA
R WA LMWOAs 3814, Hrh Hm it
CREBIEXT TR ZCE Zn i ) #02 B0 H AR 2L () 1
FHPI, 2= SRl RE ARt TARSEIR 6 Fe B Al K i
BT Bk LMWOAs #h, e Fe if i[5 K Fi 442 AR
R I, (X ) o 43 il /b L RS2 sF ()2, DLk
fift Fe FAMIE N /K FEAR 2R 40 U0 I 22 AR PR 2 ) Jot JLF- AT
PAZE AT LMWOAs 7] DL -3 Cd RS
MR WA VERIE A Cd-LMWOAs" 48 A 14, 15
TR Cd FEP HRESKEA Fe .Cd ML,
H S Fe (Cd %5 T WK RER R AT, R AR R
B d KRG 240 LMWOASs 5 1 /D 2 AR A
75 Fe Cd &k, (Bl Fe $i 4030 4544 F M BRIE Mk
BRI Fe (Cd BOKREAR RIS EANASBIFSE IR KB,
Bt Fe B SBUKREHEER Cd WRYHE N , {8 [ 25 -3 iy s

EHBRA B2 TF o IXFPINS: 5 Nakanishi 8558 1)
gEILRE—HY,Cd 5 Fe AT BEIE AR R A9 842 1) b I
FREEIED T ik LMWOAs 1] fig 2 PR T KA K A
WIS AR , B Fe FBCHL5 WA 5 R R, DI 2R 7K
Feisth 3% Cd Fe A& AR B R [, A ad L HAARML
A FRRAWSE

4 g

(1) S5IEH Fe BIRALHAR L , Bt Fe FlAbH K AT
MR BRI JR 00, A D B8 AR o i A 28 1A W B 11
Fe ALK (0 Cd Wt 1T 3% Fe AR T,
FEAN T Fe 5 Cd ZEMSRBRE A 7 2 (55 5, {1 Fe
i Cd EZERAEE, UL Fe X} Cd AYBHES1E
AR

(2) 8kt Fe FALHE T /KREHE R 0 LMWOASs &
R EMTIER Fe B, 5L EET, 6 Fe Fidh
FER KRG N Cd Fe & 5 AIF S 35 8 5 0m , (1
M 1 Cd iR B REAIR, Fe & i AR R A8k
AW TR LMWOAs 43t A8/ 3G I T 7K Fe AR
FXF Cd RIS BRI T Cd b B RYFSE

SE
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