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Effects of sodium silicate on soil properties and Cd, Pb and Zn absorption by rice plant

ZHAO Ming-liu, TANG Shou-yin, DONG Hai—xia, LI Hong—hong, WU Zhu-lin, HUANG Jun—xing, WANG Guo"

(College of Resources and Environment, Key Laboratory of Soil Environment Health and Regulation in Fujian Province, Fujian Agriculture
and Forestry University, Fuzhou 350002, China)

Abstract: Effects of sodium silicate (Na;SiO;) on the uptake of Cd, Pb, and Zn by rice from heavy metal contaminated soil were studied by
pot experiments, using an Indica rice( Yiyou 673 ). Application of sodium silicate significantly increased soil pH in both tillering and mature
stages. Consequently, DTPA —extractable soil Pb was decreased by 40.34% ~43.26% (in tillering stage ) and 10.99% ~18.14% (in mature
stage ). DTPA—extractable soil Zn was also reduced by 43.91%~58.92% (in tillering stage ) and 4.16%~28.41% (in mature stage ), respec—
tively. DTPA—extractable Cd was significantly decreased in tillering stage whereas it was increased in mature stage. After application of sodi—
um silicate, Pb transfer factors of root—to—stem in tillering stage, stem—to—grain and leaf—to—grain in mature stage were reduced up to 67%,
70% and 80%, respectively. Zn transfer factors of root—to—stem in tillering stage, root—to—stem and leaf—to—grain in mature stage decreased
up to 60%, 54.90% and 59.38%, respectively. However, the Cd transfer factors of stem—to—leaf in tillering stage, stem—to—grain and leaf—

to—grain in mature stage were increased up to 54.14%, 64.29% and 90.24%, respectively. Thus, application of sodium silicate decreased the
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availability of soil Pb and Zn, depressed Pb transfer from root to stem in tillering stage, stem—to—grain and leaf—to—grain in mature stage. Zn

transfer of root to stem in tillering stage, root—to—stem and leaf—to—grain in mature stage, thus, decreasing Pb and Zn concentrations in

brown rice. On the contrary, sodium silicate raised the availability of Cd in the soil and promoted the transfer of Cd from stem to leaf in

tillering stage, and from stem or leaf to grain in mature stage, increasing Cd concentration in brown rice.

Keywords: sodium silicate ;rice ;cadmium ; lead ; zinc
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Table 1 Basic properties and heavy metal content in the soil

H g A HLIR Organic CEC/ H 4 )@ & & Heavy metals content/mg kg™ B A Soil texture/%
P - - N . N R R N
matter/g-kg”  cmol-kg®  4cd  fELCd  4Pb HHPb  4Zn  AZn  GEE O BBRL RPRL KGR
6.02 21.86 17.00 5.88 3.70 1602 650.6 2132 147.9 44 .41 44.71 9.32 1.55
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Different small letters within one curve indicate significant difference at 5%

level between the treatments

1 [ FAEFERRNANIE T/KFE 11 pH EEZL
Figure 1 Change in pH values of the soils treated with different

dosage of sodium silicate

FHEE I HE I RAEAR . A0 Ph BT B A3 il BRI
40.34%~43.26% (4> BEI) .10.99%~18.14% ( JiL344)
AR Zn LEXT FR A3 HIBEAR 43.91%~58.92% (43 BEW]) |
4.16%~28.41% (A ) o B 15843 Cd . Pb F
Zn A S A EE] . SR 3 FR T DU, AR
B A RC . Ph Fl Zn {97 55 13 pH Y%
AR
2.2 BEERMXI KT EHRAL Cd.Pb . Zn S 2R
MR AT, FESrBEW], BREERRENAIELN 10 g-
kg 1 12.5 g-kg! Ab3AN, HAMANHK AR Cd & &
P TR BEG KRR ZE (i Cd 5 AR 2
FHARERR NI N T 3 BERZK AT Cd AR, 1
W BRI 5 g-kg™ ACFRAN, Bl A5 £ R A0 = A0 3
I, K AR 2K Y Cd BRI 1 3 HEG BRI R
I AEATEEN], 5% REAR EL , ZKABAR Pb A FIrdn,

*2 AEASERNAET LI Cd . Pb.Zn BHEEE (mg-kg)
Table 2 DTPA-extractable Cd, Pb and Zn in the soils treated with different dosage of sodium silicate(mg-kg™)

RERRS g kg _ “ — Pb . — o -
B WA SV e ST e
0 3.95+0.18a 3.77+0.32b 679.0+41.85a 700.7+13.36a 170.80+5.76a 173.04+6.97a
2.5 2.78+0.04b 4.19+0.11a 405.1+9.62b 623.7+16.17b 95.80+3.52b 165.84+4.25ab
5 2.75+0.09b 4.25+0.09a 403.5+13.86b 622.4+12.40bc 89.72+5.50b 157.36+3.77bc
7.5 2.70+0.09bc 3.82+0.05b 386.4+2.69b 608.4+14.97bc 80.82+3.29¢ 145.88+7.70¢
10 2.67+0.14bc 3.85+0.16b 382.6+5.72b 592.3+26.59¢cd 71.19+3.31d 122.70+9.21d
12.5 2.55+0.09¢ 3.80+0.22b 385.3+22.47b 573.6+16.25d 70.17+6.29d 123.88+14.57d

T : RIS R NG TR RS A BT ) 22 57 135 (P<0.05 ) . 3% 4 [+

Note: Different small letters within one column indicate significant difference at 5% level among levels of one treatment , the same as table 4.
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Table 3 Correlations between soil pH and DTPA—extractable Cd,
Pb, Zn in the tested soil

AR Cd Pb Zn
SrBE —0.849%* —0.845%* —0.899%*
RS —-0.832%* -0.736%* —-0.969%*

25 0F P B RS e IR R B B A K AR
25 i Pb 5 A 0 I B AN A3 BRI A S A
BN KA Zn SR RIS n R BERE RN
FHAR N, K FE2E Zn 5 5 A B A, KR Zn &5
A PN SR b RN B AR i T 4 BEIA
FRFEXT Cd AW, H ] T K AR X Ph (I, X 7K
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AN TRk R 4 1 A0 38T oK Cd L Pb il Zn 1
SRR 4. SXIAE, MEERENV RN 2.5~10 g
kg™ B, REKH Cd &&= BN 52% . 145% 48% |
16% , SERRAN I 12.5 g-kg™ I HEK Cd &5 52 [
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MR 5 FIUL AP BE], JERIMERR Cd 14 TF e
TF g PIHEGE FEAT I EE N, TF peps g JTF oo A FFREAIG
VUITE ST BERRERR BN E Cd MR BIZENIHERS 1855 Cd
MR AEERS . BRI, AERRENIEIN T TF g o
TF g JTF sop JTF wpogreo BV L TERR B ALY A
SN B K Cd AFE S 28U = 43 3 i 64.29%
F1190.24% . ;X AR AT g2 At R AR MoK Cd it
SR

MR 6 ATHI, 7R3 BER  RERRENALFIYE I T Pb 1Y
TF pooppe TF o, BEAR T TF g JTF oo, WEBHTESY
BEMIRERREAISS T Pb MARBIZEIEHES . 2l , i
FREABEIN T TF Ly JTF sa AR T TF ppege JTF s |
TF s unc B TF oo FERREN I 5 BEIA MR 212K | i
HAMEZREAK . mE2IREK Ph B FS R R = 0l %
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FIROK RS AR T e R AR R AN TRE K Ph & & PR
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R4 KIBEARBFMLEEE Cd.Pb.Zn FE(mg-kg)
Table 4 The concentrations of Cd,Pb and Zn in different parts of rice plant(mg-kg™)

522 Element Eﬂa‘i’%ﬂﬁ?%/ S BE A
g-ke FR (KN £ i R RN £ - N

Cd 0 7.0+3.6b 1.0£0.3b 0.5+0.04b 6.242.5a 2.7+0.5ab 0.8+0.3ab 0.3120.13h
2.5 11.423.8b 1.5+0.5b 0.8+0.1ab 3.9+1.7b 1.7+0.4ab 1.020.3ab 0.47+0.01ab

5 8.4+3.3b 2.3+0.3b 1.020.1a 7.1£33a 3.3£1.0a 1.420.6a 0.760.43a
75 27.4+10.8a 8.8+4.1a 0.820.4ab 5.1£1.3b 2.5+1.0ab 0.6+0.3b 0.4620.11ab

10 3.9:0.8b 1.3+0.2b 0.520.1b 3.120.4b 1.4+0.7b 0.5+0.2b 0.3620.15h

125 5.5+1.7b 2.01.2b 0.9+0.01a 3.9:0.8b 1.5+0.7ab 0.9+0.04ab 0.25+0.11b

Pb 0 840+197a 26.9+5.0ab 35.5+4.4bc 801£101a 36.5£18.98a  67.9+32.81ab  0.30+0.02a
2.5 1474+137a 33.5+6.40a  37.1x11.26b 685+22ab 19.4+1.45ab  78.8419.69a  0.2420.03ab

5 1226+628a  22.7+3.77bc  73.9+12.45a 712+56ab 20.5£5.14ab  50.5£12.33bc  0.20£0.09b
75 1208+771a  18.0+6.7lbc  18.7+7.60cd  600+188bc 14.6£1.92b  34.9:9.64cd  0.080.02cd
10 1008+83a 13.842.09cd  11.620.92d 502+93c 7.5+2.23b 20.026.23d  0.17+0.08bc

125 1611£267a  17.5#5.24bc  10.320.82d 552+71c 11.822.59b  38.6+7.17cd  0.05+0.02d

Zn 0 465.0+49.1b  146.9+2.5a 54.3+0.4b 456.4+09b  230.6+12.6a  84.9+38.3a 26.5+1.4b
25 691.3+62.3a 73.3+2.0b 96.7+8.3a 586.4+387a  132.1x1.2¢ 99.9+21.9a 24.8+1.0bc

5 4922+1355b  76.1x1.7b 111.3£149a  422.8+512bc  1857+28.1b  112.3%11.9a 31.320.2a

75 709.4£69.2a  67.0+35.6b 109.4+55a  373.8490.5bc  74.7+12.6d 97.4+14.2a 23.0£0.1¢

10 203.8+73.8¢ 61.429.6h 100.7¢2.3a  322.5#253be  49.4+7.4d 65.3%3.0a 23.6+0.2¢

12,5 423.8+363b  42.2+10.3b 108.0+134a  188.9+12.9¢ 40.5£9.5d 90.6+10.9a 23.4+1.7c
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Table 5 Transfer factors of Cd between soil-rice systems under different sodium silicate treatments
5 ZBK Transfer factor FERRBIT e s
0 2.5 5 7.5 10 12.5
SrEER TF s 0.44+0.07d 5.10+0.33a 1.78+0.293b 2.02+0.17b 0.42+0.02d 1.07+£0.43¢
TF s 4.47+3.13a 4.90+0.88a 1.57+0.62¢ 2.87+1.23b 2.60+0.21b 2.51+0.60b
TF s 0.20+0.13ab 0.16+0.05b 0.37+0.16a 0.31+0.02ab 0.28+0.01ab 0.16+0.04b
TF 0.54+0.06a 0.51+0.08a 0.45+£0.01a 0.43+0.32a 0.35+0.03a 0.68+0.22a
A TF i 0.76+0.16¢ 1.63+0.26b 3.24+0.64a 1.530.40bc 2.68+0.03ab 324+021a
TF s 2.24+1.02a 0.70+0.10b 0.41+0.01c 0.79+0.10b 0.39+0.15¢ 0.56+0.02be
TF s 0.31+0.13b 0.50+0.20a 0.53+0.09a 0.38+0.07b 0.33+0.10ac 0.30+0.08b
TF 0.34+0.09a 0.48+0.04a 0.47+0.13a 0.29+0.00a 0.28+0.02a 0.32+0.10a
TF gz 0.14+0.01b 0.18+0.07ab 0.18+0.01ab 0.17+0.01ab 0.23+0.00a 0.13+0.03b
TF w-pax 0.41+0.09ab 0.42+0.05ab 0.55+0.08ab 0.73+0.26ab 0.78+0.36a 0.38+0.08b
T : R R NG TR IR AL BUK 8] 22 5 .35 (P<0.05), R 1A,
Note : Different small letters within one line indicate significant difference at 5% level among levels of one treatment, the same below.
* 6 NEREBMNAIE Ph EHIE-KEBREPHERRE
Table 6 Transfer factors of Pb between soil-rice systems under different sodium silicate treatments
5 ABK Transfer factor PRI e s
0 2.5 5 7.5 10 12.5
SrEEN TF s 0.31+0.06d 1.83+0.45a 1.85+0.32a 0.64+0.09¢ 0.95+0.18b 1.50+0.22a
TF s 4.23+1.60a 2.05+0.73bc 1.19+0.03d 1.72+0.45¢ 2.46+0.15bc 2.82+0.42b
TF s 0.03+£0.01a 0.02+0.002b 0.02+0.01b 0.02+0.01b 0.01£0.002¢ 0.01+£0.01¢c
TF 1.48+0.40b 1.40+0.05b 3.12+0.09a 0.91+0.03b 0.78+0.09b 2.50+0.63a
JEA TF e 0.30+0.11¢c 0.81+0.13b 1.40+0.30ab 1.36+0.66ab 1.75+0.11a 1.81+0.35a
TF ppsse 4.24+1.83a 1.14£0.42bc 0.85+0.22be 1.460.83h 0.49+0.16¢ 0.5820.05¢
TF s 0.04+0.001a 0.03+0.003a 0.03+0.005a 0.04+0.026a 0.02+0.007a 0.02+0.001a
TF 1.89+0.35b 3.51+0.28a 2.42+0.24ab 1.60+0.44b 2.61+1.31ab 3.30+0.13a
TF 2 p4x107 0.95+0.37ab 1.14+0.06ab 0.61+0.04ab 0.74+0.37ab 1.35+0.72a 0.38+0.07b
TF gy x107 0.51+0.20a 0.31+0.04ab 0.54+0.27a 0.25+0.17ab 0.43+0.02ab 0.12+0.02b
F 7 AEERINALIE Zn ETE-KBRETHNEBRY
Table 7 Transfer factors of Zn between soil-rice systems under different sodium silicate treatments
H R ZBK Transfer factor PRI e s
0 2.5 5 7.5 10 12.5
SrEEN TF s 2.2+0.4¢ 4.4+£1.3c 10.0£0.1a 5.6+0.1¢ 7.7£0.5b 10.9+0.0a
TF s 1.1+0.1b 1.7+0.6a 0.6+0.1¢c 2.1+0.9a 0.4+0.1¢ 0.6+0.1¢
TF s 0.30+0.01a 0.12+0.02¢ 0.18+0.01bc 0.25+0.04b 0.18+0.09bc 0.15+0.03bc
TF 0.40+0.04d 1.52+0.14bc 1.28+0.43¢ 1.16+0.03¢ 1.82+0.17b 2.27+0.14a
JEAY TF e 1.65+1.08d 6.07+0.99b 8.46+0.63a 3.84+0.6¢ 10.03+0.54a 6.20+0.99b
TF e 1.93+0.14a 0.58+0.07b 0.36:0.006h 0.400.05h 0.310.01b 0.34+0.03b
TF s 0.51+0.03a 0.25+0.05¢ 0.39+0.05b 0.23+0.03¢ 0.33+0.08b 0.25+0.01¢c
TF 0.43+0.03¢ 0.76x0.17bc 0.62+0.16bc 0.89+0.12b 1.03+0.18ab 1.22+0.08a
TF gz 0.12+0.01b 0.19+0.02b 0.14+0.02b 0.24+0.05b 0.48+0.07a 0.38+0.12a
TF w-pax 0.32+0.11a 0.18+0.04b 0.13+0.09¢ 0.24+0.03ab 0.36+0.02a 0.27+0.05ab
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