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Abstract

Soybean mildew caused by Oomycota Peronospora manshurica, is a disease widely spread in Brazil. In order to

study the efficiency of soybean mildew control due to the application of alternative products and fungicide in the

field, experiments were conducted in Ponta Grossa, PR, Brazil, during the 2013/2014 and 2014/2015 growing
seasons. The design used was randomized blocks with four replications. The treatments were: 1-witness;

2-acibenzolar-S-methyl; 3-calcium; 4-micronutrients: copper, manganese and zinc; S5-micronutrients: manganese,

zinc and molybdenum; 6-NK fertilizer; 7-Ascophyllum nodosum and 8-azoxystrobin + cyproconazole with the

addition of Nimbus adjuvant. Four applications of alternative products (phenological stages V3, V6, R1 and R5.1)
and two of fungicide (phenological stages R1 and R5.1) were performed. The mildew severity was estimated
using a diagrammatic scale. The severity data made it possible to calculate the area under the disease progress

curve (AUDPC). In the 2014/2015 harvest the disease was more severe. The control of downy mildew by the use
of fungicide did not reduce the epidemic. The fungicide was not efficient in the two evaluated seasons. All tested
alternative products reduced the disease severity and AUDPC in both seasons. The best results in reducing

downy mildew were found with the application of acibenzolar-S-methyl, micronutrients (Cu, Mn, Zn) and A4.

nodosum.
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1. Introduction

Brazil is the world’s largest soybean producer (USDA, 2019). Soybean, Glycine max (L.) Merril, is an annual
legume of the Fabaceae family. It is the most economically important grain in the world due to its productive
potential, chemical composition and nutritional value (Faccin & Castillo, 2019). Conferring several applications
in human and animal food, with relevant socioeconomic role, in addition to be an indispensable raw material to
increment several agroindustrial complexes (Callegaro et al., 2018; Thadani & Rocha, 2019). Among factors
limiting crop yield, there is occurrence of diseases.

Approximately 40 diseases caused by fungi, bacteria, nematodes and viruses have already been identified
(Hartman et al., 2015). Among these diseases, there is downy mildew, caused by Oomycota Peronospora
manshurica (Naumov) Syd. a biotrophic pathogen belonging to the Stramenopila kingdom, Peronosporales order
and Peronosporaceae family. Hyphae are cenocytic and sporangiophores are gray or light violet. Sporangia are
sub-hyaline, slightly elliptical to subglobous (Dong et al., 2019). The causal agent of downy mildew has
cellulose in its cell wall, which is why it is not classified as a fungus (Miranda & Pires-Zottarelli, 2012).

Downy mildew is a disease widespread in the main soybean producing regions of Brazil and can manifest itself
throughout the cycle, occurring more frequently in crops in the south of the country (Fontana et al., 2006). It can
cause damage of 8 to 14% in productivity (Silva et al., 2011). An aggravating factor is that specific control for
downy mildew is totally neglected in the cropping, since fungicides used to control the main leaf diseases are not
efficient to prevent epidemics of this disease (Kowata et al., 2008). In addition to genetic resistance not being
part of breeding programs in Brazil, susceptible cultivars have been widely cultivated. These factors can
contribute to losses for Brazilian producers (Silva et al., 2013).

160



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 8; 2020

The control of downy mildew, carried out by the exclusive use of fungicides, has not provided satisfactory
results. The use of pesticides can cause damage to the environment, leading to environmental imbalance and
selection of fungicide resistant fungal populations, in addition to raising the crop production’s cost (Tupich et al.,
2017). The reduction or elimination of pesticides in disease control is an economic and environmental necessity
(Miiller et al., 2019; Thadani & Rocha, 2019).

Alternative products have a low environmental impact which makes their use in control of plant diseases very
attractive (Di Piero & Garda 2008; Lorencetti et al., 2015). When compared to fungicides, they offer great
advantages, such as generation of new compounds, which pathogens are not able to inactivate, that is, to develop
resistance. In addition to being less toxic, rapidly degrading in the environment and presenting a broad mode of
action (Kobayashi & Amaral 2018).

However, it can present some disadvantages. Dependence on environmental factors (humidity, light and
temperature) and product concentration (Moura et al., 2014). Another disadvantage is the dependence on an
interval between the application of the product, the development of the plant’s defenses against the pathogen and
the need for reapplication (Jackson et al., 2000; Kagale et al., 2004). It may require energy expenditure from the
plant (Goel et al., 2018; Lorenzetti et al., 2018).

These products can act in the protection promoted by balanced mineral nutrition, resulting in the formation of an
efficient physical barrier, with inhibition of hyphae penetration or better permeability control of the cytoplasmic
membrane (Marschner, 1995; Furtado, da Rosa Dorneles, & Dallagnol, 2020). In addition to the possibility of
acting as activators of plant resistance, by stimulating the production of phytoalexins and proteins related to
pathogenesis (Jackson et al., 2000; Nawrocka et al., 2018) they can be used in the production of organic soybean.

Demand for organic soybean is increasing, along with society’s tendency to seek healthier lifestyle habits
(Martinelli & Cavalli, 2019). Its production is a good investment for small farmers, adding value to their
production (Inagaki et al., 2018). However, disease control is the major challenge for this production system
(Ibanhes et al., 2019). In this context, the present work aimed to evaluate the effect of foliar application of
alternative products on the severity of soybean downy mildew in the field, cultivar BMX Poténcia RR in the
2013/2014 and 2014/2015 growing seasons.

2. Method

Two experiments were conducted in the 2013/2014 and 2014/2015 growing seasons, in the municipality of Ponta
Grossa-PR-Brazil, located at 25°13'S latitude and 50°03'W longitude and 900 m altitude. The soil at the site is
classified as HAPLIC CAMBISSOL Tb Typical Eutrophic, clayey texture (EMBRAPA, 2006). The cultivation
system adopted in the area is direct sowing in the straw. The average monthly temperatures, total monthly
precipitation and the average humidity in the area of the experiments in the period, were collected by an
agrometeorological station located close to the experimental field (Table 1).

The experimental design adopted was randomized blocks, with 8 treatments and four replications, in plots
measuring 6.0 x 4.0 m (24 m?), with a useful area of 5.0 x 1.8 m (9.0 m?). The treatments consisted of foliar
application of the products: 1-witness (water); 2-acibenzolar-S-methyl (Bion 500 WG®) (25 g p.c. ha');
3-calcium (Max Fruit®) (0.75 L p.c. ha™); 4-micronutrients: copper, manganese and zinc (Wert Plus®) (0.75 L
p.c. ha); 5-micronutrients: manganese, zinc and molybdenum (V6®) (0.75 L p.c. ha™); 6-NK fertilizer (Hight
Roots®) (0.75 L p.c. ha™); 7-Ascophyllum nodosum alga (Acadian®) (2.0 L p.c. ha™) and 8-azoxystrobin +
cyproconazole (Priori XTRA®) (300 mL p.c. ha") with the addition of Nimbus adjuvant (0.5% v/v). The
development of soybean crop was accompanied by the phenological scale proposed by Ritchie et al. (1997).

In the two experiments, 4 applications of alternative products were carried out in the phenological stages V3 (2"
developed trefoil), V6 (5™ open trefoil), R1 (beginning of flowering) and R5.1 (grains noticeable to the touch-
10% of grain) and two applications of the fungicide in the phenological stages R1 and R5.1. The applications
were carried out using a knapsack sprayers of constant pressure (CO,), equipped with a bar with simultaneous
arrangement of four flat fan tips (XR 11002) spaced 0.50 m apart and pressure of 3 kg cm™. A flow rate of 250 L
ha™! was used for all products. The application was conducted under suitable climatic conditions, relative
humidity above 60% and temperatures below 30 °C.

The soybean cultivar used was BMX Potencia RR, which has a semi-early cycle, an indeterminate growth habit,
susceptible to Asian rust (Phakopsora pachyrhizi H. Sydow & P. Sydow), powdery mildew (Microsphaera
diffusa Cooke & Peck) and downy mildew; resistant to stem canker (Diaporthe phaseolorum f. sp. meridionalis
(Dpm)); moderately resistant to frogeye leaf spot (Cercospora sojina Hara). Sowing was conducted in a direct

161



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 8; 2020

sowing system, on wheat straw, on 12/18/2013 and 12/16/2014, using spacing between rows of 0.45 m with 15
seeds per meter to obtain density of 12 plants m™ and final population of 250,000 plants ha™.

The seeds were treated with fipronil + pyraclostrobin + methyl thiophanate (Standak Top—200 mL p.c 100 Kg™!
seed) and inoculated with Bradyrhizobium japonicum (Nitrogen—300 mL p.c 100 Kg"' seed). For the basic
fertilization, the NPK fertilizer of the commercial formula 04:08:12 was used in the dosage of 300 kg ha™. The
emergence started on December 24, 2013 in the first harvest and in the second harvest on December 22, 2014.
Weeds and pests control was carried out according to the crops needs.

Table 1. Average temperature (°C), total precipitation (mm) and average humidity (%) in the months of the
experiment with soybean (Glycine max) to control downy mildew (Peronospora manshurica). Ponta Grossa/PR,
2013/2014 and 2014/2015 growing seasons

Month December  January February March April
2013/2014 Growing season

Average temperature (°C) 20.9 21.7 21.7 20 18.2

Total precipitation (mm) 149.2 262.8 137.2 164.0 93.0
Average humidity (%) 82.8 83.4 82.3 87.4 85.9
2014/2015 Growing season
Average temperature (°C) 20.6 22.0 20.7 19.9 18.2

Total precipitation (mm) 353.4 125.6 234.8 168.5 65.8
Average humidity (%) 83.5 81.9 85.4 87.9 84.1

Note. Data provided by the Basf weather station (Badische Anilin & Soda Fabrik).

The mildew severity assessments were performed weekly during the soybean cycle in both experiments.
Estimating the percentage of leaf tissue with disease symptoms in leaves of 10 plants chosen at random, in the
two central lines of each plot. Each plant was evaluated in its lower, middle and upper thirds, and the thirds
average used for the grade of the entire plant. Mildew severity was estimated with the aid of a diagrammatic
scale by Kowata et al. (2008). Diagrammatic scales are illustrated representations of a series of leaves that show
symptoms at different levels of disease severity, standard for comparison (Godoy, Koga, & Canteri, 2006;
Kowata et al., 2008). The evaluation of the mildew severity made it possible to calculate the area under the
disease progress curve (AUDPC) according to Shaner and Finney (1977).

The data obtained were subjected to analysis of variance by the F test, the means when significant were
compared by the Scott-Knott test at 5% probability. The severity data in the individual assessments were
transformed into arcsin,/(x + 0.5)/100. The analyses were performed with the aid of the statistical software
SASM-Agri (Canteri et al., 2001).

3. Results

The disease occurred naturally in both seasons (Figure 1). The first symptoms were observed 23 days after
emergence (DAE) in the first harvest (2013/2014), persisting until 57 DAE. In the second harvest (2014/2015)
the first symptoms occurred at 30 DAE until 53 DAE. In the 2014/2015 growing season there was a delay in the
start of the seven-day epidemic, compared to the first crop, although the disease started later, the severity was
greater in all performed evaluations (Figure 1).
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Figure 1. Severity (%) downy mildew (Peronospora manshurica), depending on the days after the emergence of
soybeans (Glycine max), cultivate BMX Poténcia RR, obtained in the witness (water) in the 2013/2014 and
2014/2015 growing seasons. Ponta Grossa/PR

There were differences between the meteorological conditions that occurred in the two harvests (Table 1). The
lower mildew severity occurred in the 2013/2014 growing season, due to weather conditions, which probably
disfavored the disease epidemic in this harvest.

In the first harvest, at the beginning of the crop cycle in December and January, precipitation was 149.2 and
262.8 mm and the temperature was favorable for the fungus development (21.7 °C), but in the following month,
in February the precipitation was 137.2 mm (Table 1). This decrease in precipitation favored the disease
occurrence with the advance of the crop cycle, which explains the decrease in the disease severity in February at
44 DAE (Figure 1 and Table 2). Although, in March, the volume of precipitation increased (164.0 mm), favoring
again the pathogen development and the disease progress, which can be observed with the increase in severity
(Figure 1).

In the second harvest, the weather conditions were favorable to the epidemic development only from February,
since in January the precipitation was low (125.0 mm) and the average temperature was high (22.0 °C), favoring
the disease. In the months of February and March there were the highest volumes of precipitation (234.8 mm and
168.5 mm), and milder temperatures (20.7 and 19.9 °C) (Table 1), favoring the epidemic. In April, precipitation
decreases (65.8 mm), disfavoring the pathogen, which can be observed with the reduction of disease severity
(Figure 1).

In the month of April, there was a reduction in temperature (18.2 °C, in both harvests), in addition to a reduction
in precipitation and humidity, disfavoring the disease (Figure 1 and Table 2), with the severity declining from 44
and 41 DAE, in the first and second crop, respectively.

Alternative treatments reduced the disease severity. There was a significant difference in the 2™, 4™ and 5™
evaluations (performed respectively at 31, 44 and 51 DAE), where the severity was lower in the presence of
alternative products. In the second harvest, there was a significant difference in all evaluations performed, all
alternative treatments used reduced the disease severity. The fungicide did not differ from the witness, both in
the first and in the second harvest. The severity values obtained in the first harvest were lower than those
obtained in the second harvest. The maximum severity in the first season was 1.12% in the witness at 44 DAE, in
the second season it was 3.95% in the witness at 41 DAE (Table 2).
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Table 2. Severity (%) of downy mildew (Peronospora manshurica) in different days after emergence (DAE) in
the 2013/2014 and 2014/2015 harvests, in different treatments performed on soybeans (Glycine max), cultivar
BMX Poténcia RR, average of the whole plant. Ponta Grossa/PR

2013/2014 Growing season

Treatment Severity of downy mildew (%)

23 DAE 31 DAE 37 DAE 44 DAE 51 DAE 57 DAE
1-Witness (water) 0.033a* 0.406 a 0.208 a 1.117 a 0.956 a 0.286 a
2-Acibenzolar-S-methyl 0.007 a 0.116 b 0.080 a 0.705 b 0.628 b 0.201 a
3-Macronutrients: Ca 0.010 a 0.217b 0.096 a 0.739b 0.718b 0.170 a
4-Micronutrients: Cu, Mn, Zn 0.009 a 0.156 b 0.087 a 0.632b 0.613b 0.215a
5-Micronutrients: Mn, Zn, Mo 0.007 a 0.159b 0.096 a 0.785b 0.654 b 0221 a
6-NK fertilizer 0.007 a 0.262 a 0.087 a 0.795b 0.670 b 0.189a
7-Ascophyllum nodosum 0.013 a 0.152b 0.084 a 0.769 b 0.554b 0.215a
8-azoxystrobin + cyproconazole 0.009 a 0.336a 0.103 a 0.949 a 0.888 a 0.195a

cvV.(%) 4246 2238 | 1646 1115 961 1 11.68
2014/2015 Growing season

Treatment Severity of downy mildew (%)

30 DAE 37 DAE 41 DAE 53 DAE
1-Witness (water) 1.480 a 3.561 a 3954 a 2.636 a
2-Acibenzolar-S-methyl 0.710 b 1.574 b 1.896 b 0.861 b
3-Macronutrients: Ca 0.658 b 1.612b 2.105b 1.005b
4-Micronutrients: Cu, Mn, Zn 0.765b 1.495b 1.705b 0.605 b
5-Micronutrients: Mn, Zn, Mo 0.610b 1.775b 1.809b 0.869 b
6-NK fertilizer 0.778 b 1.541b 1.6470b 0.547b
7-Ascophyllum nodosum 0.665b 1.450b 1.515Db 0.775b
8-azoxystrobin + cyproconazole 1415a 3.141a 3237a 2.137a

CV.(%) 269 3087 2115 1947

Note. *Averages followed by the same lower case letter in the column do not differ by the Scott-Knott test at 5%
significance; original data, for analysis, the data were transformed into arcsin /(x + 0.5)/100; DAE = days after
emergency; C.V. = coefficient of variation.

AUDPC’s values obtained in the second harvest were higher than those of the first harvest (Table 3). In the first
harvest, the values obtained in the witness were 36.47, 14.52, 0.98 and 17.32 for the lower, middle, upper thirds
and average of the plant, respectively. In the second harvest, the values obtained were 76.52, 22.80, 4.76 and
34.69 for lower, middle, upper thirds and average of the plant, respectively (Table 3).

There was a difference between the alternative products tested for AUDPC in the two evaluated harvests. In the
first harvest (2013/2014) there was a statistical difference both in the lower third and in the whole plant, the
treatments acibenzolar-S-methyl (ASM); macronutrient (Ca); micronutrients (Cu, Mn, Zn); micronutrients (Mn,
Zn, Mo); fertilizer (NK) and 4. nodosum reduced the disease severity in relation to witness. However, in the
middle and upper thirds there was no statistical difference between the products tested (Table 3).

In the second crop, the application of ASM; macronutrient (Ca); micronutrients (Cu, Mn, Zn); micronutrients
(Mn, Zn, Mo); fertilizer NK and 4. nodosum, reduced the AUDPC in relation to witness both in the lower,
middle third and in the entire plant, however, in the upper third there was no difference. In both crops, the
fungicide was equivalent to witness (Table 3).
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Table 3. Area under the disease progress curve (AUDPG) of downy mildew (Peronospora manshurica) in the
lower, middle and upper thirds and average in the whole plant depending on the treatments performed on
soybeans (Glycine max), cultivar BMX Poténcia RR. Ponta Grossa/PR, 2013/2014 and 2014/2015 crops

2013/2014 Growing season

Treatment AUDPG AUDPG AUDPG AUDPG
Lower third Middle third Upper third Whole plant
1-Witness (water) 36.47 a* 14.52a 0.98 a 17.32a
2-Acibenzolar-S-methyl 20.46 b 6.30a 0.56 a 9.16b
3-Macronutrients: Ca 25.56 b 1323 a 0.75a 13.19b
4-Micronutrients: Cu, Mn, Zn 1791b 8.73 a 0.71 a 9.13b
5-Micronutrients: Mn, Zn, Mo 23.07b 1043 a 0.72 a 11.40b
6-NK fertilizer 22.40b 1324 a 0.36a 12.00 b
7-Ascophyllum nodosum 16.76 b 10.62 a 040a 9.26b
8-azoxystrobin + cyproconazole 32.10a 17.87 a 0.89a 16.96 a
cv.(%) 3404 3581 4411 3058
2014/2015 Growing season
Treatment AUDPG AUDPG AUDPG AUDPG
Lower third Middle third Upper third Whole plant
1-Witness (water) 76.52 a 2280 a 476 a 34.69 a
2-Acibenzolar-S-methyl 29.29b 13.90b 433a 15.841b
3-Macronutrients: Ca 29.42b 15.24b 4.67 a 16.44b
4-Micronutrients: Cu, Mn, Zn 26.25b 14.51b 430a 15.02b
5-Micronutrients: Mn, Zn, Mo 31.69b 14.24 b 384 a 16.59 b
6-NK fertilizer 28.23b 13.13b 4.15a 15.17b
7-Ascophyllum nodosum 25.81b 12.50 b 379 a 14.03 b
8-azoxystrobin + cyproconazole 62.33 a 23.58a 4.60 a 30.19a
cv.(% 2919 328 4200 1867

Note. * Averages followed by the same lower case letter in the column do not differ by the Scott-Knott test at 5%
significance; C.V. = coefficient of variation.

4. Discussion

The first symptoms of the disease occurred at the beginning of the development of the crop in both season
(Figure 1). The disease was more severe in the 2014/2015 crop than in the 2013/2014 crop, this difference is
probably due to favorable weather conditions for the pathogen development (Table 1).

Silva et al. (2011) state that the variation in the severity of the disease depends on the region and the climatic
conditions of each growing season. Peronospora manshurica is capable of causing damage to the crop when
subjected to conditions of high humidity and mild temperatures. The favorable conditions for its development
are temperatures between 20 °C and high humidity, to occur sporulation temperatures between 10 and 25 °C are
necessary, not sporulating at temperatures below 10 °C and above 30 °C (Hartman et al., 2015).

Downy mildew is a disease with a very high potential for dissemination (Silva et al., 2011). Zuntini et al. (2019),
state that downy mildew occurs in practically all soybean producing regions in Brazil, mainly in the vegetative
phase of soybeans, corroborating with the data from the present experiment, since the first symptoms of downy
mildew, in the first harvest, occurred at the beginning of the vegetative stage V3 of the crop and the maximum
severity (1.12%) occurred in the reproductive stage R1. After stage R1 in the fourth evaluation, the disease
declined. The disease severity ranged from 0.007 to 1.12%. In 2014/2015, the first symptoms occurred in the V5
stage and the maximum severity occurred in V8 (3.95%), and at 53 DAE there was a decline in the disease
(Figure 1 and Table 2).

Comparing the two harvests, when the severity obtained was low, that is, less than 0.29%, there was no
difference in relation to the application of the tested products; however when the severity was greater than 0.29%,
all alternative treatments were efficient in reducing the disease severity (Table 2).

With regard to AUDPC, the leaves of the lower third showed higher averages than the leaves of the other thirds
of the plant, in all treatments and in both harvests (Table 3). These results can be explained due to the epidemic
evolution. Since the disease begins in the unifoliolated leaves and progresses from the leaves from the lower to
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the upper third, reaching the entire aerial part of the plant (Chowdhury et al., 2002), that is, in the middle and
upper thirds the disease is developing, which justifies the lower AUDPC values obtained.

Another factor that may justify the higher AUDPC values in the lower third (Table 3), is the difficulty of
penetrating product drops into the crop canopy (Tormen et al., 2012), especially of pathogens that initiate the
infectious process in the basal leaves, such as mildew. In addition to influencing the products deposition, these
characteristics create a microclimate conditions with greater humidity inside the canopy that can favor the
occurrence or rapid establishment of the disease (Board, 2001).

With regard to AUDPC of the entire plant, all alternative treatments differed from the witness in both harvests
(Table 3). In the first harvest, treatments with ASM, micronutrients (Cu, Mn, Zn) and A. nodosum stand out,
which reduced AUDPC in the whole plant by 47.11, 47.29 and 46.54%, respectively. In the second harvest,
treatments with ASM, micronutrients (Cu, Mn, Zn) and A. nodosum and NK fertilizer reduced AUDPC in the
entire plant by 54.34, 56.70, 59.56 and 56.27%, respectively.

Silva et al. (2013) in soybean culture using ASM, found that the product significantly reduced the AUDPC of
mildew, corroborating the result of this work. In addition, Friedrich et al. (1996) used the same product and were
successful in controlling downy mildew (Peronospora hyoscyami f. sp. tabacina (Adam)) in tobacco plants. The
ASM used in the experiment is a functional analogue of salicylic acid. According to Klessig, Choi & unempsey
(2018), ASM has no fungistatic action and develops a role similar to salicylic acid in the signal transduction
pathway that leads to acquired systemic resistance. Dong et al. (2019) studied the defense mechanisms involved
in P manshurica resistance genes and concluded that these genes encode the induction of salicylic acid.

Host defense induction can also occur due to the presence of macro and micronutrients. Mineral nutrients
influence disease resistance, acting in the plant as co-factors of enzymes that participate in several metabolic
pathways for plant defense (Vasconcelos et al., 2001; Fageria et al., 2009; Debona, Cruz, & Rodrigues, 2017).
The main changes provided by mineral nutrition, responsible for altering the intensity of diseases, are the
thickness of the cell wall and cuticles, the maintenance of soluble compounds inside the cells, such as simple
sugars and amino acids, variations in suberization, silicification and lignification of tissues, in the synthesis and
accumulation of phenolic compounds (Rodrigues et al., 2017).

Marschner (1995) considers that, in cases of fungal diseases, the protection promoted by balanced mineral
nutrition results in the formation of an efficient physical barrier, with inhibition of hyphae penetration or better
control of the cytoplasmic membrane permeability. This prevents the release of sugars and amino acids into the
intercellular spaces and constitutes a chemical barrier, with the production or formation of phenolic compounds.

The macronutrient calcium was efficient in controlling the disease (Table 3) in the leaves of the lower third and
whole plant in both harvests. Calcium activates enzymes related to phosphorus metabolism and acts in the
maintenance of the cell wall, in addition to increasing the degree of resistance of plants to pathogens (Taiz &
Zeiger, 2009). Debona, Cruz, and Rodrigues (2017) used foliar calcium applications in wheat (7riticum aestivum
L.), and observed a reduction in the blast severity (Pyricularia grisea L.), and that the level of expression of the
pathway gene markers of salicylic and jasmonic acid, chitinase, -1,3-glucanase, phenylalanine ammonia lyase,
peroxidase and polyphenol oxidase was higher in plants with higher doses of calcium.

Junqueira et al. (2011) found positive effects of calcium sulfate mixtures applied via leaf, on the productivity and
control of bacterial diseases in passion fruit (Passiflora edulis Sims). The macro and micronutrients present in
the syrup, according to the authors, probably changed the thickness of the cell wall and cuticles, helped in the
maintenance of soluble compounds inside the cells, such as simple sugars and amino acids, and there were
variations in suberization, silicification and lignification of the cells, in the synthesis and accumulation of
phenolic compounds or activated lignin synthesis.

Micronutrients (Cu, Mn, Zn) also reduced the AUDPC of the disease in both seasons (Table 3), and phytotoxicity
did not occur, as Rezende, Tomita & Usugi (2008) reported phytotoxicity when using copper sulfate to control
Erwinia psidii in guavas (Psidium guajava L.). The product, despite controlling the disease, caused severe
damage to fruits larger than 31 mm.

NK fertilizer also reduced AUDPC of soybean mildew. For Develash and Sugha (1997), the increase in the
amounts of K in the soil delayed the development of downy mildew (Peronospora destructor (Berk.)) Of the
onion. In foliar spraying of fertilizer 03-00-16 (Kendal®), Wordell Filho, Martins, and Stadnik (2007) verified a
reduction in the AUDPC of onion mildew with weekly spraying of the product.

With regard to A. nodosum algae, it reduced the AUDPC of the disease. Lizzi et al. (1998), demonstrated that the
extract of this species of macroalga induces resistance to mildew in pepper (Capsicum annuum L.) and grape
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(Vitis vinifera L.), caused by Phytophtora capsici and Plasmopara viticola, respectively. Subramanian et al.
(2011), using the seaweed extract in Arabidopsis thaliana against Pseudomonas syringae pv. tomato and
Sclerotinia sclerotiorum concluded that there was a reduction in the severity of both diseases, and that this
reduction occurred due to resistance induction, related to the production of jasmonic acid and salicylic acid.

No difference was observed between the control and the fungicide aplications for AUDPC of downy mildew
(Table 3). Corroborating with Kowata et al. (2008), who state that the use of fungicides used to control the main
leaf diseases of the crop are not efficient to prevent epidemics of this disease. The use of pesticides can cause
environmental imbalance and the selection of resistant fungus populations (Thadani & Rocha, 2019; Tupich et al.,
2017).

The products that provided the greatest reduction in the AUDPC of the disease were ASM, micronutrients (Cu,
Mn, Zn) and A. nodosum being options for strategies for the alternative control of the disease, contributing to the
reduction of the pesticides use, reducing the pollution, in addition to contributing to the production of organic
soybean.

5. Conclusion
In the 2014/2015 harvest the mildew was more severe.

The control of downy mildew by the use of fungicide did not reduce the epidemic. The fungicide was not
efficient in the two evaluated seasons.

All of the tested alternative products reduced the mildew severity, especially acibenzolar-S-methyl,
micronutrients (Cu, Mn, Zn) and 4. nodosum that have the potential to be inserted in the management of the
disease by soybean producers in the region.
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