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Abstract

This study was carried out to determine whether the yield of soybean cultivars and the
severity of Asian Soybean Rust (ASR) are influenced by foliar spray of silicon exclusively or
along with a fungicide mixture, as well as the economic viability of their use for a sustainable
crop. The experiment was performed in randomized-block design, five replicates, two
soybean cultivars and (2>6) + 2 factorial arrangements: S1 (AlISi at R1 + R4); S2 (AlSi at R1
+ R5.1); S3 (AlSi at R1 + FM at R4); S4 (FM at R1 + AISi at R4); S5 (AISi at R1 + FM at
R5.1); S6 (FM at R1 + AISi at R5.1); NC and PC (negative and positive control). The
economic evaluation and sensitivity analysis were undertaken for Anta 82 RR. There was no
interaction effect between the factors, and cultivar CD 2737 had a higher yield. ASR was less
severe in CD 2737, and S3 and S5 provided the lowest disease severity. Exclusive spray of
aluminum silicate was able to reduce the number of lesions with uredinia, open uredinia and
uredinia per lesion. S3 increased grain yield, resulting in higher revenues and a 66.1% gross
margin. Sensitivity analysis revealed that S3 was profitable in all scenarios.

Keywords: economy, Glycine max, Phakopsora pachyrhizi, plant nutrition
1. Introduction

The causal agent of Asian rust, Phakopsora pachyrhizi, is one of the most important
pathogens of soybean crop, due to its high capacity to limit the grain yield. There are reports
that income losses outweigh 80% under intense infection, depending on the susceptibility of
the genotype (Inayati and Yusnawan, 2016). Nowadays the emergence of pathogen
populations resistant to the fungicides active principles (Godoy et al., 2016) has demanded
the search for new technologies and integrated control measures for a sustainable soybean
crop (Furlan et al., 2018; Roehring et al., 2018).

In economic terms, soybean (Glycine max) is considered one of the main agricultural
products and one of the major human and animal food sources (Menezes et al., 2019). In the
2017/18 crop, Brazil produced approximately 119 million tons of soybean grains in 35
thousand hectares of planted area (Companhia Nacional de Abastecimento, 2018). However,
the sustainability of this crop may be threatened by the damage caused by Asian rust and the
emergence of Phakopsora packyrhizi populations resistant to the active ingredients of the
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fungicides recommended for its control (Godoy et al., 2016).

Studies about the mineral nutrition of soybean are of paramount importance to minimize
factors that might reduce its yield, especially those related to losses caused by Asian rust
(Sousa et al., 2019). Among the useful elements, silicon stands out for providing benefits in
soil chemical attributes (Fernandes et al., 2020), the development of healthier plants
(Rasoolizadeh et al., 2018) and resistance to abiotic stress (Zargar et al., 2019) and acting on
important epidemiological components of diseases (Guerriero et al., 2016). The disease
resistance provided by silicon is related to the induction of physical and chemical barriers
such as cell wall lignification and production of organic compounds and defense enzymes,
which hinder the penetration and colonization of the pathogen on the host plant (Guerriero et
al., 2016).

There are reports of reduction in the severity of Asian soybean rust following silicon supply.
Andrade Junior et al. (2015) observed decreases of 43 and 36% in the area under the disease
progress curve for soybean rust when the plants were grown in soil containing calcium
silicate or were sprayed with potassium silicate, respectively.

The association of several disease control methods in large crops is a recommended
sustainable practice (Dias and Theodoro, 2017), and the integration between silicon
fertilization and the fungicide use can be promising in that it allows for reducing expenses
with chemical products and makes it possible to mitigate the risks of environmental
contamination and the appearance of populations of resistant pathogens (Andrade Junior et
al., 2015).

The economic analysis of agricultural experiments, especially those evaluating the efficacy of
agronomic inputs, adds value to the obtained results (Lacerda et al. 2015). This is especially
true given the current economic situation of Brazil, in which costs cannot be transferred to
consumers. Rather, production efficiency, quality, and profit must be increased (Bruni and
Fam3 2010).

It is of utmost importance that producers understand this business environment and play their
part not only as producers but also as “rural administers”, focusing on the management of the
farm with a view to generating profit (Favato and Nogueira, 2017).

This study was undertaken to determine if soybean yield is influenced by the control of Asian
rust through sequential sprays of silicon and fungicides, as well as to investigate its economic
impacts.

2. Material and Methods

The experiment was conducted at the Federal University of Mato Grosso do Sul, at Chapad&
do Sul Campus (geographic coordinates: 18°4°33” S and 52°40°45” W; 810 m altitude),
during the 2012/13 crop. According to the Kpen classification, the climate of the region is
an Aw type, defined as tropical wet with rainy summers and dry winters (Kottek et al., 2006).

The experiment was set up as a randomized-block design with five replicates in a (2>6) + 2
factorial arrangements. The first factor was represented by two cultivars of soybean (Anta 82

3 http://jas.macrothink.org



- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2020, Vol. 8, No. 2

RR and CD 2737 RR) and the second factor consisted of aluminum silicate spraying (AlSi,
0.523 g SiO, ha™*) with or without association with a fungicide mixture [FM, (trifloxystrobin
+ prothioconazole), 60 + 70 g a.i. ha']. Two additional treatments were tested: a negative
control (without spray) and a positive control (spray of the fungicide mixture in R1+R4). The
treatments consisted of sprays of aluminum silicate exclusively (S1: R1 + R4; S2: R1 + R5.1)
or sequential sprays with the fungicide mixture, all at different phenological stages of the
crop, namely: S3 (AlSi at R1 + FM at R4); S4 (FM at R1 + AlSi at R4); S5 (AlSiat R1 + FM
at R5.1); and S6 (FM at R1 + AISi at R5.1). The silicate source used contained Al,O3
(20.53%), SiO, (17.43%), S (9.82%), CaO (1.31%), TiO; (0.34%), MgO (0.18%), Fe,O3
(0.16 %), and S;0s (0.10 %).

The products were applied with a CO,-pressurized backpack sprayer calibrated to release a
spray volume of 150 L ha*. The experimental plots had a total area of 9.0 m? (1.8 5.0 m),
and the evaluations were undertaken in the usable area of 3.6 m? (0.9 x4.0 m).

Severity was evaluated on three occasions after the disease was diagnosed (R5.2, R5.3, and
R5.4), using a nine-grade diagrammatic scale (Godoy et al. 2006). In the evaluation, ten
plants were chosen at random per plot, and in each plant, two leaves located in the lower and
upper halves of the plant was separated. The individual scores assigned to each half were
corrected mathematically, and different weights were assigned to them. A final score was then
generated according to the following equation proposed by Madalosso et al. (2010):

Severity = (severity in the lower half x<0.35) + (severity in the upper half <0.65).

After the severity data were obtained, the area under the disease progress curve (AUDPC)
was determined (Campbell and Madden 1990).

The defoliation percentage in each plot was estimated at phenological stage R7, by
employing a diagrammatic scale with six defoliation levels (Hirano et al. 2010). In that stage,
ten plants were selected at random per plot and two leaves were collected from the middle
third of each plant to determine the number of lesions with uredinia (NLU), number of
uredinia per lesion (NUL), and number of open uredinia (NOU). A stereoscopic microscope
with up to 80x magnification was used for these counts.

The soybean was harvested from the usable area of each plot at stage R9 and then the
material was threshed and cleaned to determine the grain yield (kg ha™). Means were
compared by the Scott-Knott test at the 5% probability level.

For the economic evaluations, the soybean sale price, inputs purchase price, and other
expenses were determined based on the current market values (Turco et al. 2017, Gaspar et al.
2018). Among the cost system classifications, the following components that are part of the
production process were surveyed: inputs [aluminum silicate, trifloxystrobin +
prothioconazole (fungicide mixture), seeds of the cultivars used, seed treatment (mixture of
pyraclostrobin {25 g L'} + thiophanate-methyl {225 g L'} + fipronil {250 g L}),
biological inoculant, 00-20-20 fertilizer, potassium chloride, and glyphosate] and agricultural
mechanization (harrowing, sowing, topdressing fertilization, spraying and harvesting).
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Based on these data, the gross revenue, effective operating cost, gross profit and gross margin
were calculated. Together, these economic these indices formed the statement of economic
results (SER). Costs pertaining to infrastructure, labor, and other inputs were not included in
any analysis, since they were the same in all treatments. Thus, some of the production process
components were considered.

Sensitivity analyses were performed considering different situations, simulating variations in
the economic scenario of the sale prices of the total production volume for all treatments (two
control treatments and six spray sequences). The following values were adopted for each
scenario: Maximum Price (US$ 0.9/kg), Standard Deviation + (US$ 0.8/kg), Average Price
(US$ 0.7/kg), Standard Deviation — (US$ 0.6/kg), and Minimum Price (US$ 0.5/kg).

3. Results and Discussion

There was a significant interaction effect (P<0.05) between the evaluated factors only for
AUDPC (Table 1), NUL, and NOU (Table 3). No interaction effect was detected between
genotypes and sequences of aluminum silicate spray for NLU (Table 2), defoliation, or yield
(Table 4).

Cultivar CD 2737 exhibited a lower degree of disease severity than Anta 82 RR when
subjected to all treatments (Table 1). However, it is not classified as resistant to Asian
soybean rust (Desenvolvimento ProduGi e Comercializagg® Agr Tola, 2014). The difference
in severity in relation to Anta 82 can be explained by morphological differences in the leaf
blade, which influences the infectious process of pathogens. Louren et al. (2011) compared
cultivars Monsoy 6101, Anta 82, Monsoy 7908, BRS Valiosa, and Pioneer P98Y 11 and found
that stomatal and trichome densities, in addition to leaf width, mesophyll, and parenchyma,
influence the incidence and severity of leaf diseases in field conditions.

Table 1. Area under the disease progress curve (AUDPC) for the cultivating factors and
application sequence (S) of aluminum silicate (AlISi) and fungicide mixture. Chapad& do Sul,
MS, 2012/13 crop

Spray sequences
Cultivars
NC S1 S2 S3 S4 S5 S6 PC
CD2737 302 2539 2509 114" 205 144"  227A  6.1%A

Anta 82 547 447"  446® 210" 352°® 231" 384 10.3%®

Means followed by the same lowercase letter in the row and upper case in the column do not
differ by Scott-Knott's test at the 5% probability level. NC: negative control; S1 (AlSi at R1 +
R4); S2 (AlSi at R1 + R5.1); S3 (AlSi at R1 + FM at R4), S4 (FM at R1 + AlSi at R4); S5
(AISi at R1 + FM at R5.1); S6 (FM at R1 + AISi at R5.1); PC: positive control
(trifloxystrobin + prothioconazole, 60 + 70 g a.i. ha ‘at R1 + R4).
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The AUDPC estimated in NC was higher than in all other treatments, whereas PC provided
the lowest AUDPC. When the sprays began with aluminum silicate (R1) and then the mixture
of fungicides at stages R4 (S3) or R5.1 (S5), lower disease progress was observed over time.
Aluminum silicate spray in the beginning of flowering (R1) followed by spray of fungicide at
pod formation (R4) or at the start of grain formation (R5.1) contributed to a lower AUDPC.

There were more lesions with uredinia (NLU) in the leaves of cultivar Anta 82 and S3 and S5
were the treatments that led to the lowest NLU, differing from positive and negative controls
(Table 2). There was an interaction effect between the factors for NUL and NOU, with only
the S3 sequence being similar to PC treatment for the two evaluated cultivars. Spray
sequence S5 was only efficient in the plants of cv. Anta 82, which had a similar performance
to those treated with PC. This result was likely due to its greater susceptibility to the disease
(Table 1). The other spray sequences differed from NC, which led to the highest NUL and
NOU means. These variables have been used to quantify differences between levels of
resistance among soybean cultivars, since the use of these criteria allows the detection of both
the presence of a higher resistance gene and the partial resistance (Inayati and Yusnawan,
2016).

Table 2. Number of lesions with uredinia (NLU), per leaf for the cultivating factors and
application sequence of aluminum silicate (AISi) and fungicide mixture (FM), Chapad& do
Sul, MS, 2012/13 crop

Treatments NLU
CD 2737 1202
Cultivars

Anta 82 130°
NC 151 ¢
S1 132°¢
S2 135°¢
S3 107°

Spray sequences
S4 134 ¢
S5 111°
S6 134 ¢
PC 93°
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Means followed by the same lowercase letter in the row and upper case in the column do not
differ by Scott-Knott's test at the 5% probability level. FM: trifloxystrobin + prothioconazole,
60 + 70 g a.i. ha*. NC: negative control; S1 (AlSi at R1 + R4); S2 (AlSi at R1 + R5.1); S3
(AlSi at R1 + FM at R4), S4 (FM at R1 + AlSi at R4); S5 (AlSi at R1 + FM at R5.1); S6 (FM
at R1 + AISi at R5.1); PC: positive control (trifloxystrobin + prothioconazole, 60 + 70 g a.i.
ha™at R1 + R4).

Table 3. Number of open uredinia (NOU) per leaf for the cultivating factors and application
sequence of aluminum silicate (AISi) and fungicide mixture (FM), Chapad& do Sul, MS,
2012/13 crop

Spray sequences
Cultivars
NC S1 S2 S3 S4 S5 S6 CP
NUL

CD2737 2.8*4 2.4°A 2504 17 24PA 2.1PA 2.5PA 1.74

Anta 82 3.2°8 26 26 198 26" 2.4% 2.6 2.0%

NOU

CD 2737 199.3"4 170.0°* 169.6°° 114.0* 167.0° 130.6°* 171.6" 93.0%

Anta82  234.3°A 177.6bA 171.0°% 114.0 179.3°A 149.9% 185.6°" 141.3*

Means followed by the same lowercase letter in the row and upper case in the column do not
differ by Scott-Knott's test at the 5% probability level. FM: trifloxystrobin + prothioconazole,
60 + 70 g a.i. ha™*. NC: negative control; S1 (AlSi at R1 + R4); S2 (AlSi at R1 + R5.1); S3
(AlSi at R1 + FM at R4), S4 (FM at R1 + AlSi at R4); S5 (AlSi at R1 + FM at R5.1); S6 (FM
at R1 + AISi at R5.1); PC: positive control (trifloxystrobin + prothioconazole, 60 + 70 g a.i.
ha™'at R1 + R4).

The spray of aluminum silicate in R1 and fungicide in R4 (Anta 82 and CD 2737) or R5.1
(Anta 82) was able to reduce the components of resistance of the soybean cultivar to Asian
rust, consequently inhibiting the progress of Asian rust over time. These findings corroborate
those obtained by Lima et al. (2010), who evaluated the effect of silicon on the control of
Asian rust and observed a reduction in the number of lesions per square centimeter in
soybean plants and a lower disease progress rate. Similar results were also obtained by Cruz
et al. (2012), who observed reductions of 27, 23, and 60%, in number of lesions, number of
closed uredinia, and number of fully open uredinia, respectively in the leaflets of plants
supplied with silicon in comparison with the leaflets of plants without silicon. Pereira et al.
(2009) concluded that spray of potassium silicate in soybean cv. MG/BR-46 Conquista
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reduced the severity of Asian soybean rust. However, the activity of resistance-related
enzymes was not potentiated, suggesting that the product possibly acted upon the pathogen.

We hypothesize that, in the present study, aluminum silicate also had a direct influence on
Phakopsora pachyrhizi to some extent due to the presence of aluminum, titanium, and iron in
aluminum silicate, which might have exerted a direct action, at a certain degree, on the
development of the pathogen (Guazina and Theodoro, 2017). We do not discard the
possibility that other forms of action of potassium silicate might have occurred. In
hydroponic growth conditions, Arsenault-Labrecque et al. (2012) reported that the ability of
soybean cultivars to absorb potassium silicate triggered hypersensitivity reactions that led to a
lesser severity of Asian rust.

There was no interaction between the cultivar and spray sequence factors for defoliation and
yield (Table 5). Cultivar CD 2737 defoliated less than Anta 82, and the plants that received no
spray (NC) behaved similarly to those that were treated with sequences S1, S2, S4, and S6;
i.e., the plants lost fewer leaves early when sprayed with aluminum silicate (R1) and,
subsequently, the mixture of fungicides at stages R4 (S3) or R5.1 (S5). Similar results from
alternate spray of aluminum silicate and fungicide were obtained by Carvalho et al. (2012),
who observed a decrease of more than 40% in defoliation in coffee plants. Defoliation may
be directly related to disease severity and yield, and higher disease intensity degrees mean
greater defoliation and decreased yield (Zuntini et al., 2019). In the current study, this
relationship was also verified, since the plant yield was higher in S3 (2,523 kg ha™*) and S5
(2,454 kg ha™®).

The grain yields found when only aluminum silicate was applied (S1 and S2) or when it was
applied after the use of fungicide mixture (S4 and S6) were similar to that obtained with NC
treatment. Overall, the present results indicate that when the plants had high NUL, NLU, and
NOU values, the lowest yields were obtained. This observation is in line with the damage
quantification work developed by Danelli et al. (2015), who found that, in terms of foliar
incidence, the damage coefficients ranged from 3.41 to 9.02 kg ha* for every 1% of foliar
incidence; for density of lesions, they ranged from 13.34 to 127.4 kg ha* for 1 lesion/cm=
and, lastly, for uredinium density, they ranged from 553 to 110.0 kg ha™' for 1
uredinium/cm=
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Table 4. Defoliation and yield mean values for the cultivating factors and application
sequence (S) of aluminum silicate (AlSi) and fungicide mixture, Chapad& do Sul, MS,
2012/13 crop

Treatments Defoliation (%0) Yield (kg ha™)
CD 2737 542 2.448 %
Cultivars
Anta 82 64 ° 2.088°
NC 67°¢ 2.016°¢
S1 73°¢ 1.950 ¢
S2 69 © 1.872°¢
S3 51° 2.526°
Spray sequences
S4 61 °¢ 2.202°¢
S5 51° 2.454°
S6 65 © 2.112°¢
PC 33° 2.850 2

Means followed by the same lowercase letter in the row and upper case in the column do not
differ by Scott-Knott's test at the 5% probability level. FM: trifloxystrobin + prothioconazole,
60 + 70 g a.i. ha*. NC: negative control; S1 (AlSi at R1 + R4); S2 (AlSi at R1 + R5.1); S3
(AlSiat R1 + FM at R4), S4 (FM at R1 + AlSi at R4); S5 (AlSi at R1 + FM at R5.1); S6 (FM
at R1 + AISi at R5.1); PC: positive control (trifloxystrobin + prothioconazole, 60 + 70 g a.i.
ha™'at R1 + R4).

The effect of silicate fertilization on the yield of several agricultural crops has been
investigated even in crops that are not considered silicon accumulators (Lotfi et al., 2018).
However, this effect is not always observed in the genotype, since the source, mode, dose and
time of silicated products sprays may influence the response in the crop. According to
Shwethakumari and Prakash, (2018) the soybean genotype KBS-23 had a better response in
grain yield by foliar application of silicon acid in relation to the BAD-2 genotype. Moreira et
al. (2010) reported that only from the third application the silicon accumulated sufficient
levels in the plant, with higher dry mass accumulation and yield.

In spite of the lower yield and high defoliation resulting from aluminum silicate spray at the
two phenological stages of the crop, its potential should be better assessed in future
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experiments using a larger number of foliar spraying cycles or even via soil supply. This is
because, in the current experiment, treatments S1 and S2 led to lower severity and NUL in
both cultivars and a reduction of NOU from the exclusive use of aluminum silicate only in
cultivar Anta 82 RR (Tables 1 and 2).

In terms of integrated plant disease control, the association between silicon and fungicides
shows to be promising, given the systematic loss of agronomic efficiency of fungicides
caused by the appearance of Phakopsora pachyrhizi populations resistant to several fungicide
groups (Godoy, 2012; Dalla Lana et al. 2018).

The highest revenue among the disease control criteria was achieved with the S3 treatment, in
which aluminum silicate was used in R1 combined with the spray of the fungicide mixture in
R4. This result is similar to that obtained with PC treatment, in which two fungicide sprays
were performed (Table 5). The highest revenues obtained with S3 and PC treatments were
possible because of the increase in grain yield (510 and 834 kg ha™*, respectively) compared
with NC. The treatments S3 (2.526 kg ha™) and CP (2.850 kg ha™) showed a soybean grain
yield near to the Mato Grosso do Sul State average, especially in relation to the most recent
crop season 2018/19, which was 2.980 kg ha™ (Companhia Nacional de Abastecimento,
2019).

The costs involved in the agricultural activity are usually very high, which is due not only to
the employed technologies, but also the control of pests and diseases, making it an uncertain
environment for producers who purchase inputs at high prices. Further, at the time of sale,
these producers are at the mercy of the prices, which fluctuate constantly (Favato and
Nogueira, 2017).

According to Colussi et al. (2016), expenses for the control Asian rust can account for up to
15% of the effective operating cost (EOC). In the present study, in PC, the fungicide cost was
11.3% of the EOC. The cost of spray sequences S3, S4, S5, and S6 (AlSi + FM) and S1 and
S2 (AISi) represented 6.3% and 15% of the EOC for the control of Asian rust, respectively.

In addition to causing environmental damage, fungicide use raises production costs (Kandel
et al., 2016), requiring the adoption of a product that lowers costs without affecting the
environment. In spray sequences S3, S4, S5, and S6, the fungicide spray costs were 50%
lower than in PC treatment, in which the second fungicide spray, which would cost US$ 37.4,
was replaced with the spray of aluminum silicate, whose cost per hectare was lower
(US$ 2.4/kg c.p. ha ™).

The most significant expenses in soybean production are related to inputs, which, according
to Companhia Nacional de Abastecimento, (2016), can amount to up to 68.8%. In sequential
sprays S3, S4, S5, and S6 and in PC, the inputs costs accounted for 68.9% and 70.6% of the
EOC, respectively. The use of aluminum silicate in S3 led to a 5.3% reduction in the
production cost compared with PC treatment and generated a 20.2% higher revenue than the
NC treatment.
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Table 5. Statement of Economic Results of the sequential application of aluminum silicate
(AISi) and fungicide mixture (FM) in the cultivar Anta 82 RR, Chapad& do Sul, MS,
2012/13 crop

\\ Macrothi“k Journal of Agricultural Studies

Treatments NC S1 S2 S3 S4 S5 S6 PC
Gross Revenue (US$)  1391,4 1345,9 1292,0 1743,5 1519,8 1693,7 1457,7 1967,1
Costs (US$)
Inputs
Aluminum silicate - 4.7 4.7 2.4 2.4 2.4 2.4 0
FM - - - 352 352 352 352 703

SeedsAnta82 RR 117.2 117.2 1172 117.2 1172 1172 1172 117.2
Seed treatment* 313 313 31.3 313 313 313 313 313
Biological inoculant 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
00-20-20 fertilizer 164.8 164.8 164.8 164.8 164.8 164.8 164.8 164.8
Potassium chloride 27.2 272 272 272 272 272 2712 272
Glyphosate 0 29.7 297 297 297 297 297 29.7
Sub-total Inputs 340.6 375.0 375.0 407.8 407.8 407.8 407.8 440.6
Agricultural Mechanization
Harrowing 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8
Sowing 60.6 606 606 606 606 606 606 60.6
Topdressing fertilization 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8
Spraying - 214 429 429 429 429 429 429
harvesting 656 656 656 656 656 656 656 65.6
Sub-total Mechanization 140.8 162.3 183.7 183.7 183.7 183.7 183.7 183.7

EOC (US$) 481.4 5373 5587 5015 5915 5915 591.5 624.3
Gross profit (USS$) 910.0 808.6 733.4 11520 928.4 1102.3 866.2 1342.7
Gross margin (%) 654 60.1 568 661 611 651 504 683

Dollar quotation (annual average 2012/13): R$ 1,82. FM: trifloxystrobin + prothioconazole,
60 + 70 g a.i. ha™. NC: negative control; S1 (AISi at R1 + R4); S2 (AlSi at R1 + R5.1); S3
(AlSi at R1 + FM at R4), S4 (FM at R1 + AlSi at R4); S5 (AlSi at R1 + FM at R5.1); S6 (FM
at R1 + AISi at R5.1); PC: positive control (trifloxystrobin + prothioconazole, 60 + 70 g a.i.
ha'at R1 + R4). * Seed treatment: pyraclostrobin + thiophanate-methyl + fipronil, 25 + 225
+ 250 g i.a., 200ml/100g of seeds. EOC Effective operating cost.

Sensitivity analysis allowed us to evaluate market trends where fluctuations in the sale price
of soybean are constant, from the most favorable market conditions (US$ 0.9/kg) to
unfavorable times (US$ 0.5/kg). These variations are influenced by several variables, the
most noteworthy of which are economic, social, and environmental. These price fluctuations
originate great uncertainty for soybean producers (Hirakuri and Lazzaroto, 2014).

In this analysis (Table 6), S3 showed to be advantageous, providing a high revenue in all
simulated scenarios. This was mainly a consequence of the increased yield achieved with the
use of aluminum silicate combined with fungicide spray.
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Table 6. Sensitivity analysis of the sequential application of aluminum silicate (AlSi) and
fungicide mixture (FM) in the cultivar Anta 82 RR, Chapad&o do Sul, MS, 2012/13 crop

Treatments NC S1 S2 S3 S4 S5 S6 PC
Scenario Maximum Price
Gross Revenue (US$) 1802.0 1743.0 1673.3 2257.9 1968.3 21935 1887.9 2547.5
EOC (US$) 4814 5373 5587 5915 5915 5915 5915 6243
Gross profit (US$) 1320.6 1205.8 1114.6 1666.4 1376.8 1602.0 1296.3 1923.2
Gross margin (%) 733 692 66.6 738 69.9 73 68.7 755
Scenario Standard Deviation +
Gross Revenue (US$) 1530.4 1480.3 1421.1 1917.6 1671.6 1862.9 1603.3 2163.5
EOC (US$) 4814 5373 5587 5915 5915 5915 5915 624.3
Gross profit (US$) 1049.0 943.0 8624 1326.0 1080.1 12714 1011.8 1539.2
Gross margin (%) 68.5 63.7 60.7 69.2 64.6 68.2 63.1 711
Scenario Average Price
Gross Revenue (US$) 1391.4 13459 1292.0 17435 1519.8 1693.7 1457.7 1967.1
EOC (US$) 4814 5373 5587 5915 5915 5915 5915 624.3
Gross profit (US$) 910.0 808.6 7334 11520 9284 11023 866.2 1342.7
Gross margin (%) 654 601 568 661 611 651 594 683
Scenario Standard Deviation -
Gross Revenue (US$) 12525 12115 1163.0 1569.3 1368.0 1524.6 1312.1 1770.6
EOC (US$) 4814 5373 5587 5915 5915 5915 5915 624.3
Gross profit (US$) 771.0 6742 6043 9779 7765 9331 720.6 1146.3
Gross margin (%) 61.6  55.7 52 623 568 612 549 647
Scenario Minimum Price
Gross Revenue (US$) 1126.7 1089.8 1046.2 1411.8 1230.7 1371.5 1180.4 1592.8
EOC (US$) 4814 5373 5587 5915 5915 5915 5915 624.3
Gross profit (US$) 6453 5526 4875 8202 639.2 7800 5888 968.5
Gross margin (%) 57.3 50.7 46.6 581 519 569 499 608

Dollar quotation (annual average 2012/13): R$ 1,82. FM: trifloxystrobin + prothioconazole,
60 + 70 g a.i. ha™. NC: negative control; S1 (AlISi at R1 + R4); S2 (AlSi at R1 + R5.1); S3
(AlSi at R1 + FM at R4), S4 (FM at R1 + AlSi at R4); S5 (AlSi at R1 + FM at R5.1); S6 (FM
at R1 + AISi at R5.1); PC: positive control (trifloxystrobin + prothioconazole, 60 + 70 g a.i.
ha'at R1 + R4). * Seed treatment: pyraclostrobin + thiophanate-methyl + fipronil, 25 + 225
+ 250 g i.a., 200ml/100g of seeds. EOC Effective operating cost.

The gross profit obtained in all analyzed scenarios indicates that soybean production with
control of Asian rust using a treatment that combines aluminum silicate and fungicide is a
viable economic alternative for the five evaluated market conditions. Among the tested
treatments, S3 provided the best gross margins when compared with the other spray
sequences.
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4. Conclusion

Aluminum silicate spray at the R1 stage and fungicide spray at R4 or R5.1 provided the best
control of Asian soybean rust in comparison with the other spray sequences, increasing grain
yield. Aluminum silicate was able to reduce the number of lesions with uredinia, number of
uredinia per lesion, and number of open uredinia. The severity of Asian soybean rust was
lower in cultivar CD 2737 and Aluminum silicate spray at R1 and fungicide spray at R4 (S3)
elevated grain yield, resulting in greater profit, with a gross margin of 66.1%.

Acknowledgements

This study was financed in part by the CoordenacG® de Aperfeigopamento de Pessoal de N vel
Superior - Brasil (CAPES) - Finance Code 001. The authors thank to Universidade Federal de
Mato Grosso do Sul.

References

Andrade Junior, E. R., Cassetari Neto, D., Machado, A. Q., & Vilela, P. M. C. A. (2015).
Aplicac® de programas de adubac® foliar com sil Tio e pot&sio associados a fungicidas no
controle de ferrugem asidica na cultura da soja. Bioscience Journal, 31, 18-24.
https://doi.org/10.14393/BJ-v31n1a2015-13398

Arsenault-Labrecque G., Menzies J. G., & B&anger, R. R. (2012). Effect of silicon absorption
on soybean resistance to Phakopsora pachyrhizi in different cultivars. Plant Disease, 96,
37-42. https://doi.org/10.1094/PDI1S-05-11-0376

Bruni, A. L., & Fama R. (2010). Gest&o de custos e formac@o de pregs: com aplicag®s na
calculadora HP 12 e excel. 5 ed., S& Paulo: Ed. Atlas, 569.

Campbell, C. L., & Madden, L. V. (1990). Introduction to plant disease epidemiology. New
York, 329-352.

Carvalho, V. L., Cunha, R. L., & Silva, N. R. N. (2012). Alternativas de controle de doen@s
do cafeeiro. Coffee Science, 7, 42-49.

Colussi, J., Weiss, C. R., Souza, A. R. L., & Oliveira, L. O. (2016). O agronegcio da soja:
Uma andise da rentabilidade do cultivo da soja no Brasil. Espacios, 37, 23-23.

Companhia Nacional De Abastecimento - CONAB (2016). Evolug& dos custos de produGi
de soja no Brasil. Available in: http://www.agricultura.gov.br/.

Companhia Nacional De Abastecimento - CONAB (2018). Acompanhamento de Safra
Brasileira de Gré&os. Available in: http://www.agricultura.gov.br/.

Companhia Nacional De Abastecimento — CONAB (2019). Acompanhamento de Safra
Brasileira de Gré&os. Bras fia, Safra 2019/2020, 7, 39p.

Cruz, M. F. A, Silva, L. F,, Rodrigues, F. A., Araujo, J. M., & Barros, E. G. (2012). Sil Tio no
processo infeccioso de Phakopsora pachyrhizi em fol blos de plantas de soja. Pesquisa
Agropecu&ia Brasileira, 47, 142-145. https://doi.org/10.1590/S0100-204X2012000100020

13 http://jas.macrothink.org


https://doi.org/10.14393/BJ-v31n1a2015-13398
https://doi.org/10.1094/PDIS-05-11-0376
https://doi.org/10.1590/S0100-204X2012000100020

- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2020, Vol. 8, No. 2

Dalla Lana, F., Pierce, A. P., Godoy, C. V., Utiamada, C. M., Silva, L. H. C. P,, Siqueri, F.
V., ... Del Ponte, E. M. (2018). Meta-analytic modeling of the decline in performance of
fungicides for managing soybean rust after a decade of use in Brazil. Plant Disease, 102,
807-817. https://doi.org/10.1094/PDIS-03-17-0408-RE

Danelli, A. L. D., Reis, E. M., & Boaretto, C. (2015). Critical-point model to estimate yield
loss caused by Asian soybean rust. Summa Phytopathologica, 41, 262-269.
https://doi.org/10.1590/0100-5405/2003

Desenvolvimento, Produc& e Comercializac& Agrtola - COODETEC. Guia de produtos -
regi& Centro, (2014). Available in:
http://www.coodetec.com.br/downloads/guia-cerrado%20-resumido-2014.pdf.

Dias, A. R., & Theodoro, G. F. (2017). Integracd de cultivares resistentes e fungicidas no
controle da mancha de ramularia e na produtividade do algodoeiro. Revista Ciéacias
Agroveterin&ias, 16, 221-230. https://doi.org/10.5965/223811711632017221

Favato, K. J., & Nogueira, D. R. (2017). Produtor Rural Familiar: um estudo sobre a Adesé&
aos Controles da Contabilidade de Custos na cidade de Londrina — PR. Extens& Rural,
DEAER - CCR - UFSM, Santa Maria, 24, 102-117. https://doi.org/10.5902/2318179628956

Fernandes, P. B., Bitencourt, L. P., Theodoro, G. F.,, Curcio, U. A., Theodoro, W. A., & Arruda,
C. O. C. B. (2020). Influence of calcium silicate on soil fertility and corn morphology.
Journal of Agricultural Studies, 8, 51-63. https://doi.org/10.5296/jas.v8i1.15460

Furlan, S. H., Carvalho, F. K., & Antuniassi, U. R. (2018). Strategies for the control of asian
soybean rust (Phakopsora pachyrhizi) in Brazil: fungicide resistance and application efficacy.
Outlooks on Pest Management, 29, 120-123. https://doi.org/10.1564/v29_jun_05

Gaspar, A. O., Brumatti, R. C., Paula, L. A., & Dias, A. M. (2018). A simulation of the
economic and financial efficiency of activities associated with beef cattle pasture. Custos e
@groneg&io online, 14, 74-98.

Godoy, C. V. (2012). Risk and management of fungicide resistance in the asian soybean rust
fungus Phakopsora pachyrhizi. In: THIND, T.S. (Ed.) Fungicide resistance in plant protection:
risk and management. London: CAB, 87-95. https://doi.org/10.1079/9781845939052.0087

Godoy, C. V., Koga, L. J., & Canteri, M. G. (2006). Diagrammatic scale for assessment of
soybean rust severity. Fitopatologia Brasileira, 31, 63-68.
https://doi.org/10.1590/S0100-41582006000100011

Godoy, C. V., Seixas, C. D. S., Soares, R. M., Marcelino-Guimaraes, F. C., Meyer, M. C., &
Costamilan, L. M. (2016). Asian soybean rust in Brazil: past, present, and future. Pesquisa
Agropecu&xia Brasileira, 51, 407-421. https://doi.org/10.1590/S0100-204X2016000500002

Guazina, R. A., & Theodoro, G. F. (2017). AG in vitro de fontes de sil Tio sobre isolados de
Curtobacterium flaccumfaciens pv. flaccumfaciens. Summa Phytopathologica, 43, 310-315.
https://doi.org/10.1590/0100-5405/2186

14 http://jas.macrothink.org


https://doi.org/10.1094/PDIS-03-17-0408-RE
https://doi.org/10.1590/0100-5405/2003
https://doi.org/10.5965/223811711632017221
https://doi.org/10.5902/2318179628956
https://doi.org/10.5296/jas.v8i1.15460
https://doi.org/10.1564/v29_jun_05
https://doi.org/10.1079/9781845939052.0087
https://doi.org/10.1590/S0100-41582006000100011
https://doi.org/10.1590/S0100-204X2016000500002
https://doi.org/10.1590/0100-5405/2186

ISSN 2166-0379

\\ Macrothi“k Journal of Agricultural Studies
A InStitute " 2020, Vol. 8, No. 2

Guerriero, G., Hausman, J. F., & Legay, S. (2016). Silicon and the Plant Extracellular Matrix.
Frontiers in Plant Science, 7, 1-9. https://doi.org/10.3389/fpls.2016.00463

Hirakuri, M. H., & Lazzarotto, J. J. (2014). O agronegc&io da soja nos contextos mundial e
brasileiro, n. 349. Londrina: Embrapa Soja, 70 p.

Hirano, M., Hikishima, M., Silva, A. J., Xavier, A. S., & Canteri, M. G. (2010). ValidaG de
escala diagramdica para estimativa de desfolha provocada pela ferrugem asidica em soja.
Summa Phytopathologica, 36, 248-250. https://doi.org/10.1590/S0100-54052010000300012

Inayati, A., & Yusnawan, E. (2016). Characteristics of superior soybean breending lines
tolerance to rust (Phakopsora pachyrhizi). Biosaintifika, 8, 47-55.
https://doi.org/10.15294/biosaintifika.v8i1.5081

Kandel, Y. R., Mueller, D. S., Hart, C. E., Bestor, N. R. C., Bradley, C. A., Ames, K. A, ...
Wise, K. A. (2016). Analyses of yield and economic response from foliar fungicide and
insecticide applications to soybean in the North Central United States. Plant Health Progress,
17, 232-238. https://doi.org/10.1094/PHP-RS-16-0038

Kottek, M., Grieser, J., Beck, C., Rudolf, B., & Rubel, F. (2006). World Map of the
Kdppen-Geiger climate classification updated. Meteorologische Zeitschrift, 15, 259-263.
https://doi.org/10.1127/0941-2948/2006/0130

Lacerda, J. J. J., Resende, A. V., Furtini Neto, A. E., Hickmann, C., & Conceic», O. P.
(2015). Adubac, produtividade e rentabilidade da rotagg entre soja e milho em solo com
fertilidade  constru ma. Pesquisa  Agropecu&ia  Brasileira, 50, 769-778.
https://doi.org/10.1590/S0100-204X2015000900005

Lima, L. M., Pozza, E. A., Pozza, A. A. A., Fonseca, T. A. P. S., & Carvalho, J. G. (2010).
Quantificagd da ferrugem asidica e aspectos nutricionais de soja suprida com sil Tio em
soluG® nutritiva. Summa Phytopathologica, 36, 51-56.
https://doi.org/10.1590/S0100-54052010000100009

Lotfi, R., Ghassemi-Golezani, K., & Najafi, N. (2018). Grain filling and yield of mung bean
affected by salicylic acid and silicon under salt stress. Journal of Plant Nutrition, 41,
1778-1785. https://doi.org/10.1080/01904167.2018.1457686

Loureng, H. A. O., Filho, S. C. V,, Vasconcelos, J. M., & Campos, H. D. (2011). Anatomia
foliar de diferentes cultivares de soja e sua relagg® com incidéncia e severidade de doengas.
Global Science and Technology, 4, 37-47.

Madalosso, M. G., Domingues, L. S., Debortoli, M. P,, Lenz, G, & Balardin, R. S. (2010).
Cultivares, espa@mento entrelinhas e crit&ios de aplicagg de fungicidas no controle de
Phakopsora pachyrhizi  Sidow em soja. Ciéwcia Rural, 40, 2256-2261.
https://doi.org/10.1590/S0103-84782010001100002

Menezes, P. H. S., Albuquerque, J. A. A., Smiderle, J. O., Medeiros, R. D., Alves, J. M. A., &
Gianluppi, D. (2019). Ocorréncia de plantas daninhas em &eas submetidas ao manejo do
plantio direto para cultivo de soja no Cerrado de Roraima. Planta Daninha, 37, 1-7.

15 http://jas.macrothink.org


https://doi.org/10.3389/fpls.2016.00463
https://doi.org/10.1590/S0100-54052010000300012
https://doi.org/10.1127/0941-2948/2006/0130
https://doi.org/10.1590/S0100-204X2015000900005
https://doi.org/10.1590/S0100-54052010000100009
https://doi.org/10.1080/01904167.2018.1457686
https://doi.org/10.1590/S0103-84782010001100002

- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2020, Vol. 8, No. 2

https://doi.org/10.1590/s0100-83582019370100079

Moreira, A. R., Fagan, E. B., Martins, K. V., & Souza, C. H. E. (2010). Resposta da cultura de
soja a aplicacg® de sil Tio foliar. Bioscience Journal, 26, 413-423.

Pereira, S. C., Rodrigues, F. A., CarréMissio, V., Oliveira, M. G. A., & Zambolim, L. (2009).
Aplicag foliar de sil Tio na resistécia da soja aferrugem e na atividade de enzimas de
defesa. Tropical Plant Patology, 34, 164-170.
https://doi.org/10.1590/S1982-56762009000300005

Rasoolizadeh, A., Labbé& C., Sonah, H., Deshmukh, R. K., Belzile, F., Menzies, J. G, &
Béanger, R. R. (2018). Silicon protects soybean plants against Phythophthora sojae by
interfering with  effector-receptor expression. BMC Plant Biology, 18, 1-13.
https://doi.org/10.1186/s12870-018-1312-7

Roehring, R., Boller, W., Forcelini, C. A., & Chechi, A. (2018). Use of surfactant with
different volumes of fungicide application in soybean culture. Engenharia Agrtola, 38,
577-589. https://doi.org/10.1590/1809-4430-eng.agric.v38n4p577-589/2018

Shwethakumari, U., & Prakash, N. B. (2018). Effect of foliar application of silicic acid on
soybean yield and seed quality under field conditions. Journal of the Indian Society of Soil
Science, 66, 406-414. https://doi.org/10.5958/0974-0228.2018.00051.8

Sousa, V. H. C., Meneses, A. T., Rodrigues, E. V., Gonglves, A. C. M., Silva, T. I., Rodrigues,
R. M., ... Souza, L. C. (2019). Seed treatment with silicon on initial growth of soybean
(Glycine max) cultivars. Revista Facultad Nacional de Agronom & Medell m, 72, 8809-8817.
https://doi.org/10.15446/rfnam.v72n2.73226

Turco, P. H. N., Esperancini, M. S. T., Bueno, O. C., & Oliveira, M. D. M. (2017). Economic
profitability in conventional and irrigated coffee production systems in three municipalities in
the  Marilia region of S& Paulo, Brazil. Ciécia Rural, 47, 1-7.
https://doi.org/10.1590/0103-8478cr20170170

Zargar, S.M., Mahajan, R., Bhat, J.A., Nazir, M., & Deshmukh, R. (2019). Role of silicon in
plant stress tolerance: opportunities to achieve a sustainable cropping system. 3Biotech, 73,
1-16. https://doi.org/10.1007/s13205-019-1613-z

Zuntini, B., Alvarez, R. C. F., Theodoro, G. F., & Zuffo, A. M. (2019). Effect of adding
fungicide to mixtures of triazoles and strobilurins in the control of downy mildew and asian
soybean rust. Pesquisa Agropecu&ia Tropical, 49, 1-9.
https://doi.org/10.1590/1983-40632019v4953688

Copyright Disclaimer

Copyright for this article is retained by the author(s), with first publication rights granted to
the journal.

This is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/4.0/).

16 http://jas.macrothink.org


https://doi.org/10.1590/s0100-83582019370100079
https://doi.org/10.1590/S1982-56762009000300005
https://doi.org/10.1186/s12870-018-1312-7
https://doi.org/10.1590/1809-4430-eng.agric.v38n4p577-589/2018
https://doi.org/10.5958/0974-0228.2018.00051.8
https://doi.org/10.15446/rfnam.v72n2.73226
https://doi.org/10.1590/0103-8478cr20170170
https://doi.org/10.1007/s13205-019-1613-z
https://doi.org/10.1590/1983-40632019v4953688

