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ABSTRACT

Wheat blast caused by Pyricularia oryzae is a challenging disease to control,
considering the multiple reports of fungicide resistance in triazole and strobilurin
fungicides. The objective of this work was to evaluate the sensitivity of Paraguayan
strains of P. oryzae to five fungicide products under in vitro conditions through
determination of the median inhibitory concentration (IC50). The experiment was
conducted at the Hernando Bertoni Research Center, IPTA, Caacupé. A randomized
complete block design with a 5x5x8 factorial arrangement and 10 replications was
used. The factors studied were five strains of P. oryzae; five fungicides (Cyproconazole
12% + Azoxystrobin 20%; Benzovindiflupyr 5% + Picoxystrobin 10%; Tebuconazole
25%; Fluxapyroxad 33.3%; Fluxapyroxad 7.7% + Pyraclostrobin 15.5% + Revysol
11.6%), and eight concentrations of each fungicide (0 (control); 0.1; 1; 5; 10;
20; 40, and 80 pg ml-1). The IC50 was calculated by determining the relative
growth of strains at each fungicide concentration using three-parameter log-logistic
regression LL.3. Strain sensitivity and fungicide fungitoxicity were classified based
on IC50 values, as well as strain sporulation through conidia ml-* counts. The
strains exhibited differential sensitivity to the evaluated fungicides. None of the
fungicides achieved complete inhibition of sporulation.

Keywords: Magnaporthe oryzae, wheat blast, chemical control, fungicides,
sensitivity.

RESUMEN

El brusone del trigo causado por Pyricularia oryzae es una enfermedad dificil de
controlar, considerando los multiples reportes de resistencia del hongo a fungicidas
triazoles y estrobilurinas. El objetivo de este trabajo fue evaluar la sensibilidad
de cepas paraguayas de P. oryzae a cinco productos fungicidas en condiciones
in vitro mediante la determinacién de la concentracion inhibitoria media (CI50).
El experimento se realizd en el Centro de Investigacidon Hernando Bertoni, IPTA,
Caacupé. Se utilizd un disefio de bloques completos al azar, con arreglo factorial
5x5x8, con 10 repeticiones. Los factores en estudio fueron cinco cepas de P. oryzae;
cinco fungicidas (Ciproconazole 12% + Azoxystrobina 20%; Benzovindiflupyr 5%
+ Picoxystrobin 10%; Tebuconazole 25%; Fluxapyroxad 33,3%; Fluxapyroxad
7,7% + Pyraclostrobin 15,5% + Revysol 11,6%) y ocho concentraciones de cada
fungicida (0 (control); 0,1; 1; 5; 10; 20; 40 y 80 pug ml-1). La CI50 se calculd
determinando el crecimiento relativo de las cepas frente a cada concentracién de
fungicida mediante regresion log logistica de tres parametros LL.3. La sensibilidad
de las cepas y la fungitoxicidad de los fungicidas se clasificaron en funcidén de la
CI50, asi como la esporulacidn de las cepas mediante el recuento de conidios ml-1.
Se observd que las cepas presentaron sensibilidad diferenciada a los fungicidas
evaluados. Ninguno de los fungicidas logré inhibir completamente la esporulacion.

Palabras clave:Magnaporthe oryzae, brusone del trigo, control quimico, fungicidas,
sensibilidad.
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INTRODUCTION

Pyricularia or wheat blast is a disease caused by the fungus
Pyricularia oryzae pathotype Triticum (PoT), which causes
variable losses ranging from five to 100% depending on
factors such as environmental conditions, variety used, and
management practices (Kohli, Mehta, Guzman, De Viedma,
& Cubilla, 2011). It is generally considered a challenging
disease to control; therefore, proper management requires
a set of measures such as the use of resistant varieties,
planting at the recommended time, use of healthy seeds,
and chemical control through fungicides (Cruz & Valent,
2017; Kohli, Cazal, & Chavez, 2020).

In addition to genetic resistance, fungicide use is the most
common practice for disease management in wheat crops.
However, repeated application of the same fungicide (a
single active ingredient or mixtures of active ingredients)
can lead to the development of pathogen resistance to
commonly used fungicides (Carmona & Sautua, 2017).

Resistance of PoT to triazoles and strobilurins was reported
in 2015 in Brazil (Castroangudin et al., 2015; Oliveira,
Castroagudin, Nunes Maciel, dos Santos Pereira, & Ceresini,
2015). It is also known that triazole resistance is present in
strains isolated from different weed species associated with
wheat cultivation (Dorigan et al., 2019) and in different PoT
populations in Brazil (Poloni et al., 2021).

The efficacy of fungicides for PoT control varies greatly
depending on the region, such that a product may be
effective in one region but notin another (Cruzetal., 2019);
therefore, it is important to evaluate their effectiveness
in order to recommend the most effective fungicides for
each region. According to the Fungicide Resistance Action
Committee (2018), monitoring fungal sensitivity to a
fungicide is important to maximize its control efficacy. For
this reason, it is crucial to establish sensitivity for each
fungicide/pathogen combination.

Paraguay lacks information regarding the efficacy of
different products for PoT control, and the sensitivity
of different fungal strains to various active ingredients
is unknown. Therefore, the objective of this work was
to determine the sensitivity of PoT strains to different
fungicide products under in vitro conditions through IC50
calculation and evaluation of pathogen sporulation in
response to different fungicide products.

MATERIALS AND METHODS

The research was conducted in the laboratory of the Plant
Pathology Department at the Hernando Bertoni Research
Center (CIHB), Paraguayan Institute of Agricultural
Research (IPTA), Caacupé, Cordillera, from November
2022 to May 2023.

A randomized complete block experimental design with
a 5x5x8 factorial arrangement and 10 replications
was applied, totaling 200 treatments consisting of the
combination of the following factors: five fungicide
products (Cyproconazole 12% + Azoxystrobin 20%;
Benzovindiflupyr 5% + Picoxystrobin 10%; Tebuconazole
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25%; Fluxapyroxad 33.3%; Fluxapyroxad 7.7% +
Pyraclostrobin 15.5% + Revysol 11.6%), five PoT strains,
and eight concentrations of each fungicide [0 (control);
0.1; 1; 5; 10; 20; 40, and 80 ug ml-1]. Each experimental
unit corresponded to a Petri dish.

The isolates were obtained from wheat-producing areas in
Paraguay as detailed in Table 1.

These were identified morphologically through microscopic
observation and molecularly through conventional PCR
using the molecular markers Pot-2a, which is a general
marker for the genus Pyricularia, and MoT3, which is
specific for the Triticum pathotype of P. oryzae (Pieck et
al., 2017).

To determine the median inhibitory concentration (IC50)
of each fungicide product, the methodology of Dominguez,
Sautua, and Carmona (2021) was followed. Under a
laminar flow hood, two stock suspensions of each fungicide
product were prepared with sterilized distilled water to
obtain concentrations of 1 yg ml-* and 10 pg mi-? of active
ingredients. From the stock suspensions, the necessary
amounts were added to achieve variable concentrations
of the fungicide products [0; 0.1; 1; 5; 10; 20; 40, and
80 pg ml=1] in oat agar culture medium when it was at
approximately 45°C. The medium with different fungicide
product concentrations, previously homogenized, was
poured into Petri dishes. Once solidified, a 6 mm agar
disc containing active pathogen mycelium was seeded
in the center of each dish. The inoculated plates were
incubated in a growth chamber at 25-27°C with a 12 h
light/12 h dark photoperiod (Marangoni, Nunes, Fonseca,
& Mehta, 2013). When the control treatment filled the
Petri dish, at 15 days, radial growth measurements of the
fungus were taken with digital calipers. Two perpendicular
colony diameters were measured, and an average of both
measurements was calculated.

The relative growth for each fungicide-strain combination
was calculated as follows: colony diameter with fungicide/
colony diameter of the control treatment. Finally, an
average of the 10 plates for each fungicide concentration
was calculated. With these data, regression analysis was
performed by fitting a three-parameter log-logistic model
(LL.3) using the drc package of R software version 4.5.0,
and the IC50 of each strain and fungicide product under
study was calculated with the values obtained from this
regression. With the calculated IC50 values, strains were
classified based on their sensitivity to each fungicide
product. The fungitoxicity of the products was classified
using the scale proposed by Edgington, Khew, and Barrow
(1971) (Table 2).

To evaluate strain sporulation, five plates from the 10
replications of each treatment were randomly selected
from each concentration. Under a laminar flow hood, the
mycelium was removed with a glass rod from the plates,
which were then incubated under constant fluorescent
light for 72 hours to promote sporulation (Marangoni et
al., 2013). Subsequently, the plate surfaces were scraped
with a brush, adding 10 ml of distilled water to each plate
to remove the conidia, forming a suspension. Finally,

Table 1. Pyricularia oryzae strains belonging to the Pyricularia in wheat CAPECO project collection used in the experiment.

Code Location Department Year Plant part
P12-001 Yhovy Canindeyu 2012 Seed
P13-009 Capitan Miranda Itapua 2013 Spike
P14-039 Estancia Flor Alto Parana 2014 Spike
P18-119 Yhovy Canindeyu 2018 Leaf
P18-121 Capitan Miranda Itapua 2018 Spike
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Table 2. Sensitivity scale based on IC50 (ug mli-1). Criteria for fungal sensitivity to fungicides and fungitoxicity according

to the scale proposed by Edgington et al. (1971).

IC50 Scale (g mi-t) Fungal Sensitivity

Fungicide Fungitoxicity

<1 Highly sensitive
1a10 Moderately sensitive
10 a 50 Poorly sensitive

>50 Insensitive

High fungitoxicity
Moderate fungitoxicity
Low fungitoxicity
No fungitoxicity

under a microscope, conidia counts were performed with
a hemocytometer by extracting a 100 pL sample from the
suspension. Two counts were performed for each plate.
The average of the two counts was multiplied by the
correction factor (50,000), following the methodology of
French and Hebert (1980).

Isolate sporulation was analyzed using a generalized linear
model with negative binomial distribution, and marginal
means were plotted as a function of fungicide concentration.
For IC50 analysis, a three-parameter log-logistic model
(LL.3) was fitted, and confidence intervals were calculated
using the drc package of R software version 4.5.0.

RESULTS AND DISCUSSION

The results show that the studied strains exhibited different
sensitivities to the evaluated fungicide products. For the
fungicide Cyproconazole 12% + Azoxystrobin 20%, all
strains were moderately sensitive (Table 3). Strain P13-
009 for the fungicide Benzovindiflupyr 5% + Picoxystrobin
10%, and strain P18-119 for Tebuconazole 25%, were
highly sensitive to these fungicides, while the other strains
showed moderate sensitivity to them.

On the other hand, the fungicide that exhibited the highest
IC50 values was Fluxapyroxad 33.3%, so the strains were
classified as insensitive to it. Similarly, all strains were
poorly sensitive to the fungicide Fluxapyroxad 7.7% +
Pyraclostrobin 15.5% + Revysol 11.6%. The fungicide
with the lowest IC50 values was Benzovindiflupyr 5% +
Picoxystrobin 10%.

Figure 1 presents the concentration-relative growth curves
obtained for the five evaluated fungicides against the five
pathogen strains. In all cases, a progressive decrease in
relative growth is observed as the fungicide concentration
increases.

The fungicides Benzovindiflupyr 5% + Picoxystrobin 10%
and Tebuconazole 25% show steeper slopes in most
strains, indicating greater efficacy in reducing relative
growth and lower estimated IC50 values. Conversely, the
fungicides Fluxapyroxad 33.3% and Fluxapyroxad 7.7%
+ Pyraclostrobin 15.5% + Revysol 11.6% exhibit greater
growth for all strains. The fungicide Cyproconazole 12% +
Azoxystrobin 20% shows greater efficacy represented by
reduction in relative growth for the older strains (P12-001,
P13-009, and P14-039) but not for the more recent strains
(P18-119 and P18-121).

Strain P18-119 shows more marked discrimination
between fungicides, while the other strains exhibit curves
closer to each other, indicating relatively homogeneous
sensitivity among them.

Studies conducted by Boaretto et al. (2015) reported
that of six Pyricularia oryzae isolates evaluated, five were
highly sensitive and one was insensitive to Tebuconazole.
Similarly, Cazoén, Ascari, Santos, and Emerson Medeiros
(2022) obtained IC50 values ranging from 0.003 to 1.188
ug mi-t for this fungicide, classifying strains as highly
sensitive to moderately sensitive, which agrees with this
study where four of the studied strains were classified
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as moderately sensitive and one as highly sensitive to
tebuconazole with higher IC50 values (between 0.73 ug
ml-1 and 4.68 pg mi-1).

Regarding fungicides belonging to the carboxamide group,
Cazédn et al. (2022) obtained IC50 values from 3.26 to 136
Mg ml-1 for Fluxapyroxad, classifying strains as moderately
sensitive to insensitive. In this work, IC50 values for that
active ingredient were from 54.25 to 87.05 pg ml-1, being
the highest for all evaluated strains.

On the other hand, the mixture of triazoles with strobilurins
(Cyproconazole 12% + Azoxystrobin 20%) showed
IC50 values between 2.53 to 9.53 pg ml-t. Considering
that Castroagudin et al. (2015) observed that the IC50
of the Pyricularia oryzae population for the fungicide
Azoxystrobin was greater than 10 pg ml-1, the observed
IC50 values for the mixture are considered to be due to
the triazole. Nevertheless, it is necessary to evaluate the
sensitivity of Paraguayan strains to the active ingredients
separately.

The same occurs with the product mixture of carboxamides
and strobilurins, based on Benzovindiflupyr 5% +
Picoxystrobin 10%, whose IC50 values ranged between
0.65 to 2.19 pg mi-1 for the evaluated strains. Considering
that Oliveira et al. (2015) reported cross-resistance to
strobilurins in the Pyricularia oryzae population, and that
Cazon et al. (2022) report IC50 values from 0.001 to 0.044
Mg mi-1 for Benzovindiflupyr, the IC50 values observed in
this work are considered high compared to those reported
by the aforementioned authors.

The product based on a triple mixture of active ingredients
(Fluxapyroxad 7.7% + Pyraclostrobin 15.5% + Revysol
11.6%) showed IC50 values between 18.74 and 32.59 ug
ml-1, these values being higher than those observed for the
triazole plus strobilurin and carboxamide plus strobilurin
mixture products, indicating that the triple mixture might
not be more effective for PoT control.

Figure 2 presents the marginal means of conidia ml-1
counts of the studied strains for the evaluated fungicide
products. Sporulation of all strains was observed at all
concentrations and all evaluated fungicide products. This
implies that none of the evaluated products completely
inhibits sporulation.

For the older strains (P12-001, P13-009, and P14-039),
a significant dose-response effect was observed, where
increasing fungicide concentrations resulted in a reduction
in conidia ml-1 (p < 0.05), but not for the more recent
strains (P18-119 and P18-121), which maintain constant
sporulation despite increasing concentrations. In general,
strain sporulation showed differential sensitivity to the
different fungicides. For fungicides 1, 2, and 3, a decreasing
trend in conidia ml-1 count was observed with increasing
fungicide concentration. While for fungicides 4 and 5, the
conidia ml-* count of most strains remained constant,
suggesting that these products have lower control efficacy
on pathogen sporulation. None of the fungicides achieved
complete inhibition of strain sporulation at the highest
concentration studied (80 ug ml-1).
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Table 3. Median inhibitory concentration (IC50) of the evaluated fungicide products for the five PoT strains, with their
confidence intervals and classification according to the scale of Edgington et al. (1971).
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Figure 1. Concentration-relative growth curves for the fungicides evaluated on the five strains of the pathogen. F1:
Cyproconazole 12% + Azoxystrobin 20%; F2: Benzovindiflupyr 5% + Picoxystrobin 10%; F3: Tebuconazole 25%; F4:
Fluxapyroxad 33.3%; F5: Fluxapyroxad 7.7% + Pyraclostrobin 15.5% + Revysol 11.6%.

Strain P13-009, one of the oldest in the collection, was more
consistent in conidia production at most concentrations,
suggesting lower sensitivity (greater tolerance) to the
evaluated fungicides. Similarly, the most recently isolated
strains (P18-119 and P18-121) showed lower sensitivity to
increasing concentrations.
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It should be noted that this is the first work evaluating
pathogen sporulation against fungicide products, since
previous studies generally measure conidia germination
(Dorigan et al., 2019; Poloni et al., 2021; D’Avila, Corsi
de Filippi, & Café-Filho, 2021). Therefore, it would
be important to consider both variables to accurately

Investig. Agrar. 2025; 27(2):e2702854


https://www.agr.una.py/revista/index.php/ria/index
https://creativecommons.org/licenses/by/4.0/deed.es

Fungicide Sensitivity of Paraguayan Strains of Pyricularia oryzae Isolated from Wheat

4]

strain

P12-001

P13-009

™

0011 5 10 20 40 80
P14-039

Conidia/ml (estimated)

ity

Xy

P18-119
P18-121

001 1 &5 10 20 40 80 0 01

1 5 10 20 40 80

Concentration ppm

Figure 2. Estimated marginal means of conidia count (ml-1) as a function of fungicide concentration for the five strains
studied for each fungicide, fitted using a negative binomial regression model. The dots represent the estimated marginal
means from the model. The vertical error bars indicate the 95% confidence intervals for each data point. Panels
labeled 1 to 5 represent different fungicides: 1. Cyproconazole 12% + Azoxystrobin 20%; 2. Benzovindiflupyr 5% +
Picoxystrobin 10%; 3. Tebuconazole 25%; 4. Fluxapyroxad 33.3%; 5. Fluxapyroxad 7.7% + Pyraclostrobin 15.5% +
Revysol 11.6%. The colors distinguish the strains: P12-001 (red), P13-009 (olive green), P14-039 (blue green), P18-

119 (light blue), P18-121 (magenta).

determine the efficacy of active ingredients for pathogen
control.

Considering that commercial products were used to obtain
the different concentrations, and also a reduced number of
strains, it would be important to repeat this research using
the active ingredients separately and a greater number of
strains, in order to have a broader overview of what occurs
with the pathogen population in Paraguay. Nevertheless,
the results achieved in this work are key for monitoring the
sensitivity of Paraguayan PoT strains to fungicides used in
the field.

Considering the difference in sensitivity of the studied
strains to the evaluated products and also that none
completely inhibited sporulation (conidia ml-1 quantity),
these results should serve as a warning call for producers
and field technicians. Special mention should be made of
the identification of strains such as P13-009, which continue
with high sporulation quantities under all treatments and
may be important for future epidemics in the country.

The results of this work will serve as a reference for
the sensitivity of Paraguayan PoT strains and continue
monitoring the behavior of other strains against different
active ingredients recommended for wheat disease control.

CONCLUSION

The Paraguayan Pyricularia oryzae strains studied in this
work showed differential sensitivity to the evaluated
fungicide products. The different strains demonstrated
their ability to continue producing conidia at various
concentrations of the used fungicides. None of the fungicide
products completely inhibited strain sporulation.
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