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Abstract

As a forage, the objective of this study was to evaluate corn plant, seed development and seed germination
in response to silicon application at different doses pathway leaf. The experimental design was randomized
blocks with four treatments of different doses of silicon, equivalent to 0.0, 100.0, 200.0 and 300.0kg ha'*
of calcium silicate, at 22%, and four replications, applied pathway leaf. It was observed that the applied
silicon did not influence any of the plant morphometric variables, however it altered the ear characteristics
regarding weight and diameter, at which the best response was observed in the application equivalent
to 100kg silicate! ha'. The applied silicon doses showed no significant differences in morphological
characteristics such as plant height, first ear height, stem diameter, number, and leaf angles. Significant
differences were found in the weight of one thousand grains, and by increasing the silicon dose, there
was an increase in the weight of one thousand grains and in the germination; in 7 days, it was found a
decrease in germination percentage as well as in the percentage of normal seedlings when increasing the
calcium silicate doses. It was concluded that the application of calcium silicate via leaf increased the stem
diameter, the ear of corn and the weight of one thousand seeds and decreased the germination percentage
in seven days and the appearance of normal seedling.
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Introduction

Silicon is classified as an element that benefits plants; however, the context of good forage
production must consider all essential mineral elements to the plant, as well as the benefits. Silicon is
directly involved to the plant’'s physical functions, such as evapotranspiration regulation and physical
barriers formation resistant to fungi invasion and bacteria inside the plants, besides it partially does
not allow plagues attack (EPSTEIN, 2001; MELO et al., 2003; COSTA; COSTA, 2009).
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The silicon accumulation in the cuticle (epidermis) determines changes in the plants architecture,
turning it more upright, what avoids lodging, the photosynthesis increase, resulting in more chlorophyll
accumulation and, in plants of greener colors, it becomes more intense (KORNDORFER; DATNOFF, 2000).

This structural function provides anatomic changes in the issues, as epidermal cells with cell
walls thicker due to the silicon deposition on them, and according to Blaich and Grundhofer (1998),
mentioned by Pozza (2004), this condition is what favors the best architecture of the plant, the increasing
of the photosynthetic capacity and resistance to plagues and diseases.

Ferreira (2006) states that silicon may be one of the reasons why dry matter increases, due
to the greater photosynthetic activity it provides. In this case, the photosynthetic capacity of the
plant can be increased by the greater absorption of silicon which improves the leaf architecture by
increasing the capture of radiant energy.

Higher photosynthetic activity also occurs with the reduction of the distance between the plants,
increasing the population density, which results in higher light interception. This can be obtained by a better
spatial arrangement between the plants and the foliar area, increasing the area unit in initial phonological
stages (MOLIN, 2000). The reduction of the distance between the plants limit weeds development,
through the light's transmission reduction in the vegetal canopy (BALBINOT; FLECK, 2005).

On the other hand, according to Ribeiro et al. (2005), plants’ density implements increase the
culture’s susceptibility to the lodging and stems breaking.

Based on that, this experiment is justified by working with the hypothesis that the triple crop of
corn (BM 3061), which has high potential for silage production, planted in reduced spacing, may have
its growth, in addition to changes in the ear of corn and in the germinative issue, influenced by the
silicon fertilization. Therefore, the aim of this study was to evaluate the morphometric characteristics
of the plants and corn cob and seed germination by the cultivator BM 3061, applying different doses
of calcium silicate on its leaves.

Material and methods

The experiment was performed at the experimental field of the University Brazil, Campus
Descalvado/SP, from January to April, with a variety suitable as both conventional maize and off-season.

Before the experiment performance, soil analyses at the deep of 0-20 cm was conducted to
determine chemicals’ characteristics. The results obtained were: phosphorus 4.0mg dmi13.0g kg*
of MO; 5.1 pH in CaCl,; 3.0; 24.0; 8.0; 31.0; 7.8 mmolc dm™ of K, Ca, Mg, H+Al, CTC, respectively,
and V% = 53.0%.

The pluvial data obtained during the experiment performance is shown in Table 1, characterized
by a typical y corn cob in the region, in terms of weather and rainfall.

Table 1 - Rainfall data of the municipality of Descalvado/SP

Climatological Monitoring: Beginning of season: from 01/01/2006 to 14/09/2015
County: Descalvado/SP

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
2014 59.1 489 1353 42.0 528 43 303 - 71.7 214 211.8 170.9 8485
2015 173.7 256.2 1465 71.1 83.6 354 52.7 10.7 1194 - - - 949.3
Average 116.4 152.55 140.9 56.55 68.2 19.85 41.56 10.7 95.55
Source: CIIAGRO online. Disponivel em: www.ciiagro.sp.gov.br. (2019).
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After that, the soil was corrected with 20.10kg of limestone, that was applied and incorporated
in the total area. After, parcels were divided. The experimental design was adopted in randomized
blocks, in a total of 16 plots, with 4 replicates in each parcel, totaling 60 plants. The experimental
plots consisted of 4 lines of 4.0 meters in length, and 4 meters in width (16 m?), considering the
2 central lines as useful area.

The crop fertilizing followed Raij et al. (1997) recommendation, adopting 66.34 kg ha! of N,
333.0kg ha of P,0;,and 51.89 kg ha'* of K,0. As source of N, P,0, K,0 and urea (45.0% of N), simple
superphosphate (18.0% of P,O, and 12.0% of S) was used as well as potassium chloride (60.0% of
K,0), respectively, and also it was applied 44.40kg ha* of N in cover, using urea as source (45.0% of N).

It was adopted a reduced spatial of 0.50 m between the lines and 0.25m between the plants
for the seedling, using a triple hybrid BM 3061 by Biomatrix.

The silicon source used was the calcium silicate which contains 22.0% of Si. The silicon doses
were 0.0, 60.0, 120.0 and 180.0g of silicon/parcel (equivalent to 0.0, 100.0, 200.0, 300.0kg of
silicon per hal), in form of calcium silicate. For applying the silicon treatments, it was used a 10L
capacity costal pulverizer, with regulated flow in order to propose the same volume to each application.

The silicon application was conducted on cover via leaf when the plants were between the
phenological development stage 2 (4" leaf), according to Cruz and Turpin (1982), in the referred doses.

The following variables were evaluated: plant height and first corn cob insertion, both
measurements occurred at the time of full flowering, and the distance between the soil surface and
the floral tassel insertion of 32 plants was measured, the distance between ground surface and first
corn cob insertion was also measured (DEMETRIO et al., 2008).

Leaf angulation was always measured below the corn cob in phase 4 of development, using a
protractor, following the methodology of Freitas et al. (2011).

The stem diameter was measured from the first internode of the corn plant, which was about
5.0cm above the ground, using a tape measure. The total number of leaves was counted at the time
of complete flowering.

With the aid of a caliper, 6 corn cobs of each plot were measured to verify the diameter of the
corn cob. Corn cob grains were counted by assessing the number of seeds in length (seeds per row)
and then multiplying by the number of seeds in diameters (rows) (VAZQUES et al., 2012).

Corn cob weight was evaluated using a digital scale, six corn cobs from each plot were weighed.

The weight of one thousand seeds was determined using ten repetitions of 100 seeds for each
treatment, weighed with a precision of 0.001g. The conduction of the test was according to Brasil
(1999), and the average of the data was expressed in grams.

The germination test was conducted at a temperature of 20.0 ° C in a germination chamber.
The readings occurred on the 4th and 7th days after the test facilities, considering the number of
normal seedlings to determine the germination percentage according to the procedure established in
the rules for seed analysis (BRASIL, 2009).

The data were submitted to the variance analyses, by regression test to the level of 1%
probability, supported by ASSISTAT software version 7.7 (SILVA, 2009).

Results and discussion

Medium results to the plants morphometric variables found in the experiment is shown in Table 2,
it can be noticed that there were not meaningful differences to the tested variables, when applied
different doses of calcium silicate.
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Table 2 - Height of the plant, height of the first corncob (cm), stem diameter (cm), number of leaves (n°) and
leaf angulation (°), as a function of Si applied via leaf.

Treataments Plant Height CI-(I,;?gcr?tb Dtls:en g::nOf NUT:ai‘r o AngLueI::ion
kg(ha (cm) (n°) (°)
0 118.88 64.25 6.25 10.12 35.62
100 122.50 54.16 5.80 10.37 33.25
200 121.38 51.19 6.37 10.00 36.75
300 121.73 53.37 6.56 9.75 37.00
Linear Regression 0.77ms 3.96m™ 1.12m 0.18m 0.36m™
Quadratic regression 0.30m 2.35™ 0.97r 0.09ns 0.31m
Coefficient of variation (%) 5.77 14.36 10.11 15.53 15.02

"not significant by the F test; **significant at the 1% probability level (p <.01); *significant at the 5% probability
level (.01 => p <.05).

Source: Elaborated by the authors (2019).

The present results of works carried out, in relation to the first corncob, corroborates the results
of Freitas et al. (2011). On the other hand, Teodoro et al. (2014), when evaluating silicon doses
via leaf, did not find meaningful results to that variable. Freitas et al. (2011), evaluating the plant’s
height and stem diameter applying silicon different dosage equivalent to 130.0, 260.0, 390 and
520.0g ha! of S (sulfur) via leaf, and in three different application season (plants showing 2, 5, and
8 expanded leaves), did not find out meaningful results to those variables. The same occurred to
Teodoro et al. (2014), who evaluated the same variables, working with treatments constituted by the
grouping of leaf fertilization with and without silicon, and eleven corn hybrids.

In relation to the stem diameter, it was not found meaningful statistic differences. These results
corroborate the ones from Chaves and Vasconcelos (2006), who evaluating the stem diameter in
the corn’s culture under the effect of retorted schist (57.0% in weight of silicon dioxid SiO,, did
not observe meaningful effects to that variable. On the other hand, Neri et al. (2009) observed an
increase in the stem diameter of the corn’s plant fertilized with silicon, and Medeiros et al. (2008)
found out a reduction in sugar cane stem diameter fertilized with rising silicon dosage.

The silicon dosage did not influence the leaf number. In the literature, it is hard to find information
on works carried out conducted with number of leaf in relation to the silicon fertilizing in the corn’s
culture; however, Camargo and Pereira (2003), working with applying calcium silicon with two sugar
cane varieties, evaluating the number of leaves in initial and maximum growing periods, observed
meaningful results.

The use of silicon has promoted improvement in the plants architecture and an increase in
the photosynthesis (DEREN et al., 1994), resulted from a shorter leaf opening, leaves more upright,
reducing the self-shading, especially in conditions of high population density and high nitrogen dosage
(BALASTA et al., 1989); however, in this experiment, it was not observed meaningful differences
related to the evaluation to the leaf angle to no tested dosage compared to the testimony.

According to Maddonni and Otegui (1996), the leaf angulation can vary among corn varieties
in relation to characteristics of each genotype.

Applying silicon via Leaf causes some motivation in plants, such as more upright leaves, reduction
in the shelf-shading and harder structure of the issues with the mechanic resistance increasing of the
cells (FRANZQTE et al., 2005).
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Nunes et al. (2010), evaluating the foliar angulation and working with three facts (very earlier
corn hybrids, space of 0.45 and 0.90m between the corn lines, and the weeds control in post-corn
emergency) did not find meaningful differences.

It was not observed bedding in any of the experiment parcels. According to Sagoi et al. (2002),
a hybrid with less energy requirement for its flowering is less affected to the effect of the density for
having a shorter stature and for having a shorter height of inserting the corncob that are characteristics
responsible by the plant gravity center closer to the soil level, what contributes to the non-lodging.

The corn used in the experiment has very earlier corn characteristics and requires from 830.0
to 890.0 degrees-day, the least amount of energy that normal crops need.

The average results found in the corncob analyses, with weight and corncob diameter, a
Thousand grains’ weight, grains quantity, can be observed in Table 3.

Table 3 — Mean values for corn cob weight (g), corn cob diameter (mm), weight of one thousand grains (g),
quantity of grains.

Treatments Corncob Diameter of Thousand Grain Number

Weight (g) Corncob (mm) Weight (g) of Grains

0 140.33 42.71 343.25 383.54

100 160.57 46.71 361.65 421.62

200 141.05 44 91 368.25 384.29

300 131.13 42.83 385.10 379.66

Linear Regression 3.9m 0.32ms 29.36** 0.83ns
Quadratic regression 8.05* 9.39** 0,02n 3.16m™
Blocks 1.64m 0.62m 0.34m 2.60m

Coefficient of variation (%) 7.42 2.53 2.99 6.12

"not significant by the F test; **significant at the 1% probability level (p <.01); *significant at the 5% probability
level (.01 = p <.05).ns

Source: Elaborated by the authors (2019).

It were found meaningful differences (p<0,05) when studied the corncob weight, at which
the higher result was when applying 100.0kg silicon per ha', it is also observed that with the dose
increasing, it occurred a tendency to reduce the corncob weight as it is demonstrated in Figure 1.
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Figure 1 — Mean values found for the corn cob weight (g) as a function of the applied silicon.
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Source: Elaborated by the authors (2019).

By the technic of the quadratic function derivation, it was determined a great silicone dosage of
111.94kg ha!, showing a reduction in function for the corncob weight.

Freitas et al. (2009) worked with the application of different silicon dosage, and they evaluated
corncob parameters and did not find meaningful differences in terms of weight, what differs from this
experiment. Therefore, the author used as silicon source the potassium silicate, which has 12.0%
of silicon and 15.0% of K,0O. This experiment silicon source (Calcium silicate) has 24.2% of Si and
30.1% of Ca.

It was observed a meaningful difference (p<0,001) to the corncob diameter; by increasing the
applied dosage, it was noticed a tendency to reducing the diameter, as demonstrated in Figure 2.

Figure 2 — Mean values found for the corn cob diameter (mm) as a function of the applied silicon dosages.
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Source: Elaborated by the authors (2019).

In relation to the corncob diameter, it was observed by the derivation technic that the higher
corncob diameter was due to 110.5kg.ha! dosage.
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Freitas et al. (2009), while studying the corn corncobs behavior in function of the silicon leaf
applied, did not find meaningful results to the length parameter and the corncob diameter.

The authors comment that during the experiment it was registered 1,429mm of rain, and that
this value is superior to the minimum required to maize cultivation (350mm to 500mm), they attributed
to this fact the failure to observe the significant effects, because it is considered that silicon shows up
better in environments of stress to plants. In the present experiment, it was found out an accumulated
645.2mm of rain, not distributed uniformly, and at the time of filling the grains, there was lack of water.

Marschner (1995) said that silicone provides some benefits to plants, for example, better
photosynthetic efficiency, higher water use, and other benefits, so that it was expected higher grain
filling to higher silicon doses, but it was not verified that effect.

When studying the weight of a Thousand grains, it was found out considerable statistic differences
(p<0,001); according to the silicon dosages applied, it was observed that increasing the dosages
provided an increase in the weight of the one thousand grains evaluation, as shown in Figure 3.

Figure 3 — Average values found for the weight of one thousand grains (g) according to the applied silicon dosages.
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Source: Elaborated by the authors (2019).

It is observed that the data adjust to the linear model in 97.23%, which means that the increase
that occurs in a thousand grains weight can be explained by the variation in de calcium silicate doses.

Lima Filho and Tsai (2007) observed some benefits when they applied silicon in a white oat
and wheat dough seed. When applying silicon dosages (0.0, 50.0, 100.0, 150.0, 200.0, 250.0,
300.0, 350.0, 400.0, 450.0 and 500.0kg ha!) in the plantation furrows, by the soybean sowing,
the treatments did not provide remarkable increases to the grains productivity, a thousand seeds
weight and number of seed by legume.

Prado and Konrdorfer (2003) state that the absence of responses for the silicon applying can be
related to either a low absorption or to a non-absorption of the element by the plantation.

According to Carvalho and Nakagawa (2000), the size of the seeds has strong effects in terms
of plants initial growing, reducing this intensity as far as their development, in other words, big seeds
are those which have higher storage nutrients quantity, for the development of the embryonic phase.
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Sousa et al. (2010) reported that silicon applied to the corn plant contributed to the mass of
one thousand grains and increased productivity.

As demonstrated in Table 4, it was found considerable differences to the germination percentage
to the 7 days and to the normal seedling percentage.

Table 4 — Mean values for germination percentage at 4 and 7 days, germination of normal seedlings.

Treatments Ffercgntage of Bercgntage of Percent of_
germination at 4 days germination at 7 days Normal Seedlings

0 98.16 99.16 84.33

100 97.83 99.83 90.83

200 96.83 97.83 83.16

300 96.66 97.46 74.83

Linear Regression 0.05m 6.40* 7.6*
Quadratic regression 0.50rs 0.20m 6.4*
Blocks 0.31m 0.15m 1.4rs
Coefficient of variation (%) 1.94 1.11 7.04

"not significant by the F test; **significant at the 1% probability level (p <.01); *significant at the 5% probability
level (.01 => p <.05B). ns

Source: Elaborated by the authors (2019).

In relation to the germination tests, it was not found considerable differences in the evaluation
after 4 days, but it was found considerable differences (p<0,05) after 7 days of germination,

at which it is observed a reduction in the germination with increase in the silicon doses as
shown in Figure 4.

Figure 4 — Mean values found for the percentage of germination (%), evaluation with 7 days, as a function of
the silicon dosages applied.
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It can be observed that data adjust to a line corn cob model, and that 81.08% of the plant’s

germination in this experiment occurred due to the silicon doses variation. It is also noticed that from
this equivalent dosage to 100.0kg ha'! it occurs a decline in the germination.
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It was verified that the first germination counting did not show considerable difference (p>0,05),
corroborating Tavares et al. (2011), who did not find remarkable differences in the first germination
counting of wheat seeds covered by silicon.

Harter and Barros (2011) showed no significant difference in the first count with doses of
calcium and silicone testing the application of leaves on soybeans.

Pereira et al. (2010), working with rice and testing different silicon doses in fertilization while
producing seeds, noticed that for the germination parameter, there was an increase in its percentage
with the increase of Si doses applied until the 1600.0kg ha! dosage, however, above the dosage of
3200kg ha-1 there was a decline in seed production.

To evaluate the normal seedlings verification, statistically significant differences were found
(p<0,05), it can be noticed the highest normal seedlings index in the equivalent dosage to 100.0kg of
silicon.ha-1, causing a decrease when increasing the dosages, as far which can be verified in Figure 5.

Figure 5 — Average values found for the percentage of normal seedlings as a function of the silicon dosages applied.
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Source: Elaborated by the authors (2019).

By derivation technique, the dose that best presents normal seedlings percentage is the
93.87kg ha'! one.

Seedlings length is an important physiological parameter, because the higher the leaf area,
the higher the area to light capture to perform the photosynthetic process, in addition to larger roots
resulting in a greater dimension to explore and capture nutrients and water (TAIZ; ZEIGER, 2012).

Harter and Barros (2011) observed positive effect in the seeds quality that contained rice
normal seedlings with silicone and calcium doses. But the ones fertilized with aluminum did not
present a considerable result for physiological quality (LIMA et al., 2009).

Conclusion

The application of calcium silicate via leaf in this experiment increased the diameter of the
stem, the weight of the ear of corn and the weight of a thousand seeds, as well as decreased the
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percentage of germination at seven days and the percentage of normal seedling without interfering
with the other characteristics studied.

Silicio na morfometria e germinacao de sementes de milho

Resumo

Objetivou-se avaliar o desenvolvimento de planta e sementes de milho e a germinacdo das sementes,
em resposta a aplicacao de silicio, em diferentes doses, via foliar. O delineamento experimental
utilizado foi em blocos ao acaso, com quatro tratamentos de doses diferentes de silicio, equivalentes
a 0,0, 100,0, 200,0 e 300,0kg ha* de silicato de célcio, a 22,0%, e quatro repeti¢des, aplicadas via
foliar. Observou-se que o silicio aplicado nao influenciou em nenhuma das variaveis morfométricas
da planta, no entanto alterou as caracteristicas da espiga quanto ao peso e diametro, em que a
melhor resposta foi observada na aplicagao equivalente a 100,0kg silicato! ha. As doses de silicio
aplicadas nao apresentaram diferencas significativas nas caracteristicas morfolégicas como na
altura da planta, altura da primeira espiga, diametro de caule, nimero e angulos de folhas. Foram
encontradas diferencas significativas no peso de mil graos, em que, com o aumento da dose de
silicio, houve o aumento no peso de mil gréos e, na germinacao aos 7 dias, foi constatada que, com
0 aumento das doses de silicato de calcio, ocorreu uma diminuigdo na porcentagem de germinagao,
bem como na porcentagem de plantulas normais. Conclui-se que a aplicagao de silicato de célcio via
foliar aumentou o diametro do caule, o peso da espiga de milho e o peso de mil sementes e diminuiu
o percentual de germinacdo em sete dias e o aparecimento de plantula normal.

Palavras-chave: Aplicacao foliar. Elemento benéfico. Potencial germinativo. Qualidade. Zea Mays.
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