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Effects of split silicon application on the fractions of Cd in soil and its accumulation in rice
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Agricultural University, Guangzhou 510642, China; 2.College of Agriculture, South China Agricultural University, Guangzhou 510642, Chi-
na)

Abstract: The aims of this study are to investigate the influences of silicon application on the migration of cadmium in soil-rice (Oryza sati-
va L.) systems and to explore the optimal timing and ratio of silicon application for alleviating the uptake and accumulation of Cd in Cd—
contaminated soil. A pot experiment was carried out to study the effects of silicon application at different stages on the fractions of Cd in soil
and on the uptake, transport, and accumulation of Cd in rice. Cadmium chloride was added to simulate polluted soil with a Cd content of 100
mg- kg™, Based on the same total amount of silicon application (56 mg-kg™), three kinds of silicon application methods were designed : sili-
con applied as basal fertilizer (C1), silicon applied as basal fertilizer and at jointing stages with a ratio of 1:1(C2), and silicon applied at

jointing stages (C3). No silicon application was used as the control (CK). The results showed the Cd contents in soil at the mature stage in-
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creased by 19.4% (P<0.05) and 18.9% (P<0.05) with the C2 and C3 treatments, respectively, compared to the CK levels. The exchange-
able Cd contents in soil with C2 and C3 treatments decreased by 27.3% (P<0.05) and 27.1% (P<0.05), respectively, whereas the residual

Cd contents in soil increased by 97.7% (P<0.05) and 111.3%(P<0.05), respectively. The Cd contents in roots and the aleurone layer treat-
ed with silicon at maturity were elevated significantly, whereas those in stems, leaves, and white polished rice were lower. Furthermore, the
Cd contents in the white rice were lower by 13.8% (P<0.05), 35.1% (P<0.05), and 27.9% (P<0.05) with C1, C2, and C3 treatments, re-
spectively, compared to the CK levels. The transfer factors and bioconcentration enrichment factor (BEF) of Cd in stems, leaves, and pol-
ished rice at the mature stage were reduced by silicon application. However, the BEF of Cd in roots was increased. Furthermore, there was a
significant correlation between the content of different fractions of Cd in soil and Cd accumulation in roots and polished rice. In summary,
soil Cd availabilities with the C2 and C3 treatments at the mature stage were reduced, whereas residual Cd were significantly increased with
silicon application. The transfer of Cd from the soil to the rice plant was inhibited, and much of the Cd absorbed by the rice was deposited in
roots, which reduced the migration of Cd to aboveground. Consequently, the content and accumulation of Cd in white rice were decreased ex-
plicitly and those in polished rice were significantly decreased. In addition, C2 treatment was more effective for reducing the content of re-
ducible Cd in soil throughout the growth period, increased the content of oxidizable Cd in soil at the heading stage, and promoted the growth
and development of rice before the heading stage. The effect of C2 treatment was the best, and thus was recommended for practical use.

Keywords:rice; silicon; fractions of cadmium; transport; accumulation
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Table 1 Effects of split silicon application on biomass of rice in the soil polluted with cadmium (g« pot™)

A H b Ui E nf: KPR Hb F BT

il CK 34.31£3.07b 22.80+0.60a 14.63+0.61a — 43.43+0.36a
Cl 42.39+2.66a 33.06+3.42a 15.8120.85a — 48.87+4.26a
2 36.68+1.25ab 32.70+1.42a 14.950.70a — 47.65+2.12a
C3 33.86+0.60b 27.66+2.88a 13.09+1.71a — 40.75+4.31a

8] CK 39.53+3.89h 37.35+1.65h 15.63+0.22a 56.49+4.52¢ 109.48+0.98h
Cl 49.71+3.35ab 42.13+1.17ab 15.09+0.98a 62.72+5.89h 119.94+1.91a
2 50.35+4.63ab 46.77+2.58a 16.21£1.29a 72.1242.36a 124.30+3.60a
C3 52.64+0.77a 43.4620.60a 16.89+0.78a 61.3123.89bc 121.66+1.55a

T AN A /INE TR R () — o AN [) Ak B 22 8] 22 572 i #, P<0.05. C1: BEBAE 2R 5 C2: FRNEAMA T WAL 3R 12 1 20 B0t JT 5 €3 4RI it ik 3%

CK: Afitifik, T,

Note : Different lowercase letters indicate significant differences (P<0.05) in the treatments within the same column at the same growth stage. C1: basal

fertilizer, C2:silicon applied as basal fertilizer and at jointing stages with a ratio of 1: 1, C3:silicon applied at jointing stages, CK: no silicon application. The

same as below.

F2 HRSPHERAN SR TETKEFEMHE RN

Table 2 Effects of split silicon application on yield factors of rice planted in cadmium polluted soil

4k 7 TR g L5 % RSO (57 TR
CK 21.06+0.06b 71.93+1.71b 114.97+6.85a 22.25+1.73a
Cl 21.83+0.52ab 86.28+3.13a 117.95+2.69a 13.95+2.11b
c2 22.58+0.05a 88.61x1.76a 124.03x1.43a 13.47+0.66b
c3 22.37+0.47a 94.67+2.27a 112.49+9.12a 9.18+2.23b

®3 BERSPEAXMERNRAPLECISE
RETHZRRMm
Table 3 Effects of split silicon application on Cd content of soil

at heading and mature stage

WMk ket LU
CK 62.08+1.91a 55.23+0.80b 10.96+1.28a
Cl1 64.44+5.69a 58.49+4.42ab 8.98+1.86ab
C2 68.46+5.61a 65.96+1.84a 3.62+0.46¢
C3 69.27+3.32a 65.65+2.41a 5.13+1.19bc
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Figure 1 Effects of split silicon application on the contents of reducible Cd(A ), exchangeable Cd(B), oxidizable Cd(C)
and residual Cd(D) in soil
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Figure 2 Effects of split silicon application on cadmium

distribution ratios of all fractions in soil at heading stage of rice
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Figure 3 Effects of split silicon application on cadmium

distribution ratios of all fractions in soil at mature stage of rice
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2K M Cd AR R AR U, C2 R C3 R Y
Cd & 5 R EH CK 43 0 18 hn 27.7% (P<0.05) .34.6%
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Table 4 Effects of split silicon application on Cd contents of different rice organs in cadmium polluted soil (mg-kg™)

AEEM Ab ¥ R E s LiEN Wik )2 wit
EiliEE S CK 124.28+2.90b 6.3120.14a 5.24+0.20a — — —
C1 130.774.11b 3.91+0.22b 3.68+0.17b — — —
2 181.13+5.33a 4.27+0.25h 4.08+0.10b — — —
C3 167.98+6.22a 5.97+0.29a 5.02+0.12a — — —
A CK 135.92+6.57h 5.39+0.18a 3.64+0.10a 2.76+0.16a 3.10£0.05b 2.60+0.13¢
Cl 150.8322.73b 3.630.42b 2.92+0.17b 2.38+0.08b 3.4120.04a 2.6120.18bc
2 207.08+5.68a 3.50+0.61b 2.76+0.23b 1.79+0.08¢ 3.52+0.05a 2.87+0.13ab
C3 216.64+1.75a 3.62+0.21b 2.83+0.90b 1.99+0.12¢ 3.36+0.10a 3.04+0.03a

RS EENPHEANCIBRLIETRESESREE CIZRENHIM (mg- &)

Table 5 Effects of split silicon application on Cd accumulations in different organs of rice in cadmium polluted soil (mg-pot™)

EHW sl e E EoT Wity 2 UITRIS BiEsi-t7N

Fjiigsat CK 4.280+0.472b  0.182+0.016a  0.077+0.006a — — — 4.539+0.477h
Cl 5.565+0.517ab  0.131£0.019a  0.058+0.005a — — — 5.754+0.540ab
2 6.645+0.331a  0.140£0.011a  0.061£0.004a — — — 6.846+0.331a
C3 5.694x0.300a  0.165£0.019a  0.066+0.008a — — — 5.925+0.320ab

I CK 5.422+0.576b  0.202+0.015a  0.057+0.002a  0.026+0.002ab  0.016+0.002a  0.100+0.011a  5.821+0.829h
C1 7.511+0.614b  0.154+0.022a  0.044+0.005a  0.024+0.002b  0.016+0.001a  0.079+0.004ab  7.828+0.638h
2 10.478+0.427a  0.167+0.036a  0.045+0.007a  0.032+0.002a  0.020+0.001a  0.063+0.005b  10.815+1.292a
C3 11.397+0.160a  0.158+0.011a  0.048+0.003a  0.030+£0.002ab  0.016+0.001a  0.066+0.008b  11.714+0.234a

Fo EENHBAMNCISTRTETAEERECIETERENZN

Table 6 Effects of split silicon application on bioconcentration enrichment factor(BEF) of Cd in different organs in cadmium polluted soil

A H W s i £ n 5T Bz Kk
A CK 2.003+0.002b 0.102+0.003a 0.084+0.001a — — —
c1 2.049+0.118b  0.061x0.005b  0.058+0.003c¢ — — —
c2 2.652+0.125a  0.062+0.003b  0.060+0.002¢ — — —
C3 2.428+0.030a 0.087+0.007a  0.074+0.003b — — —
JEA] CK 2.459+0.078b 0.098+0.001a 0.066+0.002a 0.047+0.002a 0.055+0.001a 0.0500.002a
c1 2.599+0.138b  0.062+0.005b  0.050+0.001b 0.045+0.003a 0.058+0.004a  0.0410.002b
c2 3.140£0.045a  0.05320.008b  0.042+0.002¢ 0.044+0.001a 0.053£0.002a  0.027+0.001c
c3 3311:0.174a  0.055:0.001b  0.043+0.002c 0.046+0.001a 0.051£0.002a  0.030+0.001c
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B CK 4 B BE AR T 41.2% (P<0.05) . 52.9% (P<
0.05) , fh B C1.C2.C3 M F /Y Cd 7 7 R B IK T
CK., & W& 43 51 3k 33.3% (P<0.05) . 45.2% (P<0.05) .
28.6% (P<0.05) ; B & it i AL 325 4552 LA K
KooK CAFE 58 R A B 28 F CK, C2 1 C3 54iz &
BOR B A
2.4 ¥t +1E pH EIR I

by Pl 4 ], ik AT IR R s Y 3 pHAE
TR C1 AR P+ 358 pH (i 5 = T HAB AL P X — 45
A AE S AR IS C1 A P G R 4= 078 B2 % 117t FH AT % 5
T Bt A 7 AR (A MR AN A R R it P, e
C2.C34bFE -+ 319 pH (H 2 3 b7, 0 3 Rl i b 2
[EFATE =378
25 AATIEEREESCIEESKEEF/ECIRER
EMEXES T

2 8 Al M, KRS MR b Cd i B AR 5 T <
A FN A A A Cd 5 i 2t B 2 A G, S5 ERkiE A D
Ko AL 2 B IEA G, Mk Ok Cd i RS
R IEA Cd & AR SR IE AR R, RS oK Cd 3R
FUR 5 3] a2 e S AT A RS Cd & b 5t 2 0
X, HRES M A LS R B E A, HAbg e

X M A5 MR E T Cd R S KBS CA Y
B EMA KR
3

it

3.1 MAKBERKELZERFENF T

WFFE R, it e X K RS A — 8 B3 7™ 1 T
KA MEECW TR, A A A F B 103t P Ak A %o 7K A
ARKEEYA BRIFVEN, B8R B W &, IR L
PRTT A it AR A AR A R A 3 A F 10.5% o
ik ] [ AEPRIE Y A S A B AN (R E H te P A A 2 T
b B R KRR A 45 5% 3B R SR A R TR
I IAKFE 1, A REE IR K], 7E 100 mg - kg™
) Cd¥5 YL K-, AR AT 5 0 RE 2 1: 1 43 303t FH
A3 C2 DL Rk T B A C3 REAE IS K REAR  ZE Ak
Z A T O [ [ R 1 25 e VAT R B O 2
R A 2 R, 3 5 ] S5 e IRV I i e Ak T
AN K R B R LS Sk B 45 R — 2 H 2 e C3 WA
A 5CHE v A K R T o, LR PR AT R

RS HARTEEREECIZE (ng kg FIKFEERE
Cd ZMREB (mg) ZBEIERXKX R (n=12)
Table 8 Correlation between Cd speciation in soil(mg-kg™) and

Cd accumulations(mg) in different organs of rice

0 gck @cr @ge N3 a at mature stage(n=12)
o 3 E I KRR TR T Cd
o O8f ~ b2 IT _ N\ Cl wghAscd shiAcd AEEACD AT Cd
& 67t ¢ N I \ i -0.823%%  0.791%x -0.699*% 0.601%
H 1 \ NN E-Y 0.413 -0.645 0.442 -0.365
661 §§§ §§§§ i 0.534 -0.449 0.644 -0.420
6.51 N \\\ wie -0.504 0.396 -0.247 0.453
o NN WRE -0.406 0.192 ~0.284 0.368
EillE AN ik 0.675% -0.818%* 0.718%* -0.690*
B4 srHARE ARSI L1 pH AR FE +43 P<0.05, ##/L3#% P<0.01 .,
Figure 4 Effects of split silicon application on pH value of soil Note: * represents P<0.05,** represents P<0.01.
R BERSPABAXN CIBETETABERE CAEBRENZ N
Table 7 Effect of split silicon application on transfer factor in different organs in cadmium polluted soil
A H W Ak B E B Wik )2 Aok
EillpESi CK 0.051+0.001a 0.042:0.002a — — —
Cl1 0.030+0.001be 0.028+0.001b — — —
Cc2 0.024+0.002¢ 0.023+0.001¢ — — —
C3 0.036+0.003b 0.030+0.002b — — —
LAV CK 0.40+0.001a 0.027+0.001a 0.019+0.001a 0.023+0.001a 0.020+0.001a
Cl 0.024+0.002b 0.019+0.001b 0.017+0.001b 0.023+0.001a 0.016+0.001b
C2 0.017+0.003¢ 0.013+0.001¢ 0.014+0.002¢ 0.017+0.002b 0.009+0.002¢
C3 0.017+0.001¢ 0.013+0.001¢ 0.014+0.004¢ 0.016+0.001b 0.009+0.001¢
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Tk 28 0 U it B A R K R RS R A K D R A
WA B A RETE A KRS AR T IR B
3.2 F7kFE Cd R R REFIEH R

ARIG ZAFF L B C1 A C2 ZbFEZE A dr
Cd 7 i 2 R (H C2 AR Cd it K BRI B 3
B, 33 196 B L it ek A R T KRS B AR B il
IR Bt S Fnntoh Cd () SR, (i cd FL R
FEMS A o RG], 3 it rek A B ZE DR K R Cd Y
BRI R RRAR, T R C2 T C3 R K Cd A
FRAK, H C2 A1 C3 A5 K Cd BF ik # R AIG; (H
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GRS e iR N OB S T e v )R = S L
MR H C 1) Hiy 138 B okp Rz v (e B, DT Cd i B2 72
HR R, 28 B Ay it ik 5 38 0 AR Cd W, 4R T
HXT Cd B 4ERE 1 (e 6) . 1T C2 43 Wit Fi Ak AN
AT BRI Cd BRI Cd AR 1] M| 325
i ia iy AR T RS K T CAFR 2R

A C1 A C2 4R v Cd & 45 R B, =k
W Cd & A R B BRI, X 18 BH it ik 25 mT 02 2l
FERT /K REAR XS Cd 19 & 4, X 250 Cd & 45 210
HVER . BRI RE XA 25 Y Cd & SERE 113
AW, X SR R B A S, RS
B BT 2K BRI F ST AE R — 2. RN OKAS C1
FIC2 25 v Cd 5688 22 B0 25 FRAIK , 1T 21 U 2
N C3 2501 Cd 36 R A0 BT B, 2 B B2 %
Hox —AF BB, €2, C3 WAL A+ 35 i i i Cd
FAR >R RAAEAR TS , MAR [y b 5L R 1) Cd 52 3|
P, I TTREARZE (i K Cd B i

RS S B SR E R AT I Cd FERS AR B A
X — B B AR [ K R 2R 0 FR RS 6 T LR Ak
TIRE R 11 20 3090 AL B C2 1 5, HORAL AT LAY
M) Cd 76 A5 4% Bl IX — 26 F B B AR o i i 8
K i HLAT LA Sl 4100 1 98 3R 45 S B B Cd A K rh
Sk
33 MEECIESEREERENEIT

A W58 N K Tessier 32: PG = Fp B 25 (] 32
B R A VR A 45 &) 1 BCR i
PRI ZS (AT 58 e 2s AT IR 38 i AR EE 5 8 9 i1 %
AL, Wl FURIE S, ARSI, s C2
1 C3 T4 Cd & 1 3% = T CK i fik 5B i 5 [ I Al
B KRS LI AT AT S Cd DL AT B Cd Y 5
fif H RS Cd S B . [FBS AR Z I,
TR Cd & SRR AR K Cd BFUEAH

GBI R . B U8 I BT A it Ak R R e T
K FEVE S 25 S W ) - 5 rp Cd IE S, DA 52 1 5 —
B 1] B Cd M\ - S i RE Rk (0 6 B8, il R aferpii B o 2
L3RR O 1 = R A O W YN R g EP S R T NN
AT A A Cd 5 5, SEM K b Cd B R
R

-8 pH AR B A Ry 25 ) FE 4 JE Cd T M R
RZ—, L pH (M LR 48 Cd A6 2
P9, XA, -3 pH AE 1) AR il S8 - b
EIRAFRE L LD, Y pH (HA 8] —
JEE AR Cd SR BEAEH A T UiE . A5 ak
b P SR i T AR A - pHAE A S 1
BErp R A Cd B RN, RV RS Cd & Ak

4 it

(1) HtihEReA A = A K R b F s 4 B T
LBk Cd & i R AR RS C2
1 C3 b FRI AT I 5 R AR B K e L g v AT A4 2
Cd A A SR 25 Cd, 32 5 R 3 R i 28 Cd Al A&
Cd, 7] Bt foff 7K R AL IR MR A A .l A S R AR, 1 i
Cd PR ) b1 845 25 B A8, AR v Cd R
ETR I

(2)ZR WA b BRAHE 1 77 A8 B S 4% 2 1 5 18
Cd &, C2 A TR E T W AL A Cd & it
b AR K R AR R AR KR R E L [T 20 Cd iR
eI ) Cd BUVEAERR TR . (EAS 3 A,
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