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Abstract

Asian soybean rust is the major crop disease and the management of the use of the fungicide
is important for effective control. The objective of this work was to evaluate the management of
fungicides with sequential applications to control Asian soybean rust. The experimental design used
was a randomized block with four replications and eight treatments with different combinations of
fungicides from the following chemical groups: triazole, strobilurin, carboxamide, and dithiocarbamate.
The applications were carried out with backpack spray equipment at constant pressure (CO,) and a
spray rate of 200 L hal. The severity of rust, the area under the disease progress curve, control
efficiency, mass of 1,000 grains, and productivity were evaluated. The protective fungicide mancozeb,
in mixtures with systemic fungicides, were more effective for the control of Asian soybean rust than
the systemic fungicides applied without the protective fungicide.
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Introduction

The major disease of soybean [Glycine max (L.) Merrill] is the Asian rust caused by the fungus
Phakopsora pachyrhizi H. Sydow & Sydow, in which the first symptoms of the disease are small
brown to dark brown lesions in the abaxial part of the leaves (GODQY et al., 2018). In the field,
the fungus infects the leaf tissue of a wide range of hosts, its uredospores are released by an ostiole
in the uredia (GOELLNER et al., 2010).

In favorable climatic conditions, Asian rust can cause damages that can vary from 10 % to 90 %
of production (HARTMAN et al., 2015). The favorable climatic conditions for P pachyrhizi are
temperatures of 15 °C to 25 °C and a minimum of six hours of leaf wetness (NASCIMENTO et al.,
2018; EMBRAPA, 2011).
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According to Weirich et al. (2013), genetic resistance is the most effective and economical way
to prevent damage caused by diseases in cropped plants. As there are no soybean cultivars resistant to
Asian rust due to the great variability of the pathogen, disease control is difficult (NEVES; BLUM, 2013).

The use of fungicide becomes an efficient alternative for the control of the disease
(GODOY et al., 2018). The application of more than one group of fungicides, with different
modes of action, improves the control of the disease and prolongs the useful life of the fungicides
(NASCIMENTO et al., 2018). The use of fungicides with the same mode of action creates a great risk
of selecting resistant populations of the pathogen (FRAC, 2010).

The difficulty in controlling soybean rust with fungicides is becoming increasingly evident
since the high adaptability and variability of the fungus has been evidenced (SCHMITZ et al.,
2014). The resistance, less sensitivity of the P pachyrhizi fungus to fungicides in the group of
demethylation inhibitors (DMI), quinone outside inhibitors (Qol), and succinate dehydrogenase
inhibitors (SDHI) has already been confirmed in Brazil (SCHMITZ et al., 2014; KLOSOWSKI et al.,
2016; SIMOES et al., 2018).

The adaptation of P pachyrhizi to fungicides and its ability to overcome resistance genes show
that no single solution will be able to maintain the sustainability of the crop (GODOQY et al., 2016).
It is necessary to develop strategies to ensure economic control of the disease, to achieve maximum
yield and profitability.

The use of fungicides with multi-site action is an important strategy that can contribute to
reverse the decrease in sensitivity to systemic fungicides. Fungicides with a greater spectrum of
action, such as mancozeb, can be allies in controlling soybean rust (GULLINO et al., 2010). There
are reports of the use of this activity to increase the action spectrum of control programs containing
site-specific fungicides (GODOY et al., 2018).

In this context, the objective of this work was to evaluate the management of fungicides with
sequential applications for the control of Asian soybean rust.

Material and methods

The experiment was developed in the 2018/2019 harvest at the Federal Institute of Education,
Science and Technology of Mato Grosso do Sul, Ponta Pora/MS campus, located on BR 463 highway,
km 14, at 755 m of altitude. The climatic conditions of the period are shown in Figure 1. The
experimental area was prepared to adapt to the physical, chemical, and biological conditions of the
soil to the soybean crop, and the basic fertilizations were made according to the soil analysis and the
recommendations for the crop in the region. It was used spacing between lines of 0.45 m, soybean
cultivar M6410, a stand of 13 plants per meter, and a final population of 290,000 plants per hectare.

The experimental design was a randomized block with 4 replications, 7 treatments with
fungicide applications + 1 control without application (TABLE 1). The plots had 8 sowing lines of
5 meters length and a useful area of 5.4 m2. The applications were carried out a backpack spraying
equipment at constant pressure (CO,) equipped with a 3-meter nozzle bar, with AIXR 110015 spray
tips, the pressure at the bar set at 350 kPa, and spray volume of 200 L ha'l.
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Figure 1 — Rainfall, maximum and minimum temperatures, and relative humidity during the soybean crop cycle,

in the 2018/2019 harvest in Ponta Pora/MS.
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Table 1 — Application periods by Fehr and Caviness’s (1977) scale and the treatments used in the experiment.

Ponta Pora/MS, 2021.

Sep

Oct Nov

Dec

Jan Feb

Mar

Application period

Treatments
V8 R1 R4
Tl Control - -
T2 trifloxystrobin + azoxystrobin + azoxystrobin +
prothioconazole 2 benzovindiflupirt cyproconazole !
T3 i azoxystrobin + azoxystrobin +
benzovindiflupirt cyproconazole !
T4 i picoxystrobin + picoxystrobin +
cyproconazole ! cyproconazole !
T gﬁégiﬂgg}?{: azoxystrobin + picoxystrobin +
pmancozeb benzovindiflupirt cyproconazole !
T6 . . azoxystrobin + picoxystrobin +
t;g,'{ﬁ?gigﬁ:;gl; benzovindiflupirt + cyproconazole ! +
P mancozeb mancozeb
T7 trifloxystrobin + azoxystrobin + picoxystrobin +
prothioconazole 2 + benzovindiflupir! + cyproconazole ' +
mancozeb mancozeb mancozeb
T8 azoxystrobin + azoxystrobin +

benzovindiflupirt +

mancozeb

ciproconazol! +
mancozeb

1Adition of Nimbus 0.5 L ha'l; 2aditon of Aureo 0.5 L ha'l.

Source: Elaborated by the authors (2021)



Revista Agrogeoambiental - v. 13, n. 1, mar. 2021

Weekly monitoring was carried out to detect Asian soybean rust through collections of
30 trifoliums from the lower and middle third of the crop. The first application was performed on
December 20, 2017, phenological stage V8, in a preventive manner, without detecting the disease.
The second application was carried out on January 04, 2018, phenological stage R1, in which the
first signs of the disease appeared, and the third application was carried out on January 20, 2018,
phenological stage R4. From the first application of the fungicide, weekly collections of 10 trefoils
were removed from the lower and middle thirds of the plants in each plot. The severity of the disease,
the area under the disease progress curve (AUDPC), the mass of 1,000 grains, and the yield (kg ha'!)
were evaluated.

The severity of Asian rust was assessed by determining the percentage of leaf area with
symptoms of the disease, using the scale proposed by Godoy et al. (2006). The evaluations were
performed at 0, 7, 14, 21, 28, and 35 days after the first application of the fungicide. Using the
severity data from the last evaluation, the control efficiency (%) of the fungicides was determined,
according to Godoy et al. (2018).

Based on the data on the severity of the disease, the progress curve and the determination of the
area under the disease progress curve (AUDPC) were constructed, calculated from the methodology
proposed by Campbell and Madden (1990):

AACPD :Z;:l] [%j'(tﬂl _ti) (1)

In which,

AUDPC - area below the disease progress curve;
y, — disease proportion in the i"" observation;

t — time in days in the i" observation;

n — total number of observations.

The harvesting of soybeans was performed by manual removal of all plants present in an area
of 5.4 m?, and then the threshing was carried out. After threshing, the grains were packed in paper
bags, and properly identified and stored for later manual cleaning and moisture determination. The
samples were weighed and the value converted to 13 % humidity, the results expressed in kg ha'.
The 1,000-grain mass was obtained from three random samples of grains from each experimental plot.

The data were submitted to the normality test, using the Ryan-Joiner test, at 1 % probability.
Analysis of variance was performed compared by the F test at 5 % probability. The comparisons
between means were performed using the test of Tukey, at 5 % probability. Cluster analysis was
applied using the Ward method with the similarity measure given by the Euclidean distance, to group
the treatments with fungicide applications, defining the cut distance equal to 50 % of the maximum
Euclidean distance.

Results and discussion

Soybean rust was first detected in the experimental area on January 04, 2018, phenological
stage R1. The climatic condition is a determining factor for the appearance of soybean rust, the
survival of uredospores is greatly affected by temperature and relative humidity, uredospores exposed
to temperatures above 40 °C and relative humidity between 12 % to 20 %, proved to be unfeasible
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after 4 to 6 hours (NASCIMENTO et al., 2018). In the work carried out by Twizeyimana and Hartman
(2010), spores on leaves maintained at 25 °C, with 34 % relative humidity, survived for only 15 h.
Table 2 shows the summary of the analysis of variance. A significant effect of treatments was observed
for AUDPC, the mass of 1,000 grains, and productivity.

Table 3 shows the results of severity, percentage of control, and AUDPC.

Table 2 — Summary of analysis of variances for the percentage of severity (SEV), the area under the disease
progress curve (AUDPC), the mass of 1,000 grains g (M1000), and the grain yield kg ha* (YIELD) in the crop
soybean, 2018/2019 harvest. Ponta Pora/MS, 2021.

FV Sev AUDPC M1000 YIELD (kg ha?)
Block 0.92 21.0 45.2 649,782.9*
Tret 0.99 46.7** 216.4* 750,720.2**

Residue 0.72 11.4 63.3 163,914.3

" non-significant, **, * Significant at 1 % and 5 % probability by the F test, respectively.
Source: Elaborated by the authors (2021)

Table 3 — Disease severity, efficiency in control (%), and area under the disease progress curve (AUDPC) for
each fungicide treatment in soybean crop, 2018/2019 harvest. Ponta Pora/MS, 2021.

Treatments Severity Control AUDPC
Tl 1.8A - 145A
T2 0.7A 63.9 5.2B
T3 0.9A 49.9 8.9 AB
T4 1.3A 29.7 7.9 AB
15 0.5A 70.6 5.2B
T6 0.4 A 79.6 468
T7 0.5A 75.6 3.8B
T8 0.9A 49.6 7.5 AB
CV (%) 76.1 - 36.5

* Means followed by the same letter in the columns are not statistically different by the test of Tukey at 5 %
probability.

T1 - Control without fungicide;

T2 - trifloxystrobin + prothioconazole at V8, azoxystrobin + benzovindiflupir at R1, azoxystrobin + cyproconazole
at R4;

T3 - azoxystrobin + benzovindiflupir at R1, azoxystrobin + cyproconazole at R4;

T4 - picoxystrobin + cyproconazole at R1, picoxystrobin + cyproconazole at R4;

T5 - azoxystrobin + cyproconazole + mancozeb at V8, azoxystrobin + benzovindiflupir at R1, azoxystrobin +
cyproconazole at R4;

T6 - trifloxystrobin + protioconazole at V8, azoxystrobin 4+ benzovindiflupir + mancozeb at R1, picoxystrobin
+ cyproconazole + mancozeb at R4;

T7 - trifloxystrobin + protioconazole + mancozeb at V8, azoxystrobin + benzovindiflupir + mancozeb at R1,
picoxystrobin + cyproconazole + mancozeb at R4;

T8 - azoxystrobin + benzovindiflupir + mancozeb at R1, azoxystrobin + cyproconazole + mancozeb at R4.

Source: Elaborated by the authors (2021)

The AUDPC in treatments T2, Tb, T6, and T7 were significantly lower than the control. In these
treatments the application of fungicide started preventively in the V8 stage and in the T3, T4, and T8
treatments, the applications started with the appearance of the first symptoms of the disease, stage



Revista Agrogeoambiental - v. 13, n. 1, mar. 2021

R1. Fungicides applied preventively are recommended as the most effective strategy for controlling
this disease (NAVARINI et al., 2007). Reis (2013) emphasized recommendations to soybean farmers
to apply at the end of the vegetative stage, at the line-closing, which improves the deposition of
the fungicide in the lower layer of the crop canopy. The treatments T5, T6, and T7 were those that
showed control efficiency greater than 70 %.

Preventive applications of fungicides or closer to rust detection in soybean provide greater disease
control than those carried out later (NASCIMENTO et al., 2018). Rios et al. (2010), when artificially
inoculating soybean plants with P pachyrhizi uredospore, observed reductions in the protective and
healing effects of fungicides as the applications were performed farther from inoculation.

Alves and Juliatti (2018) in a work with the application of mancozeb and systemic fungicides
concluded that the effect of adding protective fungicides with systemic fungicides varied according
to the interaction between these molecules. However, the applications made by Alves and Juliatti
(2018) started when the plants were in the R1 stage, and, in general, the preventive applications
of fungicides are more efficient in controlling rust compared to eradicating applications (AUGUSTI
et al., 2014), and the protective fungicides, when applied under ideal conditions, remain on the
leaves and inhibit the germination of spores in a range of hosts and in a non-specific way, acting
in several fungal cell sites (REIS, 2014; ZAMBOLIM et al., 2008), therefore, being more efficient
when applied preventively.

Table 4 shows the 1,000-grain weight and yield.

Table 4 — One-thousand-grain mass (g) and yield (kg ha') of soybean for each treatment with fungicide,
2018/2019 harvest. Ponta Pord/MS, 2021.

Treatments 1000-grain mass Yield (kg ha')
Control 121.7 B 2,130.2 B
T2 136.0 AB 2,722.9 AB
T3 127.1 AB 3,047.7 AB
T4 134.8 AB 2,966.7 AB
T5 136.5 AB 3,307.7 A
T6 1436 A 3,393.6 A
T7 142.8 A 3,265.3 A
T8 135.7 AB 3,405.3 A
CV (%) 5.9 5.9
* Means followed by the same letter in the columns are not statistically different by the test of Tukey at 5 %

probability.

T1 - Control without fungicide;

T2 - trifloxystrobin + prothioconazole at V8, azoxystrobin + benzovindiflupir at R1, azoxystrobin + cyproconazole
at R4;

T3 - azoxystrobin + benzovindiflupir at R1, azoxystrobin + cyproconazole at R4;

T4 - picoxystrobin + cyproconazole at R1, picoxystrobin + cyproconazole at R4;

T5 - azoxystrobin + cyproconazole + mancozeb at V8, azoxystrobin + benzovindiflupir at R1, azoxystrobin +
cyproconazole at R4;

T6 - trifloxystrobin + protioconazole at V8, azoxystrobin + benzovindiflupir + mancozeb at R1, picoxystrobin
+ cyproconazole + mancozeb at R4;

T7 - trifloxystrobin + protioconazole + mancozeb at V8; azoxystrobin + benzovindiflupir + mancozeb at R1;
picoxystrobin + cyproconazole + mancozeb at R4;

T8 - azoxystrobin + benzovindiflupir + mancozeb at R1, azoxystrobin + cyproconazole + mancozeb at R4.

Source: Elaborated by the authors (2021)
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The treatments T6 and T7 were statistically superior for the control for 1,000-grain mass and
treatments T5, T6, T7, and T8 were superior to the control for yield. Protective fungicide mancozeb
was added to these treatments.

Mancozeb is one of the most extensively used non-systemic fungicides in the world, with a
multi-site mechanism of action (GULLINO et al., 2010). Protective fungicides, such as mancozeb,
have been used in the anti-resistance management of Asian soybean rust (GODOY et al., 2018).
In the experiment, the application of mancozeb in a preventive manner or in the detection of the
disease, in mixtures with systemic fungicides, showed less reduction in yield.

Table 5 shows the Euclidean distances among the seven treatments that received fungicide
applications to control soybean rust.

Table 5 - Euclidian distance among the seven treatments with fungicide applications for the control of soybean
rust. Ponta Pora/MS, 2021.

T2 T3 T4 T5 T6 T7 T8
T2 0 325 244 585 671 542 682
T3 0 81 260 346 218 358
T4 0 341 427 299 439
T5 0 86 43 98
T6 0 128 14
17 0 140
T8 0

T1 - Control without fungicide;

T2 - trifloxystrobin + prothioconazole at V8, azoxystrobin + benzovindiflupir at R1, azoxystrobin + cyproconazole
at R4;

T3 - azoxystrobin + benzovindiflupir at R1, azoxystrobin + cyproconazole at R4;

T4 - picoxystrobin + cyproconazole at R1, picoxystrobin + cyproconazole at R4;

T5 - azoxystrobin + cyproconazole + mancozeb at V8, azoxystrobin + benzovindiflupir at R1, azoxystrobin +
cyproconazole at R4;

T6 - trifloxystrobin + protioconazole at V8, azoxystrobin + benzovindiflupir + mancozeb at R1, picoxystrobin +
cyproconazole + mancozeb at R4;

T7 - trifloxystrobin + protioconazole + mancozeb at V8; azoxystrobin + benzovindiflupir + mancozeb at R1;
picoxystrobin + cyproconazole + mancozeb at R4;

T8 - azoxystrobin + benzovindiflupir + mancozeb at R1, azoxystrobin + cyproconazole + mancozeb at R4.

Source: Elaborated by the authors (2021)

It can be seen in Figure 2 the cluster analysis using the Ward method with the similarity
measure given by the Euclidean distance. Treatments T5, T6, T7, and T8 formed group 1 (G1), while
treatments T2, T3, and T4 formed group 2 (G2).
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Figure 2 — Dendrogram showing the hierarchy of seven-treatment groups with fungicide application in the
soybean crop —2018/2019 harvest. Ponta Pora/MS, 2021.
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The treatments in group 1 achieved the best results. Also, they were the treatments that had the
addition of protective fungicide mancozeb, even the T8 treatment, in which the application started in
R1, after the identification of the disease (FIGURE 2). The association of mancozeb with triazole and
strobilurin fungicides has a synergistic or additive action (MARQUES, 2017).

Conclusions

Mancozeb protective fungicide in mixtures with systemic fungicides was more effective for the
control of Asian soybean rust than applications of only systemic fungicides.

Manejo de fungicidas no controle da ferrugem asiatica da soja

Resumo

A ferrugem asiatica da soja é a principal doenca da cultura, e o manejo no uso de fungicidas €
importante para se ter um controle eficiente. O objetivo do trabalho foi avaliar o manejo de fungicidas
com aplicagdes sequenciais para o controle da ferrugem asiatica da soja. O delineamento experimental
utilizado foi em blocos ao acaso com quatro repeticdes e oito tratamentos com diferentes combinagoes
de fungicidas dos grupos quimicos: triazol, estrobilurina, carboxamida e ditiocarbamato. As aplicacoes
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foram realizadas com um equipamento de pulverizacao costal a pressao constante (CO,) e volume de
calda de 200 L hat. Foram avaliadas a severidade da ferrugem, area abaixo da curva de progresso da
doenca (AACPD), eficiéncia do controle, massa de 1.000 graos e produtividade. O fungicida protetor
mancozebe em misturas com fungicidas sistémicos foram mais eficazes para o controle da ferrugem
asiatica da soja do que fungicidas sistémicos aplicados sem o fungicida protetor.

Palavras-chave: Tecnologia de aplicacdo. Phakopsora pachyrhizi. Mancozebe.
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