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Abstract
The objectives were to evaluate yield, Si uptake and stalk borer damage in two cultivars of sugarcane
(Saccharum officinarum, L.) growing with rates of Si in Brazil. The experiment was set up in
Quartzapsament (March, 19 2009) in a completely randomized factorial scheme with four replications. Four
Si rates (0, 55, 110 and 165 kg ha-1 Si) and two cultivars: IAC 87 3396 (A) and SP 89 1115 (B) were
evaluated. The source of silicon was Ca-Mg silicate (262,1 g kg-1 Ca; 56,8 g kg-1 Mg; 108,4 g kg-1 de Si)
applied in furrow at planting. All plots received the same Ca and Mg quantities with additions of lime (320g
kg-1 Ca, 29.5 g kg-1 Mg) and/or MgCl2 (11.9% Mg) when necessary. After harvest (July 01, 2009) the best
yield was obtained by 103,2 kg ha-1 Si (952 kg ha-1 silicate) supplied to cultivar B and no differences were
observed in cultivar A. There was an increase of soluble Si in 0.5 mol L-1acetic acid and 0.01 mol L-1
CaCl2.The Si concentration in leaves were just only different between cultivars (A =3 g kg-1; B =2.18g kg-1).
In the stalks, best dry matter and Si uptake were obtained with 89 kg ha-1 Si, but no effect was observed on
stalk borer damage.
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Introduction
Silicon is the second most abundant element in the Earth´s crust but several soils in humid tropical areas
show low silicon contents. Although silicon is not an essential plant element (Epstein, 1999), Siaccumulating plants such as sugarcane could exhibit reduced yields associated with the intensive
management and monoculture in these soils (Korndörfer et al., 2002). Silicon fertilization has been shown to
improve chlorophyll and structure of leaves, reduce lodging, and minimize biotic and abiotic stress (Savant
et al., 1997), but there is little information in Brazil, the major world sugarcane producer.
Positive results have been obtained with silicon application in many countries, including Brazil (Berthelsen
et al., 2002; Kingston et al., 2005; Elawad et al., 1982; Korndörfer et al., 2000; Brassioli et al., 2009). Most
of these results were not exclusive from silicon because the high rates of silicate can improve pH, Ca, and
Mg contents (Alcarde, 1992). The silicate fertilization applied in furrow planting could be useful to reduce
the cost of this product used in rates similar to lime (>2 or 3 t ha-1) and study the direct effects of Si on
sugarcane.
Another beneficial advantage of silicon to sugarcane is the possibility of reducing damage of insects. Studies
conducted in pots (Keeping & Meyer, 2006; Kvedaras et al., 2005) and field conditions (Meyer & Keeping,
2005) with Si has shown positive effects to control of African stalk borer Eldana saccharina. Stalk borer
(Diatraea saccharalis) is a problem in Brazil controlled by biological methods and/or resistent cultivars.
Good characteristics in sugarcane such as low fiber and high sugar are generally related to stalk borer
tolerance. An increase of silicon uptake in sugarcane with silicate applications could reduce the damage of
‘brazilian’ stalk borer as showed by Elawad et al. (1982).
Considering the scarce information about silicate fertilization to sugarcane in Brazil, the objectives were to
study the relationship between yield, Si uptake, and stalk borer damage in two cultivars of sugarcane
(resistant, susceptible to borer), with and without silicon fertilization.
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Methods
Site description
The study was conducted in the first crop of sugarcane (March, 19 2008 to July,1 2009) in a commercial area
located at Piracicaba, in the south central region of São Paulo state. The chemical analysis of the soil at
Quarzapsament (0-25cm) showed : organic matter (g dm-3)=17; 0.5 mol L-1 Si-acetic acid (AA) and 0.01 mol
L-1 Si-CaCl2(mg kg-1Si) = 3.3 and 2.4; P anionic resin (mg dm-3)=4; K, Ca, Mg, CEC (mmolc dm-3)=0.4; 18;
1; 41.4; Sum of bases = 47 %. The content of clay, loam and sand were 6; 4 and 88 g kg-1.
There were no problems with nematodes in the experimental area (75 x 100 m) and lime, termophosphate,
and vinasse were not used in the 3 previous years. During this period the volume rain was 1079 mm and
minimal and maximum temperature were: 28.5 and 14.6o C, respectively.
Experimental design
The experiment was set up in a completely randomized factorial scheme with four silicon rates (0, 55, 110
and 165 kg ha-1 Si), two cultivars (IAC 87 3396 and SP 89 1115), and 4 replications. The source of silicon
was Ca-Mg silicate containing 262.1 g kg-1 Ca; 56.8 g kg-1 Mg; 108.4 g kg-1 Si. All plots received the same
Ca and Mg quantities with additions of dolomitic lime (320g kg-1 Ca, 29.5 g kg-1 Mg) and/or MgCl2 (11.9%
Mg) when necessary. The cultivars were chosen based upon yield potential, precocity, good number of
sprouts under sugarcane mulch residue and differences on stalk borer tolerance (Diatraea saccharalis): low
tolerance (SP 891115; Coopersucar) and intermediate tolerance (IAC 87 3396; Landell et al., 1997).
Sampling and data analysis
During sugarcane planting (March, 19 2008), the treatments were applied in furrow and soil was fertilized
based upon soil analysis (Spironello et al., 1997). Rates of 40 kg ha-1 of N, 100 kg ha-1 of P2O5 and 100 kg ha1
of K2O (10-25-25) were used at planting . Each plot was 5 rows wide and10 m long. The surface nitrogen
(40 kg ha-1 N was supplied as ammonium sulphate, 20%N) and potassium fertilization (postash, 60%K2O)
took place 30 days after planting.
Sugarcane was harvested (20 plants per plot) on July 01, 2009 and harvested materials was divided into
leaves and stalks. The height and diameter of the stalks and the weight of the dry matter were evaluated. The
Si content determination in plant was done as described by Elliot & Snyder (1991). After harvest, soil
sampling (0-25; 25-50 cm) was done. The Si concentration in soil was performing with acetic acid (0.5 mol
L-1) and CaCl2 (0.01 mol L-1), according Korndörfer et al. (1999).The analyses of variance were made
applying the F test. The soils were compared by the Tukey test and rates of Si by polynomial regression.
Results and Discussion
The rates of silicate increased soluble silicon in both extractants, in agreement with Korndörfer et al., 1999;
Korndörfer et al., 2000. There was a significant effect on Si content extracted by acetic acid (AA) in samples
collected at 0-25 and 25-50 cm (Figure 1). The values were 50% higher with cultivar SP 89 1115. This could
be related to the larger volume of its root system. According to Ball-Coelho et al. (1992) there are large
differences between cultivars in root system, and they provide increase of organic material during the
growing period. The calcium chloride (CC) extractant showed no increase in Si concentration in the 0-25cm
of soil (Figure 1), and the cultivars did not show any differences. The lower extraction power of CC is
related to pH of the solution. The acetic acid has higher extraction due to the low pH (1.0-2.0) necessary to
form a molybdosilic complex (Camargo et al., 2007).
Both cultivars showed higher sugarcane yield compare to the Sao Paulo state average (85 t ha-1). The cultivar
SP 89 1115 showed the highest yield, height, and stalk dry matter. The best yields were obtained by 103,2 kg
ha-1 Si (952 kg ha-1 de silicato) to SP 89 1115 (Y =-0.001X2 + 0.2064X + 120.1;R2 = 0.98* where Y=yield;
X=rates of Si; *=p<0.05 – data not shown) and no differences in yield due to Si supplementation were
observed with cultivar SP 87 3396. Other studies have shown yields responses in sandy soils, but they used
higher rates of silicate (2 t ha-1) in broadcast and incorporated applications (Korndörfer et al., 2000a, 2002;
Brassioli et al., 2009). On the other hand, Leite et al. (2008) did not observe significant increases in yield
due to low rates of Si use (450 kg ha-1 of silicate).
The silicon content in leaves was higher than stalks, as expected. The Si concentration on leaves were
different between cultivars (SP 891115 =3 g kg-1; IAC 87 3396 =2.18g kg-1). In the stalks, highest dry matter
and Si uptake were obtained with 89 kg ha-1 Si without differences between cultivars. Unlike some studies
(Kvedaras et al., 2005; Keeping & Meyer, 2006), there was no significant effect of silicate applied on stalk
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borer damage despite increases in Si uptake. It is possible that the low level of economic damage to control
of stalk borer in field conditions (SP89 1115=4%; SP 87 3396 =2.8%) was responsible for absence of any
significant effect due to silicon fertilization.
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Figure 1. Soluble silicon concentration in 0.5 mol L-1 acetic acid and 0.01 mol L-1 CaCl2 in soil samples (0-25cm
and 25-50 cm) and Si uptake on stalks of two cultivars of sugarcane with rates of Ca-Mg silicate.

Conclusions
Added Si as calcium magnesium silicate increased the amounts of extractable Si in a Quartzapsament soil,
as well as increasing the yield and Si uptake in stalks of cultivar SP 89 1115. Rates of 103 kg ha-1 Si and 89
kg ha-1 Si provided the best yield and absorption of silicon of SP 89 1115, respectively, but it did not
promote less stalk borer damage.
Acknowledgement
We thank to the State of São Paulo Research Foundation (FAPESP) for financial support to development of
this research, and two Scientific Initiation Fellowship (authors B). We also thank to COSAN (Costa Pinto
Sugar Mill) for provide an experimental area and to Agronelli, Brazil to supply silicate for experiment.
References
Alcarde JC (1992) Corretivos da acidez dos solos: características e interpretações técnicas. (ANDA: São
Paulo).
Ball-Coelho B, Sampaio EVSB, Tiessen H, Stewart JWB (1992) Root dynamic in plant ratoon crops of
sugarcane. Plant Soil 142, 297-305.
© 2010 19th World Congress of Soil Science, Soil Solutions for a Changing World
1 – 6 August 2010, Brisbane, Australia. Published on DVD.

261

Berthelsen S, Noble A, Kingston G, Hurney A, Rudd A (2002). Effect of Ca-silicate amendments on soil
chemical properties under a sugarcane cropping system. In ‘Proceedings of the 2th Silicon in Agriculture
Conference, Tsuruoka, Japan’. pp. 57 (Japanese Society of Soil Science and Plant Nutrition: Tsuruoka).
Brassioli FB, Prado RM, Fernandes FM (2009) Avaliação agronômica da escória de siderurgia na cana-deaçúcar durante cinco ciclos de produção.Bragantia 68, 381-387.
Camargo MS de, Pereira HS, Korndörfer GH, Queiroz AA, Reis CB (2007) Soil reaction and absorption of
silicon by rice. Scientia Agricola 64, 176-180.
Deren CW, Glaz B, Snyder GH (1993) Leaf–tissue silicon content of sugarcane genotypes grown on
Everglades Histossols. Journal Plant Nutrition 16, 2273-2280.
Elawad SH, Street JJ, Gascho GJ. Response of sugarcane to silicate source ad rate. I. Growth and yield.
Agronomy Journal 74, 481-484.
Elliott CL, Snyder GH (1991) Autoclave-induced digestion for the colometric determination of silicon in rice
straw. Journal of Agricultural Food and Chemistry 39, 1118-1119.
Epstein E (1999) Silicon. Annual Review of Plant Physiology and Plant Molecular Biology 50, 661-664.
Keeping MG, Meyer JH (2006) Silicon-mediated resistance of sugarcane to Eldana saccharina Walker
(Lepidóptera: Pyralidae): effects of silicon source and cultivar. J.Appl.Entomol 130, 410-420.
Kingston G, Berthelsen S, Hurney AP, Rudd A, Noble AD (2005). Impact of calcium silicate amendments
on sugarcane yield and soil properties in Queensland Autralia. In ‘Proceedings of the 3th Silicon in
Agriculture Conference, Uberlândia, Brasilian’. pp. 107 (Universidade Federal de Uberlândia:
Uberlândia).
Korndörfer GH, Benedini M, Paula FB, Chagas RCS (2000) Cimento como fonte de silício para a cana-deaçúcar. Stab 19, 30-33.
Korndörfer GH, Coelho NM, Snyder GH, Mizutani CT (1999) Avaliação de métodos de extração de silício
para solos cultivados com arroz de sequeiro. Revista Brasileira de Ciência do Solo 23, 101-106.
Korndörfer GH, Pereira HS, Camargo MS (2002) Papel do silício na produção de cana-de-açúcar.Stab 21, 69.
Kvedaras OL, Keeping MG, Goebel R, Byrne M (2005). Does silicon increase resistance of water stressed
sugarcane to larval feeding by the african stalk borer, Eldana saccharina Walker (Lepidóptera: Pyralidae)
In: ‘Proceedings of the 3th Silicon in Agriculture Conference, Uberlândia, Brasilian’. pp. 108
(Universidade Federal de Uberlândia: Uberlândia).
Landell MG de A, Campana MP, Figueiredo P, Zimback L, Silva M de A, Prado H (1997) Novas Variedades
de cana-de-açúcar. 28p. Boletim técnico IAC, 169.
Leite GMV, Andrade LA de B, Garcia JC, Anjos IA (2008) Efeito de fontes e doses de silicato de cálcio no
rendimento agrícola e na qualidade tecnológica da cana-de-açúcar cultivar SP80 1816. Ciência e
Agrotecnologia 32, 1120-1125.
Raij B van, Cantarella H, Quaggio JÁ, Furlani AMC (1997) Recomendações de adubação e calagem para o
estado de São Paulo. Fundação IAC: Campinas, 285p.
Savant NK, Korndörfer GH, Datnoff LE, Snyder GH (1999) Silicon Nutrition and Sugarcane Production: a
Review. Journal of Plant Nutrition 22, 1853-1903.
Spironello A, Raij B van, Penatti CP, Cantarella H, Morelli JL, Orlando Filho J, Landell MG de A, Rossetto
R IN: Raij B van, Cantarella H, Quaggio JA, Furlani AMC (1997) Recomendações de adubação e
calagem para o estado de São Paulo. Fundação IAC: Campinas, 285p.

© 2010 19th World Congress of Soil Science, Soil Solutions for a Changing World
1 – 6 August 2010, Brisbane, Australia. Published on DVD.

262

