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BN TR A R R ARAEAN RS YR EE RS I M A RERRCR, T 2014 4R fEIT R 38 Fedis YukE H
HEFT/INXARGS  BIFSE T VIP BEFREOR (V, FIE AR AR S i 1, AR 20 8 380 P, it T A RO A AN [] L 385 e AR R
AN FROR . S5 R, AR R ] VIP HA X BR AL 304 T REOK 58 5 s 78 Rl TR e b B SRR 43R
0.191.0.199.0.295 1 0.423 mg/kg, MEREA ST 0.278.0.298 .0.524 F1 0.778 mg/kg. K VIP FiARJE , HREAAH &
43511 0.110.0.152.0.157 1 0.307 me/kg, Hb AT BRFAAR T 42.4% 23.6% .46.8% F1 27.4% ; W R AR & 1439 R 0.153
0.201.0.397 F1 0.604 mg/kg, HLXFIRFAR T 45.0% .32.6% .24 2% 22.4% ., AT WL, £ FE45 VIP HARTEA [FT5 4L
TR 1T A BRATRK TP & i VR T MR G R R s e S TR & iR B B R R A T

HhRE TS G A B R R i 5 10— AT

SREREIR) KRR AT % 5 VIP BRI 5 (R A0 il s K 04

FESHEES:S511.05  XERERIRAD:A

B (Cd) X AR 58, ) 5 W A 5 0T
=, RS AMSEYFEE RN ESE I TRZ 1, K
FEORTR E E LR EEY), Hy e ma it s |
$ 6 R B [ R TR TR A= 062 R s, K Fg
SRR R R B P ARAEY) . BFRE R, AR
FEEIRIE R, IOk & 3] 40% B o] 38 o KR UE A
WsE T A ARTE B BAT PR EM:, IAE]— &
B N PR, K AR TS YL AN 25 20 P
PaA, FORER R IR R AE TR & Hb A7 A JEHORAE
WIRE 2R VE AR TSRS Oy AR R 5%~
15%M, Al 2= K R s et Se e A P2 D 2
R — AR EE AP,

H 7 E N A& F KRR TS Pt o8 B EE P E M
Fh BT R IR R R pH R T =L
Jti N8k 5 R AR K AR AR N 32 5 e R
SR KRR 0 S5 KRS A SR A
Ve N ST 5B Ly TR G i e w3 DR
PRI Ik R BT LI 1k e +38 R+
% B B R LA S 0 TR HE, (H X SR i T
WHRREMANTIEW T, I HAAER T RIFEAS + 2
) 3 —XfE DA S g [, DR A 2 BRI
TR s IRA TR O ek R R4 o R fkein
PRAE Y, J B 30 PN R A B [ AR IO IR [R5 5 1 B
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TG Y BRA TIZEOR B 5 U 98 1 i AN
T HEIK Sy A pH UL R A R FOR i R
Cd (R, R AR AR WA RO | Dol sy 48 00 L 1) 78
FAE RO A B = A, (LR B AR AT
B, B R EARN T ARG Y B O A
—, FEOZBAR SIS Z B WX T 2 My S
PR S 3 ST BT IR o e, AR T
VIP ZEG BRI, SHIRTE VIP FERSOARTEAR £
BETS YRR T A NP FEW R A 38 NS e X AT
TOREI/NDKHS, AR G i T A T A 18 S35 P
A B AR IO B e R A BRSNS

1 MRS IE

11 R XER

G T 2014 FFAEWI R E 38 B[R TS Yo Fe B 1 R
FHHEAT , 43 2 H e b i+ 39 & s A 00 43, Rl
SAFRUEANT AR (- <0.3 mg/ke) R (15
425 0.3~0.6 mg/kg) EE (T IEAEH 0.6~0.9 mg/kg)
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R1 FRLEERGRFSERKREERYBIRNT

2 b K Cd HERK
it (mgrkg) FEARIRE (% ) ol FEAR IR (% )
BiE CK 0.268+0.108 a - 0.439+0.163 a
% 0.239+0.108 ab 10.8 0.394+0.163 a 10.1
P 0.212+0.108 be 21.1 0.324+0.163 b 36.3
VIP 0.183+0.108 ¢ 31.9 0.296+0.163 b 326
o Fe CK 0.451+0.180 a - 0.826+0.276 a
\% 0.371+0.180 be 17.6 0.648+0.275 b 21.6
P 0.382+0.180 b 15.4 0.641+0.275 b 224
VIP 0.329+0.179 ¢ 27.1 0.545+0.275 ¢ 34.0

R7 BAEE T FANE FHRTE 005 KFEREH, TH.

HE(TIE25>0.9 me/kg) o
1.2 R

AR RK R i PP oA g R, RS R A
819 i Al 32 5, MR AF A B Al 13 5 s AR PR
996 , L 4 iy K TR T IR i A R X
1.3 KA

IRIGTE 4 A0 F IR (CK) , SR P 24 4 5, 524
i RN ) H R B A B R BIVAN it AT ] - 48 2l
KA K48 B Ry FUAE B PR IR A BB A A (V) B
FE 2R R A8 A Z5 01 23 TAE IR B K A i b, ks
A T A TR B Bl 8 BHUK 43 RO A1 2K (TP ), T3
PREFHIEAKZ, EERINEE AR H , 25 /A
IR FEREHE SR [R] DA 1R K )2, B CEIHT 7 d 22
HIFIG HARIE T, o BEAR A 667 m? Jiti JH A1 /K 60 ke;
FHZEEHARVIP), i I & A, L[] 1P kb3,
1.4 RIEiET

KHBEHLX H %11, 3 EE /DX 30 m?,
MR AR E [F]— i FH AT, IR X HESIARAS L /N X
PAHERAJE /N ] B A AN HEAK A o & Fh S B AR s ]
S YA A/ NN SR N TR 9 1
Y s R E SR T B R AT R B 257, L
LR H Z2 W8 JLIR 24 5 At FH e i AR A , it S et B JHC
bR 3 A B S Y M AR T
1.5 NEIZHIE

TER AR AT, P W RE R 5 i O oR 4R
TR L HERE S . 4 AR R LT LRSS B
1, ¥ GB/T5009.15-2003 fY 77 ¥E 22 - HERI R KA &
o
1.6 #iEabiE

K H Excel 2016 F1 SAS 9.3 Si 430 Sk #1745k
P ab B

2 SRS
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21 ARLEIKBESERKIESERHHTME
F2E 1 Al 7R ARG 4 FPAbEL R CK A AOK
a3 0.268 mg/kg F1 0.451 mg/kg, VIP
AEFRAAR B i Je I, 439024 0.183 mg/kg Fl 0.329 mg/
kg, H CK 43 IF#A% 31.9%F11 27.1% A5 V. IP ZbBEK
ity CK AH L IR T 10.8%F1 21.19% , 1P VIP
WP CK ML, KRS EAFEDEES; KR V.IP
ALY CK A L SR AIE T 17.6% 40 15.4% ,V 1P \VIP
AR S S CK 2255 B3, L, 5 CK A, V.
1P VIP Ab BRI A FEAKS S VE ], FareRK )
B 2B RS, Hoh VIP A FRRCR . R TP
VIP 4b¥RY) CK AbFEY A B2 % Mafd V. IP . VIP
PR CK bR AR R E 225 . Al — bR AT KR
FrE LT MR, MR E = TR
22 ARLSEFARMTESRFESER T pH KXW
i 2l A, 5 CK AR, V. IP VIP ZbEEXT . 1
FE e m B, X T pH A, 7 1
Feirp IP VIP ZbPY S CK .V Ab B 22 55 g 2 fE— 2
BE LS T pH E, 1V ACBEXT 4 pH (E R
AN TRl—AbERAAE TR RS L R A e TR T

3 pH AR THERT
23 ARSEFEREARABLESETHRIESEN
21

F % 3 Al 0L,V IP \VIP &b P45 AR A AN [R] 3875 Y
ZRMF RN B I R AR A 22 e . 77 4%
IS Y R, 5 CK AL, R TP VIP Ab B i S5 R A%
TR, Horp TP b B R AIG I A L 3 48.7% 5 I
FELL VIP AR e b, #H HE CK BRAIR T 45.0% , 2 5%
KB EKT . BTG T , RS AEES CK M H
A FRATROKR A & R (A 25 5K B 3 eAg VIP
LA IR B B K, 3k 32.6%, 5 CK AL 22 i 2
BEVS QST RS VIP A B A A A I B A R
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2 FRMEH AN LESIFSER 1 pH K300

Qb3 T Fed D
+ Cd(mg/kg) 3 pH + Cd(mg/kg) 3 pH
CK 0.699+0.209 a 5.60+0.414 b 0.600+0.182 a 5.81£0.401 ¢
Vv 0.707+0.209 a 5.60+0.414 b 0.608+0.182 a 5.89+0.402 ¢
P 0.714+0.209 a 5.80+0.414 a 0.622+0.182 a 6.13+0.403 b
VIP 0.702+0.209 a 5.86+0.414 a 0.617+0.182 a 6.26+0.404 a
F3 AELERARERELTETLETIRESENZN
I b3 LR R Reg AT 2 W FEE A5 Reg AT 2
(mg/kg) (%) (mg/kg) (%)
<03 CK 0.191£0.068 a 0.278+0.118 a
AY 0.211+0.068 a +10.5 0.193+0.118 ab -30.6
1P 0.098+0.068 b —48.7 0.212+0.118 ab -23.7
VIP 0.110+0.068 b -42.4 0.153+0.118 b -45.0
0.3~0.6 CK 0.199+0.112 a 0.298+0.188 a
AY 0.173£0.112 a —-13.1 0.243+0.188 ab -18.5
1P 0.174£0.112 a -12.6 0.226+0.188 ab -24.2
VIP 0.152+0.112 a -23.6 0.201+0.188 b -32.6
0.6~0.9 CK 0.295+0.108 a 0.524+0.180 a
\4 0.247+0.108 ab -16.3 0.397+0.180 a -24.2
1P 0.202+0.108 ab -31.5 0.523+0.180 a -0.2
VIP 0.157+0.108 b -46.8 0.397+0.180 a -24.2
>0.9 CK 0.423£0.110 a 0.778+0.190 a
A4 0.392+0.110 a -7.3 0.698+0.189 a -14.4
1P 0.351£0.110 a -17.0 0.636+0.188 a -18.3
VIpP 0.307+0.107 a -27.4 0.604+0.187 a -22.4
x4 TECEFRARERETESEEGH TR GHELE 11 pH #9520

pH B9

ER IR il WA IEpH  WEAE I pH
<03 CK 5.22+0.343 a 5.28+0.309 ab
\ 5.10+0.344 a 5.20+0.309 ab
1P 5.27+0.344 a 5.72+0.309 ab
VIP 5.26+0.344 a 5.79+0.309 ab
0.3~0.6 CK 5.57+0.392 a 5.85+0.385 ab
\ 5.65+0.392 a 5.93+0.385 ab
1P 5.71+0.392 a 6.04+0.385 ab
VIP 5.82+0.392 a 6.24+0.385 ab
0.6~0.9 CK 5.72+0.414 a 5.85+0.402 ab
A% 5.70+0.414 a 5.90+0.402 ab
Ip 6.04+0.414 a 6.34+0.403 ab
VIP 6.04+0.414 a 6.39+0.403 ab
>0.9 CK 5.69+0.439 a 591£0415a
A% 5.55+0.435 a 6.07£0.413 a
1P 5.93+0.432 a 6.25+0.410 a
VIP 5.97+0.428 a 6.37+0.408 a

46.8%,5 CK A 22 5 2% s A 3 A b3S CK AH L
ESARE EEGYEAMTH G 4 F A
FEACKE S R IIVER (B2 [F—I5 R
— AT AR S B TR

24 ARSEFERERETETLEEZGTHE BRE

4 AT, 6] — RS YL R T, AR A A B ]
T pH HES AN EE . MifET, 5 CK ML, V.IP VIP
ALFRYIHRE T R RS YRR A pH (. 7RO
HRRETS Y 14 TP VIP ZbEE S CK 22 53k & KOF 5
IRpEG gL VIP ZbFR S CK .V AbFE2E 3k B 2K,
5P FARE,; HEBYET,V.IP.VIP ALY
CK ML pH AT B E AR E . Rk 0L, 4%
Tl A 7 A X6 I e ) 39 pH SRR, T R — 5 e
FERE [ — A FRAAF T, RS 135 pH (E/NTIEAGE
25 R BETERSLAEESKESESNHEXNE

AT AT R SRR S R S RS R R
WEEIEADG, HUOE 2500518 0.1822.0.3126. Hilt
ALUL KR A S RIS YRR A AR KR . A
F, 4R MRAE R A R M AR B e T
FRE, RIBEAE KA o s B 1 o T e i N i i
BER T A5, ULBH R — - 8m s e R T, MR R X 4
) L RE T 5
26 ARTESEEZGHTHRAEAKBESEESE
AR ERMILE

M2 5 A 0L, EANE AR R R R 0 T Bl
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1.6
14/
12 2=0.5396x+0.0531
Z 1.0} R*=0.3126
= - L]
E o038 5 a .
& 2 y1=0.2057x+0.0805
06! e "
® g 2%9% " : R=0.1822
04| J ,:' - .1 'l_‘_‘._ .-.--
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. Frr et e,
0 0.5 1.0 1.5 2.0
+4H (mg/ke)

E1 R @BETERSRAEESRRESENHEXM
®5 ARATESEEGFTHRAERFEEEETERY

b iR AR R LAEEEES
<03 0.7820.163 a 1.26£0.275 a

0.3~0.6 0.45+0.163 b 0.80+0.275 ab

0.6~0.9 0.39£0.163 b 0.84+0.275 ab
>0.9 0.34+0.163 b 0.70+0.275 b

BTG RR AN, ORI A R A B
(RS, L MR R I — 3K, TR s Y S
T, F L MREKEEEREUR K, 4018 0.78 my/ks.
1.26 mg/kg, P REER S Yo - HEhOR BRI & 4 R B
JEE R CER RS Y R AR R A Rk KT,
MRS Y 5% PSR AT O R R
EZRARE, SEEBRENRMEEERINER AR
FIK o TEARENTG YRR I 35 M RROR R & 4R R B
TR

3 shig it

A G 25 S T 50, RS VU IP VIP Zh AR
FEAOK S S PER, P DL VIP b BRCR BT, 5
CK ML/ SIREAR T 31.9% .27.1%, #5358 FKF,
XGRS BF 45 R —2 R, FRRAR & A%
TR , 33X F2: PR Ay B RS RE K X 8 110 1 SR RE 1 55 TR
DAL LG DA - S 12 B SR R R AR A DY ' B R K A A
Ao WEAE 4 pH (A TR, i 8 pH (55 e
B RS i 2 BRS04 BT D[] — Ak e A -
TR . FEANE T s AR, 3R s
PRAET R RO e AR R AR, SR PR
TS 2 Tk BB KT KOKRER N B4 R RO
B -S4 TS Y AR B AR T S R AR R R R R
PE—F . DX U8B KRS 76 (IR Y 1B P 4 i S R T o
X5 e/ RS R 25 SR — 8 [, AEAN ]S e
FERY 3, MRS K AR BE AR R T AR e

. 40 .

K54, ED MR K = 5 R 8w T
V. IP VIP &b P LR D K W i 1) o 5 e 1
pH SEIRAN K, M7E e R ol e BE P BEIS e SR F T
1P VIP A HRRCR 5 CK 225 8.3 . i n] WL, 25 Ab )
WA Y 148 pH SEM ORI R 3 . AE R — 5 Qe FE L A
—AEPREAER LR R R TR X T
Fei L3 pH & TR, M HEPASSHm S ERE -
¢ pH AT AR
KA FRAE AR + BTG R i T, KRR R
FEER RS . MARIRIRZ R A, B R AR & i
Wi 5 O R IR N, RS Y A RO
i FRIIAR A T YR R e I, 3% B RN v B e
TSR T Z 18] BIREAOGH5% 1) W S B - 458
HYERTS R AR R R OC R, KA TS L X R
BB R FIROR R & = 1 — D FER R . WK™
sty FR) SO 42 4 5 T 2% B, TR AR TS L™ EE 1 b IX., 1 > ik
PREF NG, AT LR AR AR S TREREOR kAR H
VEIAR /KRR, DA T o) 2 W e ) 75 e i 3
ZR A AR I (VIP H2 R )% T AN [F) R B i 75 e A
MBI A LM L, ARSI AR
1) S YRR R S RO R S B VR o IR,
CIRGE = O = e e S L8 S LR R g e | 5
KBS E X T B R S G XK R AR
PR R FE i — DS
S0k
(1] [, XUPE, 7 A, 45 R XA [k R Al KR (Cd) & it
RysZmaT]. hEAEK ,2016,22(2) :31-35.
[2] BEATR, FAREE XUSL A, S5 B X KR e A R S B )], 3R
HVEYZAR,2010,31(1): 19-24
[3] Obata H, Umebayashi M. Effects of cadmium on mineral nutrient
concentrations in plants differing in tolerance for cadmium[J]. J Plant
Nutr, 1997, 20: 97-105.
[4] BRAEES B, F0AT, 55, SRR o i KR B ARME AR [].
BB AR, 2013, (2) :1-6.
[5] FROEI, WRIEAR SR IESE, 25 At KR AL KR 7Rl 52
[T, H O RR: 2005, 38(3) : 528-537.
[6] HIRFudk, it , 1 Scam , A5, IR SRR 2 KRS P R I
W SR B FEL]. T AR 2SRk 241, 2010, 18(2) : 281-285.
[7] S, SRARAE, BIRERS , 55 KRR XA A WU A2 ST ) 56 SR ATF
FE[]. RO R2,2008,36(9) : 3 506-3 508.
[8] ZHENE, JEIi MR, EHE LT, A5 15 Yo M /K 434 I /K R A R B4
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Effects of VIP Technology on Reducing Cadmium under Different Cadmium Pollution De-

gree Paddy Soil

YANG Xiaofen', LIU Qinyun®, YUAN Xianghong®, WU Yongjun', ZHENG Haipiao', NIE Linli', LI Yijun', ZHENG Wen', AO Hejun'
(" College of Agronomy, Hunan Agricultural University / Southern Grain and Oil Collaborative Innovation Center, Changsha 410128, China; > Hunan
Agricultural Resources and Environmental Protection Station, Changsha 410125, China; * Hunan Changsha County Agriculture and Forestry Bureau,
Changsha, Hunan 410100, China; Ist author: 2285316669@qq.com; “Corresponding author: aohejun@126.com)

Abstract: In order to explore the comprehensive effects of VIP technology( V, low cadmium planting varieties; I, Optimize water man—
agement; P, Liming) on reducing cadmiumin under different pollution degree paddy soil, a field experiment with 38 mounds of cad-
mium pollution paddy soil was carried out in Hunan province in 2014. The results showed that the cadmium content of early rice of
CK were 0.191, 0.199, 0.295 and 0.423 mg/kg in slight, mild, moderate and severe conditions, respectively. By using VIP technology,
early rice cadmium content were 0.110, 0.152, 0.157 and 0.307 mg/kg, which reduced 42.4%, 23.6%, 46.8% and 27.4% compared
with CK. The cadmium content of late rice were 0.153, 0.201, 0.397and 0.604 mg/kg, which reduced 45%, 24.2%, 32.6% and 22.4%
compared with CK. Above all, the comprehensive effects of reducing cadmium(VIP) of comprehensive measures of cadmium reduction
has reduced the cadmium content in brown rice under different degree of pollution. It can make the cadmium content of slight, mild
soil pollution to reach the safety national food standards. But how to reduce the cadmium content in moderate and severe pollution soil
still needs further research.

Key words: rice; cadmium pollution; VIP cadmium reduction measures; low cadmium varieties; water management

D S et st e e e et B e e e e i st s e S e e e e e s s s S e e e e St e S et Tl

RETE : 2l LR g
J"&RE 2017 £EEESHIKBEIH R 2
FEGS AR Jehl TR AL AR IR RN KR AR
(AT (d)  (kg/667m?) (kg/667 m?)
20170061 5L 3089 KIFI=FRZLAcHE T AR KL Fl AT BRZS v 5L A x 547K 3089 113.0 466.52 462.05
20170062 WEfEEE A ORI = RARACRE ) ARG SERR A BR S 7] JHE A x 4y 113.0 474.34 499.87
20170063 #4031 K= Rk T ARAFN TR AN A BRA F A x 2K 031 113.0 467.10 479.50
20170064 784798 K =R ACHE T ARA R REBE K REHEE I I~ 8A x R798 112.0 444.94 481.06
20170065 Z=fE 466 M= RA5CHE ARB R FEBK T I AT L8 45 9311A x )7k 466 116.5 466.19 491.57
ZER BRI B A PR A R
20170066 EFEME 95 M = RACHE ) AR S AL ABRA A P A x R9 111.0 453.78 466.89
20170067  WEMEES K =R 45ChE T AREEERTT A FRA JHE A x 4238y 110.5 436.70 473.80

(T#% 46 7))
.41 .



