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8 Z R ESMAGR I [R]FE AL X AR I M 25 G 0 ik ORI et M RE IR AR W B R R NE S R A R R A e
FA Xt i Tt DX A B N AR R Cd A S RS . 5 R FE AR R R, S CK M EL , B 4 R R A B K R AR
T 2R SRR Cd & B HI PR B, BEARIE B 43 53R 46.19% .52.46% 38.39% 1 55.31%, M9 Y RENE AL XS i F e
Cd F5 g PSR S A , BRI 34 54.39% 5 78 H [ REMLIX 4356, 5 CK M L, 5 P Rk R A IR /K REAR RS 2R A v Cd 55
BRI AL, BEARIR 52500 73.91% . 71.28%H1 76.77% , Wil 2E P B FAL BRI A3 5 AR K i Cd £ 2 Ikl s R fe A , FRAIR
WRBE 43 3R 65.52%F1 69.57%. Xof T4 BT Y+ 4, fti FH = Fpekt RS BEK h Cd & BB FEAIK, 4351024 0.09.0.07.0.12 mg-kg™,
BIRETR B E R &8 TAERRE(Cd<0.2 mg-kg™ ) 5 ZKAE ™ 5 )7 1A, it FH 5 B2 790 28 BB /K AR 7= , HL v A Wk S + sl 2 40 o ) 4 A 1
R A 3, 7 Ak s A H (R AL X 2H 3R, 40301 Lo B 7= 28.069% 11 31.1%

SRR R T5 Y s KA R s A TR R 5 Bt

MESEE:X171.5 CEREE:A  XEHE:1672-2043(2016)04-0627-07  doi:10.11654/jaes.2016.04.003

Effects of mineral silicon fertilizer and microbial agent on uptake and accumulation of cadmium by rice

ZHANG Miao, YE Chang—cheng, YU Li, PENG Ou, ZHANG Yan, XU Meng, CHEN Zhe, TIE Bai—qing"

(College of Resources and Environment, Hunan Agricultural University , Changsha 410128, China)

Abstract:In pot and field experiments, the effects of base mineral silicon fertilizer and microbial agent alone and in combination on the
concentrations of Cd in different parts and the yield of late rice were investigated during maturation period in Hunan region. Results showed
that the microbial agent was more effective in reducing Cd accumulation in rice than mineral silicon fertilizer was. The Cd content in roots,
leaves, sheaths and chaffs was 46.19%, 52.46%, 38.39% and 52.46% lower in microbial agent treatment than in CK, respectively. The min—
eral silicon fertilizer was more useful for reducing Cd content in the leaves, with 54.39% Cd reduction compared with CK in the pot experi—
ment. In the field experiment, the mineral silicon fertilizer was the most effective in inhibiting Cd accumulation in roots, leaf sheaths and
blades of rice among the three treatments, with a 73.91%, 71.28%, and 76.77% reduction in Cd content as compared with CK, respectively,
while in microbial agent treatment the Cd content in chaff and brown rice reduced by 65.52% and 69.57%, respectively, compared with CK.
In slightly contaminated soil, three treatments significantly reduced Cd content in brown rice, which was 0.09 mg -kg™, 0.07 mg kg™, and
0.12 mg-kg™ in silicon fertilizer, microbial agent and their combination, respectively, meeting the national food health standards (Cd<0.2
mg-kg™). The yields of the rice were significantly increased by three treatments, with greatest yield increase found in combined silicon fer—
tilizer and microbial agent treatment, in which there were 31.1% and 28.06% yield increases in the pot and field experiments, respectively,
as compared with the CK.

Keywords: Cd pollution; rice; silicon fertilizers; microbial agents; combined application
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Cd BAEYARKETSBRIIELT LR, EAK
Bt shiE A R e F R RN E S Bz —,
A s R R I A B e R Cd TR
T REZE B R AR AR ER T AT AL E A e
TR, KRR R S Y A RS E 1 B TR R
Wk AP FE AT AR I 0 T AR SR Rk
FE A8, I Ll L B ) s SR R E AR, i
AR o AR BA = 3B EBom  BR a7
FH BRI & B AR 1R IR R SRR I AR
o, Bl KA Tl s A A F V5 E 3T 7
A5 YR R AL AT B AR AR 24 RN B fr) A i
A, (R 23 2P 48 A R 5
JEHOE Cd 7R 5 o (A 400 ko, B st R, B
PERFA, 6 38 KA s il T5 e H ™ S, st
T, T E Z 8 (Cd) V5 Y ik fT U 130 77 hm?, #5
JC 1L ANE TR 25 A H XM AT WX Cd 5 3 136 B
HTEJEBE

KRR FREENREEY 2 — R E—
AP RN DA 1, R E 60% L4 F AT IR
KA EEM, AR, B PR RS2 R ST L
b 48 2 S IR  REK TG 2 AT A
AP, R, FHRFEAL Cd & R ACR E LA R
F, FF X R Cd (1 BHAE BRI 5T, B — 2P i 1 1
R BLAR ELE R A, W RE RSk Cd 75 YL B3
AREA 3 EE B SO AN

1 Cd V52 B A% H 358 1 i P i B 70 R ok 39
RAEY AT R Cd BLR M HAR , M PR BRAR &4
PR A SRR BN R AR T Bz — 19 K LA
TR 2 5 A ok R 70— 2 ] N b2 3 T Y
P A RIR R B A R BRI CRERE A A
RE W5 55 )M RS DR, et 2Rk
6T FH ) AL IX ZH 3006, PR s — it PR 0 11 3 4
B A R 791 S 2 it P =, R RROK Cd R BE 45 3%
VA TIGE , AR RE i A S S A 400 T 750 %o L s
K Cd 15 G LR AL R AR I MK Cd 15 g
Tl EAR SR AR 2 A A AR o

| HREHE

L1 k&R
L1 ARk e b

SR FR I e A8 75 1 () AR IR A R 2R St P, A
T FH (] Bt ML DX 2 30560 1) B o P 240 A AL 13 57,
WA, 2 E W 124 d

1.1.2 56 3o

(DZEFRYE B A 4l 273, R
H VRN B i . a3 pH FE &8 %
HILE L,

® 1 HEBEUMR (ng-kg™)
Table 1 Physical and chemical properties of soil (mg-kg™)

iH pH Pb 7n Cu Cd
FER 4.97+0.51 153.25+8.35 158.91+3.19 43.12+1.10 8.65+0.42
FifE <6.5 <250 <200 <50 <03

T RE A RTS8 (B b o 22 5 R VE (D B3R 85 T AR o (GB
15618—1995) 4 T itk ,

MFE 1 A4, T4 pH<S5.0, J@ T Imia k213, 4
gerh Ph Cu M1 Zn /) 7 2 %A M 2 B K - IR i
i bRt (B35 Cd &R0 T bRy
28.8 5, Wit & T — T i Cd V5 YL R FH 4 38 (— ik
N AR Cd>2 mg-kg™ HZENEAE Cd g +48) .

(2)HBEALIX 4I5S BEWI R A 45k B 51T
B A, B3P Cd SRR 0.36 mg-kg™', J& T2
JEVFYRIX
1.1.3 bl s

FEFE E O PE M 40 A, B EA2 R 40 em, T
F142 20 35 em, Aifi 8 30 em., 45 73258 135 25 ke, {}:
FE oV B, TEAMEKSE R LR E B n
%M.

1.1.4 e

FERGREAL AR it 0PI REAE , SRR S A R
ol BRHE, FE AR AR A A (REE G T4
K W), B 710%LL A bR AT R A
W B BT R, IR AL 75~150 kg-hm?,

TAEYITR R CIY A R, B2 S 2Rk
PR TR, rIEIRAE, Wl B IR, (B R
Jits & 1200 mL+hm™,

1.2 X Iwigit

AN AR IR 2 0] X AR50 35 2R FH 58 4 RE AL
RV, TEILER 2 A 3. IR T 4 bR
IR 23 AR RR(CK) , Rt ™ PRk (Si) , it ik
AR (F) 3 05 P RERE + Gk P B (Si+F) , B
ANEFHKEER 3 K FEKRE AR T R T, R4
Tk AR e B R O TR AR T — A
FLTita NS BERE R AR B AR 5 IE R K R (]
Bt HILIX 23R 36 /8 X TR 30 m2(5 mx6 m) , 4% Ab BHi%
M7 HEWE I U, R B — BEALFP AR AL, B8 Rk Hi it A
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Table 2 Design for pot experiment

%i's  ABAR BRI

AN AT 8 R AR, 7K G M 43 By o LA L

! K RS Kb K e A A
) Si FetidE O REAE, FER 150 kg-hm?, Pr&Hh
! 1.88 g- 4. HAbA% R CK
AR, HER 1200 mL-hm?, #1458
3 F 0.03 mL- %, FHBERINH RIS = HE Y
. HAbR R CK
4 Si+F £ Si AbBRBLAE - FE I FAbER . HABRGR CK

& 3 HEMENX ARG ERIRIERRE
Table 3 Design for field experiment

ETEC (SUEA FAREAEALAR

SEATR M AR R AR U R AT B, B AT

1 CK b3l R, K o348 B MU B 5 A W 5%
b AR A LR

5 Si St IR VB HIREAL TR 150 kg-hm™ HoAbd it
[7] CK

3 F SERCAEI B, AT 1200 mL-hm, T EER
S0t FH TR AR e A S A ) FeAb i [] CK

4 Si+F 7i Si AbBHELARN b, PR F AR, FiR R CK

1.3 S HriE
1.3.1 -8k mai

FERIOHT, FM AL RAE PR A A 1 -8R 0
HARRT )G, R P LA 8 (K 4 ey 2,501 2 - 38
pH. % HCI-HNOs-HCIO, "k v T fff 1A 5,
ICP-OES( 3£ [# PE8300) K5l +-#¢Hh Cd i1t
1.3.2 JKFERE S AL B

KRR SRS, F BRI VAR e £, BT
THRME AR ZE v B AR SR A R
FESNHE WG, 0T /5 ARBGE T 5, A
PIFE S A S EEE T 103 CHAENARE 1h,
P 65 CHERETE 5 , A YIR BRI AR o
B N EHAS AT
1.3.3 JKFEFESH Cd B9 RE Ty i

PR A TR VRS T ™™ UK REFE i FH TR A A5G 7
TR . FREL 0.500 0£0.000 2 g /K M A FE S A 50
mL B R A T, 10 mL R4 (GR %% HNO,GR
P HC10,=4:1) , 5 b 25300/ = J5 4 A T Lol
IR U H T8 RV , Sk T A SO B B R 95 C,
RS R PR S Y, AR 95 CIE IR 10 min, FHE 2

120 “CHEFR 1A - ORAF 30 min, FERTHEF] 170 CHf:
PREF 60 min, BRI AE b, WASRBAEI e A5
A5 mL RS RR , 8GRI HO,, FHEIF ORI, 2
VEWE I B J5 FHRZE 190 °C #F R B IA WL 3~5 mL /5
A AR TE R AR A5 LB T KER 2 25
mL, 28 % T4 50 Y PE i B 52 0 % o

F ICP-OES (3¢ [# PE8300) i & Cd ¥ Ji #£ 0.1
mg-kg™ LA FAKRAE S IRl -4
Pk (GTA120, ZE[E Varian) JI5E Cd ¥ EAE 0.1
mg- kg™ DU BIZKRERE At o 2R BB S s I 5 1140 e B
A VKAEVE TARAT: o
1.3.4 Zdlnsb 3575

A SRR R 2 A PSR B Microsoft Excel 2013, 2
22 5 B F PSR SPSS(Statistical Product and
Service Solutions, 19.0)i17,

2 FERE5SH

2.1 & W hEBE 5 {35 A 4 T 5 XoF e A 4 MK = BR AL IR L
AR Cd B0
2.1.1 2R

TR 13 ARSI EI Yy B[] 4 2014 4 7 A
210 J, 4 AR R MR 2560 Cd &

T HYFZ o

x4 EFANBETFELEITKBEKREEA Cd EEHFNE
Table 4 Effects of different treatments on Cd concentrations in

different parts of rice in pot experiment

JEHR MR Cd/ TR 258 Cd/ THREIRIE R Cd/ FHRRIR

#FR mg-kg! % mg- kg™ % mg-kg™ %
CK  38.60a 0 22.72a 0 8.09a 0
Si 2097c 4567 12.84bec 4349]  3.69b 5439
F 2077c 4619 10.80c 5246]  442b 4536
Si+F  29.44b 2373  1456b 3592  7.12ab 1199

T AR NG FRFORZERIE S%RE K. T,

N 4 ATHN, TE AR, 454 FRK REAE AR AN
RO H Cd A R /AMR U AR B> 258 >0 F, FLji
FAAS TR i B 506 /KRB R 28 Cd 5 o 52— 58 1
a3, KRR Cd & 2 K/MKIR R CK>Si+F>
Si=F(“=~"FI/RAbBLN] Cd 2R A ERE,S"FR
AbFRE 255 B2, TR, 5 CK A EE it FH ek K5 4
Y BE B PR KRR TS Cd W&, P L Si Ml F
PRt FF AL BEX AR Cd 5 s A i RCR 884, [ Cd
W BE 43 IR 45.67%F1 46.19%; /KAEZEHS 0 Cd & i
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FAMEIR Fy CK>Si+ F~Si>F, 5 CK AH b, i ol B
FIAL PRI RE & 2 PR AOK R 2R T Cd B9 &, Hd DL
F A PEXTZEEY Cd 5 2 IR e £, % Cd iR R
52.46% ; IKAZH B 14 Cd 2 R/ IME IR R CK=Si+F>
F=Si, 5 CK AL, F F1 Si ZbHE¥fHE B R AK AR
Frep Cd &5, % Cd 1@k 45.36%F1 54.39%,
{H2 Si+F Xt rh Cd F i R IRECR A B2 -

2.1.2 H[RIFEALIX 2 i 55

FH ¢ 5 n] AT, H RIBEAL X AL E0 H , 454 BROK RS
FERRAS [ AL Cd B 3 R/ IMIRYR A AR > 25 8>
F, SRS AR — 3, KRIARERE Cd F &K
MRl CK>Si+F =F>Si, 5 CK A L, Jiti e K 7
Ab PRI AR S REAROK FEAR R b Cd 1y, Ferp D) Si
PR il FH A BEXTARSRS Cd 5 5 B3R e £, % Cd
WL A3 3R 73.91% 5 K FEZEHE 1 Cd 5 R/IMIRIKCR
CK>Si+F~=F=Si, 5 CK # kb, Jiti FH e R 55 b 245 g
B REKREZER T Cd (B, P DL F AN Si bR
XTZEEY Cd 5 R SCR BT, B Cd R 4351 R
63.08%F1 71.28%; JKAFEM: | 1) Cd & & K/ K
CK>Si+F~=~F=~Si, 5 CK # Lt , jifi FH el [ 57 4b #H 3% fig
W EREAOKREM 7 Cd 5, B F R Si Bt FH
Xt Cd & PRI ROR AR, B Cd R B4 51 oh
74.75%F1 76.77%

25 I it RS — A 1R 7R R 2 PR it PR %o e e
TR AR Cd & A — o IR, H— it
WP RE AR AL P 0 700 A B A RECR 5 4, R — it
FU P RERE W RO e A, BB A AR AR 2K A i
hH Cd W& i, SRS A R 2 —Fua s

5 HERER RS EITKBEKRESEA Cd 2N
Table 5 Effects of different treatments on Cd concentrations in

different parts of rice in field experiment

HRER Cd/ THRENRRL, 254 Cd/ THERIRIE, M7 Cd/ THRRIR I/

bise

mg-kg! % mg-kg” % mg-kg™ %
CK  322a 0.00 1.95a 0.00 0.99 0.00
Si 0.84c  7391) 056b 71281  023b 7677
F 1.14b¢ 64590  072b 6308  025b 74751

Si+F  1.40b  56.52 1 1.03b 4718 0.38b 61621

22 FYEREREMEFNGERAPES S
ERFENRIT
2.2.1 FARIRE

M 6 R, MRS A AR ST MURE KR Y Cd &5 B
R/ A e >Rk s KR4 5ERY Cd &8 R/ MK

Oh CK>Si+F=Si>F, 5 CK AH L, jifi 2 R 7 Ab #4
fiti A6 B REAK AR A 72 b Cd (& i, Hod Si /i F
AEFEXTAR5E Cd B IR ROCR 4, B Cd IR B 4
HIA 27.209%F1 38.39% ; KAFRE K Cd 5 K/IMK
W R CK>Si+F=Si=F, 5 CK A kb, jifs F okt K 7 4k B
it 1 i S BRSO Cd A i, DA F ARG R
K Cd B RIS e AR, % Cd R BE 5 %155.31%
25 TR it P B — e R R0 B 2 it R X A R 4
Cd A —EMIEIER, AR — it F i P v 7
Ab PRI R A, BB RUPRAR A ST AR K Cd &
2, B AN Cd K W 2 i R

* 6 MK ARGEWNES Cd FERKE=EHIHM
Table 6 Effects of different treatments on grain Cd concentrations

and yields of rice in pot experiment

Bt Cd/ FHREIREE ik Co/ FHREIRRE, i THERIREE/

A mg-kg™ % mg-kg™ % i %
CK 323 0 2.26a 0 15.75b 0
Si 235he 272 1.36b  39.82] 16.05b 1907
F 1.99¢ 38391 1.01b  5531) 19.08ab 21.141

Si+F  2.62b  18.89 ] 140b  38.05] 20.17a 28.061

KRG R (RS TE) Jy i, 5 CK A L,
BA— it P S0 1 1 A Rk A A A R ) e L
Jite FF AL B it X5 R (5 /K R P e — o i, {HL B —
it FARERE A RCR A B3, A Si+F AH A RCR
1, KA = 28.06%

2.2.2 HaIFEALX 2H A5

JNFE 7 AT, H I FEALIX 4R e A RS 2 8 e
FUREK 1Y Cd & R/ IMRUCH AR o> Bk . KRR 5%
() Cd 25K /IMEIR B CK>Si+F=~Si=F, 5 CK #f
Fb, it el B 790 Ak B it 1 BE S R AR OK RE 43 7 Hp
Cd ()&, LLSi Ml F BB 5E Cd 5 i il &k
TEGT 1% Cd R BE 43 )ik 5] 62.07%F1 65.52% 5 KA
BEAK ) Cd & K/ MR CK>Si+F~Si=F, 5 CK
HH B it FH 4 B2 5790 A B it 24 8 8 2 AR AR K p
Cd & i, HARL B E G o AR L Abnifl, Hirp Si
FLF ARBESTRE K Cd &1 I RO, [ Cd i
43 A3k 3] 60.87%F1 69.57% . %5 b ik, Ha] Bl
DX ZH 206 5 SR S 4t SR — 3, 15 I it A A — el R 5
T FLA T it FH RE A A5 I MRS AR A5 Cd & i, AR —
Jite PR A 2 T ) Ak B P A5 R B, RE B R AT Cd )
B RSO e 1 A

KRR (AR TR i, 5 CK M,
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xR 7 FEAAERES Cd SERKB=EMNZN
Table 7 Effects of different treatments on grain Cd concentrations

and yields of rice in field experiment

fb A5 Cdl FHRENRE/ Bk Cd/ THRENRIEL, 7/ THRERER I/

mg-kg! % mg-kg™ % g %

CK 029 0 0.23a 0 20.13¢ 0
Si  011b  6207) 009 60.87! 24.11ab 19.771
F  010b 65520  007b 69.57) 2558ab 20.071
Si+F  0.17b 4138  0.12b  47.83] 26392 31.107

BA— it A Sk B R B, Bl 00 T ) R LA S
Jil FH A BRI 1) RE KR B A — RE RS, Herp
Si+F AbFRARCR IR, (K R3S ™ 31.10% , 5 fa ki
B2

3 g

fiE (SR IR FERFENITR, EXHEYE K
AEMITCR , REMLHE SR REAN R A A THUEIR , 15
A A W0 A E A P8 O B , B FE L UESE
REASTE IOAR ) ve M5 PRERBE A" & AR — i Lt
B, ft A LS AN RE SR i Y pH, FEAR L3
4 JE AR A At R B B R MR 5 HL b
EER LB 0 Wi =R 2 = g N o e E
Z H R, KA e — MR i s SR, R
RS KA 9 2 7 R A S R BV L JE g 2L, 2
e AP 1 AR R BRI 2 R 5 « Stk R A 5
il Cd 1 KA b B Iz i, Ik o AR 1 A MA
AFIEZS Cd 15 i, FERR A S A9 Cd, it i 2
AT Cd 253 Fris S 0 S AL W 1, DE W et
e T L Cd X KA R A 5 PR A i i
FHMEAGRIRRT ), it AR AR A R i K A A
BRAS AL Cd 3518 93T A% , T RE W P AR K A 5 3R Ao
LA b Cd (3% 1 5 BT A SIS R B, 1] S 75 %
b St v A P R 08 400 il A R o 8 AL, AR K
R B 5 SRDEITSE PR T4 SR AW it P AR S
T A REAIN ] /KA X - S B A AL , AR AR S 7K A 114
B EAEA, IR R RO & i, 4R KRR 0 i

TR AR — b el RO A 45 A4 22 Tl
P77 A e i L A MR A, S DA 990 A i i 3
7 RE T8N A it , AT WSS T P A P TR L RE A%
A 3 5 S A A PSR B 48 g L S S A Pl
S E AR T BE . (oA 0 T M P e — 8 0 Y
P HEREAT LA s K ™ i, A A T4 i AT g
T3 ARG T AR B TR e e B SRR

T, PR BRI MRS, RIBAE R A= A DD U (A
W R KRS A B R bR AT BT A= )
WHEAS BT 5, 70 2 e BE % ] Bl DX S RO ORI
FRUURRY , 1 R AR T R A TL0E ), FUF I A
SNTURRNE AT B 2 X 48 A0 P A g S A P A B 20k
A2, AT/ 3 rp ] 3 A i 5 i ZR AL S SIS
W, WU MRS AT LA - 3 A A HICHE , LS MARY
AERIREEATEN T GE , AR TR KR BB R 4
SR CTRCE, X R A —E A, I LR
R AR AR AR, 7E B K A3 ORGPl A AR R
507 A AR

AT AT R R, it 20— W e
PR ) LA S 5 S BEREARK A 4% B AL Cd 54
{EL— it 2l R R 7 ORI T2 et PSR, , i
X PIZH A RV it O BeA R BB R AT, AT RE 2
F T PR R AR T REBUVE R B D, AR
ARFE— L HIWIFE SRR . X TFKRREA , it ek R
FR AR PRy R AT R K 5 B R, JE R R
T U F RS AR, S RE IR B [ 28 £ i AR v, o fig
femKRE P, B WAL S U E W R K R TS
Gty B 4 T O v ek P R B OR R, FLA B Y
I FHAITS

4 ZEig

()3 3 43 Ar 2 R i R i) BREATL DX 2 3 W
FEAR AR Cd B35 AR DL, & BUK RS 250 0L
] Cd 5 R/ AR>S 25> 1 A > 7esHiEK .

(2)BFFERM, T e A R g i 2 F ] AL X
AR, R 7R B — it P B L G P 50 R R AP A
PR AL Cd 258, He B — i T A HE 5 A P
FIXTBRARMREE . ZEE AT 7 A OR 2N T 2 O it
MIRCR o

(3) 7 Z R, B — it P e R 790 e T i
REXS R K Cd 15 ROERISHAERCR , W EFEAR 7K
R4 Cd 8o, Hor LAGOA: a0 Ak 3 ) S80CR B
o TERRIETS G XA FH A R AL X 2 1o v, AR 25l
i R RE K BT TR, 5 CKAH L, B Ak B
AR RE 2 PR UK RRE K R Cd B9, HA T ik
P FE S AL DA AR, FE AP LA 9 5 A B A SICR
RN, SRR

(OTEPI LR KA =55 CK AL, B—i
JHTBAC R 50 R 2 A ot T 240 RE (K A A — e A Py 3
PR, Herb DL AE + A 0 T 7R 2H C Ak P A 25
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