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Preliminary study on the mechanism by which silicon application reduces lead bioavailability in alkaline soil
LIU Ming-da', ZHANG Jing—ting', MA Cong', WANG Yao—jing"”

(1.College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2.College of Science, Shenyang Agricul-
tural University, Shenyang 110866, China)

Abstract: In order to clarify the mechanism of silicon reduces the bioavailability of lead in alkaline soils, by neutralizing the effects of sodi-
um silicate alkalinity and eliminating sodium ions, the effects of silicon affected the behavior of lead, liquid, solid-liquid, and solid-liquid
interfaces in alkaline soils, rice yields and lead content in rice were studied. Testing included adsorption—desorption testing, infrared analy-
ses and pot experiments. The results showed that silicon addition reduced the capacity and strength of lead adsorption in alkaline soils, while
enhancing the lag effect in lead adsorption—desorption processes. The reaction products of silicon—lead in solution were characterized by in-
frared spectroscopy, and it was found that both the bending vibration absorption peak of Si-0, and the anti-symmetric stretching vibration
characteristic peak of Si—0-Si appeared to red shift, suggesting that the coordination reactions of either silicic acid or polysilicic acid with
lead resulted in the formation of water—soluble complexes. Silicon addition reduced the contents of acid extractable and reducible lead by
11.18% and 18.54% respectively. Oxidizable lead and residual lead were observed to increase by 42.56% and 7.84% respectively, while

compared with the control, rice yield decreased by 64.5% (P<0.01), and the lead content of brown rice increased significantly (P<0.01),
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reaching 0.31 mg-kg™'. Compared with lead stress treatment, silicon addition increased rice yield by 152.3%(P<0.01), while the lead con-

tent in brown rice decreased significantly, to the extent that the content of lead in brown rice (P<0.01) met the safety requirements specified

in the applicable national standard . In conclusion, the experiments showed that silicon addition promoted the transformation of soil liquid

and solid lead to an ineffective state and inhibited desorption of solid lead, thus demonstrating the chemical mechanism which reduced the

bioavailability of lead in alkaline soils.

Keywords:silicon; lead; rice; alkaline soil; bioavailability
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Figure 1 Effect of Si application on rice yield under lead stress
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Figure 2 Effect of Si application on Pb content in rice
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Table 1 The Pb isothermal adsorption equation by soils at different Si level

TE ¥R B Concentration of Si

Langmuir /5 F# Langmuir equation

Freundlich 7 2 Freundlich equation  Temkin 7 F Temkin equation

(Si0,,mg-L™") C/IX=1/KXm+C/Xm lgX=lgK+nlgC X=K+KInC
W 0 y=3E-05x+2E-05 ,r=0.940% y=0.743 Tx+4.470 0,r=0.973%%  y=6 425.1x+20 767 ,7=0.995%*
120 y=3E-05x+2E-05,r=0.918"** y=0.751 6x+4.394 1,r=0.970%%  y=6 498.6x+19 267,r=0.994%*
i 0 y=2E-05x+1E-05,r=0.976** y=0.780 6x+4.535 5,r=0.999%%  y=6 413.2x+21 499,7=0.9727%*
120 y=3E-05x+1E~05,r=0.887* y=0.734 1x+4.553 1,r=0.996%*  y=5872.2x+21 536,r=0.945%*

T R 0.01 KFZE5R B *FRRTE 0.05 KP2ER R .

Note: ** indicate significant difference at 0.01,* indicate significant difference at 0.05.
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Table 2 Parameters of Freundlich equation and hysteretic coefficients of soils at different Si levels
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