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Abstract
This study aimed to determine the sensitivity of 61Botryotinia ricini isolates to the fungicides fluazinam and thiophanate-methyl.
The isolates were originated from Goiás (n = 3), Maranhão (n = 3), Mato Grosso (n = 12), Minas Gerais (n = 1), Paraíba (n = 8),
Rio Grande do Sul (n = 19) and São Paulo (n = 15) states. Mycelial discs (6 mm) removed from 5-day-old colonies were
transferred to Petri dishes containing potato dextrose agar (PDA) amended with different concentrations of the fungicides.
Two perpendicular measurements of the radial growth were taken and used to calculate the percentage of mycelial growth
inhibition (PMGI) for each treatment (isolate × fungicide × concentration) in relation to the control. PMGI were used to obtain
the effective concentration that inhibits 50 and 95% of the mycelial growth (EC50 and EC95) by means of linear regression. For
fluazinam, the EC50 and EC95 (mean ± SD) were 0.1738 ± 0.0802 μg/mL and 0.7938 ± 0.1254 μg/mL, while for thiophanate-
methyl, the EC50 and EC95 were 0.3487 ± 0.0963 μg/mL and 1.1325 ± 0.2063 μg/mL, respectively. Both fungicides have high
intrinsic toxicity to B. ricini but fluazinam was a more potent growth inhibitor compared to thiophanate-methyl.
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Castor (Ricinus communis L.) is an oilseed crop usually cul-
tivated in a low input agricultural system in the semiarid re-
gions of Brazil. Castor oil is highly versatile and may be used
in a wide range of industrial products, which has led to several
initiatives aimed at promoting castor as a rotation crop in the
Brazilian Cerrado (Severino et al. 2012). The castor gray
mold, caused by Botryotinia ricini (Godfrey) Whetzel, is
one of the most destructive diseases of castor. This pathogen
has been described in almost all areas of castor cultivation,
typically infecting the flowers and green capsules of the
plants, and causing yield losses that may approach 100%
(Soares 2012).

The best way to reduce the yield losses caused by this
pathogen is through the use of genetic resistance.
Unfortunately, none of the varieties available for cultivation

in the Brazilian Cerrado possess resistance to the gray mold
pathogen, and those with some level of resistance do not have
the agronomic traits required in this region and thus, fungicide
applications are necessary to prevent yield losses (Severino
et al. 2012; Soares 2012; Anjani et al. 2018). However, over
time, the selection for fungicide-resistant individuals through-
out the pathogen population may result in control failures (De
Waard et al. 1993; Brent 1995). In fact, management of castor
gray mold disease with fungicides has been challenging and
the results have been inconsistent (Soares 2012). Studies to
determine the intrinsic toxicity of the most promising mole-
cules to be used in the management of this disease are lacking
and may help to explain the inconsistency of the results.

The phylogenetic affinities and the similar biological be-
havior shared between Botrytis spp. and the causal agent of
castor gray mold led us to hypothesize that fungicides
regarded as highly effective against the genus Botrytis, the
so called botryticides (Leroux 2007), will also be highly ef-
fective against B. ricini. Fluazinam and thiophanate-methyl
are two molecules regarded as highly effective against
Botrytis spp. (Leroux 2007; Hahn 2014; Shao et al. 2015).
Therefore, the aim of the present work was to determine the
intrinsic toxicity of these molecules to a collection of isolates
of B. ricini obtained from distinct Brazilian regions.
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Additionally, the use of fungicides tomanage castor graymold
is likely to increase due to the expansion of castor crop in the
Brazilian Cerrado. Thus, the results obtained in the present
work are important for the establishment of a baseline sensi-
tivity of this fungus to these fungicides to further aid in mon-
itoring shifts towards fungicide resistance.

The bioassays were conducted during 2016 and 2017. The
B. ricini isolates were obtained from diseased castor plants
between 2012 and 2015. The isolates were preserved by
freeze-drying in serum vials according to the ATCC protocol
(ATCC 2011) and were deposited at the “Coleção de Culturas
de Microrganismos Fitopatogênicos da Embrapa Algodão”
(CCMF-CNPA). In total, sixty-one isolates, obtained in the
states of Goiás (n = 3), Maranhão (n = 3), Mato Grosso (n =
12), Minas Gerais (n = 1), Paraíba (n = 8), Rio Grande do Sul
(n = 19) and São Paulo (n = 15) were evaluated (Table 1).

The sensitivity of the B. ricini isolates to the commercial
fungicides Cercobin 500 SC (thiophanate-methyl 50%,
IHARABRAS S.A) and Frowncide 500 SC (fluazinam
39,84%, IHARABRAS S.A) was determined by the mycelial
growth inhibition assay. Mycelial discs (6 mm diameter), re-
moved from the edges of 5-day-old colonies of all isolates,
were transferred to Petri plates containing potato dextrose agar
(PDA) amended with 0, 0.09375, 0.1875, 0.375, 0.75 and
1.5 μg ml−1 of each active ingredient. The plates were then

maintained in the dark at 25 °C for 4 days. For each replicate,
the diameter of the colony was obtained by measuring the
fungus growth in two perpendicular directions from which
the original mycelial disc was subtracted. These measure-
ments were used to obtain the percentage of mycelial growth
inhibitions in relation to the non-amended (control) plates.
The effective concentration that inhibits 50 and 95% of the
fungus growth (EC50 and EC95) for each active ingredient was
obtained by means of linear regression of the relative percent-
age of mycelial growth inhibition against the log10-trans-
formed fungicide concentration (Hilber and Schuepp 1996;
Liang et al. 2015; Liu et al. 2018), using SAS® and R (R
Core Team 2016) statistical packages. For each combination
(concentration × fungicide × isolate), three replicates were
used and the bioassay was performed twice. Graphs were built
using the ggplot2 package for R (Wickham 2009).

The B. ricini isolates were highly sensitive to fluazinam
and thiophanate-methyl: EC50 and EC95 were < 50 μg ml−1

(Grindle 1981) (Table 2). Isolates collected from the four dis-
tinct geographical regions, viz. South, Southeast, Central West
and Northeast, showed similar sensitivity levels to the fungi-
cides evaluated. The EC50 values of 0.1738 ± 0.0802 μg mL−1

and 0.3487 ± 0.0963 μg mL−1 can be used as the baseline to
monitor the sensitivity of B. ricini to fluazinam and
thiophanate-methyl, respectively.

The isolates had a narrow unimodal distribution regarding
their sensitivity to both active ingredients (Fig. 1). Based on
the mean EC50 and EC95 values, in general, fluazinam was
twice as toxic to B. ricini as thiophanate-methyl. For the EC50

values, a weak, but significant, association of isolate sensitiv-
ity to both fungicides (Spearman rank correlation coefficient =
0.271, P = 0.03) was observed, while for EC95, no significant
association was observed. This suggests that most sensitive
isolate to thiophanate-methyl was not necessarily the most
sensitivity isolate to fluazinam, and vice-versa. This lack of
correlation was expected as the fungicides evaluated here have
biochemically distinct modes of action (Leroux 2007).

Chagas et al. (2014) claimed that B. ricini was highly sen-
sitive to several fungicides, including thiophanate-methyl,
since the EC50 observed was lower than 1 μg mL−1.
However, since a single isolate of the fungus had been used,
their results cannot be considered conclusive, especially due
to the large variations usually observed among distinct isolates
(Grindle 1981). In this study, we evaluated 61 field isolates of

Table 1 Origin of the Botryotinia ricini isolates used in the present
study

Region State Municipality Number of
isolates

Central West Goiás Rio Verde 3

Mato Grosso Primavera do Leste 12

Northeast Maranhão Balsas 3

Paraíba Areia 1

Campina Grande 4

Esperança 1

Remigio 2

Southeast Minas Gerais Viçosa 1

São Paulo Jaguariúna 3

Pindorama 12

South Rio Grande do Sul Pelotas 19

Total 61

Table 2 Variations between
fluazinam and thiophanate-
methyl concentrations (μg a.i.
ml−1) which inhibited mycelial
growth of 61 field isolates of
Botryotinia ricini from Brazil

Antifungal compound Growth inhibition (%) Range Average (mean ± SD) Median

Fluazinam 50 <0.0937 to 0.4232 0.1738 ± 0.0802 0.1621

95 0.6373 to 1.2456 0.7938 ± 0.1254 0.7646

Thiophanate-methyl 50 0.1039 to 0.4772 0.3487 ± 0.0963 0.3507

95 0.7637 to >1.5 1.1325 ± 0.2063 1.1746
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B. ricini, obtained from 11 municipalities covering four
Brazilian regions. Our results show that thiophanate-methyl
and fluazinam have high intrinsic toxicity to the fungus, which
corroborates the claim of Chagas et al. (2014) and establishes
the baseline sensitivity of B. ricini to thiophanate-methyl and
fluazinam.

The EC50 values for all isolates evaluated were lower than
0.5 μg ml−1 showing absence of resistant phenotypes, for both
a.i., amongst the Brazilian isolates of B. ricini (Table 2).
However, three isolates obtained from Rio Verde, Goiás, had
been exposed to conventional fungicides during the 2015 crop
season. According to the grower, one prophylactic iprodione
and two curative azoxystrobin spraying were made before
isolates had been collected. These active ingredients belong
to distinct biochemical groups from those used in the present
work. Additionally, by performing a hierarchical clustering
analysis using the FactoMineR package for R (Le et al.
2008), this fungicide exposure had no effect on clusters, which
were determined exclusively by EC50 values. Thus, we sug-
gest that despite this fungicide exposure, the EC50 values ob-
tained in the present work may serve as baseline sensitivity of
B. ricini to these fungicides.

The absence of resistant phenotypes was already expected
as no constant selection pressure was applied over the fungus
population where the isolates had been collected. However,
selection for resistant phenotypes is commonly observed in
Botrytis spp. population exposed to frequent fungicide appli-
cation (Northover and Matteoni 1986; Leroux 2007; Liu et al.
2018). Thus, since B. ricini is phylogenetically and biologi-
cally similar to Botrytis spp., the selection for fungicide resis-
tant individuals within B. ricini population may also be a

concern, especially when applying fungicides with a high-
risk of resistance (Leroux 2007). Understanding the genetic
basis of fungicide resistance plays an important rule to formu-
late strategies to overcome it. The benefits of this understand-
ing are well documented, especially for Botrytis spp. (De
Waard et al. 1993). Nonetheless, no studies to determine the
genetic basis for fungicide resistance are available for B. ricini
and this situation is likely to endure. Thus, the data presented
here are important since they provide insights into the sensi-
tivity of B. ricini to two fungicides that may be used for man-
aging this disease.
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