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I 2D (W K VD) KRS & (UL s
B A £ (VLR R ) o HIEAART R BT WAk 1,
TN IR 20 B, AT P EA 0.3 g R
H(LINTF) 0.2 g BER S # (LA Pit). 0.3 ¢
SALE (LUK i) DLBE 4 557 40, i A 25 ml
0.142 mol L""f§ CdCI, - 2. 5H,0 W 5 20 kg +
BEAEA) AR IE R A+ Cd F N 20 mg kg™
WG KK IR, K)Z N 2 ~3 em, B 3% 30d J5 6 4
SR B ek 20 H G A5 .
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Table 1 Selected physic-chemical properties of the soils in this study
— HOE  MET G e
T e

pH  %ikL Claxy Organic matter 3¢t & CEC Amorphous Fe
Soil type

<0.0lmm

(%) (gkg™') (emolkg™') (gkg™')
g
5.79 53 12. 21 9.75 1.29
Red soil
KA
. 52 20. 22 8.38 2.98
Paddy soil
Ht
7.84 4 6. 62 8.02 0.39
Saline soil

1.2 RIigit

R e — g G A R 3R 50k ORI 300 H Y
Je Je 48 4y W AR bR 5 B AR PR IR BT . 2 e 9 48 i T
HAEH 8 em, 724 12 em, A4S P 7T 200 g 05 £, 11
PIAR B 20 5% 5 A AR U0 i FH 258k A28 16 em, =
15 cm CREREAT 05 41 1 JE e I 48 8 F AL, 4S5
AR 2B 1.5 kg Cd ¥5 Y+ HEI 75, B3R
HRBRER S . 10 15 B P S A 3, b B T i K Ad 3
(CK) b3 2 RifE7K +10 g JEACIK AL 3 (OM, 4Ll R
AR A PR o KRR E R 0E R B R K
e ek 9% 13 d SR WCIR K R KRS 3% % 1 1) A 3
R ERRBR GAEMR PR Y pH 5 Eh, 556 7K F i F oy
NO7-63 (XA B4 5T B & ) o KRR T2
MRl S FE R B IRE S A RS B N
1.3 JEEIRSF=*

KA R % W8] B 3 R 2 AR PR 5 JEAR PR % Eh
5 pH, 43 Eh SR F PHS-3C %R B2 3141 ol —
IR LRI A T LIS R B F A — R R B

Zobell F (9 HL A7, LA AR 50 Eh 0 52 (9 w2 Il
SE I FL AR A A K PR 2R AP 10 min, RSBk
J& U SE A . pe i@ it Eh(mV)/59. 2 H A5 5],

+4 pH % ] PHS-3C #I g JiF i & 4 8 A )
L R A E L 4 Bk & R A HNO,-HCIO, -
HF i 5% 0 0.1 mol L' HNO, B E A E — &
fRFL, F ICP-AES W -3+ 5 .

W24 50 g M B i £7 A AR R - 2850 15 min
JE B W, B0 F1 9 4000 ¢ min T F W2 AL
Je ) FL TR £ 25 B T A R B 6 (TCP-AES) 2
HRPRFAERR PRk 1 Fe Cd'"' . 3 547 Cd Fe
(I 4550 Gt 4% Tessier 3% 2 $ Bk BEAT, Hip &2
B RS AE RS ALY S AE ALY Ss
B MBS 53 3 Exc-, Carb- | Oxide-, Org-#il
Res-3 75 , 4 2% 8 B 2 79 b U JH ICP-AES I 52
it 8 Cd Fe i,

KA MR A i P IO T e R -k R
S8 (DCB) R BUR K I A 9 Cd Fe' ™ 4R U 4R
F5 L R B 90°C X 15 min, 70°C T F A
LRI S R TR R, MR b SR
TR RESD  FREL 0. 100 ¢, LM EBH R ERE
—EAF, ] ICP-AES Il 5E 3414 Cd Fe &',
1.4 SitoHh

FJH Excel H SPSS18. 0 48 i1 43 B # £ #E 17 %¢
$5 43 BT, R FI SigmaPlot10. 0 4 1E

2 iR Hie

2.1 KEHRELEPRERMIERRAR pH R E
5 EAR R
ERRERIE S BT, T HAEY RR WY
5 A sy (0 R LT ) KA N, S BOR B Al
AR bR - A M BT (4 pH (Eh &) KA 40, A
TR0 45 L 3R I KR Rk 85 0 R AN W) - 3 R Ak B pH
AR ANFE (1), HA 21 pH 7 6. 05 ~6.78
0 N AE Bl X RAR PR pH 2 W R A AR AR PR i A3
IS B, A BIL T Ak B A AR B A A F A,
FEMR R b = B, KRS+ pH 7E 6.47 ~7.22 {i [l
WAEZN . XTREAR B pH 4 B IS &, A AR BRI GE
UF R R 5 A BT A 3L 1) A B e IR IR P o T S 38
A%, AEMR bR pH fEFEIR 2 6.47 J5TH /. 1 pH
TE 6.42 ~7.44 o [B N 22 5, AR Br pH % 3l B A%, %
HEAE AR B i T B AIG, A AL b B A FEAR PRAE 5 4 K
FEMRZ 6.42 J5 A IFIRIFAE 6. 64 ~6.72 Z i),
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Fig. 2 Variation ofrhizosperic and nonrhizosperic pe + pH during the rice cultivation period
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FEZEE AR Dy £ M A 30 U i i, BT AR 45 R TR 3

HE 4. N Fe 20 (K 3), 16 8 7K AR 55 7K A5 1]
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Fe 2 /3 I ,90% ~ 99. 8% 3k [ Oxide-Fe,0. 127% ~
7.97% # H Carb-Fe AHl Org-Fe, Exc-Fe 1Y 5§
0.002%~0.47% , Fo ¥4 0.32 ~4.75 mg kg ' =
[B] 5 4 A0 BH He 45, K R £ A0 Eh 1 A9 A AL Ab B
TRE R L85 WA B2, O 22 43 By R WY AR BIL
Xf Fe Wit (52 ma A 2 . DL BiEe g R R, +
5 Fe ()38 57 fift £ 25k H Oxide-Fe 414y, + HE 76
Pk Fe &b, IR M BR R | 0 J5 R 3R 1y | 3 % i
1) Fe @ik £

] 4 7R 1 2 7K R A% 3 100 B) 9 ik ( A TR ) 1)
Cd 453 B Bcie , o Bk 4 LT Ak B Exc-Cd 2k
FE AN, HoAth 25 - R Ab B Cd %5 i 5 35 4 B 38,
Bl Fm R LB IR BT Exc-Cd & &4 55
Carb-Cd ,Oxide-Cd , Org-Cd = Fh I 25 Z F1 LA 2 Exc-
Fe & 547 AH G Pk 43 A1, A ¢ R i R - 0. 997
1 -0.994, H 4 #8352 &2 3% K (p <0.001,n =
6) , ZWIMAF YL, - h Exc-Cd 3Z #| Carb-
Cd . Oxide-Cd ,Org-Cd 1 Exc-Fe B30 345 55 32 50 )5
Exc-Cd & & 5 pe + pH iR 5 43 #7 AT 15 A 5¢ &R 4K
0.998(p <0.001,n =6), 3% B 76 K F K5 5% 1 [a], Bl
FHAEMR PR pe + pH 1y L7+, DUETEEE - £ Y Cd 7]
Exc-Cd #fb, =Fh B3 LS, W 2 19 )24k +,
CLER Z KRS LTS D 2% Cd 4y e, =
il 1 4 4b B Y Org-Cd i fif & B BIK, HOh Bo=
1.1%~4.5% . HAth 25 21 5 W) 5] 4 58 1 A5 B A [+
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Fig. 3 Dissolved Fefractions in three soils before and after rice cultivation
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Fig. 4 Dissolved Cd fractions in three soils before and after rice cultivation

H A 414 5 Carb-Cd = Oxide-Cd > Exc-Cd; /K 78 +
“j Carb-Cd > Oxide-Cd > Exc-Cd; #i + & Exc-Cd >
Carb-Cd > Oxide-Cd, P 4b Bl H 85, KA £ A1 3R - /Y
A AL BT A BRAT T 0 B T 20 A S, T 25 4 B R
B A HLB R Cd 3 B 2 AN 2 % . DL ik
U2k PR, & 1 g e Ah R e (A ) 1Y Cd
ok H Exc-Cd,Carb-Cd £l Oxide-Cd =4 43, =FH &
fif e 7 B RA B 0 95% DL b, WA 3 Cd TR AF
T 25 32 2 g v R o 555 5 A I B 8 ik Tk U7
UE , 24 TSI Fe 41 Fe (OH ), (amorp ) ( B E Al
Fe ) SE0I A0 J5055 Ak J5 L W B Y Cd 2 sl Bl =22 v A (=0
ffE W), PRI R B VR K 1= Cd 0 ¥ M (B0 2 ) 5 4
38 JE AR A R e 2
2.3 KFEIRBREZEA RE X Fe,Cd &y WK B

WA ST T W AR IR A A KA, B 8% A 58
A Rb A KA AR s 4 A V8] Fh TG 3 T 1 RS ok F AR AR PR
TR Fe Cd, IR 45 AR W], 5 A1 Rl WA
Cd M B, W BEA Exc-Fe A2 i, X Al BE 5 4 fil i A1
REAW Cd Fe W L RAKRA . IS al LA,
W A7 R Fe 1 W B 52 PR+ 498 28 78 0 Ab AN [] 177 A
], = Fh 1 AL, 2048 3 2k Oxide-Fe WE B, i ¢
[ff Fe %) 99. 68% ~ 99.97% , Carb-Fe il Org-Fe 4% Y
0.01%~0.30% ; PIAL B L B, A ML b B i g
H20%~35% ,H 22 5 A W35 R A% A HE A Ak B
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Carb-Fe ,Oxide-Fe #{l Org-Fe & 1 5 Fr Eh pe + pH
YER OG0 M, BATS Eh 24 R 35 00 OGO R 8K
S -0.767, -0.834, -0.738, 5 pe + pH th &
e S35 BAH 5C, AH OC 2 Ky il o - 0. 806, — 0. 866
=0.732, XKW TR A A 1Y Fe 7E1E 1 5%
A4 T8 AL UL, 3 A Carb-Fe | Oxide-Fe #1 Org-
Fe (A7 2,

Ha g A0 F T Fe W B 2H 43 69 73 E HE 491 5 - HE Fe
I D iR 2E 3 W 4 C LU 9 AT LU, T LLR P
e H e, 71N, Oxide-Fe ¥ 7 B8 %) 90% VA I, 1fi
Carb-Fe fll Org-Fe #] H /5 0.5% LT, [ B, W Bff Iz
I e AEAR B e AL % (pe + pH 11 ~ 14) T #E47
fift SN A2 A A AR PR 5 IE LA (pe + pH 4 ~7) K i
A7, B LA ST B[R] Oy Fe (8 A0 38 I B, 185 6]
EFM R, KRR RN, FIEREA 0.1 ~
1.54 mg kg ') Exc-Fe, |fi 1% 47 2 [ 1Y) Exc-Fe JyJE
i, R IR BRFIAE AR BRI W h Y Fe ¥ BEAH 228K

100

I Exc-Fe (mgkg™)

[ Carb-Fe (107" mg kg™)
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Fig. 5 Fractions and contents of Fe absorbed on the surface

of vermiculite in the soils

2.4 KXBARIMA Fe FES MR EFRR R K

TR FE AR B 1 48 Ak 3 SR B 5% ) AR 3 Fe WY
FAERE Fe B9 U, MK 6 JKFE X Fe BOML UL,
N Fe 17 634.6 ~1 186 mg kg ™', 4 [+ 4 Fe &
o 521.3 ~665. 4 mg kg ™', FHKFEW ALK Fe
U L O B i el S RS S DA e
HEFNAL Y KRG Fe WY (KRN Fe il 13 Fe %

B R e TOKRE L T A VLT A
EERILE

B P ) Fe Bl K R AR 3 i 5 I BRF ( kDt
) TE B Fe B, &l 6 W, MR R Fe UL & Ny
(1.59 ~21.7) x10° mg kg ™", 24 i FL bk B W i 4k
58%~95% o AN IA] 4 4 LB, R M 41 HE X IR A L
JAb B 38 % , T v K AR A RN e R
ML S Ak B 25 %ok 1 43 591 8 4 36% A 81% . % &l 6 AR
FFe i 5E 1 ME 2 pH fl pe + pH LA, 1]
DL e BRARBR 19 5 Eh Fl pe + pH BREE T, B 5%
SRR PR pH KR R Fe &R £, £ A PR
AL BEAR PR B Eh Al pe + pH 514, pH i & AR
% Fe rimin/b . HUILRY, WK Fe JEAYIE B S M
PR+ W Fe MR EEAT O, 9 3 (] 32 AR B 404k 38 T AR
BLEFZIR . A HRAE R X RS i T BE 5 AR PR pe +
pH .pH il 5 M /7% W 8] % Fe 079 1 VT TE— 1%
fT A A e A R AR A ¥ A 2 L
RIS E

6 Hif T UG 3 b 4 3925 R [] Aub B AR
% Fe frm 5N AL L3 Fe IR E R . LD
HE b 6 BRAR 3R Fe & A MLT AL 2 & (ELAR P A0
Hi b Fe W ik 35 A AL Ab 3 /0 MR 3% Fe R BH A%
T KAE Fe Mo AE KRS £ ANER £+ b X BEAR 3¢ Fe &%
TR LA B, T EATH Fe MR 36 ML b

1400
—e&— 23 Root surface
1200 - —O—RM4 Root
—w— 1 E3%B Shoot
1000
800 /
5 1
£ g ¥ T3
27
400
200f ®<__ o
b ) L 3 e
0r >~
_200 1 1 1 1 1 1
R-CK R-OM P-CK P-OM S-CK S-OM

+3EFn 4L B Soils and treatments
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of which of the measurement uses mg kg™
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Fig. 6 Comparison between the two treatments in Fe content

in various parts of the rice plants
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H s ZAIL MR 35 Fe BRAZUE T /K ARG Fe ML,

M T tha] LLE A A S K R A B A B
FRBR Fe ¥ B2 5 X HE w5 | 10 20 338 Fn 46 + Y59 0 X e e 1
A HLIT AL, H O B LT AR PR Fe Wk B W 355 T A HL
A ¥R X AT RE S 4 R S W LA IK A pH A1 pe + pH
A, WK 6 5E T AN, X F 20 BRI KRR AR
PR, 50 = AR B Fe i J3 o 75 AR 26 W B 1) Fe 3% ot
M e R + A P AL B R AIC T RS S AR B
Fe (R B (0K R AR R BH 1 Fe &5 B0 IR £,
XATRE R A EE A VLR A BT A W
Exc-Fe & H .

2.5 KIEABHMMELCAdEEERKR Fe TEMXER

MNP 8 JK A AN ] B A Cd 75 5 43 A7 & ], 7
S UIARKN Cd e, b 8.43 ~
107.9 mg kg ' M £ 2,0 ~67.50 mg kg ' ; Hb |
W% ,5. 88 ~16. 01 mg kg ™', 7 &b B b 4 )2 %
HE i T MILJS AR B, T A B 8 ) 2 45 A HIL S A AR
F Cd EFRE¥KT ICP-AES (ARG IR . 55 1146 56 45
R KRG A Cd A 2 ) BoA B
PEMISE, Horp AR 3 Cd S54RI Cd M 3% Cd i A ¢
ZHA K9 0.965 F1 0. 941, 3 5 ) ff 8 2 ) 4% i
FIARIE Cd &R SN Cd K 38 Cd & B AL
PEIEMI R SE RAR TR . M 9 Al %0, = Fh + BEA A
JEARBR Cd e B 24 5t B T HL S A 2R, 45 5 1 8
HAR R Cd % B & AT, A AL 5 Ak B gk B IR AR PR
Cd e JE M 0 20 7K R AR e Xt Cd A W BfF . A 2% 43

B R W] % Cd A Cd M b Cd 5 5 50
WPR Cd ¥ B B9 M6 & %04 51k 0.600,0.761
0. 766 , 435 5 i 3 /K-, i L R WK SR R 3T Cd
£ 0% S 0 0 WA 2 22 AR B Cd R BE B B L AR 3 Cd
SR Cd F A R BN 0.948, KW % Cd
W B S M AR 2R % Cd B W Wi OB A RS S AR PR Cd ¥k
JiE 5 MR BR Fe v J8 R A7 22 T W4 B 19 Fe b HE47 41 6
T, M R B 0. 750 F1 - 0. 743 , F M R Cd ¥
4 % S 05 A7 T W% B 1Y) Fe S5 A, B35 MR PR Fe U
JE B FF G L I AT ST Fe AW B ek 2, AT AR BR Cd
e E T

W % B 5AG HLT b B AR 6 CA (8] 8) I Fe &5
(6 MEFT Ik, 1T LA Y, 72088 1 P % R — 3
(9, F B AR 2 Fe BT {2 HE Cd A0 0% BRF Az i, T
JKAG AR & b A R, 2 B AR 3 Fe JIE T BH A5
Cl By 8 FRF 1 0% i, I 455 S5 AT DL T S A SC ik 4
W [ R R K R Cd I R R R R
(), RAL G MRS Fe B | Cd 15 Fe 8 Al 4 0% fff (o 3t
PLIE) A R g 4 Fe R A R AR AL A
4, A5 LR Lb 3 I 2T 16 Fe 37 A 120 /b | T K RS 1
FilEh 4 Fe 7 380 (P8 3) , 31X FB0bE R HE A 4T
SEARBRIY Fe w0 (B 7)1 3 A KRS £ A1k 4R bR
1) Fe 3400, Fe FI Cd = 8] ) 35 4 (o 15 33 A K F§ £ F0
e ARBR (B 9) LB K RE AR M B Cd (P 8) il
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EFFECTS OF SOILREDOX CONDITION ON THE TRANSFORMATIONS OF FE AND CD
IN SOILS AND THEIR UPTAKE BY RICE

Chen Xue'? Liu Danging' Wang Shu' Yang Yazhou' Li Yujiao' Hu Hao' Zhang Chunhua’® Ge Ying"*'
(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)
(2 State Key Laboratory of Soil and Sustainable Agriculture, Nanjing Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(3 Demonstration Laboratory of Elements and Life Science Research, Laboratory Centre of Life Science, Nanjing Agricultural University ,

Nanjing 210095, China)

Abstract In a pot experiment rice seedlings were planted in mesh bags that were filled with vermiculite to simulate
rhizosphere and the bags were imbedded separately in submerged red, paddy and saline soils for cultivation for 13days.
Results show that during the rice cultivation period, pH in the red, paddy and saline soils varied in the range of 6.05 ~
6.78, 6.47 ~7.33 and 6.47 ~7.44, respectively. In the OM (organic matter) treatments, all the soils, regardless of
rhizospheric or nonrhizospheric, decreased in pH, except for rhizospheric red soil, which increased significantly. Eh in all
the rhizospheric soils of the control treatments lingered within 233 ~385 mV, and treatment with OM reduced rhizospheric
Eh, but increased nonrhizospheric Eh of the red and paddy soils. Oxide-Fe fraction accounted for more than 90% of the
reductively dissolved Fe and vermiculite-absorbed Fe, which was significantly correlated with soil solution Eh and pe +
pH, indicating that Fe redox reactions occurred simultaneously on the surfaces of the soils and the vermiculites, but in op-
posite directions. The formation of iron plaque on root surface of the rice seedlings was related to redox conditions in rhizo-
sphere. In the rhizospheres of CK (higher in Eh) , Fe content on the root surface decreased with increasing pH, whereas
in the rhizospheres of OM treatment (lower in Eh) , Fe increased with increasing pH. In the red soil, iron plaques on the
root surface retarded Fe absorption, while in the paddy and saline soils it acted reversely. Cd content on the root surface
was significantly and positively related to Cd in root and in shoot. In the red soil iron plagued on the root surface retarded
adsorption and uptake of Cd by rice, whereas in paddy and saline soils, it acted reversely too.

Key words Rice; Iron plaque on root surface; Cd; Fractions; Uptake
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