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ABSTRACT. Different plant species have different levels and locations
of silicon accumulation in their tissues, and may or may not have silica
bodies. Grasses usually accumulate these bodies, which may have
different shapes depending on the genotype. Besides, this element can
be beneficial to crops. The present study aimed to examine the forms
and locations of silicon accumulation, as well as silicon content, in flag
leaves of corn (Zea mays L.). This was a field experiment with two
cultivars of corn: Coodetec 384 and Pioneer BG7065H. Four months
after sowing, the flag leaves of the corn cultivars were obtained for
determination of the silicon content of leaf tissue with the use of plasma
atomic emission spectrometry, as well as examination of the different
forms and locations of silicon accumulation using scanning electron
microscopy and energy dispersive X-ray spectroscopy. The two
cultivars were found to accumulate foliar silicon, primarily at the base
of the trichomes and on the venation. Also, silica bodies in the shape
of four-leaf clovers and dumbbells were detected, and the cultivar
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Coodetec 384 showed a silicon content in leaf tissue 26% higher than
that of Pioneer BG7065H.

Key words: Zea mays L.; Silica bodies; Scanning electron microscopy;
Energy dispersive X-ray spectroscopy

INTRODUCTION

Silicon (Si) is considered a particularly useful element that can provide many benefits
to several vegetable crops (Rodrigues et al., 2011). In corn plants, for example, the increase in
the content of this element makes them more resistant to attack by Spodoptera frugiperda (J.E.
Smith) (Lepidoptera: Noctuidae), and by the aphid Rhopalosiphum maidis (Fitch) (Hemiptera:
Aphididae) (Goussain et al., 2002; Moraes et al., 2005), besides reducing transpiration rate
(Gao et al., 2006), resulting in better use of water.

Soil solution has a silica content that varies between 28 and 32% of all the material
present in the solution (Malavolta, 2006). Plants can absorb it in hydrated form (SiO,.nH,0),
which is deposited in their tissues, and silica bodies of different shapes and sizes may occur
depending on the plant species.

The silica bodies accumulate mainly in the family Poaceae (corn), in organs such as
leaves, seeds, fruits, roots and stems, where they may be deposited inside the cells or in their
walls (Runge, 1999; Alvarez et al., 2005). Silica bodies are microscopic and are precipitated in
the tissues of plants during their life cycle. In grasses, they create support structures (Piperno
and Pearsall, 1998; Medeanic et al., 2008).

These silica bodies provide different contributions, where they are important tools in pa-
leoenvironmental reconstructions, supporting palynological evidence of past vegetation distribu-
tion. Moreover, they are of paramount importance in paleoenvironmental reconstructions because
they are better preserved in the sediments than pollen and spores (Medeanic et al., 2008).

Plants, including genotypes of the same species, can absorb Si, with this accumulation
being visualized by microscopy, in different ways in their tissues, with or without formation
of silica bodies (Andrade et al., 2012a,b). Savio et al. (2011) observed that Brachiaria decum-
bens cv. Basilisk and Panicum maximum cv. Mombagca differ in Si content in the aerial part
of the plant, with B decumbens reported to having higher Si content than P maximum. These
differences were also observed between the different genotypes in sugar cane (Saccharum spp
L.) (Korndorfer et al., 2000).

Given that plants with higher Si content and with formation of silica bodies may be
favored by the beneficial effects of such element, and that the different corn genotypes can ac-
cumulate Si differently, and have different levels, the present study aimed to assess the forms
and locations of accumulated silicon and content of silicon in flag leaves of two corn cultivars
grown under the same conditions.

MATERIAL AND METHODS

The samples of flag leaves (leaves below the ear of corn) for assessment of silicon
content and silica forms and locations of accumulation were collected in an experiment in
the city of Apucarana, Parana. This city has an altitude of 746 m and coordinates 23°50'S and
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51°53'W. The experimental area has a typic hapludox (oxisol) soil, moderately acidic, clayey
(Embrapa, 2006). The results of chemical analysis of the soil are as follows: pH (CaCl)) = 5.5;
H+Al = 17 mmolc/dm?; Ca* = 15 mmolc/dm?; Mg?" = 5 mmolc/dm?; AI** = 0.0 mmolc/dm?®;
K*= 0.9 mmolc/dm?; P =48 mg/dm’; S = 6.5 mg/dm?; sum of bases = 30 mmolc/dm?; CTC =
45.5 mmolc/dm?; V% = 50; M.O = 8 g/dm>.

According to Kdppen’s classification, the climate of Apucarana — PR is subtropical
(Cfa,), with an average temperature of less than 18°C in the coldest month of the year and high-
er than 22°C in the warmest month of the year, with hot summers and infrequent frosts, and the
highest amounts of rain occurring in summer months (Instituto Agronémico do Parana, 2012).

Corn was sown in the growing year of 2012, in March. Two corn genotypes were
sown: Coodetec 384 and Pioneer BG7065H, using a 0.90-m spacing between rows, with
six plants per linear meter. The total area of the experiment was 6000 m?, 3000 m?* used for
each cultivar.

Fertilization consisted in applying 248 kg/ha of the formulation 04-30-10 (N-P-K), 20
days after seedling emergence (DAE). Atrazine Nortox 500 SC® was applied at a dose of 2.9
L/ha for the control of grassy weeds, and Callisto®, at a dose of 0.62 L/ha, for the control of
grassy weeds and dicotyledons. Fertilization was performed at 25 DAE with the use of super
N, at a dose of 165 kg/ha.

Scanning electron microscopy (SEM) images were prepared for analysis of the forms
and locations of accumulated silicon, using one flag leaf randomly collected from each plant
of the two corn cultivars four months after sowing, with six replications. Thus, six flag leaves
were obtained from each cultivar to perform the analyses.

After collection, the leaves were cut in their central parts, so that a fragment of
around 4 mm? was obtained for each leaf, generating six fragments in total for assess-
ment of each cultivar. Afterwards, the fragments were immersed in a fixative solution
containing 5% formaldehyde, 90% ethanol and 5% acetic acid (FAA) for 24 h at room
temperature. The fragments were dehydrated with an increasing series of ethanol (70,
80, 90 and 100%) and critical point dried in CO, (Bal Tec CPD 030). The samples were
then glued on “stubs” with the adaxial and abaxial surfaces facing up and covered with
carbon using Sputter coater Bal-Tec SCD 050. For the visualization of the forms and
locations of accumulated silicon, the samples were analyzed by energy dispersive X-ray
spectroscopy (EDS-Oxford), the INCA software, coupled to a scanning electronic micro-
scope - FEI Quanta 200. Regarding the assessment of leaf silicon content, the flag leaves
were collected in the same way as for SEM analysis, but with three replicates, and the
whole leaves were used, without the removal of fragments. The leaves were dried at 65°C,
and once they reached constant weight, they were ground using a “Willey type” mill for
determination of silicon content. For this determination, the samples were digested with
nitrohydrochloric acid, and 24 h later the samples were analyzed by plasma atomic emis-
sion spectrometry (Perkin Elmer Optima 5200 DV).

RESULTS AND DISCUSSION

Sem showed accumulation of silicon in the form of silica bodies and in leaf tissues on
both surfaces of the leaves analyzed. Accumulation of silicon in the tissues occurred mainly at
the base of trichomes and on the venation (Figure 1).
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Figure 1. Scanning electron micrographs illustrating the mapping of silicon (Si) in leaf tissue and in the form of
silica bodies (right) in the leaf epidermis of corn (left). A. Si in the abaxial epidermis of the Coodetec 384 cultivar.
B. Si in the adaxial epidermis of Pioneer BG7065H cultivar. C. D. Si at the base of trichomes and on the venation
of Pioneer BG7065H and Coodetec 384 cultivars, respectively.

Besides, the silica bodies were randomly arranged on the leaf surfaces or concentrated
in rows, in the shape of four-leaf clovers and dumbbells. No differences were found in the two
corn cultivars regarding the form of silicon accumulated in the leaf tissues and the arrange-
ment and shape of silica bodies (Figure 2).
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Figure 2. Scanning electron micrographs illustrating the mapping of silicon in leaf tissue and in the form of silica
bodies (right) in the leaf epidermis of corn (left). A. Accumulated silica bodies scattered in the abaxial surface
of Coodetec 384 cultivar. B. Silica bodies accumulated in rows on the abaxial surface of the Pioneer BG7065H

cultivar C. Silica body in the form of dumbbells. D. Silica body in the form of a four-leaf clover.

Regarding the leaf content of silicon, the Coodetec 384 cultivar showed 726.38 mg/kg

silicon, while Pioneer BG7065H was found to contain 531.40 mg/kg.

Grasses accumulate a lot of silicon, at concentrations greater than 1% (Ma et al.,
2001). In fact, silicon is the second most abundant chemical element in the earth’s crust and
soil (Epstein and Bloom, 2005). These factors may explain leaf accumulation of silicon by the
plants used in the present study, even though they were not fertilized with silicon acid. Be-
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sides, corn belongs to the family Poaceae, which, along with Cyperaceae, accumulates silicon
(Hodson et al., 2005).

Andrade et al. (2012a), in their study of the accumulation of silica bodies in differ-
ent wheat genotypes (7riticum aestivum L.), cultivated in oxisol, A-horizon and very clayey
texture, found differences in the arrangement of these bodies on the adaxial epidermis of flag
leaves of the different genotypes. Such differences were not observed in the present study
where the two corn cultivars showed the same arrangements of silica bodies on both leaf sur-
faces. This may have occurred due to the genetic characteristics of the studied species. Thus,
further experiments with a larger number of genotypes are needed.

No differences were observed regarding the shapes of the silica bodies (four-leaf clo-
ver and dumbbell) between the two cultivars used in the experiment probably because the
plants were grown in the same type of soil, under the same climatic conditions. Generally,
silica bodies may have more varied forms and quantities, both in plants and in the soil (Costa
et al., 2010a,b). These differences can be seen when the species have different genetic charac-
teristics and are grown in different types of soil or under different climate conditions.

Crops in hot and humid environments, which may favor plant evapotranspiration, may
cause precipitation of monosilicic acid in gel form, and not in the form of silica bodies. On the
other hand, in dry environments, absorption of monosilicic acid would not be so substantial
due to the low amount of silica available for plant uptake (Ramirez-Sandrez et al., 2007).

Nevertheless, when the variable analyzed was leaf content of silicon it was found that
the Coodetec 384 cultivar accumulated around 26% more silicon than the Pioneer BG7065H
cultivar. Again, the genetic traits of each genotype may explain these findings, for the plants
grown under the same conditions.

Silicon content can be influenced by the growing conditions of a given crop. Factors
such as increased temperature, for example, can enhance plant transpiration, increasing their
silicon content (Su et al., 2002). According to Duda et al. (2001), in their study of wheat,
plant growth and transpiration and the availability of silicon in the soil usually determine the
absorption and accumulation of Si for this crop.

The characterization of silica bodies in corn crops is of utmost importance, for these
bodies may have a single form for a given species. Also, these bodies can be used in studies
for reconstitution of paleovegetations and paleoclimates (Runge, 1999).

Because silicon favors the performance of various crops, and in the present study it
was found that different corn cultivars have different silicon levels in leaves, under the same
growing conditions, these data may assist in corn crop management decisions, e.g., in those
cases where plants with higher concentrations of silicon are needed to minimize the effect of
possible stresses such as pests and diseases, as well as water stress.
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