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Effects of foliar application of silicon on uptake and transport of inorganic and methyl arsenic in rice

ZHANG Shi-jie, FU Jie, WANG Xiao—mei, HE Di, XUE Pei-ying, LIU Wen—ju"

(College of Resources and Environmental Sciences, Agricultural University of Hebei, Key Laboratory of Ecological Environment of Farmland
in Hebei Province, Baoding 071000, China)

Abstract: In order to investigate the effect of foliar application of silicon on the uptake of different species of arsenic in rice, the hydroponic
experiment was conducted using rice seedlings sprayed with Si solution and exposed to nutrient solution with As(III), As(V), MMA(V) and
DMA(V) respectively and high performance liquid chromatography hydride generation atomic fluorescence spectrometry (HPLC-HG-AFS).
The results showed that foliar application of silicon reduced the arsenic concentrations in rice roots and shoots for 4 arsenic species expo-
sure. With As('V ) and MMA( V) treatments, the arsenic concentrations in rice root was significantly lower than that of the control, account-
ing for 26.16% and 35.32%, respectively (P<0.05). Meanwhile, the foliar application of Si significantly decreased arsenic concentrations in
rice shoots by 23.03% and 42.98% (P<0.05) for treatments with As( Il ) and As( V), respectively. In addition, foliar application of silicon
can reduce arsenic uptake by rice. For As( V) and MMA (V) treatments, arsenic uptake of rice seedlings with foliar application of silicon
was significantly lower than that of the control, accounting for 29.08% and 35.17% respectively (P<0.05). In general, foliar application of
silicon could reduce the levels of different arsenic species in rice plants. As( Il ) is the predominant species of arsenic in rice root and shoot
for As( V) treatment, and foliar application of silicon decreased the levels of As (Il ) in rice shoots by 32.60% (P<0.05). For As( 'V ) and
MMA ( V) treatments, the concentrations of As( V) and MMA (V) in rice roots were decreased by Si application for 55.30% and 30.61%

respectively. However, the foliar application of Si did not impact the translocation of different arsenic species in rice plants. In summary, fo-
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liar application of silicon could inhibit the uptake and accumulation of different species of arsenic in rice and reduce arsenic toxicity to rice

seedlings.

Keywords: foliar application of silicon; arsenic species; rice
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Table 1 Compositions of rice nutrient solution

2 e BE /mmol - 17!
MgS0,-7H,0 0.274
(NH,),S0, 0.183
KH,PO, 0.091
Ca(NO,),-4H,0 0.183
KNO, 0.091
MnCl,-4H,0 0.000 5
H,BO, 0.003 0
(NH,)(Mo,0,,4H,0 0.000 1
ZnS0,-7H,0 0.000 4
CuS0,5H,0 0.000 2

NaFe( Il )-EDTA -3H,0 0.0200
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23 MARNFRIRITE A AL FT T it ek X K As I
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As(TI) AR BEAT MMA (V) A2 357K A5 %55 ik i W A 6 7 I
FHET As( V)L FEFI DMA (V) ALFE(P<0.05) .

AR S A RN KR AR 2R 1) M | R AT B g
JIASIR], F Ml R A B 5 A R A ok B LU AR
KRR A AR 2R 5552 B L B3R 5 is 240 E
{EB R R BKFEX i iz B e ) o . PR 3 WA,
ANVE K AR I THT A At A, K AR I 4 FPiIE S i i ia
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F2 MHEMEEN AR ML E TAREMD RS2 (mg-kg')

Table 2 Effects of foliar application of Si on arsenic concentrations in the shoots and roots of rice (mg-kg™)

LA Hi 35 Shoots H F roots
As Species CK Si CK Si
As(ID) 1.2720.077a 0.97920.020a* 23.03+1.95b 19.64+1.58a
As(V) 0.897+0.138b 0.512+0.019b* 19.55+1.13b 14.43+1.37b*
MMA(V) 0.199+0.005¢ 0.15720.026¢ 34.06+2.91a 22.03+2.65a*
DMA(V) 0.065+0.003¢ 0.060+0.001d 0.51+0.05¢ 0.39+0.02¢

iz G F)/NG 7 bR 7R AN R 25k PR ik J32 22 [ 22 53 .25 (P<0.05) , * 3R AR AL T 2540 31T Btk Ak B 55 %0 B 22 5 1. 25 (P<0.05) o

NG

Notes: The different lowercase letters in a column indicated significant differences among arsenic treatments at P<0.05 level, *indicated significant dif-

ferences between silicon application treatments and CK at P<0.05 level. The same below.

3 MEEREXTKEE As RILEE S IS RS0

Table 3 Effects of foliar application of Si on arsenic specific uptake and translocation from root to shoot

I 2 W HE 7 As specific uptake/mg - kg™ 5632 Z U Transfer factors
As Species CK Si CK Si
As(1D) 27.0+2.3b 23.542.2a 0.056+0.002b 0.058+0.008b
As(V) 22.6+1.4b 16.0+1.4b* 0.046+0.006b 0.036+0.003¢
MMA(V) 34.742.9a 22.542.7a* 0.00620.001¢ 0.007+0.001d
DMA(V) 0.740.07b 0.60+0.02¢ 0.13520.019a 0.154+0.007a
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Figure 1 Effects of foliar application of Si on arsenic speciation
concentrations in rice roots under different

arsenic species treatments
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Figure 2 Effects of foliar application of Si on arsenic speciation
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Figure 3 Effects of foliar application of Si on arsenic speciation in

rice xylem sap under different arsenic species treatments
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Figure 4 Effects of foliar application of Si on arsenic speciation in

rice phloem sap under different arsenic species treatments
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