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Effects of silicon fertilizer application on the cadmium and silicon content of rice at different growth stages
PENG Hua'?*, TIAN Fa—xiang"**, WEI Wei®, ZHOU Yu-jian’, GUAN Di'**, LIU Sai—hua'*, JT Xiong—hui'**

(1.Institute of Agriculture and Biological Resources Utilization, Hunan Academy of Agricultural Sciences, Changsha 410125, China; 2.Cen—
tral South University, Changsha 410000, China; 3.Ministry of Agriculture Key Laboratory of Agriculture Environment in Middle Reach Plain
of Yangtze River, Changsha 410125, China;4.Key Lab of Prevention, Control and Remediation of Soil Heavy Metal Pollution in Hunan
Province, Changsha 410125, China ; 5.Hunan University, Changsha 410000, China )

Abstract : This aim of this research was to study the reduction mechanism of cadmium and improve the silicon fertilizer application process
to inhibit cadmium(Cd) accumulation in rice, according to field trials. The results showed that silicon increased the pH of soil (0.160~
0.290) and reduced the availability of cadmium. In contrast, basal application enhanced crop yield by 9.7% (P<0.05 ); and cadmium levels
in rice stem, leaf, husk, and grain were significantly lowered, by 31.9%,65.8%,46.1%, and 25.3%, respectively (P<0.05). Meanwhile, sili—
con effectively inhibited cadmium transport from the stem to the leaf and husk, which reduced the Cd accumulation in grain. In addition, sili—
con fertilizer significantly increased the silica content in the stem, leaf, and husk to 44.1%, 71.5% and 28.8%, respectively (P<0.05). Our
study suggested that basal silicon fertilizer could reduce the availability of Cd, prevent Cd migration and accumulation, and increase rice
production simultaneously. Basal dressing is recommended as a method of silicon fertilizer application in Cd—polluted paddy fields.

Keywords : rice( Oryza sativa L..) ;cadmium ; silicon
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Figure 1 Rice yields in different treatments
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Figure 2 Effect of different treatments on the soil pH

0.05) Jiti FIAERERY T1.T2 F1 T3 AbPE 4154 %00k il 2%
WAHN T 295.3%~399.2%(P<0.01 ) , A~ [A] i 4 i JH ik HE
b3 A R S R RN A T1ST2>T3, AAb B
Z 0] 25 S AT IR B I 2K, i A IS vt P s ) £ 42
Ja B i A TR AR R R X RT RE
FEAEAERR H H RS e A SOK R oG .

0307 a
| a ab
ﬂm 025§ = b "' 1
B o .
< ¥ g0t '
B T, 020]
¥ E i
2 3 015]
my
P -
£ £ 0.10 }
- 0.05 |
obd 411
CK Tl T2 T3
Kb P Treatments
1201
~ 100 I
o0 i |
£ | a a
ﬂ'ﬂ # 80 e T
2 bl
& ¢ P
i NGO |~
+H £ | i i
= 20f b
S | i
obd 1 L 4 41
CK T1 T2 T3

Kb P Treatments

3 AEHEAEALIERT L1 DTPA-Cd FIE RS BRI
Figure 3 Effect of different treatment on soil DTPA-Cd and

available silicon contents

2.3 FEIHERE AR K TBAERIR FES 2N
ST, AN )BTt P e L 347 i R AR K R X4
ORI 2R, el 4 firR . 5 CK AFAH G, T1, T2
A1 T3 AhPRFEAL T /KRR i e o i, o T1 b3
&~ 31.9%(P<0.05), Z=5ik3 R EKF, T1.T2 fil
T3 LbHE5 i 2 B ARG O F rhid B i, BRI
60.0%~65.8%( P<0.05) , [RlIf , B F&AK T /K R st
BT BRIE R 26.5%~46.1%(P<0.05), TR 4
S a3, 5 CK AL (R K AR
i+ 0.431 mg-kg VA, T1 T2 kb FEAS K45 & 1243 5
5B 2R 25.3%(P<0.05)F 16.7%(P<0.05) . 22 Wjiti
FRENEREMS R K Fisth_E 045 2 B R4 (R R IS R 22
IKFEAS R A B It ek P A bR A BB 22 S
KR H bR AT AE S AN 4 Bn . BT
T RIS KRG L WO 2 Z5FF



YIEINC RS Y 5 36 55 6 H

1030
60T
) 50F |
T 40biL
2= |
£ Eaon
E o5 ||
@ 3 20f]
LOFY
NES
25
20F
= 1.5
,\H -—
L
20 g 1.0F
05
0

Kb P Treatments
4 FELEMNKBERER EIEN0HMN
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cadmium and silicon contents
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Table 1 Effect of different treatments on Cd and silicon transportation in rice

54538 280 Cd transport coefficient

FEHEIZ ZR %0 Si transport coefficient

AP Treatments
251 Shoot—leaf Z£-5¢ Shoot—husk 5t—>K Husk-rice Z£-11 Shoot—leaf Z£-5% Shoot—husk
CK 0.22a 0.09a 1.04¢ 1.42b 1.12a
Tl 0.15b 0.08a 1.12b 1.62a 0.85b
T2 0.11b 0.08a 1.22a 1.43b 0.94b
T3 0.12b 0.08a 1.29a 1.40b 0.75b

T« [ — S ARl B RN R b B 0] 22 5 1.3 (P<0.05), R IA]. %38 280 25— Bty v (R ) 3% /25 vh i (b ) &5 o, ZX- SSRGS Th
(R ) & R /2 AP i Ok ) B ik, S K BIREK i () & R ARE SS vh i OBk ) B it

Note ; Different letters within a column indicates significant differences between different treatments( P<0.05 ), the same below. Transport coefficient ;
shoot—leaf means specific value between the leaf Cd(Si) content and stem Cd(Si) content,shoot—husk means specific value between the husk Cd(Si) content

and stem Cd(Si) content, husk—rice means specific value between the rice Cd(Si) content and husk Cd(Si) content.
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Table 2 The correlation between variables

Ak THEA AR EFPRES R MPAREESR DHSERGR EFRESE RS E FmSE RBRkWmSE 1HEpH

TR 1
ZEFFRE S 0.926* 1
AR R 0.670% 1
Firohk o o 0.963*
THEAGR  -0.801%* 1
RS = -0.735% 0.901* 1
R -0.989* —0.734%% -0.728% 0.883* 0.625% 1
Fireii o o —0.729%% -0.956% 0.951% 0.773%% 0.798%* 1
FEORAR o ~0.995% 0.771%% 0.959% 0.970* 1

43 pH 0.969%* ~0.995%* 1

T * 15 0.05 KF RS ** 76 0.01 ARV ERFARL.

Note : *significant correlation at the 0.05 level , **significant correlation at the 0.01 level.

pH {8, B4 IAA RhE & &, B 4R AR W A sk | A2
PEZEFFXTRE SR B 25 AP S i S A RE S i
WEME, KRB R RS SRR B R
FHE , HH 2 RS 912 —0.735 .-0.734 F1-0.729,
IKFEZEFF AR B R RSN K A b LR LR
AR 500 AT A R o AR R R i A
AR ECRTE KRR SR A TR AE 5 i
R RS S RSCRE T R WA R, WS A
AT AR B 1 i 5t B 2 07RO, A DG R BGA 0.728
0.956 F1 0.995, & WM b FSAE Rk 1Y K 5 R AR, BRI
T Hb EERER I R RS s . HIEA AR IR
pH 4% 3 57A O, AH G R -0.995, 1 5 Z£7F .
5 RS RS R 1 5l 3 IE A OG , 3R - e rp
A R D T KRB XTI 2, KA )
ARS8 pH X R %Y, SRS R
SRR SRR D E MG, MRS N
0.625.0.773 1 0.959, iX 5 K FEtA N T B 5 iz
Bk, BAmEEZET EESUR M RS,
itk ER R E A, MERECN-0.995,3%
IR SESSE AR EPS el PS IS 9

3 g

Jit FREE REAS 3 KRS 5, PR, it
FHREACREAZIE /KR ™ i, 97 IRy 3.3%~9.7% , 1
R RORIB K, SR SR e A
WHEa RIS, B3R - B B RE S 32 e B
B RERIR AR IR P RCR . mEIE)E T
B 5, it AR FH REAS 900 5 pH A, 3% pH T}
1 2 (AT 07 LA 114 S A Xl L LA 1Y R

TUERRE SIS, L HE Y Fe Mn 585 75 OH 255
FEBGR RS Yo R S U Z AW p S e, HL
LA S 5 R R S S SR T A R
B, A A TR G R I R R R AR R R 5
ULTED) , PRI L SRR A= A A o AR, Tk A
N[ A= T S0 P R M P 8 e L8 pHLfEL, DA AER
T ARSI, R, A RS K
REZE I EMIRER A &5 i R TR AN G SR WTREAE SR
L pH (E . BRI b S A A A SR AR K e e
KRN Z — . %45 R 51 20 A —
B BRI, AR IS 0  FHREAE XS 1438 pH $R TR
ANTFL, R RE TR KRS B9 AR G, R AR A LR 2
i 2, AL X L pH AR IECR AR
AR 2 AT i SRR ZEAT i A A5
B, RS S T RS FIRE R E
TAARRIEZR o Wt et N KR X ik A AL, A 1
KA b AT X R ER R, AT RESE I Akl SR 0
DETEARR TR A B2 A0 ML BE , J 0 1 i X A BR 2R i
oy BRIz, F340, ek RER A il S MAIZ ik Az,
BELZE 200 L BE £ L BLRE , 52 W0 5 4 B A Iz i, AT AR
)3 b Az A, R AR R B R R R A
L) ZEAT 20 M BE 10 % s LUARL A (AR A A T 284
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