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Formation of Iron Plaque on Root Surface and Its Effect on Cd Uptake and Translocation by Rice(Oryza sativa
L.) at Different Growth Stages

HU Ying, HUANG Yi-zong', HUANG Yan—chao, LIU Yun-xia

(Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract ; Formation of iron plaque on root surface and its effect on Cd uptake and translocation by rice at different growth stages were in—
vestigated in pot experiment. The results showed that the formation of iron plaque on root surface was affected by different rice cultivars and
growth stages, the amount of iron plaque of two rice cultivars(YD6 and NK57) decreased with the increase of growing stages. Compared to
tillering stage, the amount of iron plaque for YD6 and NK57 decreased 82.9% and 44.4% at booting stage , and 85.2% and 82.5.2% at ma—
turing stage, respectively. Both Cd concentration in root and shoot of the two rice cultivars increased with the increase of growing stages. Cd
concentration in grain of YD6 was significant higher than that of NK57. Bio—accumulation factor and distribution ratio of Cd varied with dif-
ferent rice cultivars and growing stages. The capacity of Cd translocation from iron plaque and root to grain for YD6 was significant greater
than that for NK57. At maturing stage, there was a significant negative correlation between the amount of iron plaque and Cd concentration
in shoot or in grain(P<0.01), indicating that the formation of iron plaque could inhibit Cd transferring from root to shoot and grain. The re—
sults implied that Cd transfer to rice grain could be reduced by regulating the formation of iron plaque at different growing stages, and Cd
damage to human health would be mitigated.
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Bt T A AP A J , N RiGsh T3k Cd %
4@ R M R B AT P 3X R AR Tl K
HEf V5 VA R K HEE 75 YR U AR AR AR
iRt S R H L Cd E A RSB ST REA
JsE . 3 AR AN T W o (R T Bl
(1) A SFE RS AARIURE I S, DRI B 5 A PR 195 G
FEM, R KRR Y A P X R ORI T R X
4 60% kN AR K S 8, Cd @il & Pk
HEA AR A R ™ A 158 i 2 BRI 58
H H AT MR )z —

IKFEFRIAAE KA K A, JLAR T A SR I
PR LR M3k DA AR R B A LR PR T 7R DR 4R 1
T RS (Fe ) Bk REAR R 4 i R SRR b vk
Y AL R = AN R TURTE KRR 6 S s S MA T T
AR SR AR, 52 7K R MR BRI B 178 PR 36 A0
T PR | AR AU SRR T
S DA R R R A A IR | 3R e T
PEE:  HHEA PR (BH T acit iREh & it pH (.
Eh (B A KT R A K ISR G 2509, A, 4%
A8 20 TR AR o R 40 TR X TR R T i
BT ERT, MBS BE TPPER AR, e
A 2o W PR AN T VR S e B L B 2 7 AE 3 rp )
Fl2id 7 R AR A e | DRI AR e 4 BB A 4 Wi A
532 As FHEB NI ZE] T ) 1Z e,

P4, K F KRR FEERIEXT Cd 11 I s S
FEAAT —LEH A", (H X SR Y 5 T O T KR
M —ANAF I, K2 R KRS BT sE . ADF
FEIRVIK R A B AR ) AR K B BEAR e BRI 1) I
B S KRR SR 32 Cd A SE I , g T4 S V5 e
Hh DX KR 9 2 4 P R A AR i

1 #R5EFE

1.1 K7k 78

RN KRS (Oryza sativa 1.) 54 Fh YD6 1 NKS7 3K
H g O R o PRIEAFRLRN (255 K R Rh
30%1 H,0, JH#E 10 min, PR 258 F7KIEGE 2~3 Ik
JE ARSI 2B A R SR 3 R, R R —E
KRG RS B RE AT 1/3 SR H SR PVC & (H
7.5 em, {5 14 cm) v BR R R — MK A T, 158 45
— YR . B FFIIC )5+ 5.0 mmol - L™ NH,NO;, 2.0
mmol +L! K,SO,,4.0 mmol L~ CaCl,,1.5 mmol L
MgSO, - 7H,0, 1.3 mmol - L.7' KH,PO,,50.0 pmol - L.~
Fe( I )-EDTA, 10.0 wmol L' H;BO,, 1.0 pmol - L'

ZnS0,+-7H,0,1.0 pmol - L™ CuS0O,-5H,0,5.0 pmol - L™
MnSO,-H,0,0.5 pmol L™ Na,M0o0,-2H,0,0.2 pmol - L™
CoSO,*7H,0, H 0.1 mol L™ KOH 5§ HCI % pH J5 &
55, TPRRIEAERKZ 5 b, SR K — 2k as
B TR
12 Xt iE

TR B RE A MM TR R Cd V5 R, 1
B WA WHEE 2 2 mm 0, PRAFRS . IR
e K PP E GRS EILEE 1, B3 Cd &
) E R LR R T bR, L Cd AN
Fe x4 5% F £ 7K - % S MR 1 & ,1CP ~OES (Perkin
Elmer Optima 2000 DV) 0l % . =5 [ Fl b #fE 9 ot
GBWO7402 ( [# ZARHER) 5 L ) B AR BES5 HE iy [ 25
HEAT , LA DRI 5 1) AR B2

1 BT ENELABVEREESESE
Table 1 Basic physical and chemical properties and total Fe, Cd

concentrations in the tested soil

R ats a0t HEAE)
pH {E(H,0) 5.80
FHLET OM/g-ke™ 4.43
FHES T 2c 475 i CEC/emol kg™ 4.3
SR R g kg 23.20
B /mg kg™ 1.03

1.3 iXIe 412

PIASIK R SR . YD6 Fl NKS7, FAN SRR 12
%324 B WA A kg, KBTS 4 1 . KA
AT, AT 1 200 mg N [9FRZE (133 mg K;0 (1)
K80, f 150 mg P (¥ CaHPO, Jits FJIEHE . PkiA K —
KL RSB ZE T, B AR 2 MROKRT I o KA
BFN AR R, A KSR 14/10 h, 1
K 28/20 °C, Y BEBR Ay 260~350 wmol + (m?+s )™, 4H
XHERE R 60%~70% ., 7EFEARIGIA ], 0 IR A
TREFRACIRAS  TE7K AR A BEI R RN st vh , B
FhAKRE > BSR4 250 FFE 5 A 23 Hr Al
14 HEWHE55H

FARRISCIR S , K AR 2 8RB A DCB(dithion—
ite—citrate—bicarbonate ) 11538 . e KRR R A
KK, WK 53 fe MR AR B, i3] 100 mL
HIkkR T, B A 0.03 mol - L™ #7452 = 44 (NayGeH;0, -
2H,0) 1 0.125 mol - L™ i iR A 44 (NaHCO5)30 mL 1
RAERH 10 min, FEACA 1 g PR K (NasS,0.), 1
A5G AR T (20~25 C)URLEE 1 h, SR
R A 100 mL 255, IF LB oK el
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F 3 WEEARR 100 mL, RIEWIIES H] ICP-0ES
(Perkin Elmer Optima 2000 DV )il & H: A ) Fe #¢ i,
ICP-MS( Agilent 7500a ) & #F i 1 Cd W

2% DCB =248 )5 AR 2 K AFZE PR T 70 C
PET A SRR KA ZE M AR R 43 1 B 1
IRAT . WRI0.25 g ZE A7 BIRE AR A 100 mL ) 2R 70 9
CIFTHFRRED A5 mL ARG A MR AN R 5 , AL
WenEE 2 v 248 H (MARSS, CEM Microwave Technol—
ogy Lid. USA) AT M . BT MAR Y « 1 S e
120 C, &5 5 min, RJEHFRIE T2 160 C, fREF 15
min,, [AEHIAFRHER) B (GBWO7605 [ AR i b
) RPEEASTE A R AN A AR A T B A R
THAEF BORE S TS Ak E 25 2 25 mL, 3 U85 Y 1CP-
MS( Agilent 7500a){l & Cd ¥R .
L5 #iEs i

IR AR R AR R AN ZE M kR 5% % Cd 1Y RE
I ZE(TF )R .

TF,=Coca-ci/ Cca
K w43 54X Z DCB oot 1 shoot, TF, 43 5l % /R
DCB. HFRFZEM MFPREEFS Cd 1 REL, Courcs TR
FEhirh Cd ¥, Coci 7390|3878 DCB . MR Z A5 rh
Cd ¥ .

HEPIR Cd & 2ERE I s A R E(BAF ) £IR .

BAF,=C, ¢4 /Cica
2y 43 542 DCB root ,shoot Fil seed, BAF, 43 7]
F/R DCB AR R ZEMFFFFRL Cd & 8 R 5, Coca 53
B F7R DCB MR FR A HUFFRL Cd W, Canor 71
e Cd kB

G SPSS11.5 XA E 1 1 r 2557
M2 .

2 HRESHN

2.1 IKFBRREKIER R R EWME Cd £

IKFERR RERBIE i (UL DCB-Fe #5838 ) 7E
ANFAEE W ORR SR (8] 22 53 835 (P<0.05) . & 1a
TR, BEE A B W AEK , TR KRR AR 2 BRI TE A
PIRBUH TR KRG D YDO AR F BRI 7 2
R A0 R0 B 2 43 ) L 4 BE I /D 82.9% F11 85.2%
NK57 4 B0 44.4% 1 82.52% . fh#h YD6 H3 6/
FEETE 1 i A 2 R A A I A (3 22 5%, 1T NKS7
HRFERR It 7E — AN [R) A 1 109 (43 B 2 R A A
B ) 2 )25 5 2 (P<0.05 ), WG RT KRS S A E B
FERRME 25 SR NKST 7E =AM E T B (4rBEll) 23

RN ) AR R AR SO B Y S T YD6(P<
0.05), 437112 YD6 19 1.8.5.9 1% H1 2.2 1%,

IR AEAR FE BRI B Cd R AEARTR A B AR TR
FhiE) 22 5 8.3 (P<0.05, & 1b). HLEARIMA B,
YDO6 SRR RS Cd F5 KNy - B> 2 R > 43
BEI s NKS7 ShAM B B Cd ot : B> 53 BRI > 4
FEHT, HEECA R KA a3 BEW] . NKS7 ShFP ek
W[t Cd &5 F YD6; 22851 . YD6 /& NKS57; i 2
W1:YD6 AR T NK57 (HES AR,
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Different small letters refer to significant differences at P<0.05 level
between growth stages, different capital letters refer to significant

differences at P<0.05 level between cultivars

B 1 REEFHKBERRKEA Fe 1 Cd 8
Figure 1 Concentrations of Fe, Cd in iron plaque at different

growth stages of rice

22 KBIRREMEM CdE=

A K AE T4 V5 Y - R KR, JLAR R IR A 2R
Cd Rl F /K AEAE B I I KA i (18] 2a) o XFFAR
6] ff F, YD6 AR R I Y AL R Cd i3 K R 2K T
NK57, Hij—fhFp A B AP R Cd & =50 H
AYBEWIEIN 27.5 £5F0 38.8 £%, J5 — S AP A A0 1.0
fER 18 f%, AEBEMI NKSTAR R Cd S E 25T
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Different small letters refer to significant differences between growth
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2 REIEFHABREZR(a)FIZH(b)HE CIEE
Figure 2 Concentrations of Cd in root(a) and shoot(h) at

different growth stages of rice

YD6(P<0.05), 3| T R IIF LI, YD6 AR Cd &
B ZE ST NK57(P<0.05).,

A A B KRR ZE LR Cd 128 {35 5 AR
FARRL, BB A K AR A= B B0 AR T i (1A 2b) o 7K
FEf b Al YD6 251 Cd % 5 M43 BEHA A A6 2] Cd (0
mg-keg™), HEINFZEFE 2.15 mg kg™ Cd Fl Bk 2
4.15 mg-kg™ Cd., fhFh NK57 250} Cd & 8 g B e
YD6 {15, NAMBERA 0.12 mg-kg™ Cd FZ25#3 0.55 mg-
ke Cd FK U 2.01 mg kg™ Cd, XtHFR[R 5 Ff, 43
BEHA NK57 220} Cd S 8225 F YD6 (P<0.05), 1fii
B T AR A, YD6 250 Cd S EHIE 5T
NK57(P<0.05).

2.3 Cd MIKTEIRFREKEE IR RANZ M @AFAL P RIS

Bl 3 RN, AEE A E T Y R ) KRS , AT
K Cd Er AR Rz [ 22 8k . Horp, YD6 F1hL
t Cd S T NK57(P<0.05), 2541 2.6 5.

IKAEAR FRAR L AR R AL ki a2 Cd B RE
JIAT Hi%ia 2EFN (3R 2) &5tit ok, YD6

2.1r

18} 7
1

HH o

0 YD6 NKS57

A NG PRI AR Rl P<0.05 225 2.3
Different small letters refer to significant differences between cultivars
3 KTEFFRIRE) Cd 28

Figure 3 Concentrations of Cd in grain of rice

2 Cd HARERRKR RAEMZEM EIFREIEH R
Table 2 Translocation factors of Cd from iron plaque,root and

shoot to seed in mature stage

LS YD6 NK57
TFocs 2.54+0.02a 1.12+0.09h
TF e 0.29+0.04a 0.1720.01h
TF s 0.39+0.06a 0.3320.06a

TE ARV NG TR A R fFh P<0.05 225 %5 .
Note:Different small letters refer to significant differences between

cultivars.
HRZRER BN 2R ) Fr R i2 Cd RE I 2 T
NK57(P<0.05) , {H t 25 [ Ffkift iz Cd fRE ) S
HZEFAEE,
2.4 Cd FTEKBARBAMNE EFDBLLE
T Cd e KRR AR R ZEEFURF R Y 4R
FE(F 3) . WERPE KA F S %
R3 CdEKBRRBINEERY
Table 3 Bio—accumulation factor of Cd in iron plaque,root, shoot

and grain of different growth stages

o HEF YD6 NK57
B Sy HER 0.09+0.00b 0.25+0.03a
ZE R 0.490.06ba 0.150.02b
el 0.69+0.00a 0.56+0.0%
itES Sy BER 0.140.03b 1.31+0.48a
] 3.59+0.47a 2.660.29b
AE 5.39+0.37a 3.69+0.52b
EXIS SYEEN 0.00+0.00b 0.12+0.06a
ZH 2.08+0.21a 0.54+0.09b
TR 4.02+0.22a 1.95+0.29b
R A A 1.560.19a 0.60+0.07b

T AA/NG PR A M P<0.05 2253 24
Note: Different small letters refer to significant differences between

cultivars.
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Cd /IR - LA > 2 Rl A > 43 BE ) (O Pl NK57
TEBRIE A N B> 4y BEAS 2 RN ) o FLBOKFEAR
[FIFRA Y Cd B4 R B, FEAE R MR > 251> Hf
RSP KT A SR, 73 BET YD6 i AR R AR
a4 Cd MK T NK57, T 75 42 0 A S0 D)
S, I YD6 B MR AFZEMEE Cd KT
NK57. 734k, YD6 ¥fhis % Cd g H i 2% & T
NK57(P<0.05), 29k NK57 114 2.6 £,

Cd FEKFEERAR AR 2R 2RI FURFERL b 1) 20 B HE R
DLER 4o WEOKFEARAF W, Palsirh Cd e 2
TESTEEW I, MR AR P 2 R A o AR R M1 T
25 A A R BE R AR s FBOK R AS A
A, A Cd 120 B HR /NI AR R >
ZEMSHPRISER B, BRI, . M RSB 2E
Mo HCERPA KRS SRR, 78 3 A F W NK57 fi &R
Cd 73 Iic H %6(53.79%~80.7% ) . & & T YD6(47.19%~
59.6%)(P<0.05), TiAEZRHA BN 2Lt Cd 431
Fe 0 k YD6(33.9%~35.3% ) i 3 55 T NK57(14.8%~
29.5%)(P<0.05) , #FFL Cd 43 HE R L BN YD6 i
Zm T NK57(P<0.05), Jii# Mg &1 1.5 4%,

F 4 Cd TERFEARELH S ELLZE (%)
Table 4 Distribution ratio of Cd in iron plaque, root, shoot and

grain at different growth stages(% )

Eiga A YD6 NK57
BRI SrBE 42.6+6.38a 18.8+4.18b
2RI 8.19+0.40a 4.47+0.33b
A 5.94+1.98a 8.09+0.87a
AR SrBE 57.3+6.38h 75.6+3.19
7B 59.6+3.11b 80.7+1.49
AR 47.1+2.85b 53.7+3.41a
EXUE SrBE 0.00£0.00b 5.58+1.80a
2Rl 33.9+2.41a 14.8+1.35h
TR 35.3+2.76a 29.5+3.55h
FERL B 13.6=1.52a 8.79+0.34b

TE AN/ NG PR A A Fl P<0.05 225 2.3

Note: Different small letters refer to significant differences between

cultivars.
3 itig

ABIFFELE R, A KR it o 23 BEI AR ek I
(TR R 34 A8 5 o T 2R R RS (181 1), ml g
Sy BRI KRR IR A Y R BN, KRR AR KRR
R ER, FHRRGMIE BB, MEEHE A7
WG AE I, KRR R B AERE ) N B, HOE Uk fE

Wk s, BN 2R Ak i O RR A Y it R 1
B, NKS7 B B R B 7E =B J W 4 sl 2
YD6 (1) 1.8.5.9 f5F1 2.2 £, BLBAAFIK RS S Pl
BRI RIE B HAA AR K 25 5, 31X 5 DA (%) SOk i 1B 245
RAR—Fe,

B K R AR R R i R T e (]
la), {HEKRE Cd & S AE A B 3 5 T2 BE )
(b)), DEBHARIERT Cd A W B AN A AN 2k 5 e
A RBIA SR LR A G I 2 R, 7 BEIA
NK57 R 2 Cd SR EE T YD6 (P<0.05),
T3] 7 2R A A S, YD6 108 3 5 F NK57 (P<
0.05), iR XTAN A B IR AR R SRR 2
AR R Cd S AR OCHE BT (3R 5), SRR RS
SPEEIAM R BRI R SR A AZET Cd SR E R EN
TE A 6 £ (r=0.848 .0.758 , P<0.05 ) , T 22 8 1) 1
BRI R 5 250t Cd S B E M
K (r=—0.890,-0.946, P<0.01) , 7K T H  2k st
SR Cd &t 2 0 2 I fAAE G (r=—0.839, P<
0.05), 14 BE IR FRERIBTE AL 2E T /K AR 2 A
2 Cd AR R, 2RI A B 46 1 Cd 1]
BRI

FoAE 2 FOKFEASFIRRAL Cd 1Y 4 22 B0 Bid L
B NAHRAIARERI RN R . R SZE S FER >R
(£ 3 TR 4), UL ERIE I A 2K R AL 2 Cd 1Y
T FEAPAL, Lin SF 58 R RERERIE A 2 1K A
HARZFZEM Cd Il AR SRR A 1 KA L (2
TR Cd 5B HER L 0.7%~15.6% , TR 5
7 47.5%~72.8%, FrUARZRFZEM Cd 5 &
DIHARREAUL AT FRRBEIVE R , 3 S5 AT i 25 21
AH—% . NK57 R ZH Cd 973 Be FL#8.(53.7%~80.7% )
BEE T YD6(47.19%~59.6% ) (P<0.05) , i Hoke i
Cd P53 T H R A B KT YD6(P<0.05). 75 4MYD6
AR AR R R 2SN e f PR 32 Cd RE I KT
NK57(F 2), 58 YD6 #fkirh Cd & & B E KT NKS7

xS TEEFHKBRRGEESRE ZHFFFRAH
Cd SEMEXE
Table 5 Correlation between amount of iron plaque and Cd in root,

shoot and grain at different growth stages of rice

ANTR)AE R AR RFE-Cd 250-Cd FERi-Cd
iy 2t DCB-Fe 0.848% 0.758% —
2P DCB-Fe -0.481 -0.8907%* —
A DCB-Fe -0.717 -0.946% -0.839%

* FOR P<0.05 2R B3, IR P<0.01 2257 B3, n=8,
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(F 3). UiBKFEI IR 3R Cd A T BEH TRk
SN VE 2N T S p) Ry S Ol O N S L Sy
A K. AT NGE SRR S AR R 2 AR
FEWSCRIEEZ Cd (1 SCBR e, (A A HGE IR,
e 10 mg-kg™ Cd B, MR A Cd 1
2% vh)Z NI I8 D K REAR 2% Cd AR IR, Ye 25 141
WFE R, 765 Cd M, BRI A AE Il T
X Cd IR FRAR &R 1 25 552

4 #ig

(1) ZKFEAS ] S A0 FIAS ] A B 1 T 52 M R 2 2K e
IR, Bl A= I 4, PRI K FE (YD6 FINKS7)
MR MY B 2 I R 35 YD6 MR
T E 28 R RN B 0 0 B 3 BE 9198 /D 82.9% Fil
85.2% ,NK57 43 BJsi /1> 44.4%F1 82.5.2% ., Wl 7K 5
(AR AR E I 34 FL 43 BE R FF 5 211 Cd.

()RR FEM R FZEM: Cd &G KR AT
R TR N . BR T 3 BEIASE , 2 A RN I
YD6 R FZENM Cd & & W% & T NK57, SHUK
B YD6 Frfr Cd 5 T NK57,

GOARRIAET I, Cd AEAKFEAS FRAL A 23 B %
ZRER . YD6 4rEEW] Cd T EH Z2AEKE AR &
(57.3%) FIkIE (42.6%) W, ZEFEIIFR 27 &
(59.6% ) FIZEN(33.9% ), B 32 ZE R R AR AR
Z(47.1% ) FIZEM(35.3% ) v . [A]FEAE NKS7 AT LA
ARSI AL . KRS I AR R AR 5 2Rt
FURFARL Cd 5 2 AR 35 () R G , U8 B AR 2 Bk B
BEATPIH] Cd 1y 552
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