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ABSTRACT: The solubility and availability of silicon can be influenced by soil reaction. A pot
experiment with a clayey textured Rhodic Acrustox was conducted under greenhouse conditions to
evaluate the effect of soil reaction on silicon availability to rice plants. The experiment was set up in a
completely randomized design, using a factorial scheme (4 ~ 4) with four materials (calcitic lime,
calcium and magnesium silicate, pure silicic acid, and wollastonite), four rates (0, 2500, 5000 and 7500
mg per 5 kg-pot) and four replicates. After 60 days, dry matter yield and silicon absorption by the rice
shoot plants, pH__,,, and soluble silicon (0.5 mol L™ acetic acid and 0.01 mol L™CaCl ,) inthe soil were
evaluated. The materials increased soil pH as the applied rates increased, except silicic acid. Soluble
silicon extracted by 0.5 mol L™ acetic acid also increased with applied rates. For calcium chloride,
soluble silicon increased in the soil only with wollastonite and calcium and magnesium silicate, agreeing
with its total content. Silicon absorption by the above-ground part of the rice plants was linearly
correlated with rates of wollastonite, followed by calcium and magnesium silicate, silicic acid and
calcitic lime. Soil pH increase with lime was not sufficient to provide silicon to the rice. The 0.01 mol L
' caCl ,Soluble silicon had the best correlation with silicon absorption by plants. More studies are
necessary under field conditions and other soils to corroborate the presented results.
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REACAO DO SOLO E ABSORCAO DE SILICIO PELO ARROZ

RESUMO: A solubilidade e disponibilidade de silicio podem ser influenciadas pela reacdo do solo.
Com o objetivo de estudar o efeito da reacdo do solo sobre a disponibilidade de silicio para a cultura
do arroz, foi conduzido experimento em Latossolo Vermelho dlico textura argilosa em casa-de-vegetacao.
O experimento foi conduzido em fatorial 4 ~ 4, delineamento em blocos inteiramente casualizados e
quatro repeticdes. Quatro materiais (calcario, silicato de calcio e magnésio, acido silicico purissmo e
wollastonita) foram aplicados em doses equivalentes a 0, 2500, 5000, 7500 mg por vaso de 5 kg. Apés
60 dias, foram avaiadas produgéo de matéria seca, absorgdo de silicio da parte aérea do arroz, pH__.,
silicio extraido em &cido acético (0,5 mol L™) e CaCl , (0,01 mal L™ no solo. Os materiais aumentaram o
pH do solo com as doses, exceto o0 &cido silicico. O silicio solivel em é&cido acético foi crescente com
as doses dos materiais. Para o CaCl,, apenas houve aumento de silicio soltvel no solo com as doses
de wollastonita e silicato de calcio e magnésio, concordando com seu teor total. A absorcéo de silicio
pela parte aérea do arroz foi linearmente crescente com as doses da wollastonita, seguida do silicato
de célcio e magnésio, acido silicico e calcario. O aumento do pH do solo com calcario ndo foi suficiente
parafornecer silicio ao arroz. O silicio extraido com CaCl,, 0,01 mol L™* apresentou maior correlacéo com
a absorcéo de silicio pelas plantas. Mais estudos sd0 necessarios em condicdes de campo e outros
solos para corroborar 0s resultados apresentados.

Palavras-chave: Oriza sativa, solo, calcario, silicato

INTRODUCTION higher plants (Marschner, 1995), being fundamental for
rice production. Silicon fertilization has been pro-
Silicon is considered a beneficial element for claimed for highly weathered soils used for Brazilian
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agriculture in the last years, even though it is com-
monly used as alime in Europe and as a silicate fertil-
izer in Japan, Korea, Hawaii and China since 1955
(Takahashi et al., 1990; Nayar et a., 1977).

Silicon absorption by plants occurs as
monosilicic acid (H,SIO,), being proportional to the Si
concentration in soil solution (Jones & Handreck,
1967; Fox et al., 1967) for monocotyledons. It be-
haves as a very weak acid, and even in pH 7.0, only
2 mg kg™ are ionized (H,SIO,); as pH increases the
degree of ionization increases (Jones & Handreck,
1965). Monosilicic acid concentration in soil solution
is variable, from 1 to 100 mg dm? SiO, (Raven,
1983), related with clay content (Raij & Camargo,
1973), iron and aluminum oxides (Freitas et a., 1977)
and pH (Beckwith & Reeve, 1963; Jones & Handreck,
1965). Among these factors, soil pH can be altered
with liming materials, modifying the solubility of the
monosilicic acid. This fact is important for rice, once
maximum silicon absorption occurs within the 4.7-7.6
pH range (Cheong, 1982).

Silicon availability to plantsis evaluated by ex-
tracting solutions with acetic acid 0.5 mol L™ (Snyder,
2001; Korndorfer et al., 2001) and 0.01mol L™ CaCl )
solution (Berthelsen et a., 2002). The pH of the ex-
tractant is also fundamental for monosilicic acid solu-
bility, just as soil pH isimportant for soil solution con-
centration and silicon absorption by plants. Not enough
silicate and lime comparative studies are available to
prove if just the pH increase is able to provide this el-
ement to rice growing in soils with low silicon con-
centration, causing doubts about the effectiveness of
silicate fertilizations. The objective was to evaluate the
effect of soil reaction on silicon availability to rice.

MATERIAL AND METHODS

The experiment was carried out in a green-
house with potted rice (5 kg dry soil capacity) using
surface samples (0-0.2 m) of a Rhodic Acrustox. The
soil chemical characteristics were: pH_,, 4.4, P
(mg dm®) 1.6 (extracted by H,SO, 0.025 mol_ dm?® +
HCI 0.05 mol_ dm®); Si - 0.5 mol L™ acetic acid
(mg dm?®) 7.0; Al (mmol_ dm?) 6; Ca (mmol_ dm?)

2; Mg (mmol _ dm?) 1; K (mg dm?) 49,8, Sum of
bases (mmol _ dm?®) 4; effective CEC (mmol _ dm?®) 10;
CEC pH 7.0 (mmol_ dm®) 49.2; V (%) 8.0; m (%) 60;
and organic matter (g kg*) 36. The physical charac-
teristics were: very coarse (g kg*) 80; fine coarse (g
kg™") 38, loam (g kg*) 124, clay (g kg™) 758. The total
contents of SIO,, ALLO,, Fe,O, (g kg™) and Ki (SiO,/
AlLO," 17) were 178, 282, 108 and 1.8 respectively.

The experiment was set up in a completely ran-
domized design, using a factorid scheme (4~ 4) with
four materids (cacitic lime, cacium and magnesium sili-
cate, pure slicic acid, and wollastonite), four rates (0,
2500, 5000 and 7500 mg per pot) and four replicates.
Rates of the materials were not corrected by EqCaCO,.
The maximum rate of materials was defined as a func-
tion of the need of liming for this soil (3t ha'), calcu-
lated using the duminum neutralization method described
by Ribeiro et a. (1999). Additionaly, two lower rates
equivalent to 1 and 2 t ha' were used in this experi-
ment. The materials were characterized regarding their
origin, total Si, Ca, and Mg contents, and Neutralizing
Power (NP) caculated and determined (Table 1). They
were dried and sft through a 0.297-mm screen.

The soil samples were air dried, sift through
a 5-mm screen and homogenized. Each pot (5 kg of
soil) was fertilized with 5.825 g of superphosphate,
2.625 g of ammonium sulfate, 1.3125 g of KClI, 0.2625
g of FTE e 1.595 g of MgCl at sowing time and in-
corporated with the treatments. The rice seeds
(Formoso variety) were sown at the rate of 20 seeds
per pot. Thinning was performed ten days after ger-
mination, leaving 10 plants per pot. The surface fer-
tilization took place 30 days after sowing with 2.62 g
of ammonium sulfate per pot. The soil moisture, after
sowing, was kept close to field capacity, using deion-
ized water. Field capacity was determined according
to Korndorfer et a. (1999).

Rice shoot was harvested 60 days after sow-
ing. Plant material was dried, weighed and ground; sili-
con determination was made as described by Elliot &
Snyder (1991). The biomass was evaluated based on
dry matter production and the accumulated Si (uptake)
was determined multiplying Si concentration by dry
matter weight.

Table 1 - Characteristicsof materials (NP = Neutraizing power).

Treatment Origin SO,
Wollastonite Vanzil 502.7
Ca and Mg silicate Recmix 232.2
Lime Cadcitic ~ ------
Silic acid Merck 28.7

NP NP
Cao MgO Calculated Determined
g kg* CaCoO, Eq (%)
424.3 1.9 76.4 73.5
367.0 94.3 89.1 87.5
438.0 6.6 80.1 77.4

Sci. Agric. (Piracicaba, Braz.), v.64, n.2, p.176-180, March/April 2007



178 Camargo et al.

After harvest, soil samples from the pots were
air dried and analyzed for PH oo (EMBRAPA, 1999),
soluble silicon concentration using 0.5 mol L™ acetic
acid (Korndorfer et al., 1999) and 0.01 mol L™ CaCl,.
Ten grams of soil were shaken for 1 hour with 100
mL of acetic acid or CaCl,. After that, the solution
was decanted after a 15- minute waiting period; the
solution was filtrated, and then left resting for 12 hours
at room temperature. Si determination in different soil
extracts was performed by beta molybdosilicic com-
plex formation (Kilmer, 1965), using a spectrophotom-
eter at 660 nm. The statistical analyses for dry
matter production, soil pH__., soluble Si extracted by
0.5 mol L™ acetic acid and 0.01 mol L™ CaCl, were
made using the SAS (Statistical Analysis System,
1996). The analyses of variance were made applying
the F test. The materials were compared by the Tukey
test at 5%. A polynomial regression was used to ana-
lyze the effects of rates of materials.

RESULTSAND DISCUSSION

Soil pH increased to 5.9; 6.6 and 6.3 at the
rates equivalent to 7500 mg per pot of wollastonite,
calcium and magnesium silicate and lime, respectively.
These pH values were important to provide an adequate
range (4.7-7.6) to maximum silicon absorption by rice
(Cheong, 1982). The pH increase is explained by en-
hanced hydroxyl (OH") concentration from the mate-
rials (Alcarde, 1992). These results are in agreement
with those found for wollastonite (Korndorfer et al.,
1999), lime (Alcarde, 1992), and calcium and magne-
sium silicate (Dalto, 2003; Korndorfer et al., 2002;
Pereira et al., 2004), since these materials are formed
basically by CaSO, (Coelho, 1998) or CaCO, (Alcarde,
1992). On the other hand, silicic acid did not promote
changes on pH values (mean soil pH = 3.93), also ob-
served by Benedito (2004) and Chagas (2004) grow-
ing rice in medium clayey textured soils.

The materials presented increasesin acetic acid
extracted silicon, except silic acid (Figure 1). There
is a strong correlation between soluble silicon in ace-
tic acid and soil pH (Figure 2). Dalto (2003), using
lime on sugarcane straw, observed high silicon con-
centrations in 0.5 mol L™ acetic acid than water ex-
tracted from soil after soybean harvest. It was also
observed by Camargo et a. (2005), working with dif-
ferent soils treated with lime after 90 days of incuba-
tion. These data are in agreement with other articles
that already showed the efficiency of the acid solu-
tions compared to neutral-pH extracting solutions
(Berthelsen et a., 2002; Sumida, 2002).

The higher extraction power of acetic acid is
explained by the lowest pH (1.0-2.0) necessary for

molybdosilicic complex formation (Kilmer, 1965). The
change in soil pH contributed to a higher silicon ex-
traction by the acetic acid, once this difference was
higher with rates of materials. This could explain the
high silicon concentrations in lime, wollastonite and
calcium and magnesium silicate. Additionaly, the ace-
tic acid is able to extract non available silicon present
in some materials such as calcium and magnesium sili-
cate, but it is not true for wollastonite (Pereira et a.,
2004). Xu et a. (2001) attributed to calcium silicate
dissolution the high silicon extracted with acid extract-
ing solution (pH 4) in calcareous soils. According to
Brown & Mahler (1987), acidity and anions could ad-
ditively impact Si release from soils, as showed by
Wang et al. (2004).

The soluble silicon concentration extracted by
0.01 mol L™ CaCl, increased in soils treated with wol-
lastonite and calcium and magnesium silicate. Silicic
acid and lime did not increase soluble silicon concen-

45 - gwollastonite =110 + 00111 + 2307 R 2= 0.90*

40 - xSilicicAcid —___ §=00004x + 3.855R =097
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35 eCaMg g 25728
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Figure 1 - Silicon content in 0.5 mol L acetic acid in soil treated
with varying rates of the indicated materias after 60
days of rice cultivation (* significant P < 0.05; n =
number of observations per point).
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Figure 2 - Correlation between soil pH_,, values and soluble Si
extracted by 0.5 mol L? acetic acid and 0.01 mol L*
calcium chloride (NS = non significant; *significant

P < 0.05; n = number of observations per point).
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tration extracted by CaCl, in the soil (Figure 3). Re-
sults are in agreement with total silicon concentration
in those materials (Table 1). The pH changes did not
show marked interference as observed with the ace-
tic acid extractant (Figure 2). Once again, these re-
sults showed low solubility of silicon form silicic acid
to the soil solution, agreeing with Chagas (2004).

The dry matter production increased with rates
of wollastonite, followed by calcium and magnesium
silicate, lime, and silicic acid (Figure 4), reaching simi-
lar results at equivalent rates to 7500 mg per 5 kg-
pot. Otherwise, silicon absorption by the rice plants
(Figure 5) was a good indicator of total silicon of
materials (Table 1). Silicic acid provided low silicon
uptake as a consegquence of its low silicon content, as
already shown by Benedito (2004) and Chagas (2004).

The pH increase propitiated higher silicon up-
take with rates of wollastonite and calcium and mag-
nesium silicates (Figure 5), once they are silicon

14
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Figure 3 - Silicon concentration in 0.01 Mol L calcium chloride
in soil treated with varying rates of the indicated
materials after 60 days of rice cultivation (NS = non
significant; *significant P < 0.05; n = number of
observations per point).
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0
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Figure 4 - Dry matter yield of the rice cultivated in pots treated
with varying rates of the indicated materials
(*significant P < 0.05; n = number of observations per
point).

sources and liming materias. On the contrary, the lime
treatment provided low increase of silicon absorption.
It is necessary to choose adequate extracting solutions
to measure available silicon to plants without overes-
timating results.

The 0.01 mol L™ CaCl, extractant presented the
best correlation between soluble silicon concentration
and plant silicon concentration (Figure 6), agreeing

1000 mWollastonite 9 =0.0979x + 171.600 R 2 = 0.84*
" ySlicAdd  ———— J=00204x + 50.906R =092«
[}
800 - g caMgsSilicate-- - §=00712x +105.890 R 2= 0.90* .
700 - pLime __ §=00138x+ 87.633R2=0.84*
.
) -
600 e ’
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Si uptake (mg per pat)

0 2500 5000 7500
Materials (mg per pot)

Figure 5 - Silicon absorbed by the above-ground of the rice plant
cultivated in pots treated of varying rates of the
indicated materials (* significant P < 0.05 n = number
of observations per point).
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Figure 6 - Correlation between Si absorbed by the rice plants and
soluble Si extracted by 0.5 mol L* acetic acid and 0.01
mol L*calcium chloride (* significant P < 0.05; n =
number of observations per point).
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with Pereira et al. (2004) for the rice crops. These re-
sults are also in agreement with silicon total concen-
tration of the studied materials (Table 1).

Considering soil and plant data of this experi-
ment and the lowest influence by soil pH compared
with acetic acid, the CaCl, 0.01 mol L™ must be in-
cluded in future research to indicate silicon availabil-
ity to rice plants. Additionally, the pH increase with lime
is not sufficient to provide highest silicon uptake by
rice, comparing Wollastonite and Ca-Mg silicate.
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