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Does foliar silicon application enhance the biomass yield of millet silage, and does it
provide significant economic gains?

A aplicacao foliar de silicio aumenta o rendimento de biomassa do milheto para silagem e promove
ganhos diferenciais econ6micos?
¢Una aplicacgao foliar de silicio aumenta o rendimento de biomassa da silagem de milheto y

proporciona ganhos econdmicos significativos?
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Abstract

Millet is a grass that has been highlighted for silage production, especially for being a productive tropical plant, and
undemanding concerning soil fertility. Silicon (Si) is an alternative low-cost solution to increase biomass production,
and it has been noticed to be beneficial to plants, especially when there are stress conditions. So, we analyzed the effects
of foliar silicon application to gas exchanges, dry biomass production, and economic efficiency. We used a completely
randomized experimental design consisting of foliar application of the following five doses of Si: 0; 0.84; 1.68; 2.52;
and 3.36 g L™! of Si as potassium and sodium silicate, with five replications. We measured the plant height, leaf area, Si
contents and accumulation in the plants, gas exchanges (stomatal conductance, transpiration, and photosynthesis net),
dry matter production, Si uptake and transport efficiency by plants and its economic efficiency. The Si content enhanced
and accumulated in all parts of millet plants, reaching values between 2.5 and 3.3 g L™!. There were linear increases of
approximately 9 and 27% in height and leaf area of millet plants to 3.36 g L' of Si. Stomatal conductance and
transpiration reached maximum values representing an increase of 44.60 and 101.30%, respectively. The concentration
of 3.36 g L! of Si increased photosynthesis by 76% and shoot dry matter production by 15%, when compared to the
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control. Si application is economically viable. The operational costs of application are suppressed, reaching to about US
$ 45.32 ha'! with the application of 2.52 g L! of Si.
Keywords: Pennisetum glaucum; Beneficial element; Nutritional efficiency; Nutritional management.

Resumo

O milheto é uma graminea que tem se destacado na producao de silagem, principalmente por ser uma planta tropical,
produtiva e pouco exigente em relacao a fertilidade do solo. Uma solucéo de baixo custo para aumentar a producéo de
biomassa é a aplicacéo de silicio (Si), que tem se mostrado benéfico para as plantas, principalmente quando submetidas
a condicOes de estresse. Assim, analisamos os efeitos da aplicagdo foliar de silicio nas trocas gasosas, na producao de
biomassa seca e na eficiéncia econdmica. O delineamento experimental foi inteiramente casualizado, consistindo na
aplicacéo foliar de cinco doses de Si: 0; 0,84; 1,68; 2,52; e 3,36 g L™ de Si aplicado como silicato de potassio e sodio,
com cinco repeticdes. Avaliamos altura da planta, area foliar, contetido e acimulo de Si na planta, trocas gasosas
(condutancia estomatica, transpiracdo e fotossintese liquida), producdo de matéria seca, eficiéncia de absorcédo e
transporte de Si pelas plantas e sua eficiéncia econdmica. O teor de Si aumentou e se acumulou em todas as partes das
plantas de milheto, atingindo valores entre 2,5 e 3,3 g L™%. Houve aumentos lineares de aproximadamente 9 e 27% na
altura e area foliar das plantas de milheto com 3,36 g L™ de Si. A condutancia estomatica e a transpiragéo atingiram
valores maximos representando um aumento de 44,60 e 101,30%, respectivamente. A concentracdo de 3,36 g L* de Si
aumentou a fotossintese em 76% e a producdo de matéria seca da parte aérea em 15%, quando comparada ao controle.
A aplicacdo de Si é viavel economicamente quando 0s custos operacionais da aplicacdo sao suprimidos, podendo atingir
US $ 45,32 ha't com a aplicagdo de 2,52 g L de Si.

Palavras-chave: Pennisetum glaucum; Elemento benéfico; Eficiéncia nutricional; Manejo nutricional.

Resumen

El mijo es una graminea que se ha destacado para la produccion de ensilaje, especialmente por ser una planta tropical
productiva y poco exigente en cuanto a la fertilidad del suelo. Una solucion de bajo costo para aumentar la produccion
de biomasa es la aplicacion de silicio (Si), que ha demostrado ser beneficiosa para las plantas, especialmente cuando se
someten a condiciones de estrés. Por lo tanto, analizamos los efectos de la aplicacién foliar de silicio en los intercambios
de gases, la produccion de biomasa seca y la eficiencia econémica. Se utiliz6 un disefio experimental completamente al
azar que consistié en la aplicacion foliar de las siguientes cinco dosis de Si: 0; 0,84; 1,68; 2,52; y 3,36 g L de Si
aplicado como silicato de potasio y sodio, con cinco repeticiones. Se evalu6 la altura de la planta, el area foliar, el
contenido y la acumulacion de Si en la planta, los intercambios de gases (conductancia estomatica, transpiracion y
fotosintesis neta), la produccién de materia seca, la absorcion y la eficiencia de transporte de Si por las plantas y su
eficiencia econdmica. El contenido de Si aumentd y se acumul6 en todas las partes de las plantas de mijo, alcanzando
valores entre 2,5y 3,3 g L. Hubo incrementos lineales de aproximadamente 9y 27% en altura y area foliar de plantas
de mijo con 3,36 g L™ de Si. La conductancia estomatica y la transpiracién alcanzaron valores maximos que representan
un aumento del 44,60 y 101,30%, respectivamente. La concentracion de 3,36 g L™ de Si aumentd la fotosintesis en un
76% vy disparé la produccion de materia seca en un 15%, en comparacion con el control. La aplicacion de Si es
econémicamente viable. Se suprimen los costos operacionales de aplicacion, llegando a US $ 45,32 ha? con la
aplicacion de 2,52 g L de Si.

Palabras clave: Pennisetum glaucum; Elemento benéfico; Eficiencia nutricional; Manejo nutricional.

1. Introduction

Millet (Pannisetum glaucum) is a crop suitable for environments with low rainfall and water availability, high
temperatures and soils with low fertility, being the main food and fodder source for agricultural communities in arid and semi-
arid tropics (Gupta et al., 2020). These characteristics are common in the Poaceae family and they are desirable for possible
savings in crop production costs (Jukanti et al., 2016).

Another important feature is its ability to accumulate silicon (Si) (Epstein, 2009). Although studies on Si for this crop
are incipient, its application has shown promising results, increasing yield when applied to Si-accumulating plants such as rice
(Couto et al., 2020), sugarcane (Teixeira et al., 2020), maize (Oliveira et al., 2020a), sorghum (Flores et al., 2018a; Oliveira et
al., 2020a), sunflower (Flores et al., 2018b; Peixoto et al., 2020), industrial processing tomato (Moraes et al., 2020), and wheat
(Qamar et al., 2020).

Si can be supplied both through leaves and/or roots, being efficient to increase Si content and accumulation in the plant
material, especially in Si-accumulating plants (Epstein, 2009). However, soil application requires high doses mainly due to the

low solubility of silicates used (Lanna et al., 2016). Si sources with high solubility are alternatives, with foliar application being
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efficient to supply Si to grasses (Flores etal., 2018a; Couto et al., 2020; Teixeira et al., 2020), increasing Si uptake and transport
efficiency in plants (Flores et al., 2018b), and increasing dry biomass production.

In this context, we believe that foliar application of a soluble Si source increases its contents and accumulation in millet
plants, improving physiological quality, development, and biomass production with economic efficiency. Thus, we evaluated
the effect of foliar silicon application on physiological quality, biomass production, and nutritional and economic efficiency of

millet grown for silage.

2. Methodology

The study was conducted in a greenhouse at the School of Agronomy of the Goias Federal University (UFG), Brazil,
from February to October 2017. This experiment was done with a stand of 20 plants of millet (Pennisetum glaucum) variety
ADR 500.

The initial chemical checkup of soil was made according Teixeira et al. (2017) and were presented the following
attributes: pH: 4.4 (CaCl,); AI**: 0.5 cmolc dm3; Soil Organic Material (SOM): 2.3 g dm™; P: 0.8 mg dm; K*: 25 mg dm; Ca?*:
0.4 cmol.dm®; Mg?*: 0.3 cmolcdm3; SO4%: 5.6 mg dm3; Zn?": 1.4 mg dm; B: 0.14 mg dm; (H+APP*): 1.27 cmol. dm3; Cation
Exchange Capacity (CEC): 2.03 cmol.dm; Base Saturation (V%): 37.4%. The characterization of soil particle-size presented a
proportion of 530.0, 180.0, and 135.0 g kg™, a ratio of clay, silt, and sand, respectively.

Plants were grown in 10 L pots filled with local soil (RED LATOSOL) supplemented with dolomitic limestone (CaO
= 36%; MgO = 15%; PN = 98%; PRNT = 92.54%), to maintain the soil moisture. Plants were watered daily and fertilized weekly
with Souza & Lobato (2004). Irrigation was made with deionized water, using the pot weighing method to keep humidity at 60%
retention capacity. The greenhouse temperature during the plant growth and the experiment was around 32 + 3 °C during the
day, and 26 + 3 °C during the night.

To prepare soil for planting, one of the steps were to add the basic fertilization protocol, based on the rates required by
the culture which was 80 kg ha'* of P,Os, using monoammonium phosphate (MAP) as P source, 60 kg ha* of K,O as potassium
chloride (KCI) and, 80 kg ha* using urea as a source of N, divided into two moments: 20 kg ha™* on soil preparation step and 60
kg ha* 30 days after planting, as reported by Souza & Lobato (2004).

Plants were randomly separated into five groups of 4 plants each. Plants were assigned to receive Si application in five
doses depending on the treatment: control (0 g of Si L?), T1 (0.84 g of Si L), T2 (1.68 g of Si L), T3 (2.52 g of Si L?), and
T4 (3.36 g of Si L. Silicon was applied in the form of potassium and sodium silicate stabilized with sorbitol (Si = 62.9%; K0
= 21.3%; Na;O = 15.7%; d = 1.15 g L'!; pH = 12.0; and soluble in water). In order to maintain the same potassium fertilization
for all plants, each treatment received KCI fertilization at the following concentrations: control, 1.904; T1, 1.428; T2, 0.952; T3,
0.476 and, T4, 0 g L of KCI.

Leaf Si fertilization was divided into three applications; 1/3 of the vegetative state (at 15 days after plant emergence -
DAE), 2/3 of the vegetative state (30 DAE), and at the end of the vegetative state in pre-bloom (45 DAE). Silicon was applied
on the leaves and was made using a sprinkler. Pots were covered with impermeable material before spraying to avoid contact
with soil and cause any kind of overdose.

At 70 DAE, gas exchange measurements were performed using a LiCor 6400 (LiCor, Lincoln-NE), at 2000 umol m
st of illumination, ambient CO; concentration (400 pmol mol?), temperature of 32 °C, and vapor pressure deficit of the leaf of
1.5-2.0 kPa. Gas exchange was performed in one leaf per plant, on the youngest fully expanded leaf of each plant. Right after

gas exchange measurement, the leaves were counted, the area of each leaf was measured, and the plant was harvested.
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The forage grass was cut 70 days after plant emergence (DAE) and some phytotechnical measures were analyzed as
height of the plants (starting from the base up until the insertion of the last leaf) and leaf area using a pachymeter (Model LI-
3100).

The samples were washed with a solution containing 0.1% detergent, 0.3% acidic solution and distilled water, to
decontaminate possible residues from the foliar applications. The plant was then dried for 72 h at 60 °C and weighted for biomass
yield. Dried leaf samples were taken for quantification of Si content. Silicon content was determined using the alkaline digestion
method described by Korndorfer (2004). Then, the accumulation of Si in the aerial part was calculated using leaf tissue Si content
data, as well as the increase in dry mass.

Using the dry matter and nutrients content in plants data were performed the calculation of nutritional indices comprising
absorption efficiency (ABer) and transport efficiency (TRef) These calculations were proceeded as following:

Equation (Swiader et al., 1994):

_total nutrient content in plant
ef

root dry matter
Equation (Li et al., 1991):

nutrient content in aerial part

" total nutrient content in the plant

For economic analysis, the partial budgeting method was used according to Noronha (1987). The method calculates the
effects of additional costs and revenues in relation to a baseline, providing differential profits (Dp) as an economic indicator by
using the following equation:

Dp =Dr-Dc

Where:

Dp = Differential revenue, calculated from the variation of the yield obtained in each treatment in relation to the control,
considered as baseline. In order to determine the pecuniary value of millet biomass, the current data available on the MFrural
website (https://www.mfrural.com.br/) was used. The lowest value for one ton of sorghum silage was used as a reference, as
there were no offers of millet silage. Freight value was added in order to obtain the value of the product on the farm. According
to this approach, it was possible to obtain the price of US $ 48.55 t** of millet on the farm.

Dc = Differential cost, calculated from the price of the dose of the product used in each treatment, as they already
differed from the control.

We highlight that analyses were performed in relation to the input price, resulting in the differential cost of the input
and the cost of the dose added to the operational cost of application, resulting in the differential cost of operation. The operational
cost of application was obtained from Romaén et al. (2019), who evaluated the operational efficiency of application for different
spray volumes. This study allowed us to calculate the updated value (US $ - 2020) of US $ 46.55 for three applications at spray
volume of 100 L ha'™.

Thus, it was possible to calculate from Eqg.1 the differential profit (Dp) for each treatment in relation to the control,
which was subdivided into Dpi = Differential profit of input and Dpo = Differential profit of operation.

Finally, we compared the impact of the differential costs of input and application on the effective cost of operation of
millet silage production. Such cost was obtained from Pompeu et al. (2013) and corrected to dollar values of 2020 (as of
December 8, 2020, US $ 1 = BR $ 5.08), resulting in a value of US $ 901.13 ha*.

Once the data have been collected and inspected, they were analyzed statistically with analysis of variance (ANOVA),
and after that, polynomial regression analysis. Data main effects were subjected to polynomial components in the overall

response, and then regression methods were applied to the continuous variable to develop an equation that explains the significant
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trend in response (5% probability by the t-test). Variable were correlated by the Pearson linear correlation test (Sigma-plot In.,

USA) considering the correlation significances (p < 0.01 and 0.05).

3. Results

Silicon application was responsive to height (cm) (Figure 1 a) and leaf area (cm2) (Figure 1 b) with the concentration of
3.36 g L of Si, obtaining maximum values and increasing approximately 9 and 27% in relation to the control treatment,
respectively. Millet height significantly responded up to 82% of probability, and leaf area up to 93%, demonstrating direct effect

of Si application on plant volume.

Figure 1. Height (cm) (), leaf area (cm?2) (b) roots dry mass (g per plant) (c) and shoot dry mass (g per plant) (d) under different
Si concentration applied in leaves. * and ™ — statistical significant and non-significant by F-test at 5% probability, respectively.
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Roots are not responsible for millet biomass crop gains when Si was added to the system (Figure 1 ¢). Roots presented
an average production of 5.75 g per plant. On the other hand, there was an increasing linear adjustment in shoot dry mass
responses after Si spraying (Figure 1 d). This relation reached 17.41 g per plant at 3.36 g L of Si dose, near to 15% about the
control treatment.

Physiological parameters also showed different responses to foliar silicon application (Figure 2). Stomatal conductance
and transpiration behaved in quadratic equation among treatments with 88% and 77% probability data distribution according to
the variation of doses of Si applied, respectively. These both data groups reached 8.73 mmol m=2 s and 0.43 mmol m2 s? as
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maximum levels to stomatal conductance and transpiration, respectively. These results can inform categorically that 2.52 g L
of Si is the maximum dose acceptable for millet crop production in subtropical systems. In contrast, net photosynthesis responded
linearly to variations of the dose of Si, with 99% probability, being more responsive to the highest dose of Si applied, 3.36 g L-
1. On this dose, the system reached 1.66 pmol m? s, around 76% being higher than the control treatment.

Figure 2. Stomatal conductance (mmol m2 s?) (a), Transpiration (mmol m? s?) (b) and Liquid photosynthesis (umol m2 s)
(c) of millet cultivated under different Si concentrations supplied by leaves. “and ™ — statistical significant by F-test at 5% and

1% probability, respectively.
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Si also boosted content (Figure 3 a) and accumulation (Figure 3 b) in plant tissues with Silicon dose variation. As higher
as Si application in the systems, high also was the responses in foliar Si content and accumulation. Still, Figure 3a can
demonstrate quadratic adjustment response when Si content is analyzed in the millet plants configuring values around 9.84 g kg
Land 15.42 g kg with 2.47 g L*! of Si by roots, and with 2.67 g L of Si by leaf applications, respectively; these data are
representing 38% and 50% higher than control treatment (Figure 3 a). In the same way, Si plant accumulation also increased as
further as Si dose got near to 56.82 mg per the root plants, and 288.21 g per the shoot plant. These results were observed in 2.39
and 3.27 g L of Si doses, respectively (Figure 3 b).
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Figure 3. Si content (g kg?) (a) and Si accumulation (mg per plant) (b) in two conditions (roots and aerial part (AP)) of cultivated
millet under different concentration of Si by foliar application. * — statistical significant F-test at 5% probability.
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Our results, when analyzed regarding absorption and transport efficiency (Figure 4), confirm all previous results. Not
only Si content and concentration, but also the variation of this element in foliar application increased the uptake capacity of
plants. Furthermore, they confirm the hypothesis that millet may be a Si-accumulating plant, as besides showing tolerance for
absorption, millet also has a notable capacity of transporting Si to leaves as to improve photosynthetic efficiency, as previously
reported (Figure 2). Yet, the increase and absorption of Si by the plant promote an exponential decrease of Si conversion rate
into biomass. That phenomenon happens even with the natural capacity of high Si absorption and transport for millet
demonstrating an opposite behavior because Si use is reduced the absorption capacity of this element by the plant (Figure 4 c).

When performing economic analysis through partial budgeting, we observed that differential profits are negative for all
doses of Si applied, indicating that, according to the current prices of the products and inputs applied, the operation of application
with three sprays is economically inefficient, regardless of the dose applied (Figure 5). However, when evaluating only the
differential profits of the input, we observed positive result, proving it to be economically efficient, regardless of Si dose applied,
when compared to the control treatment. Moreover, with application of 2.52 g L* of Si in spraying with 100 L ha™*, we obtained
the best differential profit of input, US $ 45.32 ha™™.


http://dx.doi.org/10.33448/rsd-v10i4.14232

Research, Society and Development, v. 10, n. 4, e41610414232, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i4.14232

Figure 4. Absorption efficiency (mg g?) (a), transport efficiency (%) (b) and use efficiency (mg g?) (c) of silicon by millet
leaves under different concentration from millet leaves. " statistical significant by F-test at 5% probability.

a) b)
.~ 801 @ y=16.529x+12.617; R*=0.86* 90 1 e  y=3.1996x+75.317; R>=0.88*
= N
> S
é 60 "\;’/ 85
s 2
- [%2}
o c
S 401 ¢ & 80 %
8 e
< Y
s 20 > 751
(&) ®
3 2
& 3
S ]
3 oe = 70
h L
iy
: : : , 65 : : : ,
0,00 0,84 1,68 2,52 3,36 0,00 0,84 1,68 2,52 3,36
0 Si concentration (g L™)
60 . ® Y=44.0461e7*
50 1
o [
g 40
= 1
2 301
-
o
> 204
[&)
c
(5]
o 101
=
o . . )
0,00 0,84 1,68 2,52 3,36

Si concentration (g L™
Source: Authors.

Figure 5. Demonstration of the production rice system by economic balance bias in function of Si doses and the maximum yield

according nutritional requirements.
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4. Discussion

As already reported by several studies silicon can participate in some important metabolic pathways (Sahebi et al., 2015;
Frew et al., 2018), with primary metabolism among them (Sahebi et al., 2015), which plays a role in the growth and vegetative
development of plants (Zargar et al., 2019). Our study supported some of these shreds of evidence, as the variation of doses
affected plant height and leaf area as a function of increasing Si (Figure 1).

The increase in leaf area observed in our study (Figure 1) was supported by Manivannan & Ahn (2017), who reported
to the existence of a gene involved in photosynthesis of species of the Poaceae family under stress when Si was applied. Peixoto
et al. (2020) also observed increases in the leaf area of sunflower with foliar silicon application. In this study, we observed that
even with increasing leaf area, there were no losses in CO, assimilation, water status, or N concentration, which resulted in
increased biomass production. These data corroborate with our study, in which stomatal conductance, transpiration rate and,
mainly, photosynthetic rate increased along with leaf area, resulting in biomass gain.

Studies show the importance of Si in the photosynthetic rate of various crops (Flores et al., 2018a; Oliveira et al., 2020b;
Teixeira et al., 2020). Normally, when the plant leaf area increases, we expect the foliar N content to be distributed throughout
the leaf blade, decreasing production of photosynthetic tissue per m? of leaf (Peixoto et al., 2020). During photosynthesis, the
enzyme rubisco (1,5 ribulose bisphosphate carboxylase/oxygenate) is the most limiting, with increased N cost for leaf
construction, compromising between 20-30% of all foliar N (Busch & Sage, 2017).

Although we have not evaluated foliar N content in the present study, we believe that N assimilation by the plant
increased even with increasing leaf area, as photosynthesis rates increased due to the increase in plant Si content. Xie et al. (2014)
and Bueno et al. (2017) observed increases in total chlorophyll contents as a function of Si supply to the plants, suggesting
increased N assimilation by plants, as reported by Peixoto et al. (2020). Some studies have shown direct correlation between
increases of Si and chlorophyll a contents in the plant (Zanetti et al., 2016) and chlorophyll a production over time (Hoppe et
al., 2013). In addition, the results of the present study raise the hypothesis that increased accumulation of Si in millet (Figure 3)
may stimulate production of chlorophyll a throughout plant development, which would occur due to the physiological longevity
of millet, as reported for other plant groups (Chen et al., 2011; Zanetti et al., 2016; Haddad et al., 2018).

Still referring to data found by Xie et al. (2014), stomatal conductance and transpiration increased as the silicon supply
quantitatively increased. We have also found similar results, although millet showed a response limit of up to 2.52 g L of Si
applied to leaves, suggesting that this crop has response restrictions for application of higher concentrations. We highlight that
some plants under biotic and abiotic stress develop mechanisms for survival, and these results demonstrated that stomatal
conductance and transpiration were efficient as stress indicators for millet (Figure 2). Stress in physiological parameters after Si
application has also been reported by other studies (Currie & Perry, 2007).

Still regarding shoot development, studies performed with other plant groups also showed increased plant height, such
as for rice (Zanetti et al., 2016; Couto et al., 2020), passion fruit (Costa et al., 2016), potato (Soratto et al., 2019), peanut (Dong
et al., 2018), sunflower (Flores et al., 2018b), and tomatoes when not subjected to water stress (Moraes et al., 2020). Therefore,
evidence demonstrates that for this parameter Si is highly responsive, and can be an alternative resource for plant development,
especially for foliar application, as evidenced by the present study.

We note that foliar silicon application favored its uptake and accumulation in the millet plant (Figure 3), which was also
evidenced by the increased efficiency of Si uptake and transport in the plant (Figure 4). As reported by other studies, by
stimulating photosynthesis, the hypothesis that Si accumulates in leaves was raised and confirmed by studies that used imaging
technique and proved that Si tends to accumulate in leaves (Guerriero et al., 2020), as reinforced in our study. As already reported
(Epstein, 2009) the millet crop is considered Si-accumulating, and we proved this behavior as Si concentrations in the plant
exceeded 10 g kg at the dose of 0.84 g L* of Si (Figure 3).
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We highlight that in other crops of the Poeceae family, such as rice (Couto et al., 2020), sugarcane (Teixeira et al.,
2020), maize (Oliveira et al., 2020a), sorghum (Flores et al., 2018a; Oliveira et al., 2019; Oliveira et al., 2020a), and wheat
(Qamar et al., 2020), foliar supply of soluble Si sources has been shown to be efficient to increase the uptake and accumulation
of the beneficial element. Si usually has low mobility in the phloem, being considered little mobile in plants (John & Raven,
1983; Raven, 2001; Malavolta, 2006), suggesting the need for studies on highly soluble Si sources for supply to crops.

Si increase in the millet plant can be explained by the source that we used in the present study, as Flores et al. (2018a)
attributed this behavior to the presence of the syrup stabilizer sorbitol (simple sugar with low molecular weight), which is capable
of promoting solubility of Si in the membrane and slightly increase the mobility of Si in the phloem. Such behavior would explain
Si increase in the roots, as was subtly demonstrated by the present study. There are reports in the literature of deposition of large
Si concentrations in the leaf blade (Silva et al., 2015; Zanetti et al., 2016; Flores et al., 2018a), and in the case of millet, it may
also be another explanation for the increasing responses to Si application.

As the physiological quality of millet plants improved, as observed in Figure 2, dry biomass production also improved
(Figure 1). This behavior was also observed in other studies, such as for sorghum (Flores et al., 2018a), rice (Couto et al., 2020),
industrial processing tomato (Moraes et al., 2020), and sunflower (Flores et al., 2018b; Peixoto et al., 2020), both studies with
foliar silicon application.

Correlation between Si uptake and transport efficiency and dry matter production of grasses is known (Motomura et al.,
2002), which was also observed in the present study, with a beneficial effect of Si for leaf area and shoot height and dry matter
production. Other studies have also observed increases in Si uptake and transport efficiency, such as for sorghum (Flores et al.,
2018a), sunflower (Flores et al., 2018b), and rice, which had a maximum dose close to the concentration of 2.52 g L of Si,
suggesting it as the maximum saturation of Si utilization by the plant.

When we performed economic analysis in relation to Si application for the millet crop, we observed that when analyzing
only the differential profits of input there are gains only up to the cost of input, US $ 45.32 ha* with the use of 2.52 g L* of Si
in spray volume of 100 L ha. However, when we include the operational costs of application, profits are negative. Thus, we
highlight the possibility of applying potassium and sodium silicate associated with pesticides or other fertilizers, which should
be performed carefully regarding syrup pH as to avoid Si precipitation and, consequently, decreased application efficiency.
Oliveira et al. (2020b) demonstrated that it is possible to apply potassium silicate associated with Mn in the form of chelates
(Mn-EDTA 13%) with stabilizers sorbitol, fulvic acid, and salicylic acid, both for maize and sorghum crops. Guedes et al. (2020)
and Prado et al. (2020) also observed the possibility of applying potassium and sodium silicate as Si sources along with Zn in
the form of chelates (Zn-EDTA 14%) with stabilizers sorbitol, fulvic acid, and salicylic acid in the sorghum crop. Therefore, we
highlight that the Si source used in the present study can be associated with other foliar fertilizers, which can reduce the

operational costs of application and enable economic gains with Si application to the millet crop.

5. Conclusion

Foliar silicon application in the form of sodium silicate and potassium stabilized with sorbitol was efficient to provide
the element for the millet crop, increasing Si content and leaf accumulation, stomatal conductance, and the transpiration rate up
to the concentration of 2.52 g L* de Si.

Millet plants was responsive in terms of dry biomass production over to a dose of 3.36 g L™* of Si, accompanied by gain
in net photosynthetic rate and Si uptake and transport efficiency.

Silicon application is economically viable when the operational costs of application are suppressed, reaching US $ 45.32
ha'* with application of 2.52 g L* of Si.
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