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Abstract

In this study, the effects of a silicon (Si) application on the biomass, chlorophyll level and silicon
level of sugarcane moderate pest resistance (RB72454) and susceptible (SP801842) cultivars
were tested. Investigations were also carried out to assess the effect of silicon on Diatraea saccha-
ralis infestation. The experiments were conducted in a greenhouse using the treatments consist-
ing moderate pest resistant and susceptible culivar, with or without silicon application. The sili-
con was applied to the soil around the plants. The experiment was laid in complete randomized
design with 4 treatments and 10 replicates. The data were subjected to an analysis of variance,
and the averages were compared using the Tukey test (p < 0.05). Significant changes were ob-
served in the fresh and dry masses of the aerial portions and the root system, as well as in the
plant chlorophyll and silicon levels. The silicon content increased in the susceptible variety which
was significantly equal for moderate resistance variety. Chlorophyll content increased in silicon
treated cultivars. Sixty days after the last application, 10 adult D. saccharalis moths were released
onto each pot. However, due to the low infestation, the effects of silicon on the insect incidence
could not be determined. One can conclude that silicon is beneficial for the growth of the aerial
portions of sugarcane and causes a significant increase in chlorophyll levels.
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1. Introduction

Brazil is currently the world’s largest sugarcane producer, followed by India. More than 9 million hectares,
yielding more than 700 million tons of sugarcane, are planted in Brazil each year. Within Brazil, Sdo Paulo,
Minas Gerais, Goias and Parana are the largest sugarcane-producing states [1].

Because of improvements in sugarcane production as well as the construction of sugar/alcohol facilities, sev-
eral Brazilian states have begun planting more sugarcane. The sugarcane acreage in Brazil has increased by
171.7 thousand hectares (2.1%), compared to the last harvest (2010/2011). The Southeast region showed the
largest percentage growth (96.6%) of sugarcane planting areas. Significant growth was also seen in the Midwest
region. However, due to low soil moisture and the need to irrigate at planting, the costs of farming sugarcane
were higher in many states [2].

This crop is severely damaged by D. saccharalis (Fabricius, 1794) (Lepidoptera; Crambidae) caterpillars,
which feed by creating holes in the plant stalks. This insect is the most important pest for the sugarcane industry
across all of the Americas [3] because it is difficult to control; the caterpillars, for the majority of the time are a
threat, reside inside the stalks.

Sugarcane responds very well to silicon fertilization because it is a silicon-accumulating crop. The largest
productivity responses in sugarcane are obtained in the first year after slag from steel mills and other sources is
used as a fertilizer; the calcium silicates contained in the slag increase the plant’s silicon absorption [4] [5]. In
addition, technology based on silicon is clean and sustainable, leading increased productive and vigorness with
less number of diseases or pests incidence [6].

This study was conducted to analyze the effects of silicon (Si) application on the vegetative growth of sugar-
cane cultivars RB72454 (with moderate pest resistance) and SP801842 (susceptible), as well as on their D. sac-
charalis infestations.

2. Material and Methods

The experiments were conducted from March to November of 2011 in a biochemical oxygen demand (BOD)
climate-controlled chamber at the Plant Resistance to Insects Laboratory, as well as in a greenhouse at the En-
tomology Department of the Federal University of Lavras (Universidade Federal de Lavras—UFLA).

D. saccharalis specimens were raised from eggs provided by the Santa Adélia Sugar Mill (Jaboticabal, SP,
Brazil). After hatching, the larvae remained in a BOD incubator at a temperature of 25°C + 2°C with a relative
humidity of 70% * 10% and a 12-hour light cycle. The larvae were fed a diet consisting primarily of soy meal,
sugarcane yeast and sugar [7].

The billets used for planting contained one node (bud) plus half of the inferior and half of the superior inter-
node. They were obtained from the middle third of the adult stalks of cultivars RB72454 (moderate resistance)
and SP801842 (susceptible) provided by Itaiquara Sugar Mill (Passos, MG, Brazil) and the Jodo Mendes Distill-
ery (Perddes, MG, Brazil), respectively.

Polyethylene pots capable of holding 5 kg of soil were filled with earth (specifically latosol, which is dark red
in color) and fertilized with 3.83 g of 4-14-8 fertilizer. Twenty pots of each sugarcane cultivar were planted and
then layered over with 5 cm of soil. The plants were thinned 20 days after their emergence until two plants re-
mained per pot. The pots were placed on benches in a greenhouse at the UFLA Entomology Department and
watered to meet their hydration needs.

Two applications (500 mL each) of 1% silicic acid (SiO,XH,0) (Vetec Quimica Fina, Duque de Caxias, RJ,
Brazil) were used per 5 kg pot which was equivalent to 4 t of SiO,/ha. The solution was applied to the soil sur-
rounding the plants at 120 and 125 days after emergence. The control pots received 500 mL of water in each ap-
plication.

Sixty days after the second silicon application (185 days after seedling emergence), 20 adult D. saccharalis
moths were released onto each pot and covered with cage. The moths were no older than 24 hours and were
raised from maintenance breeding. The cages were covered with cheesecloth that was 40 cm in diameter and
100 cm tall. The covering was place on the pot and supported by three quarter-inch iron bars fixed in the soil,
and the bottom of the covering was held against the bottom of the pot by an elastic band.

Sixty days after release of caterpillars in the pot, chlorophyll levels in the sugarcane leaves were measured.
The third completely formed leaf on each plant was collected between 8 and 10 o’clock in the morning and
chlorophyll level measured using a SPAD-502 portable chlorophyll meter (Minolta Camera Co. Ltd., Osaka,
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Japan).

After chlorophyll levels measurement, the plants were cut at the soil level to separate the aerial portions from
the roots, and both halves were washed.

The aerial portions of the plants were dissected, and a visual examination was made for the presence of “dead
heart”, caterpillars and their pupae.

For dry mass estimation, the separated plant materials were placed in a paper bag and kept in an incubator at
60°C until it reached a constant weight. After drying, the material was weighed to determine the average dry
mass of aerial portions and roots.

To determine the silicon levels, one of the plants from each pot was dried in an incubator and ground in a
Willey mill to create a fine powder. The powder was sent to the Fertilizer Laboratory (Laboratério de Fertili-
zantes—LAFER) at the Federal University of Uberlandia (Universidade Federal de Uberlandia—UFU) to
measure the concentrations of silicon level.

The experiment used a completely randomized design including the following four treatments: T1) Suscepti-
ble cultivar (SP801842) without the application of silicon; T2) Susceptible cultivar (SP801842) with the appli-
cation of silicon; T3) Moderate pest resistance cultivar (RB72454) without the application of silicon; T4) Mod-
erate pest resistance cultivar (RB72454) with the application of silicon. Each treatment had ten replicates, except
for the lignin and silicon contents, which had six replicates.

The data were subjected to an analysis of variance (ANOVA), and the averages were compared by the Tukey
test (p < 0.05) using a statistical program (SAEG) [8].

3. Results and Discussion

We found that the aerial fresh mass, was significantly higher in the sucesptible cultivar (SP801842) treated with
silicon than in those of any other treatment. The same cultivar showed lowest fresh mass without silicon appli-
cation and was found to be statistically equal to those of moderate resistance cultivar (RB72454) with and with-
out silicon application (Table 1).

The dry mass of the aerial portions of both cultivars increased after silicon application, and the highest value
(45.9 g) was found in susceptible cultivar (SP801842) (Table 1). Cultivars without silicon treatment recorded
low dry mass and were not significantly different from each other. Dry mass values of 18.2 g and 15.4 g were
recorded for the moderately resistant and susceptible cultivars, respectively.

The fresh mass of the root of both cultivars was significantly higher without the silicon application. Similar
result was observed for the dry masses of the roots; plants without silicon had higher masses than those that un-
derwent silicon treatment (Table 1).

Previous studies have suggested that silicon may increase the leaf dry mass and both the dry and fresh masses
of the roots [9]-[12]. Reports have also indicated that silicon accumulates in the support and sustenance tissues
of the stems, strengthening the plant structure [13]. The results obtained here only partially agree with those of
these researchers, as we found that the root mass of sugarcane was reduced after silicon application.

The susceptible cultivar responded positively to silicon application, resulting in increased fresh and dry
masses of the aerial portions of the plant, while only the dry mass of the moderately resistant cultivar benefited.
These results are consistent with those of [14], who found that the application of calcium silicate in increasing

Table 1. The fresh and dry masses (g) of the aerial portions and roots of plants from two cultivars of sugarcane, one
moderately resistant (MR) and another susceptible (S), with and without silicon (Si) application. The data shown are the
average + standard error.

Aerial portions Roots
Treatment

Fresh mass (g) Dry mass (g) Fresh mass (g) Dry mass (g)

RB72454 (MR) 83.1+3.5b 18.2+0.8c 319.5+19.1a 849+ 10.4a
RB72454 (MR) + Si 85.7+5.7b 37.9+2.1b 196.5 + 15.6b 37.4+5.7b
SP801842 (S) 66.1+5.7b 154 +1.3c 3455+ 35.3a 724 +13.1a
SP801842 (S) + Si 126.4+9.3a 45.9+2.8a 158.5 + 4.5b 28.8+1.9b

CV (%) 22.48 20.35 27.37 49.11

Averages in a column that are followed by the same letter were not found to be significantly different by the Tukey test (p < 0.05).
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amounts during planting increased the dry mass of the aerial portions of Brachiaria brizantha accordingly.
Similar results were found by [15] for elephant grass.

However, the fresh and dry masses of the roots were lower in the silicon treatments of both cultivars, a result
similar to that found by [16] in coffee trees, where silicate fertilization decreased root dry mass accumulation.

In rice, doses above 0.38 g-dm ? silicon were found to decrease the size of the root system, possibly due to
phytotoxicity [17], which is also a potential explanation for the results of the present study. In other studies on
rice, however, the application of silicon did not alter the dry mass production in the roots [18] [19]. Thus, it is
difficult to determine whether silicon affects root development and what could cause the observed dry mass re-
duction.

The chlorophyll levels were also different between the treatments and were significantly higher in the plants
of both cultivars that were treated with silicon (Table 2). Silicon may stimulate the plants to concentrate chlo-
rophyll in the leaves. This result has also been observed in tomato vines [20] and rice plants [18], possibly vali-
dating the results of the present study. This chlorophyll concentration occurs because silicon is linked to the
maintenance of photosynthesis as well as to chlorophyll distribution preservation and protection from the struc-
tural and functional breakdown of the cell membranes [21].

However, only the silicon levels of the aerial portions of the susceptible cultivar, SP801842, were increased
by silicon application, with results 40% higher than in the untreated plants (Table 2). The silicon levels in the
treated susceptible cultivar were statistically equal to the levels found in the moderately resistant cultivar, sug-
gesting that an accumulation of this element is one of the components involved in this cultivar’s resistance to D.
saccharalis. In rice plants that were treated with silicon, there was a linear increase in the plant’s accumulation
of the element as the applied dose increased [17] [22], confirming the results of the study.

The incidence of D. saccharalis in all of the treatments was very low (Table 3), despite the artificial infesta-
tion that was performed on the plants. This may be due to the difficulties the caterpillars had in adapting to sug-
arcane leaves after they were initially raised on an artificial diet. In the moderately resistant cultivar, RB72454,
none of the plants had dead heart symptoms, and caterpillars and pupae were completely absent. In the suscepti-
ble cultivar, SP801842, symptoms of D. saccharalis infestation were limited to a few cases; therefore, the re-
sults are not consistent enough to conclude whether silicon would benefit sugarcane by impeding infestations by
this pest.

However, field studies conducted in South Africa demonstrated that silicon application promoted Eldana
saccharina Walker (Lepidoptera: Pyralidae) resistance in sugarcane [23]-[26]. As these are related pests, one
would expect similar results, but further field studies are needed to validate this technique’s effectiveness.

Table 2. The chlorophyll and silicon levels in the aerial portions of plants from two cultivars of sugarcane, one moderately
resistant (MR) and another susceptible (S), with and without silicon (Si) application. The data shown are the average *
standard error.

Treatment Chlorophyll level (SPAD) Silicon level (%)
RB72454 (MR) 34.9+0.75b 0.66 + 0.04a
RB72454 (MR) + Si 455+ 1.05a 0.64 + 0.05ab
SP801842 (S) 36.1+0.62b 0.48 +0.01b
SP801842 (S) + Si 43.7 +0.68a 0.68 + 0.05a
CV (%) 6.29 16.59

Averages in a column that are followed by the same letter were not found to be significantly different by the Tukey test (p < 0.05).

Table 3. The number of plants with D. saccharalis caterpillars and pupae and symptoms of “dead heart” in two cultivars of
sugarcane, one moderately resistant (MR) and another susceptible (S), with and without silicon (Si) application.

. Number”
Treatment Dead heart =
Caterpillars Pupae
RB72454 (MR) 0 0 0
RB72454 (MR) + Si 0 0 0
SP801842 (S) 2 1 3
SP801842 (S) + Si 1 1 2

“Statistical analysis was not performed due to the low number of observed data points.
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Overall, silicon was beneficial for the growth of the aerial portion of sugarcane plants, particularly by signifi-
cantly increasing their chlorophyll levels. Sugarcane also reacted positively to silicon application by accumulat-
ing the compound in its stems and leaves, using it to form one of the components of its barriers against
caterpillar penetration into the stalk.

4. Conclusions

Silicon application is beneficial for the growth of the aerial portions of sugarcane, particularly susceptible culti-
var and significantly increases—chlorophyll levels of resistant as well as sucepticle cultivar.

Though the number of plant showing dead rot and number of pupae decreased in silicon treated susceptible
cultivar, further investigation on role of silicon on imparting resistance to D. saccharalis is required as a low in-
festation rate of insect pest observed in present experiment.
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