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The constant assessment of methods of disease control is essential in achieving production regularity
and for ongoing increments in soybean productivity. Among the various diseases, the intensity of the
white mold has been increasing, caused especially by the fungus Sclerotinia sclerotiorum (Lib.) de
Bary. The present work has the objective to assess different seed treatments in association with
fungicide application to control the white mold in soybean. The experimental design used was complete
randomized blocks design with split plots. In the plots, the treatments were: control - no seed
treatment; Certeza® (thiophanate methyl + fluazinam 45 + 60 g ha') and Trichodermil®
(Trichodermaharzianum ‘1306’ 1.250 mL 100 kg™ - 10° viable spores mL™). In each seed treatment, the
application was done on aerial part of subplots.The treatmentsin aerial part were: control (with no
fungicides application); three applications of Derosal® (carbendazim) 1.000 gi.a./ha™’in R1, R2 and R5.1;
three applications of Cercobin 700 wp® (thiophanate methyl) 600 gi.a./ha‘l in R1, R2 and R5.1;Cercobin
700 WP® (thiophanate methyl) in R1, Sumilex (procimidone) 750 gi.a./ha‘l in R2 and Frowncide
(fluazinam) 750 gi.a./ha‘l in R5.1.There were assessments on the emergence and height of the plants in
V3 and the severity of the disease at the phenological stages R1, R3, R5.5 and R7. The variables
thousand-grain weight, productivity and the economic analysis were determined after the harvesting of
the plots. The treatments of seeds with thiophanate methyl+ fluazinam and Trichoderma harzianum and
the applications of thiophanate methyl, procimidone and fluazinam on the aerial part stood out in the
control of the disease. The net income showed that despite the high cost of the plant protection
products, there were increases in the profitability of the crop.
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INTRODUCTION

The agricultural crop of greater growth in the Brazilian cultivated area with grains, especially in the Midwest and
market is the soybean, which corresponds to 49% of South Regions. Currently, one of the barriers to the
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increase of its productivity in South America is the
disease known as white mold, incited by the fungus
Sclerotiniasclerotiorum (Lib.) de Bary. This disease has
reported losses ranging from 10 to 20% of productivity,
on average, in Brazil (Almeida et al., 2005), and losses
ranging from 11.5 to 96% of productivity in an estimate
made only in the Southern region of Brazil (Silva et al.,
2011).

The control of white mold is difficult due to the

permanence of viable S. sclerotiorum for a long time on
the soil, which can remain on the soil for up to 11 years,
keeping its pathogenic power intact. Similarly, the
inefficiency of the chemical control, coupled with the high
susceptibility of cultivars, causes facilitated contamination
in cultivated areas (Leite, 2005). Among the control
measures of the disease, the ones which stand out as the
most efficient ones are, when integrated, the crop
rotation, the cultivation of non-host crops to the fungus
allied to the formation of straw to the no-till farming
system and the biological control with living beings
antagonistic to the fungus that causes the white mold
(Bolton et al., 2006). The presence of straw results in
lower rates of incidence of the white mold, since the soil
cover establishes a physical barrier increasing microbial
activity in the soil of antagonistic fungus, in addition to
restricting the ascospores dispersion in the air and
inhibiting the formation of apothecia (Paula Junior et al.,
2007). However, the most widely adopted crop
succession system in the Southern region of Brazil is the
soybean system (first harvest/summer) corn (second
harvest/winter), the areas of crop rotation being sporadic,
which results in a decrease, over time, of the soil cover
(Alves Neto et al., 2016). As consequence, the
aggressiveness, the incidence and the severity of the
disease have increased in the soybean areas, due to the
characteristics of the S. sclerotiorum, which has wide
adaptability (Ito and Parisi, 2010).
The main measure used aiming the control of disease is
the usage of resistant cultivar, however, there have not
been reports about the discovery of genotypes resistant
to the white mold of the soybean yet, as the genetic
resistance regarding the host in complex and of low
heritability, being limited to genotypes that present only
partial resistance (Guo et al., 2008; Vuong et al., 2008).
Accordingly, the usage of chemical fungicides becomes
an alternative to the control of the white mold. However,
the difficulty in obtaining complete coverage of the plant
by the fungicides during the pulverization, besides the
total prices of the products, which have high cost, are
challenges to obtain a proper and effective application
(Gorgen et al., 2009).

In addition to the fungicides for the application in post-
emergence of the crop, there are chemical fungicides and

antagonistic microorganisms for the seed treatment,
given that they might come from the field with mycelia of
S. sclerotiorum (Maude, 1996). Thus, both methods are
designed to ensure proper initial population, with more
vigorous and resistant plants, delaying the onset of the
disease.

The seed is the most efficient means of dissemination
and survival of the pathogen. Under favorable conditions,
it only takes 0.5% of infected seeds to produce an
epidemic on the field, in addition to increasing the
inoculum potential of each crop cycle (Halfeld-Vieira and
Sousa, 2000). Some practices have been adopted
without the technical recommendation of research
institutions, expanding unbalanced use of crop protection
products, as the application of carbendazim in dose
1.000 gi.a./ha’l, in an attempt to achieve suppression
over S. sclerotiorum, mainly for being a fungicide with a
relatively low cost when compared to fungicides specific
to the white mold. This attempt to suppress S.
sclerotiorum, may increase its resistance, besides
causing unsatisfactory results in the control of the
pathogen.

In this context, the objective of this work was to assess
different seed treatments in association with the
application of fungicides of aerial on the control of white
mold in the soybean crop, with the determination of the
economic analysis of the treatments.

MATERIALS AND METHODS

The experiment was conducted at the Cristavel Farm, in the City of
Cascavel, Parana State, Brazil, located at an average altitude of
735 m, latitude 25° 02’00,35” South and longitude 53° 10°32,09”
West, in glebe with slope of 1.5%, in the months of October of 2015
to February of 2016. The soil is classified as typical Dystrophic Red
Latosol (EMBRAPA, 2013), with 3.60% of organic matter and the
weather of the region, according to Képpen, is type subtropical Cfa,
with a hot summer and a tendency towards the concentration of
rainfall, winter of not frequent frosts without a defined season. The
annual average rainfall stands around 1.500 mm, presenting
average temperatures in the summer exceeding 20°C and in the
winter average temperatures below 18°C (IAPAR, 2016). The area
has been conducted in no-till farming system for over 10 years, with
crop rotation, soybean being cultivated in the summer: wheat, black
oats, second harvest corn and canola in the winter, all crops
fertilized exclusively with mineral fertilizers and according to the
needs of the crop. The soil cover contained wheat straw (Triticum
aestivum).

Before the installation of the experiment it was collected, at
random, sclerotia in 5 points of 0,25 m? and 0,05 m of depth, aiming
to determine the amount of sclerotia in the area, which was of 21 m”
2 in the glebe, according to the methodology described by Sartori et
al. (2011). The cultivar used in the experiment was the NS 5909 RG
®, this is the most used cultivar in southern Brazil, with super-young
cycle and maturity group 5.9, presenting indeterminate growth,
purple flower, pubescence of grayish color and brown hilum. The
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sowing was held on the 17 of October of 2015 with a population of
355.000 viable seeds per hectare, with spacing of 0, 45 m. The
cultural practices were performed with chemical control during the
crop cycle, taking into account the levels of economic damage for
the control of pests, diseases and weeds.

Three applications were made of Fox® (trifloxystrobin +
protioconazol 45 + 60 g ha™) in all treatments on the stages of R1,
R3 and R5.5 aiming for rust control (Phakopsora pachyrhizi Syd.
and P. Syd.) and target spot (Corynespora cassicola). The
experimental design used was the randomized complete block
design, with split plots, consisting of three seed treatments with four
applications of fungicides on the aerial part of the plant, with five
repetitions. In the plots the seed treatment factor was allocated, and
in the subplots the factor was fungicide on aerial part. The main
plots were allocated in the glebe measuring 18 m long x 5,5 m
wide, with subplots allocated within the main plot with 4,5 m long x
5,5 m wide. The plots were spaced one meter apart, for uniformity
in the application and, also, to facilitate the access and the severity
assessments. The following seed treatments were tested (TS): TS
1: control, no seed treatment: TS 2: Certeza® thiophanate methyl +
fluazinam 45 + 60 g ha® and TS 3: Trichodermil® Trichoderma
harzianum ‘1306’ 1.250 mL 100 kg™ - 10° viable spores mL™.

On the subplots the different managements of fungicides (MF)

were applied on the aerial part: MF 1: control no fungicide
application: MF 2: three applications of Derosal® (carbendazim)
1.000 g i.a. ha™ on R1, R2 and R5.1: MF 3: three applications of
Cercobin 700 WP® (thiophanate methyl) 600 g i.a. ha™ on R1, R2
and R5.1 and MF 4: Cercobin 700 WP® (thiophanate methyl) 600 g
i.a. ha® on R1, Sumilex (procimidone) 750 g i.a. ha® on R2 and
Frowncide (fluazinam) 750 g i.a./ha™ on R5.1.
The applications were performed with a battery powered knapsack
sprayer with a 20 liters capacity, PJB to 20c to Jacto® model, with a
1.5 meters long bar adapted with 3 nozzles distance of 0.5 meters
between nozzles, with bar pressure regulated at 350 kPa and tank
volume regulated to apply a flow of 150 L ha™, with flat spray nozzle
(fan) 110 02. The assessments of emergence and plant height were
performed in V3, on 11/11/2015, 33 days after the sowing. The
assessments of severity of the disease white mold S. sclerotiorum,
were based on the observation of the percentage of symptoms on
the plant and were conducted at the phenological stages R1
(09/12/2016), R3 (16/12/2015), R5.5 (04/01/2016) and R7
(26/01/2016) and based on diagrammatic scale with ratings ranging
from 5 to 90% of severity (Juliatti, 2010).

The thousand grain weight of soybean was determined from the
weighing, on a precision balance, of 1000 grains. As for the
productivity of the crop, it was determined from the manual harvest
of five 4.5 m long lines, spaced in 0.45 m, representing 10.12 m? of
useful plot. The material collected and threshed and the mass
determined on precision scale, standardized to 13% of moisture
and extrapolating to productivity per hectare. The economic
analysis included the net income to each applied treatment,
discounting the cost of each application for each treatment of gross
revenues. It was considered the cost in dollars per hectare of US$
0.00 for plot without seed treatment: US$ 13.82 for seed treatment
with thiophanate methyl + fluazinam: US$ 7.00 for seed treatment
with Trichoderma harzianum.

For the aerial applications with fungicide handling, there was a
cost of US$ 11.50 of carbendazim for each application, the total
cost of three applications being US$ 34.65 ha™: the application of
thiophanate methyl costed US$ 8.15 the application, the total cost
being of US$ 24.50 ha™: the application of thiophanate methyl,
procimidone and fluazinam resulted in cost of US$ 8.15, US$
39.00, US$ 41.96 respectively, for a total cost of US$ 89,11 ha™.
These were the prices offered in the Western region of Parana to
soybean producers in the agricultural year 2015/2016, the average
of quoted prices being made on 04/01/2016, in three suppliers of
crop protection products. With the multiplication of the crop
productivity (kg ha™), considering the prices in dollar of US$ 13,90
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for soybean, considering the average of the month of February of
2016 (obtained CBOT, Chicago Board of Trade), the gross revenue
of each treatment was obtained. The results of the collected data
were submitted to the variance analysis and the averages of
severity and productivity were submitted to the analysis of variance
(ANOVA) by the F-test using the SISVAR statistical analysis
software.

RESULTS AND DISCUSSION

In Figure 1, it is possible to verify on the meteorological
data, which show that the climatic conditions were
favorable to the occurrence of the white mold, given that
the S. sclerotiorum fungus develops at temperatures
ranging from 11 to 25°C, with high relative humidity of the
air and the soil, with reports of developments of the
disease on the soybean crop at temperatures ranging
from 5 to 30 °C (Saharan and Mehta, 2008).

Juliatti et al. (2011) stress that the biggest impacts of
white mold are reported in the highland areas, above 700
m high, where night time temperatures are milder,
especially in areas with no crop rotation, with host plants
and with a reduced amount of straw. There were similar
conditions in the experimental area, which had mild
temperatures and an area with 735 m of altitude.
Following the sowing, there were rainfall and temperature
conditions favorable to germination, very common in the
Southern Region of Brazil (Mertz et al., 2009). The plants
emergence was not influenced by the seed treatment
used, however, the height of seedlings and the field
emergence were lower for the treatment with Certeza® -
(thiophanate methyl + fluazinam), being below the
average in both assessments performed (Table 1).

Sid-Ahmed et al. (2003), in assessing the influence of
peat and chitin in combination and not combined with
biological agents, concluded that the association of
microorganisms, as Trichoderma harzianum, enhanced
the germination levels, due to the increase in antagonistic
potential against pathogens. However, in the current
experiment, the treatment of seeds with Trichoderma
harzianum, did not promote significant increases on the
germination levels and the plants height, being
considered similar to the other treatments. It was none
the less the treatment which presented the highest
germination rate among all treatments. For the disease
severity variable, there was no detection of white mold
incidence in any of the treatments in the first assessment
(R1). In fact, the infection of S. sclerotiorum on the plant
starts on the R1 stage, where the crop is more
susceptible to diseases, as the ascospores need an
exogenous source of energy, originating from the
senescing flowers of the plant, which, in favorable
meteorological conditions, start the infection process of
the plants (Boland and Hall, 1994).

The severity assessments in the subsequent phases,
R3 and R5.5, showed that there was an increase in
severity over time (Figure 2), with differences for the
fungicides application on the R3 stage (Figure 2A) and
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Figure 1. Data collected at the IAPAR (Agronomic Institute of Parana State) meteorological station,
during soybean cultivation, from September of 2015 to February of 2016.

Table 1. Emergence and height of plants, according to seeds treatment, 33 after sowing. Parana State, 2015/16.

Treatment

Field emergence (%)

Plant height (m)

Thiophanate methyl + fluazinam 93.75"™ 0.1398"
Trichoderma harzianum 94.56 0.1471%
Control 93.81 0.1482%
Average 94.04 0.1450

CV (%) 2.09 5.20

* ns: non-significant values.* Averages followed by the same letter do not differ at level (a = 0.05) of significance.

for the seeds treatments on the R5.5 stage (Figure 2B).
According to Almeida et al. (2005), the most vulnerable
stage of the soybean plants to white mold incidence
comprises R2 to R3. For a greater efficiency in the
chemical control of the white mold, the authors
recommend the first application to be made at R1, as at
this stage there is still a gap between lines, which allows
a bigger coverage and a greater quality on the fungicide
application. Both on the assessment in R3, as on the
assessment in R5.5, the active ingredient thiophanate
methyl showed potential in the decrease of the severity of
S. sclerotiorum, either on the seed treatment or on the
aerial application. The assessment in R.3 determined that
the lower severities happened with two applications of
thiophanate methyl (R1 and R2 stages) with severity level
of 2, 92%, being superior to carbendazim fungicide in 70,
02%, which presented severity of 4,17% at the same
stage. The application of thiophanate methyl (R1) and
procimidone (R2) resulted in a level severity of 1, 67%,
value 57, 19% superior to the 2 applications of
thiophanate methyl.

Thiophanate methyl belongs to the chemical group of

benzimidazoles, which act on the cellular division,
disrupting the mitotic cycle, preventing the formation of
the metaphase plate, leading to the collapse of mycelium
cells, which terminates the mycelium growth (Juliatti,
2007). However, this specificity of the benzimidazoles
causes this fungicide to present high risk of acquired
resistance by the pathogen. Due to these characteristics,
the isolates resistant to benzimidazoles are generally as
adapted as sensitive. Therefore, the high selection
pressure caused by intensive usage of benzimidazoles
may result in the selection of resistant isolates in a short
period of time (Rodrigues et al., 2007). This information is
important in the taking up of anti-resistance strategy.
Procimidone belongs to the chemical group of
dicarboximide, which inhibits the phosphorylation of the
respiratory chain, disrupting the transport of electrons,
being active from the oxidative phosphorylation (Encinas,
2004).

Meneghetti et al. (2010) stress the importance of using
different active ingredients with different mechanisms of
action for more effective disease control on the crop,
noting that the combination of products increases the
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Figure 2. Severity of white mold (S. sclerotiorum) in R3 (A) and R5.5 (B), according to different fungicides applied on
the aerial part and seed treatment on the soybean crop.* Averages followed by the same letter do not differ at level (a =

0, 05) of significance.

action spectrum, providing greater residual, besides
decreasing the risk of arising resistant populations. On
the assessment of R5.5, the importance of seed
treatment in the soybean crop is evident, where it is
observed that even under the different active ingredients
on the aerial application, the treatments with thiophanate

methyl + fluazinam and Trichodermaharzianum, providing
control of S. sclerotiorum in soybean crop. Pereira et al.
(2009) point out that the seeds are the main transmission
vehicle of fungi, which are responsible for the reduction in
germination and in vigor, originating the primary outbreaks
of the disease.
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Figure 3. * Averages followed by the same letter do not differ for seed treatment and fungicide application, at level (a =
0,05) of significance. Severity of white mold (S. sclerotiorum) in R7, according to different seed treatment and fungicides
applied on the aerial part and seed treatment on the soybean crop.

On studying the incidence of white mold on the soybean
crop, Henneberg et al. (2012) used soybean seeds
artificially and naturally contaminated during three crops.
They concluded that the methods being currently used
(filter paper, paper roll and medium Neon-S) for the
detection of white mold had not been capable of
efficiently exposing the pathogen on naturally infected
soybean seeds, highlighting the importance of seed
treatment on the crop. On the fourth severity assessment,
at the R7 stage, there was a difference between
treatments, being that the treatments  with
thiophanatemethyl + fluazinam and
Trichodermaharzianum and fungicide applications on the
aerial part thiophanatemethyl, procimidone and fluazinam
presented greater efficiency in disease control (Figure 3).
On testing the fungicide efficiency in the control of white
mold on the area infested by S. sclerotiorum, Vieira et al.
(2001) determined that fluazinam was the fungicide which
presented the best results for controlling the disease,
reducing its severity and the number of S. sclerotiorum
produced per plot, corroborating the results below Figure
3.

As for the income components, thousand grain weight
and productivity, the treatments which presented the
lowest levels of severity at the R7 stage, consequently
presented the highest levels on the thousand grain
weight and productivity (Table 2). The seeds treatment
did not provide significant levels for the thousand grain
weight and productivity, however, the fungicide
applications differed from each other, the superior ones

being the treatments with 3 applications of thiophanate
methyl and applications of thiophanate methyl,
procimidone and fluazinam.

Similarly, Meyer et al. (2013) note better levels of S.
sclerotiorum control in the soybean crop with applications
ranging from two to four sprayings at 10-day intervals,
starting at the R1 stage, with the use of fluazinam
(chemical group of fenilpiridinilamin) with procimidone,
obtained 67 to 85% of control. Besides this result,
another tested result was fluazinam + thiophanate
methyl, with 76% of S. sclerotiorum. However, according
to the authors, the plots which carbendazim applications
presented satisfactory levels. On the plots of the
experiment, at the moment of harvesting the blocks with
absence of seed treatment presented susceptibility of the
crop towards the S. sclerotiorum (Figure 4). As for the
economic analysis, despite the treatments which showed
the best results in the control of S. sclerotiorum were the
treatments with the highest costs, the net income
revealed that there were increases in the profitability of
the crop, emphasizing the potential of the white mold
disease as a cause of losses to the soybean crop. This
fact is alarming given the fact that there are estimates
that 23% of the area cultivated with soybean in Brazil
deals with the presence of S. sclerotiorum, which
represents 6.8 million hectares (Meyer et al.,, 2014).
Especially, it was evident that the use of fungicides for
seed treatment and together with aerial applications
reduces the severity of diseases, providing greater
economic return, even with the cost of fungicides.
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Table 2. Income components and net income due to seed treatments and fungicides applied on the aerial part of soybean crop.

Treatments Income Components Economic analysis
Thousand grain weight (g) Productivity (kg ha™) Cost ha™ (US$) Net income ha™ (US$)

00 138.07"° 3273.82"° 0.00 1106.69
10 152.25"° 3435.77"° 13.82 1147.62
20 153.36"" 3351.54" 7.00 1125.96
01 143.10" 3486.92"° 34.65 114408
11 141.17% 3334.07™° 48.47 1078.59
21 158.37°° 2848.23" 48.47 914.35
02 155,637 4273.46™ 24.45 1420.16
12 163.61°% 4128.08™ 38.27 1357.20
22 152,137 4086.54"2 31.45 1349.97
03 156.89"° 4298.85" 89.11 1364.08
13 162.43% 4241.15% 10293 1330.76
23 166.98" 4354.62" 96.11 1375.94

Average 153.66 3759.42

CV., % 8.11 15.83

* Averages followed by the same letter do not differ for seed treatment and fungicide application, at level (a = 0,05) of significance. T0-0: absence of
seed treatment and absence of application of fungicide on the aerial part. TO-1: absence of seed treatment and aerial application of carbendazim.
TO-2: absence of seed treatment and aerial application of thiophanate methyl. TO-3: absence of seed treatment and aerial application of thiophanate
methyl, procymidone and fluazinam. T1-0: thiophanate methyl+fluazinam in seed treatment and absence of fungicide application on aerial part. T1-1:
thiophanate methyl+fluazinam in seed treatment and aerial application of carbendazim. T1-2: thiophanate methyl+fluazinam in seed treatment and
aerial application of thiophanate methyl. T1-3: thiophanate methyl+fluazinamin seed treatment and aerial application of thiophanate methyl,
procimidone and fluazinam. T2-0: Trichodermaharzianum in seed treatment and absence of fungicide application on aerial part. T2-1:
Trichodermaharzianum in seed treatment and aerial appication of carbendazim. T2-2: Trichodermaharzianum in seed treatment and aerial
application of thiophanate methyl. T2-3: Trichodermaharzianum in seed treatment and aerial application of thiophanate methyl, procimidone and
fluazinam.

Figure 4. Plot with seed treatment with Trichoderma harzianum, (left) and plot with no seed treatment
(right) with incidence of white mold (S. sclerotiorum) at the moment of harvesting, in soybean crop.

Conclusion aerial part stood out in the control of the white mold

disease. The fluazinam fungicide resulted in the lowest
The seeds treatments with thiophanate methyl+fluazinam values of severity of the disease and number of
and with Trichoderma harzianum and the applications of Sclerotinia sclerotiorum. Despite the high cost of
thiophanate methyl, procimidone and fluazinam on the fungicides, the income is higher when there is a control of
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the white mold disease. The efficiency of the control of
the white mold is greater when there is an association
between the seed treatment and the fungicide application
on the aerial part.
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