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Introduction

Silicon (Si) application may improve the ability of crops 
to withstand biological, climatic and edaphic adversity by 
affecting the interactions among various factors that promote 
plant nutrition (Epstein 1994; 1995). The beneficial effects of 
these changes include increased and quality production and 
reduced plant susceptibility to diseases and attack by certain 
pests (Marschner 1995; Lima Filho et al. 1999).
	 As with most Poaceae species, sugarcane responds well 
to silicon fertilization because it is a silicon-accumulating 
crop (Epstein 1999; Ma and Yamaji 2008). The accumulation 
of the element to high levels in the tissues may increase stalk 
length and diameter, the number of tillers and, ultimately, 
productivity (Lima Filho et al. 1999; Korndörfer et al. 2002). 
The highest response in terms of sugarcane productivity is 
obtained during the first year due to the increase in silicon 
absorption resulting from the application of calcium silicates 
in the form of steelmaking slag or other sources (Anderson 
1991; Raid et al. 1992).
	 The sugarcane borer Diatraea saccharalis (Fabricius, 
1794) (Lepidoptera: Crambidae) is a pest that directly dama
ges the plant by boring into the stalk; the resulting galleries 
reduce sap flow and make the plants susceptible to toppling 
by wind and rain as well as indirect damage by pathogenic 
microorganisms that penetrate the entry holes (Gallo et al. 
2002; Bortoli et al. 2005).
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Abstract: Integrated pest management (IPM) strategies include factors that induce host plant resistance. Silicon may 
increase plant resistance to attack by insect pests. In a greenhouse, two sugarcane cultivars RB72454 (moderately resistant) 
and SP801842 (susceptible), treated and untreated with silicon (Si) were infested with adult Diatraea saccharalis 
(Lepidoptera: Crambidae) and checked after 60 days. The accumulation of silicon increased in the susceptible cultivar, 
resulting in a silicon content that was not significantly different than that of the untreated moderately resistant cultivar. 
The number of holes in the susceptible cultivar grown in silicon-treated soil was similar to that of the moderately 
resistant cultivar. Silicon application promotes cuticle thickening and the accumulation of crystals on the leaf stomata.
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Resumen: Dentro de las estrategias de manejo integrado de plagas (MIP), la inducción de resistencia de la planta 
hospedera es una opción de control, siendo el silicio un factor que puede aumentar el grado de resistencia al ataque 
de plagas de insectos. En el desarrollo vegetativo de los cultivares de caña de azúcar RB72454 (moderada resistencia) 
y SP801842 (susceptible), tratados y no tratados con silicio (Si) fueron infestadas con adultos Diatraea saccharalis 
(Lepidoptera: Crambidae) y revisados después de 60 días. La acumulación de silicio aumentó en el cultivar susceptible, 
lo que resulta en un contenido de silicio que no fue significativamente diferente que la del cultivar moderadamente 
resistente sin tratar. El número de orificios en el cultivar susceptible cultivado en el suelo tratado con silicio fue similar al 
del cultivar de moderada resistencia. La aplicación de silicio promueve el engrosamiento de la cutícula y la acumulación 
de cristales en los estomas de las hojas.
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	 Because controlling this lepidopteran pest is difficult 
once the larvae are inside the stalk, greater emphasis has been 
placed on alternative control measures, such as biological 
control and host plant resistance (Lara 1991). Silicon appli-
cation may induce host resistance by forming a mechanical 
barrier (Goussain et al. 2002) and/or through physiological 
responses of the plant (Kvedaras et al. 2010) when under her-
bivore pressure. 
	 The aim of this study was to evaluate the effects of silicon 
application to sugarcane cultivars RB72454 (moderately re-
sistant) and SP801842 (susceptible) to D. saccharalis infes-
tation.

Materials and methods

The experiment was conducted in a climate chamber in the 
Laboratory of Plant Resistance to Insects and in a greenhouse 
(Department of Entomology, Federal University of Lavras – 
UFLA, Lavras, Brazil) from March to November 2011.
	 A D. saccharalis culture was established using eggs pro-
vided by Usina Santa Adélia S/A mill (Jaboticabal, São Pau-
lo) and the Biocontrol company (Sertãozinho, São Paulo). 
After hatching, the larvae were maintained in a environmen-
tal chamber at 25 ± 2 °C and 70 ± 10% relative humidity with 
a 12-hour photoperiod. The larvae were fed a diet consisting 
mainly of soybean meal, sugarcane yeast and sugar (King 
and Hartley 1985).
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	 The cuttings of sugarcane stalks used for planting con-
tained one node plus half of the internode lengths above and 
below the node and were obtained from the middle third 
of sugarcane cultivars RB72454 (moderately resistant) and 
SP801842 (susceptible) stalks. The cultivars were provided 
by the Usina Itaiquara factory (Passos, Minas Gerais) and the 
Cachaçaria João Mendes cachaça brewery (Perdões, Minas 
Gerais).
	 Polyethylene pots (5 kg) were filled with hillside soil 
(dark red latosol) and fertilized with 3.83 g of 4-14-8 NPK 
prior to planting. For earth sugarcane cultivar, 20 pots were 
planted with six cuttings per pot, and the cuttings were cove
red with a 5 cm layer of soil. Thinning was performed 20 
days post-emergence, leaving two plants per pot. The pots 
were placed on benches in a greenhouse at the UFLA De-
partment of Entomology and irrigated daily with 100 mL of 
water.
	 Two 500 mL applications of 1% silicic acid solution 
(SiO2.XH2O) (Vetec Fine Chemicals [Vetec Química Fina], 
Duque de Caxias, Brazil) were applied to the soil of each 5 
kg pot, 120 and 125 days post-emergence. Each application 
was equivalent to 4 t SiO2/ha. For the control pots, two 500 
ml applications of water were used. Each pot was enclosed 
within a cage made of voile fabric and was 40 cm in diameter 
and 100 cm in height. The fabric was supported using three 
iron rods (0.50 cm diameter) placed in the soil. The base of 
the fabric was secured to the bottom of the pot with a rubber 
band. 
	 Twenty D. saccharalis adults at a maximum age of 24 
hours were released into each caged pot 185 days after shoot 
emergence. Infestation intensity was evaluated 60 days after 
the release of adult D. saccharalis. Plants from each pot were 
cut, and the stalks dissected to determine the number of borer 
entry holes, galleries, larvae and pupae. The total number of 
internodes and the number of internodes per stalk bored were 
also recorded. Infestation intensity was calculated as follows: 
(number of internodes bored/number of total internodes per 
plant) × 100.
	 For the determination of silicon content, the plant leafs 
were dried at 60 °C and ground to a powder in a Willey-type 
grinder. These samples were sent to the Fertilizer Laboratory 
of the Federal University of Uberlândia, Institute of Agricul-
tural Sciences (Laboratório de Fertilizantes da Universidade 
Federal de Uberlândia, Instituto de Ciências Agrárias – UFU/
LAFER) for analysis. For the determination of lignin content, 
some of the material was sent to the UFLA Department of 
Food Sciences Biochemistry Laboratory.

	 Plant leafs microscopic analysis were performed at the 
UFLA Department of Plant Pathology Laboratory of Elec-
tron Microscopy and Ultrastructural Analysis [Laboratório 
de Microscopia Eletrônica e Análise Ultraestrutural – LME]. 
The third complete leaves of each the sugarcane plant were 
sectioned and immersed in Karnovsky fixative solution in 
Eppendorf tubes for 24 hours. Immediately after fixation, the 
sections were transferred to a cryoprotective solution (30% 
glycerol) for 30 minutes. The samples were then frozen in 
liquid nitrogen and fragmented with a scalpel on a cooled 
metal surface. The fragments were subsequently placed in 
Petri dishes containing distilled water, dried on paper towels 
and then fixed with double-sided carbon tape onto a stub 
specimen holder (brass disc 12-13 mm [0.5 in] in diameter) 
wrapped in aluminum foil. Some fragments were fixed with 
the abaxial leaf surface facing up, while others were fixed 
with the abaxial side down. The stubs containing the speci-
mens were placed in a desiccator containing silica gel, and 
after three days, the stub-mounted samples were placed in a 
Balzers SCD 050 evaporator for plating (covering of the sam-
ples with gold). Sample analysis was performed using a LEO 
Evo 40XVP scanning electron microscope. Several images 
at different magnifications were generated and digitally re-
corded. Photopaint software in the Corel Draw 12 package 
was used for image preparation.
	 A completely randomized experimental design with 10 
replicates for the four following treatments was used: T1) 
SP801842 with no silicon application, T2) SP801842 with 
silicon application, T3) RB72454 with no silicon applica-
tion and T4) RB72454 with silicon application. Six replicates 
were used for the determination of silicon and lignin content. 
Due to cost of analyzes only six replicates were used for the 
determination of silicon and lignin content.
	 The data were subjected to analysis of variance, and the 
mean values were compared using Tukey’s test (P ≤ 0.05) in 
the statistical program SAEG (Ribeiro Júnior 2001). 

Results 

Significant differences were observed for the number of holes 
in the stalks stalks (P = 0.0489; df = 36); although there was 
no evidence within cultivar for an increase in resistance of Si-
treated cultivars compared with Si-untreated cultivars (Table 
1). The highest number of entry holes was found in the un-
treated susceptible SP801842 cultivar, and the lowest number 
of holes was found in the silicon-treated resistant RB72454 
cultivar. There were no significant differences observed for 

 Treatment Number Infestation intensity (%)*
Holes in stalk Galleries*

RB72454 (MR) 9.4 ± 8.49 ab 0.55 ± 0.14 24.9 ± 8.42

RB72454 (MR) + Si 6.0 ± 3.22 b 0.60 ± 0.10 38.5 ± 9.15

SP801842 (S) 18.6 ± 11.89 a 0.65 ± 0.11 39.2 ± 9.45

SP801842 (S) + Si 12.5 ± 10.00 ab 0.60 ± 0.12 33.5 ± 9.94

CV (%) 77.65 18.37 68.57

Table 1. Average number of entry holes galleries and infestation intensity (mean ± standard error) per stalk in a 
moderately resistant (MR) and a susceptible (S) cultivar, treated and untreated with silicon. 

Means in the same column followed by the same letter do not differ according to Tukey’s test (P ≤ 0.05).
* Not significant according to the F-test (P > 0.05).

Silicon resistance to Diatraea in sugarcane
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infestation intensity or the number of galleries among the 
four treatments (P > 0.05) (Table 1).
	 Because of the reduced occurrence of insect pests, it was 
not possible to perform statistical analysis on the data. Ho
wever, the number of caterpillars and pupae was highest in 
the Si-untreated susceptible cultivar (5 caterpillars and 1 
pupa) and lowest in the Si-treated moderately resistant culti-
var (2 caterpillars and 0 pupa).
	 For both cultivars, Si-treatment led to a significant in-
crease (P = 0.0001) in leaf Si-accumulation compared to 
Si-untreated plants (Table 3). Levels Si-leaf of the Si-treated 
susceptible cultivar did not reach that of the Si-untreated re-
sistant cultivar. There were no significant differences in lig-
nin content among the different treatments (P > 0.05).
	 The scanning electron microscopy of the leaf surfaces re-
vealed small crystals partially covering the stomata of leaves 
from the silicon-treated plants (Fig. 1). Crystals were not ob-
served on the leaf stomata of plants that did not receive sili-
con application (Fig. 1). The opaque and whitish appearance 
of the leaves also indicated cuticle thickening.

Discussion

The main effect of Si in sugarcane was to reduce the number 
of holes caused by D. saccharalis, especially in cultivar with 
moderate resistance (RB72454). The reduced number of bo
rer entry holes in the stalks of Si-treated plants as opposed to 
Si-treated sugarcane may be attributable to silicon accumula-
tion, which forms a mechanical barrier against penetration 
by D. saccharalis larvae at the initial instars stages. A simi-
lar result was reported by Dinardo-Miranda et al. (2012) for 
the sugarcane cultivar IACSP94-2094, which had less than 
half the number of holes found in the susceptible cultivar. In 
maize, D. saccharalis holes are similarly noticeable in the 
stalks, and the low number of holes in Bt hybrids reflects their 
high level of resistance against D. saccharalis (Marques et al. 
1999; Loche et al. 2009). 
	 Contrary to the results of the present study, field research 
in South Africa provides evidence of the beneficial effects 
of silicon application. The incidence of the sugarcane borer 

Treatment
Mean number*

PupaeCaterpillars

RB72454 (MR) 3 0

RB72454 (MR) + Si 2 1

SP801842 (S) 5 0

SP801842 (S) + Si 4 0

Table 2. Mean number of D. saccharalis caterpillars and pupae ob-
served in a moderately resistant (MR) sugarcane cultivar and a suscep-
tible (S) cultivar, treated and untreated with silicon.

* The data were not statistically analyzed because of the small number of observations.

Treatment Silicon (%) Lignin (%)*

RB72454 (MR) 0.18 ± 0.00 ab 9.1 ± 0.52

RB72454 (MR) + Si 0.19 ± 0.01 a 9.9 ± 0.73

SP801842 (S) 0.17 ± 0.01 b 9.4 ± 0.23

SP801842 (S) + Si 0.19 ± 0.01 ab 9.2 ± 0.38

CV (%) 6.87 11.97

Table 3. Silicon and lignin content (mean ± standard error) in the leaves 
of a moderately resistant (MR) sugarcane cultivar and a susceptible (S) 
cultivar, treated and untreated with silicon.

Means in the same column followed by the same letter do not differ according to 
Tukey’s test (P ≤ 0.05).
* Not significant according to the F-test (P > 0.05).

Figure 1. Scanning electron micrographs of the leaves of sugarcane cultivars RB72454 (A, B) and SP801842 
(C, D) with (B, D) or without (A, C) silicic acid treatment at a concentration of 4 t/ha.
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Eldana saccharina decreased by more than 30% in Si-treated 
sugarcane, most notably in susceptible cultivars (Keeping 
and Meyer 2002, 2006; Kvedaras et al. 2005). These find-
ings differ from the results of the present study, although low 
D. saccharalis attack was observed in the experiment. One 
possible explanation for the observed difference is that under 
water stress conditions, silicon may offer greater protection 
against borer attack and yield a greater benefit in susceptible 
cultivars (Kvedaras and Keeping 2007).
	 The present findings for the silicon content of sugarcane 
leaves support the hypothesis that sugarcane cultivars vary 
in their ability to accumulate silicon (Rossetto et al. 2005). 
However, silicon accumulation could not be correlated with 
the number of insect pests due to the small number of ca
terpillars observed. Nevertheless, the findings suggest that 
silicon prevents D. saccharalis attack on sugarcane plants 
through increased resistance to penetration of the stalk by 
caterpillars.
	 There were no significant differences in the lignin values 
among the four treatments (Table 3), and these findings are 
consistent with those of Ferreira et al. (2011) in soybean. 
However, the results differ from those of Moraes et al. (2009) 
and Gomes et al. (2008), who observed increases in lignin 
content following silicon application in soybean and potato, 
respectively.
	 The electron microscopy analysis revealed similarities 
to the thicker cuticles observed in coffee seedlings fertilized 
with silicic acid (Botelho et al. 2009). The present observa-
tions are also consistent with the thicker cuticles reported in 
other plants treated with silicon (Amaral 2005; Lima 2006).
	 Sugarcane exhibited a positive response to plant Si uptake 
with accumulation evident in the stems and leaves.
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