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FE. AR ETXN L% Cd AWAM U oK R ES)E Cd fsgm, Bl HIEM Cd 55 KF (Cd Bl 0.72
mg-kg ™) FHHER Cd 154K F R (Cd BTN 5.08 mg-kg '), HHERGE 0, 15, 30, 60 mg-kg ' AUREAL , PEAT /KRS 7 4% A
SCHy. BERERY, HEH 15 ~ 60 mg-kg ™' RENCRESRF K FEAS A I L 400 pH (i, FRALHIESEHAS Cd & &R TCLP $21GE Cd
T 24.2% ~43.7% , 12.7% ~46.8% , 13 Si ity Cd BN Si-Cd EEH, FEAR1IE Cd MAEARME, BIEIRSURLE 1
HK Cd 159K TPRHE T & Cd V54K, BEARSR KR 38 i AR i 2 = . 3R Cd 15 49K PR, Si X E3 Cd
) KA bt | B i A A g A BELAS PR AR A, it A it AR (Si 15 mg-kg ') B0 5 (Si 60 mg- kg ) B AR A4 Cd KA M
LS, RN 30 mg-kg I BHAS Cd 18] EiRE. BERE SiiE AR, ARk Cd SR ETHE TR, JEEN 0.07 ~
0.15 mg-kg ", ¥METF 0.2 mg-kg™'. H3EF Cd V5YKF T, Si BHAF Cd f'?ﬁ*ai’@ijﬁﬂ’lﬁf , REK . e, 2B Cd &
ﬁ%ﬂﬁkﬂfﬁ 38.7% ~48.5% . 35.7% ~70.7% . 30.9% ~40.7% , &K Cd SHIEH 0.23 ~0.28 mg-kg™'. L5455 %ﬁﬁfﬁaﬂl#mﬂ%
Cd Frig, HHEE Cd ISP RFE TR, Bl 30 mg-kg ™' B9 Si; & Cd ISYKFET, BBUH Si 15 ~60 mg-kg ™.
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Abstract ; The impac ts of silicon (Si) on (adimum (Cd'ﬂ bloavallablhty in soil and Cd accumulatlon in rice plants were 1nve%t1gated in

-

pot experiments with'a Tice ( Oryza sativa L|) cultivation. Slhcon Aertilizer as the base manure (Si 0, 1§, 30, and 60 mg-kg™") was
added| in %Hnulated slightly 'Cd-contaminated %011 (totall soil-€d o_f 0.72 mg-kg™') and severe Cd-contaminated soil ( total soil Cd of
5.08/mg-kg="' ). It indicated that the applic ation of 15-60° mg- -l:g ' Si before the rice was transplanted improved soil pH values and
reduced the contents of exchangeable-Cd and TCLP extractable-Cd in the soil by 24.2%-43. 7% and 12. 7% -46. 8% , respectively,
during the rice growing stages. The reduction in soil Cd bioavailability resulted from the complexing of Si and Cd, and the reduction
followed the order: slightly Cd-contaminated soil > severely Cd-contaminated soil. It was obvious that silicon fertilizer improved rice
biomass above ground, especially for rice grain yield. In the slightly Cd-contaminated soil, Si both promoted and restrained soil Cd
transportation from the rice root to the shoot; the low application (Si 15 mg-kg™") and high application (Si 60 mg-kg™") of Si both
promoted Cd transportation, but the medium application ( Si 30 mg-kg™') restrained Cd transportation. With increasing silicon
fertilizer application, Cd contents in brown rice increased first and then decreased, ranging from 0. 07-0. 15 mg-kg ™", remaining lower
than 0. 2 mg-kg™". In the severely Cd-contaminated soil, Si restrained the soil Cd transportation from the rice root to the shoot. The Cd
contents in brown rice, husk, and straw were reduced by 38. 7% -48.5% , 35.7%-70. 7% , and 30.9% -40. 7% , respectively, and
Cd contents in brown rice were 0. 23-0. 28 mg-kg ~'. Considering rice grain yields and Cd contents in brown rice, it was recommended
that the Si application be 30 mg-kg ™' of Si in the slightly Cd-contaminated soil and Si 15-60 mg-kg ™" in the severely Cd-contaminated
soil.

Key words:silicon fertilizer; bioavailability; accumulation; Cd contamination; soil; rice
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Table 1  Basic physicochemical properties of the tested paddy soil

W oM CEC Bl R AR A Cd A ht" AR Si
P /g-kg ! /emol-kg ™! /mg-kg ! /mg-kg ! /mg-kg ™! /mg-kg ! /mg-kg !
5.5 32.0 31.3 103.3 20.4 77.4 0.22/0.72/5.08 259.4
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Fig. 1 Effects of silicon fertilizer on exchangeable-Cd and TCLP extractable-Cd in soils at four rice growth stages
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Table 3 Effects of Si fertilizer on biomass (dry weight) of rice at maturity
Cd 754 1-HE SiHGTR W R i o E R I W R
/mg-kg ™! /mg-kg ™! /g Bk /g B! /g Bk /g bkt

0 44.5 £5.9Bb 11.4 +£0.8b 36.0+1.4b 5.6 £0.1a

0.72 15 53.6 +9.2ABab 11.7 £0.2b 50.1 £7.3ab 6.0+0.4a

30 65.1+14.6Aa 13.0 +£0.5a 52.1+18.9a 5.1%1.3a

60 49.6 £2.0ABab 10.9 £0.2b 44.9 £3.0ab 4.7xl1.1a

0 38.0+7.0Bb 7.8+1.2b 39.5+4.3b 4.5+0.7a

508 15 48.9 £2.7ABab 9.0+2.0b 44.1 £2.5ab 4.8 £0.3a

30 56.4 +11.1Aa 13.4 +£0.7a 54.2 £10.6a 4.7 £0.6a

60 47.1 £6.8ABab 9.0+1.9b 39.8 £7.9b 4.5%0.6a

D) AR RFRRA B 22 5 235, /NG FRER R B35 22

5(P<0.05), KGFHFRMBERES(P<0.01)
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48.2% , A EVEEF (P <0.05). & Cd i54LK
ST, it Si mg PR KRR, A Ab PRI 25 N i
F, {H Si jifi iR 30 mg-kg B, KRG
14.0% (P <0.05). ¥ Cd {54k FF, Jifi Si 4b B
7K R = AN 15. 4% ~71. 8%.
2.4 Si XPKFEEFAL Cd & RSN

TR Cd V5 YOk T, A S T Y
B, KAEREK . B2 Cd & B eI KR BRAIK
ety [ 3(a)]. SifiHEN 15 ~30 mg kg™
W, Bk B5en Cd SR K 8.3% ~66.7% .
19.6% ~113.7% ; {A7E )t it} 60 mg-kg ™' HF,

B OK A1 4% 52 Cd & & 80 IR [ IR 22.0%
13.4% . £ Si AbFRZEH AR R Cd HrE A K
14.6% ~145.3% . 10.4% ~33.0% . WiHE KM
H, 5 S cd F A E R 0.07 ~0.15
mg-kg™', H/NTF 0.2 mg-kg ™.

3 Cd BYKFTR, Si AbBRAY K RE RS K |
B, MR Cd & A& RFEAK38.7% ~ 48.5%
35.7% ~70.7% . 30.9% ~40.7% , YJIEAE B E 1
Z5H(P<0.05) [E3(b)]. KX Cd SHTEHE A
0.23 ~0.28 mg-kg ™', ¥JKT0.2 mg-kg™'. Si kb3
7K AR R Cd & AL A .

(b) Cd 5.08
0.6 <
T Bk
04 1 b b b
0.2 : I
0
0.6 F a -
- I e
2 04 1 b
M C
£ 0 ¢ I
5 02}
i: I
&)
& 1.0 a
= Zunf
g ] b b
0.5 c
% J : I
0
SF a y HE
6 I I
! ¢ [
2 L -
0
0 15 30 60
Sijili A Jft/mg kg ™!

B3 AR[E SiAbIBEXT s HAK TS R ERAL Cd R EHIRZIN

Fig. 3 Effects of Si fertilizer on Cd contents in different rice tissues ( brown rice, husk, straw, and root) at maturity

(a)Cd 0.72
03
a Bk
0.2 T
o1 L b I b b
] -
- it
'_.::.? 02 ) a ab
-cgn 0.1 b
i ]
& L mali=s
§ 04 |- a a 20t
& b l
2 02f b I [
0 |
2, b ' El‘h s
I
1 = I | |
0
0 15 30 60
Sijfi A ft/mg-kg ™!
3 iTig

3.1 Si FEAKEME Cd YA Sk

fEiR E A RS Si E RN 259.4 mg-kg T,
JEF Ut RERE JyRrom g L ARSI 15 ~ 60
mg-kg ™" Si i HE LN AR Si F =M 6% ~
23% , = Si i 60 mg-kg ™'/l SCHR[ 15,33 ]
Jits 1Y 15% F1 40% , AHXTEEAR Y Si Jifi FH & 0] LA
U855 PR MR i e D AR T 4 pH (Y R
w3 Y] (R R RIKAS ) , Mt Si -3 pH
HASRBL/N, MKAEA: B 8 ORFESTBEI | R
B ) Si b EEAY 38 pH (E XS XTI 2 (a)
M2 (b)]. 15 ~60 mg-kg AN FH Si IfoR
PET; -4 pH A, T30 2 52 i K RS AR R 1) A K K

H, KRR 2 5 W) A 4 S E ok $ T+ 8
pH @[49,50]‘

TR Cd V5 YLK, R4S 1B VR 1) G
] ( BK R AT BEIR 30T, X R A £ 388 pH (R 2k 0]
FEAIR 0. 1 A2y, H3Ess S A TCLP $2HUS Cd &
B4 EFH9.3% | 58.9% , iX 5 Honma %5 HHF 57 2%
SRR ML 3 nT RE S R Ok KR Y MR 2R 43 8RN
STFIAENLER, FEAC pH E, %M 3R Cd, A
Wil Cd WA A ke 2 > (B Si 5 i+
e pH {76 KR8 2 BE I AN E I 30 B, S AsA
TCLP $2HUA Cd S MBI 1 AE 2). FEKFEAS
AEEW, FHESHAH TCLP A od S 8IET
XTHR Si0 AbFE(E 1 A 2), HEEE AT TR,
BAL PR LA RS S| BRI, 7EKAG S



5304 E7 O A - 38 %
BEM RIS IR IR AR (R 2) , HIFE R AT fg 2. K [ 3(a)Mf3(b)]. Si A Cd 7K FEHL T #B 1)
AR kKB, 7K$E1*E/%X¢7ﬁ§ﬂl?§ Si B9 oK% i bRz RE T, HAE®R Cd /53K, Si
K, EHEWNCH 3586 308 Si; — AR FHARRCR RO,

A Si fBIE U 24 R PR EE R, ‘? Cd. Fe, Al Mn
LEEFEBE TR N Cd-Si 4, Nkt
HEAZ P AS A TCLP $2HUES Cd i, FRAR 1% cd 4
AT e KRR RS St R A1, fili
1544 pH EH K, XA R T Si 5P Cd
T BTG 458 55 1) R SR AL A Cd R R R 285 1)
Cd, FEMKL3E cd a7

T8 Cd IBYUKE T, KRS E M Si b
T IEAZ AR TCLP $2HUE Cd & &2 F B I 2
AIREZ P R Si AR RN, BEARE S S
BT Cd BEERFCRESS, L3 Cd YA RE
P AR BAOR AN f 2
3.2 Si TR LAY

Fjifi Si 15 ~ 60 mg-kg ™' AYRE L i 2 $E v K R
M L ERA Wi, ARG KRG AR 2R 00 A it 5 s B B
(F3), XIRT Si REIS ALY K A0 MU B v 2T 2
FACIYRENSZ , Wb MK 53 B ik, (A 75

H%{’Eﬁﬁﬁjéﬁ%#ﬂﬁ)ﬁ%wiﬁﬂiﬁﬂbk Mﬁﬁ%ﬁﬂﬁ_d

¥

%E’Ji%gﬂﬁa/ﬁ:fﬁﬁm ! {

3.3 7J<$a11ﬂ<ilﬁ ¢d ml{ﬁiiﬁﬂﬁ%b
U Cd V53K, Si DB A o A
$E/¥%ﬂiﬂziil37~ﬂf K7 Rk Cd W B Nk
r“ﬂﬂ[[ga (a)]. Bred 15 YK R Si AUEE’JJJ(
%aiﬂﬁil&»'f% Cd &t BT, {Eliﬂzijfﬁxﬂf %F?—“*’
Bk Gd i B EFEAR (P <0.05) [ 3 (b) ).
Jiti FH R 30 mg-kg ', I Cd Al Cd {5 7J<¥T
(48 Cd WA BERRAL, 38 Cd 936 M 55
(l§ll) B2 /KFEAR 20 1338 Cd F=3hmlichnis , R
A Cd & LIt & Cd 15 KR i b =Ent | &
5¢., K Cd R EREM (P <0.05), {BL Cd 5
YRy KR AN 4350 REK od e LTt

T AL Cd 15 YK T, AKAEZEM Cd 5KAE2E
S FREEREAMLELR(R= -0.687, P<
0.05, n=12), KFEMRAR Cd 5 Si WEFAHKLR
(R=-0.554, P>0.05, n=12)(#£4), X5 Yu
BT AR . 15 mg-kg ™" FH & Si 42 #E 7K
WK Cd b b iy is, s KRG L3 Cd B
T Si it 3] 30 me-kg ' B, A Cd & &
WEIEIN 33.0% , M KFEZEM Cd & 2R,
1fi Si fifi A 60 mg-kg ~'BF, ZE0F Cd B
PN ER, Cd kb &Rz [#13(a) ]. SifE
JKFEHL T B Cd 1) M 3532 2o A v A e 1 A BH A
WA < it A (Si 15 mg-kg ™) At FH o
i (Si60 mg-kg ™) AKFEZEM Y Cd & 04 F
Tt SEAHEIECE T LR, ST el o b
ﬁﬁﬂﬁiﬁﬁiﬁ il Si ﬁfﬁﬁﬁiﬁ 30 mg-Kg M, TRA

B LI €d & /}'zﬂcisa?]\ AR B
ﬁﬂﬁﬁffﬁjﬁfﬁﬁfﬁﬁﬁ Si A% Cd mi’éj':ﬂ']f*#;@’
7J<$a%&éﬂiﬁﬂﬂa‘%ﬂﬂ [¥Si g5 Cd JERAEIURE S /)
7J(*H$Ei|3E’gf}ﬁﬂ‘ﬁgm}&ﬁ%ﬁl\_%ll_l_ﬂﬁ{mi @“:
Cd RUETERAT LT, ¢d 5 si tEE i e
s M, B Ca AR s T R T
i{tiiﬁzﬂﬂ’m%ﬁ““ U L Cd B HEKOF
o, BRSils AbEAR it Si K FER R Cd Fim
TR (P <0.05), #5AbBRZE0T Cd 7 1 0 2 PR AIK
(P<0.05). SifEdF/KAEHR RN 1458 Cd i, 5
JEPARHAR R [ M B LS, FRAC T 2R BT
BEK Cd &, MKFEZENM Cd 5280t Si 2 0 2%
FITEA G ZR (R =0.861, P<0.01, n=12), K&K
Cd &H5 Si TR ERMAT Cd Fit Si
TR R A B (K 4). SiBHR Cd MR
R REK R CHEE TR R BIZEAFF 692, Siok

R4 KBEEMLSI FEMEHMA Cd FENR RBEXRE"

Table 4 Pearson correlations for Si contents and Cd contents in different rice tissues in Cd0. 72 and Cd5. 08 soils

Cd V55 -1/ mg-kg ' Bk Cd 45t Cd 25 Cd A& Cd
BEK Si -0.091 -0.222 -0.787 ** -0.076

0.7 Bt Si -0.771" -0.616" -0.410 0.741*
250t Si -0.356 -0.426 -0.687* 0. 069
% Si 0.216 0. 153 0.563 -0.554

BEK Si -0.385 -0.591* -0.264 -0.881*
508 B3 Si 0. 146 0. 104 -0.176 0. 463
20t Si 0. 839 ™ 0.810** 0. 861 * 0.227
% Si 0.152 0.103 -0.069 0.371

1) % F/RP<0.05; # * F/RP<0.0l; n=12
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MR Cd (1) ZEFF B 32 1 [R] et ] Bk /0 25 FF Si
B BB AR, Si 5N RE AT 4k R HEIE
WS ZAY, XL si B YRR ATEENS RS Cd
IZE 4, IWTMmE cd misi ™. B4, KLk
H 38 pH AR ETHA K Si S0 OK R A e 4R
R KRS Cd 2RISR,
3.4 Si e A

FIEAR Cd 5 Y KR (€d0.72), 15 ~ 60
mg kg ™' Si REXF AR = i S /)N, Siit
14 30 mg-kg B, KFERE 13,0 g BK T, BEm
14.0% ($3). W% Si Bt A A48 K, K Rk >k
Cd Fra e FIHE T, 4 Si AbFRREK Cd & &
470.07 ~0.15 mg-kg ™', BT 0.2 mg kg™ 1Y
FE TG Y PR AR ED (GB 2762-2012, Cd <
0.2 mg-kg™') [ 3 (a)]. #B Wt Si 30
mg-kg ', BEREAR/KREREOK Cd &, XK
FE

4 Cd 5 7J<¥T<Cd5 08), LI 15
~60 mg-kg™' Si L, K&K Cd &G E R 0023 ~
0.28 mg-kg ™', MARM M E R E 5 AE YR R
#E0.2 mg-kg ™'
0.05) [ [l 3 (b>] B 15, 4% 471 %e%
3). Q%D(it%éﬁﬁﬁﬁ 15 ~60 mg-kg”' Sr’HE

KR
Bk fricd et HIARRS =) | /) )

4I 2*11?

(l)zti%'ﬂf% Cd(CdO 72) i cd( cds. 08)(7:7
AL 15 ~60 mg-kg AR A Si AT AREAE K
A E W Cd AEwA N, RAKEAT
1% 3% pH {H.

(2) HIEAK Cd 15§ /K- RIS Cd 15 G KT
Si JE R m K R M L AE Y 11. 4% ~48.2%.
i Cd 15 YL KSR, it A Si BB X 7K e 7 e 5 i 48
/N, SiJiEFHE R 30 mg-kg T B, KREHE S 14. 0%
KF) 13.0 g- k', B Cd V5YUKFET, JiiH 15 ~60
USSR, KFERE S 15.4% ~T71.8% , Bk
#13.4 g- ¥k

(3) HHEME Cd 154K FF, 15 ~60 mg-kg ™' Si
JE K A M 3R Cd B, (HREK Cd &l
0.07 ~0.15 mg-kg™", ¥MKT 0.2 mg-kg™". & Cd
5K T, 15 ~60 mg-kg ™" Si MEFEAR K FEBE K |
Ao, ZEM Cd &8 38.7% ~48.5% , 35.7% ~
70.7% , 30.9% ~ 40.7% , K&K Cd & &5 H N
0.23 ~0.28 mg-kg71

mg - kg

AR ZEEAR 38. 700 [~ 48. 5%(P< »

(Miﬁéﬂfﬁ Cd {5 Qe K~F T, @it Si 30

mg-kg ™' B Cd 15 YKE T, @ UUEA Si 15 ~ 60

mg-kg
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