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Effects of Three Inhibitors on the Accumulation of Cadmium in Rice( Oryza sativa L.)

LONG Si-si ', YANG Yi—xin% SONG Zheng—guo®, LEI Ming"”, YANG Yong"*, JIANG Hong—fang *, YU Li', SHEN Yue’, ZHOU Shuang'

(1. College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2.Bureau of Xiangyin County Agricul-
ture of Hunan Province, Yueyang 416000, China; 3.Institute of Environmental Protection, Ministry of Agriculture, Tianjin 300191, China;
4.Hunan Anbang New Agricultural Science and Technology Co LTD, Hunan Anbang Academy of Agricultural Sciences, Hengyang 421200,
China)

Abstract: How to control cadmium(Cd) pollution in rice grain has become a hot research issue. The effects of the three amendments such as
lime, silicon fertilizer and zinc foliar fertilizer from local market on the accumulation Cd in rice grain including early rice and later rice growth
in one Cd—contaminated field in Hengyang County, Hunan Province were studied. Among the three treatments, the silicon fertilizer and lime
were applied into soil, and the zinc fertilizer was sprayed on the leaf of rice plant. The results showed that, except lime and zinc fertilizer(late
rice ), in comparison to nonamendment, the output of early rice and late rice increased with increasing of the other types of resistances. Among
three kinds of resistances, the zinc foliar fertilizer had significant impacts on decreasing Cd in edible grains, in which Cd concentrations of
early rice (Y -liangyou 792) and late rice (Nongxiang130) reduced by 51.28% and 50.92%, respectively, followed by silicon fertilizer.
The present study demonstrated that the silicon fertilizer and zinc foliar fertilizer would be used as resistances for remediation Cd—polluted
rice plant, moreover, the relationship between Zn and Cd in rice—soil would need further studied.

Keywords: rice plant; cadmium; lime; silicon fertilizer; zinc foliar fertilizer; accumulation
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E4 R (Cd) & TR E b 4 5 = E gy oL gy
Y1, 2014 44 E L HEG YR AR A )8 H 78I
ALY, Cd B R 7.0%", T E
mAK, L Cd SuuK R IBOr s B ERK, 7
FROK P Cd & Sl B R 5 P AbR (., 2013 4F
P i, Ve PE A RS B AL AL VT S5 3 B
“Cd K7 )R, H g A DA™ i b Cd B
PRAIOK 10 %L FP i AT Cd &
P A i K T ) A AR, 0 H A ) R R
SRR ], AT REIRAE KR T Cd XU 1 2%
FIF RN 3 rp Cd f3T B FIRRAR Rk Cd
RN H R T L3 cd A AR RER e
YRk fg  REWE R AME RS sh vk SR A, LA
R R S WA i PR I, AR PR B 3 Cd i
ARG T B AN IR B RRAR A I 0 T, A o7 BELA4%
e BEL s 1 v H 4 JE 1A% IR it A5 B K K KA ]
TR T T2 4 7B, 0 bR S 3 2o FH (] 3K 56 31 B i
{07 BEL2 591 B . 25 B AEORE K %) Cd T Pb B8 2R
RIS S5EI51 3 o8 R S, AT S N LA R BE A BRI K 5
WSS E AR R A, A 7 R RO
AT R VAR £ A2 I (HJR ST T B AT Z IR PRI A
K Cd B B RO WA iR A i . A5 BEAL
FETT AL 3 v B, F 2014 AR5 FH S
Z 3 Cd BBV Y qe HUEF TR RS, HLARHFSR 3
FofrBEL 7 790 X6 7K ARG Cd A28 S, SR A sk e
FH 38 Cd 75 YL i 28 4 n) FRUHE R 27 40 4 A 4
ARIHE

I #RE5FE

1.1 X535 HER

T 57 A A B T P L e 1 ]
AT ORI Mk RS AR E 22— 1
155 IR S 2 A1, $ HEARE AL TR AR I LS b
Z ARG AN 100 H e e i , 776 7% 14
N o R HLALE OK R H oy 2.5:1)! € 423 pH

B, T3 E 4 )8 Cd % £ /K (HNOyHCI=3:1)+ 55 44
PR T A T 7 TR P 38 1 A v 2 L ot (GSS-
5)HI%E (ARESEA T o Hr B s il , 3 P A A
S B BRI AL 22 AT ) IR EA T A BT
3T 4R ST R T RIS Y T - A B
H:(GTA120, 3 [E Varian)I5E o 564 FH 338 ) - 14
pH=6.72,Cd )& &R 0.353 mg ke, AL SERN
8.46 g-kg™, & N &4 0302 g-kg', & K FH#>
10.20 mg-kg™,
1.2 7K F& G A0 pEAE

HEC KR 5 4 9 RS Y IR 792 g RS A
130( Ze 2, A B 114 ), B i 6 B 22 35 40l
FHEA FRZ rlialie S p At . it AR e At
THEEE A EEA TS DL L2 1,
1.3 iK3iZ it

RIGE T S 4 AU BR . 25 (IR (CK) , A K
AR FR(SH) , Ji it ik B &b B (GF ) , W55 it P 1 4 AE 4cb 3
(YX), A E L 3 0 BN, 2L 12 /N X
FEAS/NX TR 20.0 m?, /N X 22 [8] Y FHSE R T, HLAARGE
GOACPRIT SR 2, A KAE KRS RIAET 3 d $0it T+
I HRIZHHORST AR S B KRG 4 B
TR AL R BRI TG , WO it AVE
IS WS ST A E AR IR R BB IR AR AL - N
P,05-K,0=25-12-14 , i il 50 kg, #E WK LA 4 1 1
e A PR B A A P SRR BT 2K R 1, It
[ 2014 4% 5—10 A, Hrp FUARFEFE S 2014 485
H 8 H—7 H 17 H ,MgfaErf Ak 2014 4F- 8 H 2H—10
H22H,
1.4 SrHrillzE

RERRAE 5 T KRR TR, AN X
BEALIX 3 Pk REEIG , H E KPR £, 40 AR 25
RIAFSE . K RPSRE i B T = AMHIE I+, HoAhEs
PIRESL A A4 (FEMEHR S 58T 102 CHUR N A
H2h, FAZE 65 CHLZEHE, KRR ZX I
YRy BEHLRY BRI, 2B 8 B AR A1 F o AR R R

x| BREFHERER

Table 1 Basic situation of inhibitors

BB A7 . Cd/mg kg 3L Cd/mg kg™
R ARG SR A KT — —
FEHEREN e BT RN A R ] 0.571+0.02 0.024+0.001
I TR J5) R SRR L Y 43T 2l ZnSO, — —
NEkHRE GB/T 23349—2009 <0.001 0%
TE =" AR
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Table 2 Each treatments of the experiment

Ab T LR
CK ANt S AT BEL A7 1)
GF KA 3 d TRt R AEML AT FR 2 wl A = RS S IE (A7 00 FE ik =30%, Ca0=20% ,K.0=5%,Mg0=10% ),
FHH 100 kg-667 m?, 144 3.0 kg /X!
SH IKFEREHRTT 3 d SEREHAR AR EL WA S 1SR A KT A K, F i 100 kg-667 m?, 164 3.0 kg /MX
YX TR BEM B R LA e 1 et FEEAE  FliE Sl 1.0 g-/hX

(A 25 RS FORE K ) SR TR 5 TR Al 1R — v U 1R
(RFREE S 41T AR A TRl i R 1 b v 2
FeW o[RBT GBWOT7603(GSV-2) IOKAR ) [ %<
FRUES P T GBW10010(GSB-1) 1175 (1 #F 11 743
M da ] o A A b B PRI 4 e g 4t Cd 4
O E SR R WU 23 O O B - A s ik
(GTA120, 2 H Varian)ME .
L5 ¥imabiE

AL F]FH Microsoft Excel 2003 #E47Y9(H A
ZHBEHVER, # ] SPSS( Statistical Product and Ser—
vice Solutions, 18.0) /) ANOVA #5Ht(LSD ¥, a=0.05)
AL BT 7 22 0 A AN (B LA

2 HR5iTR

2.1 TiEFRREFIH CAHEE

+3Ed Cd &N 0.353+0.02 mg kg™, HEF
IR B AR (GB 15618—1995,0.3 mg-kg™ ) AH
L, S290 IXARE H -3 8 T Cd 15 941X . Ak,
1A 2wl A, E SRR AE(GB/T 23349—2009 )
hEE 4 JE Cd MFEFR A <0.001 0%, AR H 5
Cd &5~ 0.571+0.02 mg - kg™ , 72 B AE T 37 W S ) ke
NEAF G B K WA FBRIE (BB I 0t A2 B S0k
FH LSRR R B 4R Cd A7 18 XU AT for R A . ke
ORI, 48 K Z 8B NEH Cu Pb . Zn .Cd AN
i AR T bt B AN A IRk He A
Zn Gy, A — B IR AU o (H EREEHA

it A HER S A4 o 45 S 5 4R s i AN Tt 1 i
FA HURE Al 48 & VR 9 ol 238437 Cu Pb Zn Cd 1955
Ho
2.2 PREFIRKFE 2R

H12% 3 A1, 55 CKAREL, BR 1A SH AL PUFIHE
R SHYX ZEPRAL, FAt AR BER ) B R ™ 4T
AR B e, LI 0 16.81%~32.39% , 22 5+
B (P<0.05), 1EARIR AT, 7 R m i GF,
B IS T 32.39% . 33X S T /KR S SR A i
A, R IE it o A0 T A R AL ok X e £ R s
AL, Bl Ak o0 2R EAKAEI 7, B2 3R A%
1, AT 3 5 R RO G RE R e BE K R Y A
KEH . A RIKRE IR, Hi A iR R
ARSI it P A0 D RE AR L S T H B B R, 3
FIREOCRAYBII o 1M S RSO SRS e 2 IR
A, B2 T RE R K AR 8™ . FFRESR /K A R
AR LSRN TR, ALK ARSI ™ o ASLai
T REAE XA AS B B A fe b A R BHER BT
RUIFIEAL PR 25 1R R /KRS i, 1 2R 5 10%
PLE.
2.3 FRIEFIN A FAEA K FEEMR P Cd S ERIRIT

XFRAE Y T 792 FIREREAC AT 130 BG4 AR
FiRy Cd St A BRI 2 5 LU T, 4 2R L3R 4
H13% 4 Al A, JCIe 2 A i i BELAZE 591 , K R AR Z 4 ) i
WM B R Cd, 17K R B ZE B A7 Cd ARS8
Ao e Cd BT IE R AR AR B AR s B L SR

&3 3 MLEN RREMGRESERNRNE

Table 3 Impact of treatments on the yields of early rice and late rice

by HLFE Early rice WiFE Late rice
Treatments F=i Output/kg 667 m™ FAXHE Relative value/% 7=4E Output/kg - 667 m™ FAXHHE Relative value/%
CK 289.14+7.11¢ 100.00 264.65+3.36b 100.00
GF 427.63+1.34a 132.39 340.02+22.8a 122.17
SH 303.07+0.89¢ 104.61 269.77+0.99h 101.90
YX 347.53+6.57b 116.81 299.89+3.67ab 111.04

VE : [RFA [ 5 B R AL HA] 22 5 B 1k (P<0.05 ) . Tl
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R4 BEENGEEERERCIMEE

Table 4 Cd contents in organs at early rice and late rice

- S| H2 Root 2£ Stem It Leaf F£552 Edible grains
A Treatments  &ipmg-kg'  BEIE/%  fribtimgekg! BRI Sribmgekg!  BEIE/%  Aidmgekg! W%
FLFE Early rice CK 1.00£0.14a 0.14+0.03a 0.08+0.01a 0.039+0.002a
GF 0.53+£0.05¢ 47.50 0.10£0.01b 28.57 0.05+£0.00¢ 37.50 0.023+0.003b 41.03
SH 0.45+0.06¢ 55.58 0.07£0.01¢ 50.67 0.06+0.00b 25.02 0.024+0.004b 38.46
YX 0.89+0.06h 11.48 0.11+0.03b 21.42 0.05+0.01¢ 37.00 0.019+0.001¢ 51.28
45 Late rice CK 0.45+0.04a 0.11+£0.02a 0.09+£0.01a 0.016+0.001a
GF 0.29+0.01bc 35.56 0.06+0.00c 45.87 0.05+0.00¢ 44.44 0.009+0.000b 43.75
SH 0.25+0.03¢ 44.48 0.06+£0.01¢ 40.60 0.06+0.00b 33.51 0.009+0.001be 40.37
YX 0.34+0.02b 24.98 0.07+£0.00b 36.89 0.08+0.00a 11.60 0.008+0.0001¢ 50.92

2R A NRREE b i i A R A2 P K AR R R A
AR AR fh 135 R A 25 5 WO AR 2R Cd 1 2
B 2RI A M A A Ay, i R A D
s E TR R i R A TE I ZE S
VERIR 28 E , WRKRRr s TR B b
HZEFRAAN Rl Cd SPFFSZ) Cd FLEAA %)
FF . mREERFSIH Cd SRR Cd R ET s
E D R HBR A AR B s RS T
BRI I s AR R BRI FE—RAE LT L Cd
TEIKFERE IR A3 AT 2 AR>S ZES ISP

R 4 FRESERAL Cd B al 0, 5% lEAH L 3
oo BELA2 ) X6 7K A A ZE Wi e Cd HA — g SR A
FRES Cd Fr i As Ll 0.452~1.003 mg-kg™; 53
H Cd B & B AR TE N 0.064~0.137 mg-kg™'; M-3R
Cd 2 ki 0.045~0.081 mg-kg™; ¥£5zrh Cd
RIS A 0.019~0.039 mg- kg™, Horf, GF F1I
SH XK R AR 28 FOFF S e Cd & AR &, T YX
SEFER ARRER Cd 7 i T i A8 Ak o R Cd & f Kk
/N F R CK>YX>GF =SH(“>" 43225 7 i 3 (P<
0.05),“="fERERALE, TR, ); 2580 Cd FHK
INKZ R CK>YX=~GF>SH; 3B Cd Ak /NER N
CK>SH>YX ~GF; #752 Cd & k/NEZ Sl CK>SH=~
GF>YX,

3R 4 WA 2R Cd Bl i, 5% REAH LG, 3
T BELA2E ) X6 7K R A 25 IR e Cd A —E SR/ R . AR
#h Cd & &G E A 0.295~0.453 mg-ke™; ZEHrp
Cd (& A8 R 0.062~0.107 mg-kg™; HHH Cd
FrEAMEIEE A 0.051~0.088 mg-kg™; AFsrh Cd &
ARk L R 0.008~0.014 mg kg™, L, GF 1 SH
X KRR ZE RS Cd S EAE B, M YX AR
FUR AR Cd & do 784k, AR Cd & f R/
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KFEHN CK>YX~=GF~=SH; Z£7f Cd FRA/NERN
CK>YX>SH>GF; MR Cd & K/ R K CK=YX>
SH>GF; AF5H Cd % 8 K/hK R HCK>GF =~SH =
YX .

U, B AERE AL K i AR AR AE B R K
TR EBOL Cd Ff, Hor o KK IR Cd & &
BRSO T A K —Jr TR Y - 4% pH A, 7
Hh—J7 T H EE R SRS 1 g
Cd BB BAF i EAERT, AT AR R K F i
FXF Cd A SRR SR it ik A A K g 25 B At
i Cd SRR Ay, H B A XS B AOFPSE Cd &
S RPEIERCR T 25 . FitREIE S, BR T
REHE 143 pH 8, FRAK Cd TG PEPA)  fEIRRE 5 T4
JEIE BAETIVE , DURRTE IR R RS, WA B
RPL REFE K R b b3 4 i R SR REREL I Cd Y 5T A
iz g As , WK RE M B EB 4 Cd B TLRY, Fe 2L f%
fRAE K Cd & i 594, S hE R & 2o R IR
AR, Hor S B A A AR A R S L
TR XS Cd A —EFEPUEM . M EEIE XS REAIOFF
52 Cd & it A FRCR ST , BT IR 3 gV FH 3R
FEAEZE S o AT it I T IE XS 7K AEAR SV FHAS B
B, BEBA M RIS B R AR D i R R,
TG M T 3531 Cd VA BB VERIRICR . AR
BT RN T R OK R - Cd 5 & VR 2
P A B L 2 RN o B 32 2 (1 P 7 AR 1 Zn/Cd 4
PorEr, B TR Y @i 792) Z53BF0H5
Cd ] b RYIERS ; 0 B AE (A A5 130) 0 5 Cd w4k
EREHEER, s T 259, X 5 R REHN L
WA — AR LZ AL KA R TR & A AR T
JE DR Y 22 P B AR AR T Cd 1 40 AT 52 T 25 47
fE22 5% . H Adiloglu™ W 5% ik BH it FHAEENE o] LAREAIR T
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BREYH Cd LR, 555 Cd 7EANIE L ZE A 0705,
MR 1% AR A A0 53k Cd & 3 m,
VLB XS Cd AR 2 1] B IR AR, & e A el AR o AR5
B 2 A S Bl ZERR TR 6 - T R A v B R B A AR 5
HAEHWAR, B KRR S Cd B7E AR EE Y
FEHURE R A — B 45ie .
2.4 PRIFIXAKFEH_EES Cd MRS REH RN

Cd TEIKFEAF S i s SR AU S - 8 Cd &
HA G, WK T & B X Cd IWfEizae ). iz
FECRAEY) FEIEOCR R S TR R
BT A L, TSR PFANAF ks E 4 S AT 3 )
I A BE 702, A IS AE Sy i 326 Fe A BELAZE 5] 1) s
FEMTEIR. KR RS L Cd iz REEU)N,
UL Cd B2 5 Bk [ e FEA AR T 3R b, 3 2R AR I
B Cd R/ [ EE FF 52 5 Cd iz R
/N, Cd HEA B YEE R O] REPERERAR . AHIFTE L AE I
MafEH Cd %% ZEUNE 5 iR, RS il EH,
R Cd %18 RBCE AR (CEAR ) <OFF 32 )<
(28, AR Y i i 2R 5008 A CF P82 ) < (24
M) <(:28), MR ZEM s REGUF N 0.127~
0.260, FHH i1 3840 1) H_E3B 405k A SR w55 ;25
B RBGE R 0.399~1.197; it BHF 2 1 F%
18 RN 0.114~0.486, b, 255552 R AR K, 1
HHZKAREZE Cd W SR B . SRR 78 UE
HIK RIS Cd FZERAER R A i, J2& Cd
FEMNFEAA S, st o X 20 U P9 Hh oA ]
TR ZENT Cd MR R I, JEHH Cd R E KT
LI, R, R SO, R Cd
SEM AT RER T 253B1

ARG R 2 Z B 2ZE A AN K, Ui A K
XPKFERARE AR Cd iIERE A K, 5 CK AH L, 5
Jite i A AE AR AR i TR AT — e IR Y, s
AP R WK R i A — R RS SR TDK
FENFREEDTRUN S A A, U IR S R R UURR Y
AES Cd % AR LT S 0 3% X 2 Ah 340 5% 40 il 5 7 AL

PRES BAEWE ™, I 206 Cd iy e s fmizierh [
I I0] E A5 s Z80 M TN AS SR AL e 18 2R B
HoAb b PRERAR , BB Cd RYF54/E IR, (A7
MR (25 A DR B e A T d i AR B0 e K
T CKAH, H>1, UMITERRE CR A 130) it i fEHE
Ak BT 2R 1 R L RS BE 7 A XA, i H i kg S
) TEAS RE AT , 2 BA v AR AL BE R RS
PUVE S RERE Cd FLRTEMTR

3 #ig

(D MOKFE TR, bR K Z A, HoAth 5 5 X6
A A —E R HEEN, H7EE R 1681%~
32.39% , Hriti i AL RE W R 4R S AR AR 1 o

(2)3 Ff B2 50 1 A i & B AR e A ml kb Cd
B o o LR LA ORI A XS AR B Cd R 2R (1 BHL %
OB AT, o BIREAR T RS Cd & it 55.58 % .
44.48 DRI FEHIFR Cd 2t 47.50 % .35.56 %; it
REAEXT AR b Cd S AR B35, 0 0 AR T A
&8 37.50 o FBEAT - 44.44 % ;T B A 0T RHA%
¥t g 4 Cd STlikis R, 2l R T AAEFFSE 51.28 %
FIMERIAFSL 50.92 %, FEAER 22 .

(3) 7K AEHERE A (B 12 2250 0.114~1.197
Z 0], 2552 R B K, UK ARG I Cd 1Y
FEAEGE AR % Cd M.

(4) I TETRE IR (9 1 F 3 24 v e KR 1) I35, o)
FFoA R Cd BEE RO e AL & TR,
T FERE A MBS Cd 22 AR i 4 2 AT 5
— PRV N EENE S H AR AR A BH R

SE

[ FERE X A7 RS, 55 & TS e Rt L SRR e B Y
PUR——6 T (42 1] L 575 JbR DL IR A A4 ) oAy SC R Y i
HEJ]. A FREERF 24, 2014,33(8) : 1465-1473.

WANG Yu—jun, LIU Cun, ZHOU Dong—mei, et al. A critical view on the
status quo of the farmland soil environmental quality in China: Discus—

sion and suggestion of relevant issues on report on the national general

RS KFER Cd WESRE

Table 5 Transfer coefficient of cadmium in rice organs

Mg Cd f%%8 2258 Transfer coefficient of late rice

M:25 Leaf:Stem #732:1 Edible grains:Leaf  25:4 Stem:Root

M:25 Leaf:Stem  #£5Z:M Edible grains:Leaf

il AR Cd (95438 FAL Transfer coefficient of early rice
Treatments 241 Stem: Root
CK 0.137 0.600 0.486
GF 0.133 0514 0.456
SH 0.137 0.598 0.408
YX 0.127 0.399 0.420

0.242 0.828 0.187
0.213 0.809 0.175
0.260 0.815 0.165
0.175 1.197 0.114
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