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SEMKFE Cd, As WUCRR 2R, [ AR 28 06 U002 20 AR 28 R SO0 A, 11 9 + 3 ML I8 JFUIRAS AR E As EAk R b ik 38
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Research Progress on Reducing Cadmium and Arsenic Accumulation in Rice Grains. ZHANG Hui-juan'”, SU Qi-
qian"? , DING Hao-jie'* | LI Xiao-feng'” , XU Qi-jing"* , Rensing Christopher'* | LIU Xue'*™ (1. Institute of Environment
Remediation and Health, Southwest Forestry University, Kunming 650224, China; 2. Institute of Ecology and Environ-
ment, Southwest Forestry University, Kunming 650224, China; 3. Institute of Resources and Environment, Fujian Agri-
culture & Forestry University, Fuzhou 350002, China)

Abstract: Heavy metals pollution in farmland soils induced by mining, waste discharge and sewage irrigation can be con-
centrated and transported via the food chain, thereby posing great risks to human health. Rice is an important staple food ,
which however, is readily to uptake and accumulate cadmium ( Cd) and arsenic ( As) from contaminated soils, rendering
it to be a main dietary source of As and Cd of humans. Therefore, exploring strategies to reduce Cd and As content in rice
grains has practical importance to ensure food safety and human health. Ways and strategies to reduce Cd and As in rice
grains are reviewed, including: (1) Passivate Cd and As by adding biochar, iron salts and fertilizer in paddy soils, de-
crease their bioavailability and thus the uptake by rice; (2) Eliminate membrane lipid peroxidation stress and promote the
formation of non-protein thiol in rice via external application of sulfur (S), fix Cd in vacuoles of rice tissues and reduce its
transport to grains, thus reduce Cd accumulation in grains; (3) External application of silicon (Si) to compete with arse-

nite (As’") for rice uptake of As; (4) Manipulate redox state in rhizosphere by changing water content in rice field,
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thereby affect the uptake and accumulation of Cd and As in rice. Root oxygen secretion can promote the formation of iron

film on rice root surface, facilitate As oxidation into arsenate ( As’*) by changing soil redox state, thereby enhance the ad-

sorption and fixation of As™ on root surface to reduce its uptake by rice; (5) Regulate the expression of transporters, i.

e., knock out Mn transporter OsNRAMPS or stem/leaf cytoplasmic transporter OsLCT1, silence Si efflux transporter Lsi2,

and overexpress OsHMA3n, OsHMA2, and ScAcr3p transporters can reduce Cd and As accumulation in rice grains by pro-

moting root As™ efflux and reducing Cd/As*" translocation to xylem and grain; (6) Screen and cultivate low Cd/As accu-

mulation species. Through the combination of agronomic measures, genetic engineering, and germplasm resource

screening, rice species with low Cd/As accumulation and high yield can be selected. Besides, reasonable planning of

planting patterns can help to decrease Cd/As uptake and accumulation in rice. The information provide supports for safe

production of rice in slight-moderate contaminated soils.

Key words: rice; soil contamination; cadmium; arsenic; manipulate method; transporter; low accumulation species;

food safety

(A FE IS YR DU A AN ] (FREE AR AN
9IRS, 2014 4F) $5 1, e E X ME - 4 R
Y, Kb B E A B L N R, W
(Cd) Bfi(As) S FZ A HEE () &BERY
WA, R WE G5 AR R E LR E &1
Yet> o LSS v [ R O R R JE i 4
FEEETHA LI, Cd As 15 Y™ 5, Hf & 4y
Ik 75,4 717 mg - kg™, HEERE T G5
HARE(GB 15618—1995) 125 1. 4 %, WU 2514 %
B, R B X SR AR HH 4 5 o 4 i ad
BT I G5 bR A 07 A7 Heik 74, 6% , Horpr Cd
As HFRFIL 70. 6% F1 42. 9%, ZHAO %551 R L
TLAR AL BB W S K A8 77 X 8 Cd P &
N 0.21 mg - ke RIS WV HHET SE (0. 12
mg - kg™') . Cd Fl As TR AKBUEY' S, +3E
Hr Cd | As Sl 7E P W OB 58 R0 AL 3 i0E AN
PRI R R b AN e, PR AR PR - g
SR YL T K B AR T i B A B ) A R
I RN M RS E 5 ke 3 o™,

IKFEFFRL(FOK) B S i e R AR R AL
RILTRE R B AR, R 2 W B R e
FE ) R b K ROR A P E RN 2R
[, 2005 ROk B Y 309% " L HAE
e, FomprE b MR R ik R RN D B A R A B
BRAK Cd  As HBR PG ((CE ik i) JLE FRAF 73531
H}0.4.0.2 mg - kg') P 2014 4F IR A MR
R CEROKR” FE, gl R A SR, Ak, R
ST ARV AR Y e I ROK T R, R
REARIK A Cd |, As ISR 22 144 RECRIE it , Xof £
BEROK B B & AR A R X,

20 EBLERBEAK AT Cd | As IR 19 L
PR PRt , MR 3 Cd | As WA bk KoK A
FR R PR HEILRE B, A Cd | As IR B 5 ol s ke

i BRI K A A AR AR S 7% DR Fae R
oK B HEA A A B4 6 22 2 RN AR B

1 REHHE

REFEHBEAR KRG Cd | As I 3 240 45 + 12
AR R AR A B L AR ik BRI 110
1.1 TEHR

R T4 Cd | As A=W A R 2 sk 2D AK R A
Cd As WO EZRAE . HAT, & Ak Eifb e
RS, B bR B A A
JRCVRI A R A B s T A g A
Y RS EZY e I Pl s S = e b L R SV
Cd T RPBEAE 17. 9% ~19. 2% . Frar st i@ ot 74k
RIS K B, K RS FF A= W 0 e vl A A% 48
Cd, 7K FEFF i Cd % LR AR 26. 1% ~ 48. 7%
BIAN 251 33 33 K BB R & PR, e FH /K R s 24
Yy ] FRAGAR B S FL UK b Cd & &, AT RE
Cd FHL 42% ~48% . 1E Cd V5% 3R 4
JKfiE 2 R AROK AR cd BLR, M4 KRN
2500 kg « hm ™ fif , KFFMR  Cd &=l 1.0 mg -
ke 'FEZE 0.4 mg - kgfl[m o KHEATZEN T i K
RIS I, R R 0. 22 3 & 0. 44 kg -
m” A HKAER R Cd Tt 1.61 mg - kg R
1.44 mg - kg™, JlfN RS LW KA+ A1+ A2 W B
Jei , AR HE 3 Cd T A R SR A, IR ]
PRECE Cd SR IEAE 7. 3% ~32. 6% , A HLAE S 75 Cd
SR 6. 8% ~49. 5% BKEIZE i 1 [ [A] 3
BRI, Bl A ) 3 B E i R A AGE Cd &
T LA KRS Cd MRS, b ol 1R 8 R ek 5 6 B I ol
TR Cd FERFEILY 50%, 75 VR E Cd 15
YL FHELA R0 R A

SRIN, e A B ()18 &2, J 4 J B8 - AT DU
LAY UTTE T Y 7E 1 SR BT T Ak fe
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AEFN T IR - e84 5 e A | 5 Wil A 0] 19 ol
& b e i AR 1 S B8ORS B RS
)RR 7 s 5 R B R A IR 5, - R
il BP0 Bl b 7R o 2 P AL R I A il A, L
PR BRI BEAR s e U eAh 9ok A
Vi et ]z W T B A R TS Y R, 40 MA
%Dﬂﬁﬂlﬁ Cd&#=MN1.13 mg - kgflﬂgj:igqj%
JI1 100 mg - kg™ A ALFEGN K JIURL (ZnONPy ) AT 4 2

1 RBEEKBIFRS CdAs ERIOREH M

R AIGK e b - 35 26. 3% 11 Cd BLER . HAO %51 4
RIEAHK (C,N,) B FFE MUK FEHZUh Cd 5
i, A KRR R &5, 755 10 mg - L7 Cd By
B LB IR TVR N 250 mg - L7 CyN,, T3 i i
S Cd FEZ R AL OsIRTT 33 33k, KR IR &
Cd 2B 329 , 1 B3 & 4R & & AR
35% "), ARSCT G oK b RL R IS 7K R i A TR
WRBLEATFIE— LA

Table 1 Agronomic measures to reduce Cd and As contents in rice grains

kg - hm™? ,K,0 37.5 kg - hm™?,ZnS0, 22. 5
kg - hm™2 ,ﬁmﬂﬂfﬂi% 22 500 kg - hm’z;
HRHEN 1125 kg - hm™

[ % 0. 052 mg - kg™

He)E Hik okt F& VISV RSk
cd  +H AKX Ca0 1 1500 g - hm™ TIHERES Cd KK 19. 2% [16]
MR R Ca0 &4t 399 g + hm™ TS Cd A 17. 9%
IKFEREFFAE o ¢ 2% CaCl, B Cd FEAK 73.3% , ¥ KL Cd FF [17]
HHFEAR 26. 1% ~48. 7%
20t-hm™2 .40t hm™ R Cd & =D 26% F1 49% , ¥ <0.2 [18]
mg - kg™!
AR 0.22 kg - m2.0.44 kg - m2 RAFR Cd & HREAT 18% 1 26% [19]
I A + A1+ WL R2:1:2 T HERR PR IGS Cd HHRFEIK7.3% ~32.6%  [20]
AW AR
TR 0.47 kg » m™ TR Cd FRAO. Img - kg™ PR [21]
25 50%
LB A UKL 100 mg - kg™ H 1 Cd & R 26. 3% [22]
KN ALiE+A HLIE fRHE Ay 181.5 kg - hm™, P, 05 37.5  FPkL Cd S itbEM% 47% ,1H 1. 16 mg « kg™! [23]
CE ke - hm™,K,0 37.5 kg « hm™>,7nS0, 22.5 F#% 0.62 mg - kg™!
kg « hm 2 A HUIE A & 22 500 kg + hm™2
LB+ LB+ K FRAE B2 N 181.5 kg - hm™, P, 05 37.5  FPHL Cd & F&MK 50%, 10 1. 16 mg - kg™
kg + hm™2,K,0 37.5 kg - hm™2,7ZnS0, 22.5 2% 0.58 mg - kg™
kg + hm 2 A HUIE A iR 22 500 kg - hm ™2
FRAEN 1125 kg - hm™
W X B 2% +3E Cd SR 4% ~45% [24]
L0 0.15g-kg™' 0.3 g~ ke IKFEFFRLH Cd & R A 25% 31% [25]
B 0.15g - kg™ 0.3 g« kg™ IRFEFFRL Cd B HEFEAIK 38% (44%
As B REEILAGE Fe AW w(EWHK) £ V(0.1 mol - L' FeCLEW )= FFhih As S HFEML3.5%~8. 8% [17]
MR ik 1:15
Bk w(Fe)>99% 0.5 kg » m™? KPR As F IR 47% [26]
AR R w(Fe)=56%,0.5 kg + m™2 FERir As &AL 51%
FEIEBE IR AT+ AT + WL R2:1:2 AR As F i FRAR 12.2%~55. 1% [26]
A W) 5 e
TR t3E p (FEBR) 10 mg - L7V E 40 KR As S EH 200 ng - kg7 R E 80 [27]
mg - L7 pg - kg™
AL B AR BURL 100 mg - kg™ RZR b EF As & FEAR 39. 5% .60. 2% [22]
C3N, 250 mg - L7! MR M EFS As S H MK 25% 36% [28]
KAE  RAE+ A HLE FRAE B2 4 181.5 kg - hm™, P, 05 37.5  FPhL As 9 %1% 33%, H1 0. 08 mg - kg™ [23]
e kg + hm™2,K,0 37.5 kg - hm™,ZnS0, 22.5 &% 0.054 mg - kg'
kg « hm 2 A HLIE i 22 500 kg « hm™?
AN+ B+ K FEIE 4 181.5 kg - hm™2, P, 05 37.5  FPhi As & 44K 36%, i1 0. 08 mg - kg™

B (Fe) 5 As HAAWSRA LA 7, Hovh | Bz &5

(AS™) By ITE S Fe W00, FRARTT A ME As fif
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W TR AIR K R As FRTRISCS ol e  0k
TR Fe AL ] i E Ak 3 As, KRR AT
B As S EFEIK 3.5% ~8. 8% "7 Fe N HAR ALY Pk
K3 KRERER R As SRR 47% ~519%
A5 Fe I (4N Fe £8) K& FECLIER AL, W61k
HAbE BT, Wik, & Fe YA KRE As 1)
WA EIE T, PR R s K R As W) B 2
Jiti , FEFIFH S Fe MR As 15 Y 1 52 iy 4 Bh
A S 1 e, 1) 4 K 2B 0 S5 o, v R AR K e
As WIS, MA 4522 F IS8t & B As o 7 i
4 6.76 mg - kg™ [ AN 100 mg - kg™ 4K
AALEE(ZnONPy) AT 38 3L 3 /b ToHl As FIATHL As Ff
% BEMAKFERZ 39. 5% 7 60. 2% As
T, 10 mg - L7 As FUERS 2B IR PO
250 mg - L™ C,N,, Al iE 5% As Fis & A
OsNIPI ;1 3L 3235, MK FEAR R As B2 K
25% , 4 1 4 S AR 369% 7Y, KAk, KA
A A (Si) W MG 3 I O A R R (As™) P Si
1 As™ FEAR 22 M FNAR ] 2532 i I AEFE S VR
R, Wt Ay ik 48 2 AT 2RGS0 iR Eh 2 +
YR T As T5 g H3EB5E  it FFE SE 05 K A +
W+ B TR, AR A As R PTE SRR S
Bl AT AR AS As FEAK 12.2% ~55. 1%, F545 & 45
As HEH1 34. 1% ~93. 4% . As ¥5Y% T3P IR %
R+ A1 + O A o, T Al P A RS As
AR 66% i FALAE+A KAl 3 As
WAL 7.6 mg - kg™, AR As B FEAK 0. 02
mg - kg™ AL BOGDAN 25127 W55 s % PR, ik
iR PTAMEI K FEXT As B, FPprf As 5 1 il + 1
VA HH AR TR R S AN T AV, > - VA R p (R )
H 10 mg * L'HZE 40 mg * Lflﬁﬂ‘,ﬂ(*é?ﬁ‘*lq:‘ As &
1 200 wg - kg AR 80 pg - kg AR, BME A
Si W (kv L RERREN  RERRESSE) Al 48 1 pH
{H, 3 As fRMGIE A HEKAH X — 2 B 0] 58 b Al
FE I SioxF As™ L/ BA A 25 1 — LA (MMA) /
T HILR (DMA) FEAOKFE I HIVE R, FBOKRS D
DMA it

1.2 K&

4 I A R R R RS sz K IS B
SEM B B S AT it = A 3G, R KRS
AT AeHe s Cd & i i R 7E 3 Cd i
TEON 3.09 mg - kg™, TEHLA (As;) RS
74.2 mg - kg ' JHRIRIMALIE+AHUIE, 7TAE Cd As, &
T BIFEAR 0. 22 A1 13.8 mg - kg™ ; MR IMALAE +4
HUIE + A7 JK AT Cd |, As, & #4331 BE AR 0.27,10. 2

mg - kg™ Al RS A i AR & B, FE 4T
B AR H A S it A 2 | X 2 R 28 25 e S IR ]
i HIEARES Cd SRR 32. 7% ~36. 7% ; (A TET]
VbR H -5 i FH &2 IR DA+ 3 o 20 Cd
FEH N 30. 6% ., Cd 15 4% £ 58 P S IS A 55 A AL
REAL, W4 5 3 pH, A R A5 &4 Cd I RL,
A4 Cd A=A RE , TR AR/K G Cd Wi,
ARt FH AT 5 | ke 38 pH T =5, 52 ) 1 4 ) B
T, SR ki g,

[, R & B (S) MT 3 3 AR 40 1) JEE g 3 4
feiin B E 4 Jm 5 AR M, Horh, S i R B IR
JERRAG Cd FEPER B A ) . MOSTOFA 21 fif
G B A AN (NaHS) 7T 5 A KRG X Cd 1)
WS FIAR B R FR AR Cd X K R R bk 2 T 8 T
FIFEPUIE A ;i L4 (CdCL, ) AT NaHS Y3 [ it
FHAT P= A Ak ( CdS) UL e, A A FREAL Cd 1
AN MR A B H KR 2 & R R R A
i T HIES Cd 454 K M e AR e
8RN S(0.13.0.38 g - kg™ ) Zb B AT E K A
ML R 8 R B R Cd PR e A
ZUENE W W8> Cd [ R 52 S 2R AIR
FERL Cd LR RIRETRA VLAY S-H N -
LI & R Mk BE 15 5] 200 wmol - L', A {di K g4l
FRANGN 25 30m i Cd e, i 2 4% Cd #5485 A
RN IR AR Cd Mg R Fn4h 2E 5532 ) T}
SFUR I, Pl S (PR BRSO B ) AT AR kK
TR R A I BT 1, b T K e X . 114 5 %
BT, PR K RS Cd MR s 24 5 B A
it A 304 0. 15.0. 3 ¢ « ke "B, K AEFFRL Cd 7%
0.8 mg - kg™ 43 HIFER 0. 50~0. 55,0. 40~0. 45
mg - kg™',

e FH 7 3 42 ] 1 it mT e AR K R AR B £ 3 SR AL
WCIRAS MK G As IR R 78 4 8 2k 1
T, As 50 h g/ a8y rERIREE S A
W A NITREAR As A= A 3500k 5 T 76 IR
AARMET  Fe ALY IO B0 As 15 ZhPERYS
50T DRI, AR B i S Ak AR T R B, T IR
IKAE As WU L BRAT B B AR X As IR
FE R EARPR, K REAR R WA, 16 AR R AL
BRI, F B K E R A Fe EALY (0 -
FeOOH ,a—FeOOH Fe (OH), ], i i X} As™ (1) 5% T
BV B D AR T As AR Bk X As™ Y 2%
e T As™  BIFSE & BUAG B[] P HE /K AT (i 4 358
5 DR SRR A B AR S i 8RS R T As™ Ak
hAS™ ARHE AS™ TR A IR B Rk, A
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Pt 3K oy, TR) B P HEK , U8 A 39 A AL 8 JRUIR
A, PR AS™ W BEME AR A As™ IR R TG R
As™ [ FE AR, DI FEAR KRB X As AR
WD RERL As

WFSE R AR Cd Fl As &5 B 2 A C
TEH K SME R, KRR Cd 5 5 R AK, SR 1T As
S pkAh, DUAN 21 3l i K R &
PR, Bt R B R A 2, LA (<90 d) ah il Cd
E B, eI (>110 d) M Fh As R &
AR, SUN 2508 5 aof K 0 2% PR, 57 4 b
Cd PR R e A s AP I, SR, KRS 2 5 0T HE K
JE TR AR AR B 1) — B a DL AR 20 A it , R L, 34 hn B 4
T H 70K RS i o 7 A 1 v K R (], W] R AT K A R
B Cd i (B E As B B0 ; A s, Bl R
FhETE S HAHEK , ) 2 S BOKFEME R Cd & &5,
As TRAEN PRI, ARV IR Bk HEOK BT A
RS AS™ [ ZER B T BR AR R X As BRI,

R2 FEKERMIFHE TIESKIERRD CdAs SE

REAROKAT As & 800 H AR @bk Cd %
I, & BOALI A A , TS AR Cd | As (R R AUK
el RPIARFARL Cd  As &8 BAEEE X,

2 Cd AsRERKFERMMGESIES

e G B BAfE AR I s St 25 | R
MESERR S, TR £ JE 15 YL B IR © 8 [ B
X ] N 22 b/ ) B SR L 3 e TR AR oA
Sh  DERRRMEE 4 Jm s b AR B BUKFR
A DD R KR oA R 4 R AR B B AN
KR it JBE , R PRAIE K A K ) i ) 2 P 22 A F0 N
PRl e AT BB PSS
2.1 RERSAMIFIE

F T 7K e W e B2 FHU R 4 J EL A A ol B st
25 L, Al 3 o bR R 2 7K R R Do D FF
B Cd A As FRE (F 2190

Table 2 Cadmium and arsenic concentrations in rice grains of different species and its growing soil or hydroponic solution

B9 €5

RS ¢

KR e mmed, OOl GECRWR| geem e gwed, oon JEEKM

As &bt (mg - kg™) Jk Sk As HiE (mg kg™) Fiko Sk

R Cd 100 mg-kg™' 129 KHE [60] || WM (ML) Cd 0.32mg kg™ 0.02 AR [63]
Bk 1.61 EHR(RTEL) 0.06
Al 2.36 TR (Fi ) 0.02
Je Wi R (Fengyuanyou277)  As 0.4 mg L' 0.42  FARIRE [61] || 25 (4E4) 8830) 0.08
2SR (Jinyou207) 0.57 AR (FeAl 128) 0. 04

A2 WA (Tyou207) 0.39 Shenyou957 Cd 0.16mg-kg™'  0.07  KHiKE [64]
TFT!%L'HE%E{'( Xiangwanxian12) 0.47 Longping602 0.09
1EH WA ( Xiangwanxian] 1) 0.40 Zhuliangyou168 0.04
ﬂ:ﬁkﬁﬁﬁ(XiangwanxianB) 0.35 Yongyoul7 As  5.70 mg - kg‘l 0.18
458 HE ( Liangyou0293 ) 0.49 Yongyou538 0.19
F3 PR (1 youd16) 0.28 Gangyou94-11 0.18
F4 32 8 ( Fengyuanyou326) 0.39 Y-Liangyou1998 0.17

Huri-282 As 5.9mg-kg™t 0.63  JKEGIRE [62] || Huri-282 A 5.9mg-kgT! 0.63  JKIERE [62]
Jing-185-7 0.41 Jing-185-7 0.41
Zhenshan97 0.30 Zhenshan97 0.30

FE Cd . As IR SR b 2 B A 3R [ R O 7K A
Cd As SHNEEREZ ' KFEHFDNZ
AN A, H e Sl R ORE R Bl Y AR HhA
) 3 g A ARG & B, R B R AR R Cd i
B3 TR ALK RG24 3 w(Cd) 2 100 mg -
ke B, Rl YK R A FROFFRL R Cd SR E R
2.36 mg - kg™ A BK R S FOFFRL T Cd P2
Eh 1.29 mg - kg BRAIE SR 21 AIK RS
i ) 4 R 1 g A B, i 1 B8 w(Cd) iy 0. 32
mg « ke B, 5 Cd 5 (R 428) 51K Cd & & (5
ZMi-B) KFE M A Cd FE A2 15 £%(0.092 vs.

0.006 mg - kg™'), PINSON % %) 5 i K i 86 &
P AR K SAE AR A 1763 3 A R & JRK A
Cd . As R B B A AL, AP Cd | As 7 3 15 iE 3k
12.1~40.7 155, FEdE ) it | el & B, ok A
G AN ) Hb DX 19 KRG i FOFF R Cd L As B S A7 FE R
WEERSER AR 2 5 W] 3 Cd, As Fis & &)
2k 0.16.5.70 mg - kg "B KK R Cd As TS
HEYE 3504 0. 01~1.98 0. 08~49. 1 mg - kg™ (7¢
SRBT RN 40% . 52%) , IF-0 1k — R B Cd
(FA%E 3 %5 T8 F Wigk 992 45 ) I As (HT Ak
996 KIX 1 FI%E 3 555 KAE M, LEI 55" i



- 832 - 4 SN

5 & K W K o

o 38

KHRE A, 4 1 As P RE SR 64.4
mg « kg ', 34 AN FER BUKAEAEAR As & B AFAEZE
St Hod 2858 AE ( H37you207 ) As &5 H i (0. 52
mg - kg™') , 2432 ARG ( lyoud16) As 5 & iz i (0. 31
mg + kg™'), PILLAI 2%/ 7E As RSN 5.9
mg - kg [ [B] A 38 o RO AS [R) 2K e S D & 3, H
THRED A 2% S S B0 FlOFE R[] EL As (0. 27~ 0. 63
mg + kg™ ) Al As**(0.09~0. 15 mg - kg™") & HEAFLE
25, LIU 5@ 53 %F 6 AN K R S A G 2 Ak K 6
ORIEE TR As FEWEH 0.4 mg - L) KB, K
FEH As, F1 DMA 5 FUAEAE 2 5%, il ol 40% ~
70%H1 30% ~ 55% ., MARIN 2518 38 5o /K 1538 36 &
B, iFh 7K FF it Fh ( Lemont , Mercury ) 7E 0.2 1 0. 8
mg - L'AERER AL FE T | Mercury MR T4 o i & 1 3%
B4, 17 Lemont W 2 57 1) 8 35 5 A, VA i e 2500
I AR As Ve FE 7K B0 A I, 600 35 5\ HLl
F= i S KR R AT h BREE As 15 YA
H A BB IR, B, 2 TR EIK RS S A Cd | As
WAL R 22 S pE 7 s A Cd | As IR B
FhADE K FERERL P Cd  As SR HIE RN,
I ATER R 4 R T Y T SE B A AU
Az PP B S AT REE

IKFEFFRLH Cd | As BRRAZ A R A B 1) T AR
S TE Cd As B A5 Y R HEEREE b S RP RN 2R bR
XPKAEFFRL Cd, As 7 it R 25 5 o i f 22 S ok A
() 87% 7, MNFEAE A S i A Ak 5K IR (-
Hcd RS89 N1.39~1.9 Fl 49.8 ~61.5
mg - kg ') BRI, R FIEREE XK REAERE Cd L As %
B E2RBBR R 29 Y 45% 33% , IR YR Cd As &
LR A AR TR TN ( BLUP ) {E0f 2% Y P4
19 FEHPEIEAE b Cd  As [RER AR A (Y BEAL
19 () Cd, As o1 & & & U [ 20 %4 0.11 ~ 0. 69,
0.2~1.16 mg - kg™", AL 1) Cd  As i i & i
TLF 30 0. 14~0.38.0.89~1.35 mg - kg™ ) . %
FWAEESAE Cd As EAT5Y(0.62.28.2 mg -
kg ™) B HHTE)REG & 30, 15 KRt s A, RA
Y ML 9918 2 Cd \As [RI IR R FH(0. 41.,0. 14 mg -
kg ™) AP EAERE Cd . As B A5 Y X FhAE
FAPRIR Cd | As 75 2 5 257 + 38 5| 2R 555 (1) 5%
e ( 3N 2R (08 R B R 4.32.,0. 25, 250
FFFRLAY 38 REC 3R 0.22.,0.03)  BTARFSY
SR Z BT A KR SN R K5, 208 T
M2 S KON A B 2 S R KRR f A 1 3 N 1 ()
B, i Cd | As [A] 20 AR AR AP R LUK R AR RE Cd
As FEATE LR ENRIE TR R R UK

s FPAEAN ) M3 RIA [ PR 45 138 R DA 2% Cd | As
Wi R AR 2 S EEA TR SR
2.2 REFAMIES

H AT, &R IFR - WK AL Cd | As 511
o PRI (QTL) 7 (KB QTL 7T 54 F4ric
B E PR 25 A 5 B KRR BB R, ZHOU
BTN OsHMA3 #4) Cd 1) ¥ kT 7% 2R )
BE K & OsHMA3 1 KE &5 5 Fh Nipponbare 111
qCd7 FE S ARNAE S AP b fFFRL Cd & fEFEIRZY
50% ., KEGHIFE OsNRAMPS il OsHMA3 HE K %t Cd
4 W2 A 3 DX R Ak A B AR A, G R ) Os-
NRAMPS “5A 5E R ) 22 35 7K Pk s mapkr s Cd A FR
2 NI, FIH OsNRAMPS 5536315454 OsHMA3 533
KA RRARRERL Cd = IR S T AR
WEF=HE (1% Cd AR OsNRAMPS 28 728 {4, 7] 78 R % Cd
KGR AR EAR R TANG %57 & BAE 5 Y7k
it A K A R OsNRAMPS JiE PR 1Y 24 52 7K Fe 3%
A, KRR Cd & & FEAK 90%., LIU %7
GCC7PA64s S FE 5] ARNFE M9 i B 93 - 11,15
B & B £ %1 NILL(NIL-93-11-GCC7"™*) iy K
FE§ AT LR AN 5 e A 25 PR A 47 0 B ARk
Cd & & (36.9%) , A, GCCTPAG64s 557 FE K AT LU
B AR REAPRL Cd SR EFITRI,

T JE A O 2 4 T DR T A b sl R A, AE )
% Cd As &+ (0.39.6.46 mg - kg™ ) AR AL AT,
M3 A TS AR e Y P15 (YS8S( Q).
93-11(3) ) =ML 908 3= S( ) .R908(2) ) Flify
Fr 203(HA 1A( Q) K 2103( ) ) 45 i HLF
4 JE A R (Cd s Aol 0.25,
0.06 F10.02 mg - kg™', As Bt & &40 50 0. 15,
0.11 f10. 13 mg - kg™") BI/KAG AR, MA &0 %
B As SMHERE B AR Lei2 WK ROFERL As &
Lo P A= BUREAIR 51% ~63% . DENG 25152 38 1t 76 L [
OsABCCI ScYCF1 Fl y—4v S Bt~ bt 2 W2 & B 1Y
ik, PR TR ARR AL As B2 3L A Scy-
CF1 1 OsABCCI W% FE K FE 5 B A= BUAE PR AH
Eb, 7 35 PR K Rk 7T 0/ A 380 b 350 R 1 (] 1R
ki As B2 IR As TEROE P IR & | (R >k
As LR B 70% , Bk, 7EARE KR = R
2RI R AT E AR AR RBUKRE SR E
AT,

3 EYERIRFRRE

3.1 EERBEA
VAR KHE Cd WU %z iy A B AR AL Fn a1
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AL T 2 B, Cd v] 38 54 (Mn) $5i2 FE H
OsNRAMPS Bl /KRR R Wi ™, A i, vl 3@ ad 6
R AR PR KR RPRL Cd B (38 31878850y |
SASAKI %™ iff 53 £ W, w bk Mn ¥ iz 5 (& F,
RASRIKFEHRFRL Cd & &2 B E T AR (<0.05
vs. 0.33mg - kg™') . Cd Fiz I OsHMA3 i
OsHMA2 52558 M AE KRR, ot i 45 1 4 )| —

BEER IR TT (ATP ) g A R K =] Cd MR 2125 1 7%
15, OsLCTT W) 3 %8 5 A 7E 25 FI (%) 240 i o g b 3
T PRI AN BH S - 32 AR 0% 28 3K T 4 I ZE A
o cd 5™, KT Cd RN 0.2 mg -
kg™ HIEP R OKARIMIRE, BIBR OsLCTI 5K 5, FF L
H Cd S AR 50% , i X /K A AR A K Aok
Yy W G R

*®3 RAERFEARBEEABIFAH CdAs FEBHFRD ™M

Table 3 Reduction effects of Cd and As contents in rice grains by genetic engineering techniques

Gigy Fik TSR Aob PSSR SRR SCik

Cd FEH bR OsNRAMPS HFRL Cd B <0. 05 mg - kg™, BEMTE AR 0.33 mg - kg! [78]

OsLCTI FPRL Cd 7 5 A% 50% [84]

R Rk OsHMA2 R (AT HI) Cd &4 0.04~0.07 mg - kg™ fETXHR 0. 15 mg - kg™' [39]

As FEIH b Lsil 22 As 3.5 mg - kg ! AR TS5 mg - kg [38]
Lsi2—1 ZEP As 0.8 mg - kg, BEMTXIE 4.9 mg - kg!
Lsi2=2 ZEHFAs TR 1L T mg - kg, BEMTXI6.8 mg - kg™!

OsNIP3 ;2 MR As B AR 23% ~25% [85]

R Rk ScAcr3p FPRL As 7 B ET A BIRRAIR 20% [86]

W5 & LK A 7K 38 I8 2 1 NIP K i i % iz
BN AT A BB, (AABEBIE A, Si
12 # F Lsil (OsNIP2; 1) T AE #Y & 44 52 7K A8 W i
AT BRI, Y Lsil BURET, As™ FEZE I R
WAL R ALY ek, 78 Si MRS iz A
Lsi2 SR 7K R 98 AR M v | As™ o) A 958 1) % 3 Al
FEZEFFFRLH AR 220 B 3500, L Lsi2 2878 X6} H
6] 7K F& & v RLAFORE As BL BB K T Lsil
ZAFY
3.2 EREEFREFAR

JAHE Cd iz TR R S i s FE AL 46 Os-
IRT1 ,OsHMA2 , OsHMA3a . OsHMA3n Fl OsLCTI %,
FEK AR 28 WAC VR I B 25 R Jo B e s A i R o
RAFAFNENT, P8 45 38 A A8 K fd Cd B %%z
MBLEY | #FFL I, 7 Cd(1.5 mg - kg™ ) V55
3 A K B Cd IR AR KR & Bl ( Nipponbare ) ¥
Hi Cd bl OsHMA3n B35t 3R 00 2RI ) i
FERi i B R0 (Zn . Cu Al Mn) 7 52 WA 3Z5%
Mg ** . TAKAHASHI 2% BF 58 J8 % B, 16 &% Cd
(0.89 mg « kg™") e K FEAR T 20 it ok it ik
OsHMA2 J5 v FEAIG Cd FRAR ) 25 1 iz, FPRn (LT
i) Cd FEH 0. 15 0.04~0.07 mg - kg™’

As™ FEBGE W B (P) s B P, KA
As™ /P W iE R RN FEALEE OsPT OsPT4 Os-
PT8 41N ARIRRIRIN I A 055 P 1
PR R o AP R ER A R il A SRk, As™ il
i AN X R A ScAcr3p A —Fh

) As™ BT BB A Ga B 1, AT B 1Y As™ A HERE

ScAcr3p iz H FAE KRR 2R 235 J5 v A iE K A AR
% As™HME, 10 mmol - L7 As™ LB 24 h 5, ik
ScAer3p BIKFEM R AT S 80% As; LAk, £ 48
KL As™TEBAFAE) A BT | 363K ScAer3p BY/KFE
FEoe FUFF R As 75 2 55 07 A5 78 43 51| B AR 309% Al
20%'%, TE As V54 3E | i Kk PuACR3. 1 FEH
7K RE AP R As & & 50 BF A R RE AR 26% ~
46%" , OsNIP3 ;2 REAEHEMIAR XF As™ AW L, i
F3K OsNIPI ;1 5L OsNIP3 ;3 WIFEAR As® 7E /K F5 2%
I FATRL Y B 32 TR R [T, 78 As™ e
T, KAEH OsLsil F1 OsLsi2 {51 RNA 235713
o R HR BC B ( AMF ) B9 SE AR I AR As™ AR
PRI , 45 R B i S PR Rk (o SRk sl B ) vl
T ERROKREATRL Cd F0 As BRR, (B2, i Ti%
L PR it % A RN 28 i B 1) 52 i AT A7 AE 8L
PEIZ IS I N AR XU A R itE— 2B o 7

4 HitH5RE

B < B R FR R SR 36 Bl s 1 22 3 [
M5 g o, R B i 9 K T ) KR T R
Tl H 555, K A REA RO R B Cd | As
SFEERICER , X UK E 8 Js R AR i
R PRI SR IO TS 8] 42485 i A5 2580 [ AR K
HCd As BURIC N B2, W5 K B, 80 A 9 5
B IRV AR A FRIEBE I AT A LA SCHERE AT A
ALK AE L Cd R As, BRI AE WA &k, Cd
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1Y AN S AL AT K I A 46 & R/
SlEEN, HE5KFEEN Cd 4564 Cd B E7EK
FELHAERE b AR Cd B Wl AR [A] R R
R TR SRR B BB 1) T oK, 308 2ok 5 W A s 2> 7K
i Cd W, IR ) Bt HE K AR 206 it R 4% 48
AR JFORAS U As™ I8 B, ADRE AS™ [ E FEAR
BRI R, 3 Fe W REARLEL ML As, FRAK As 19
TESEFN A WA R, As™ FISi 7EAR 2 Wi FTAR
] 25 3z i o B2 P A AE SE AR T IRt AR it Si
AR KRS As™ IR, BEAL, R R S
FIk (G FRIB BRBR ) TR R FEOK R R AL Cd | As
THEWNA S ERE, MR Mo fazs E A ER
OsNRAMPS &% 25/ 20 il it Cd %% iz 8 1 &
OsLCT1 , 7] it 2 FAR SR AR R FF AL Cd &5 15 1 3%
IEAER Cd 512 8 AL H OsHMA3n 3% OsHMA2 7R
ATREARK R FFRL Cd R B, Bk Si AhHESR 2R A
Lsi2 AT RRAR As™ A BT 10 5 328 RN 25/ AP RLRR 2R 5 7K
TR R Rk As™ TR %18 B 1 ScAcr3p I As™
HMHE, TR KRG As Wi, AN TR] KRS f Aot
HEBEWRBRRZER AL Cd,As LR
Tl IR PR R IE T 5 5y FAnic i Bh & A AR ZS &
(7 1 1 B AR SRR R ot ol 2 T A 200 o K R
K Cd As i, A 3R TS e b K R P A S AL
RS ] R R AU 20 37 8 4 i s Y i XA
R PR B 4 e 2 R T R A R AR

SR, SR ) 75 B - 8 v S o st £ 500 R I ek 45
R PEAT R K 8 R A K, B iR Ak
¥ [RIB, — 2 gl KA RHR 32 F, an & s st e ), &
SHECHE PR R S EBURRE B R
Fe $hoKkfitt2s T3 MR AL, A1 K 25 WAL 7 + 3% pH
Thes WA E &R B T, S ks e,
PRI, 7 5 7 764 ol P bk %) AT 5, T i ) 3
A R B 2 R AL RIS B R, DU ik
RCRFNRRAR 005 Y WU . 1 F /KR X Cd L As T
W R R o WU 3 i A DL ST T 2 S P T A
T, R TR1ER PR HE K S5 A 245 it 7 45 G K A
A PR Fh oA AR 2, A AR K R 4 A2 B IR Cd
I As (R AR, -0 2o 9 s el o e i B A B IR 1Y)
Fik (i RIBBAER ) R FEAKRIFFRL Cd As TR,
EL R I iR I PR £ ot 1 N il B XUR: F 58, R Bt
MY AEYHORE R, T H14A R IR R BUKRE W
ot AR R A FE R VR 00 5 v, AT RIS 4 + 4
HKRE B 4B I WO B THBR E S B A B
FEAT R R IS, (H e B4 JE i A e, 22
HEESEBEIAL, IR ERERM S AR

PR A 22 PR S5 45, Wb R A T R A9 VIP +
n” BHEERR ™ B B SRR R 2 kR
DB R, ELAS 52 MR KRS 77 o AL T, AT,
BT BT 8 B E 5T 32 24 v T oK B S SR /N
R, s R P | 3R 58 22 5 KN AE B
KA R A A T5 Q5T Rl s R 24 it 56 I
AR R 0 45 22 T BLI 2 s as T, TR
FEIRKAER AL TE 43 Jas (1 B30 X6 A [] i 4 Je 3 114
IOT ISR LA B o6 AR < T AR 2 A8 ) 4 1 i, 5 B e
RUKFEREBEAE 15 G 3 3T 22 A 7 K Y
V5% =u
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