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Abstract  Most strawberry growers in Brazil use
imported transplants due to their higher quality in
terms of plant health and productivity. However, there
is a risk of entry of quiescently infecting pathogens
such as Botrytis species and/or isolates resistant to
different fungicides. In this work, we investigated
the incidence of Botrytis in imported transplants, and
identified the species. In addition, isolates were char-
acterized for their pathogenicity in fruit and sensitiv-
ity to seven fungicides (procymidone, fludioxonil,
iprodione, cyprodinil, pyrimethanil, boscalid and
fluazinam). The average incidence of Botrytis spp.
in transplants imported from Chile, Argentina, and
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Spain was 43.5%. A total of 79 isolates were identi-
fied molecularly as B. cinerea and the pathogenicity
in fruit was confirmed for a subsample of 14 isolates.
To evaluate sensitivity to fungicides, the following
discriminatory doses were used: procymidone (P)
(10 pg/mL), fludioxonil (F) (0.5 ug/mL), iprodione (I)
(10 pg/mL), cyprodinil (C) (10 pg/mL), pyrimethanil
(PY) (10 pg/mL), boscalid (B) (50 ug/mL) and fluazi-
nam (FL) (1 ug/mL). As a result, 24 resistant pheno-
types were identified with the most frequent being the
phenotype with resistance to three fungicides (C-PY-
B). The isolates with low sensitivity to cyprodinil and
pyrimethanil fungicides, which are not yet widely
used in Brazil, represent a risk for strawberry produc-
tion and should be considered in disease management
and future fungicide monitoring programs.

Keywords Anilinopyrimidines - Chemical control -
Dicarboximides - Gray mold - Phenylpyrrole

Introduction

In strawberry production, transplants are usually
replaced every year for healthier plants and for the
reduction of diseases and pests (Antunes et al., 2015).
Therefore, it is important to have good quality trans-
plants for yield and healthy fruit. Some essential
characteristics to determine transplant quality are
healthy leaf area with two to three leaves, no symp-
toms of pests and diseases, and transplant size of
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approximately 15 cm (Rufato et al., 2023). Although
Brazil has been advancing in the production of
transplants, there are still phytosanitary problems,
and growers end up opting for imported transplants
(Antunes & Cocco, 2012). In Brazil, the transplants
imported by strawberry growers are mainly from
Argentina, Chilean Patagonia and Spain (Brandt
et al., 2022; Costa et al., 2018). Imported trans-
plants have a higher cost due to the phytosanitary
inspections carried out to prevent new diseases from
entering the national territory and costly transporta-
tion (Nunes et al., 2018; Schmitt et al., 2016;). As
the production of bare-root transplants in Argentina
and Chile occurs during the summer, when the aver-
age temperatures are about 20 °C, with low rainfall,
incidence of diseases is usually low (Rufato et al.,
2023). In Spain, strawberry mother plants are grown
in high-altitude nurseries in northern Spain, mainly in
the provinces of Segovia, Avila and Valladolid, where
ideal agro-climatic conditions prevail from March to
September (Pastrana et al., 2017).

One of the main diseases that cause losses to
strawberry growers is gray mold, caused by Botrytis
spp., a pathogen capable of infecting various parts of
the plant (Williamson et al., 2007). The fungus can
remain latent for a long period, which offers Botrytis
spp- an essential mechanism for survival. Within the
living epidermal cell, the pathogen is protected from
adverse weather conditions, interference from other
pathogens and the effects of protective fungicides,
lasting up to eight months in leaves (Braun & Sutton,
1988). Thus, transplants can serve as an important
source of primary inoculum and transport the patho-
gen through latent infections to commercial straw-
berry fields, as has already been reported in the USA
(Oliveira et al., 2017). Moreover, different subpopu-
lations of Botrytis spp. may be selected in transplant
nurseries under different fungicide spraying condi-
tions (Amiri et al., 2018).

The genus Botrytis has more than 30 phytopath-
ogenic species (Fillinger & Elad, 2015). Among
these, B. cinerea, B. fragariae (Rupp et al., 2017),
B. caroliniana (Li et al., 2012), B. mali (Dowling &
Schnabel, 2017), B. pseudocinerea (Plesken et al.,
2015) and Botrytis Group S (Leroch et al., 2013) are
capable of infecting strawberry plants. In Brazil, B.
cinerea is the species reported so far infecting straw-
berries (Lopes et al., 2017; Maia et al., 2021). Even
though there are no reports of these other species
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infecting strawberries in countries from which Brazil
has imported transplants (Farr & Rossman, 2021), B.
pseudocinerea has been reported causing gray mold
in vineyards in Spain (Acosta Morel et al., 2018). In
Chile, the presence of B. pseudocinerea in peonies
was reported (Mufioz et al., 2016). This species has
also been reported causing gray mold on strawber-
ries in Germany (Leroch et al., 2013; Plesken et al.,
2015).

In addition to the entry of new species when
importing transplants, there is the possibility of entry
of isolates with resistance to the main fungicides
used in the country. In the United States, isolates of
B. cinerea from strawberry transplants showed, for
the most part, resistance to four fungicides used in
the management of strawberry diseases (Oliveira
et al., 2017). Studies on the incidence of Botry-
tis in imported strawberry transplants have not yet
been performed in Brazil. In a study in peach fruit
imported from Spain, Chile, United States and Argen-
tina, isolates of Monilinia spp. with resistance to the
fungicides azoxystrobin, tebuconazole, iprodione and
thiophanate methyl, which are widely used to control
brown rot in Brazil, were found (Pereira et al., 2018).

In strawberry, the lack of sensitivity of isolates
from transplants can directly interfere with disease
management during the season. If these isolates are as
competitive as field isolates and adapt to adverse con-
ditions, the efficacy of fungicides may be impaired.
This shows the importance of monitoring the straw-
berry transplants that are being imported for the entry
of possible new species of Botrytis and their resist-
ance to the fungicides used to manage the disease in
the country, especially those that still perform well
against gray mold. Therefore, the objectives of this
study were to: i) evaluate the incidence of Botrytis
from imported strawberry transplants, ii) identify the
Botrytis species of the isolates recovered from trans-
plants, and iii) evaluate the sensitivity of the isolates
to the fungicides procymidone, fludioxonil, iprodione,
cyprodinil, pyrimethanil, boscalid and fluazinam.

Material and methods

Assessment of Botrytis spp. incidence in transplants,

isolate recovery, and confirmation of pathogenicity.
In 2021 and 2022, transplants imported from

Chile, Argentina and Spain were purchased to detect



Eur J Plant Pathol (2024) 169:669-680

671

Botrytis spp. (Fig. 1). The cultivars used were based
on the availability of importers, namely: Albion, Aro-
mas, Camino Real, Fronteras, Monterey, Portola, and
San Andreas. Fifty transplants per cultivar/country
were obtained, totaling 1000 transplants.

The transplants were surface disinfected with
0.5% sodium hypochlorite for 2 min and then washed
twice with sterile distilled water. They were then
frozen overnight at -18 °C in a freezer to acceler-
ate tissue death and then incubated inside a gerbox
over a wire mesh, with distilled water at the bottom
to maintain high humidity. The boxes were incu-
bated for seven days at 22 °C (Oliveira et al., 2017).

The incidence of Botrytis spp. in the transplants was
observed under a stereoscopic microscope (40x).
Seventy-nine Botrytis spp. isolates were obtained by
placing the pathogen structures onto plates containing
PDA medium. To prevent them from losing charac-
teristics after successive replications, all isolates were
preserved in silica gel using filter paper disks and in
30% glycerol, both at -18°C in a freezer. The isolates
were deposited in a collection at the Laboratory of
Epidemiology for Integrated Management of Dis-
eases (LEMID) at the Federal University of Parana.
For the evaluation of pathogenicity, 14 isolates,
from Argentina (1), Chile (8) and Spain (5), were
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Fig. 1 Origin, year of importation and cultivars of the transplants that were used in this study
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selected. Eight replicates were used for each isolate.
Each replicate consisted of three strawberry fruit
inside a plastic pot of 15 cm in diameter and 4.5 cm
in height with the presence of cotton and filter paper
sterilized and moistened with distilled water. Albion
cultivar fruit at the green to red maturation stage,
without fungicide residues, was used. The fruit were
disinfested with 0.5% sodium hypochlorite for 2 min,
washed three times in distilled water and dried at
room temperature. The fruit were placed inside dis-
infested plastic containers and 50 pL of suspension
at 1x10° conidia/mL were deposited on their sur-
faces in a previously determined location on each
non-wounded fruit. The control treatment consisted
of applying 50 pL of distilled water to non-wounded
fruit. The fruit were incubated at 22°C with a 12 h
photoperiod and evaluated at intervals of 24 h up to
five days for the presence of symptoms and signs of
the pathogen.

Botrytis species identification

All 79 isolates obtained were molecularly identified.
For this, the DNA of each isolate was extracted using
the CTAB protocol, with some modifications (Doyle
& Doyle, 1987; Pereira et al., 2019). Species identi-
fication was performed using PCR with the forward
primers G3PDH-F1 and G3PDH-F2 together with
the reverse G3PD-R to identify B. caroliniana and B.
cinerea, respectively (Li et al., 2012). The reaction
was run in a total volume of 12.5 pL, consisting of
6.25 pL. of PCR Master Mix 2x (Promega), 10 uM of
each primer and 1.5 uL. of DNA. Amplification con-
sisted of an initial denaturation at 94 °C for 3 min fol-
lowed by 32 cycles at 94 °C for 30 s, 56 °C for 30 s
and 72 °C for 1 min and a final extension at 72 °C
for 5 min. The PCR products were analyzed on a 1%
agarose gel in 0.5X TBE buffer, stained with gelRed
(Biotium) and photo documented on an ultraviolet
transilluminator.

Sensitivity to fungicides

The sensitivity of the 79 Botrytis spp. isolates to the
fungicides procymidone (Sumilex 500 WP®, Sumi-
tomo), fludioxonil (Maxim®, Syngenta), iprodione
(Rovral SC®, Basf), cyprodinil (Unix 750 WG®,
Syngenta), pyrimethanil (Mythos®, Bayer), boscalid
(Cantus ®, Basf) and fluazinam (Frowncide 500
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SC®, IThara) was evaluated by mycelial growth or
spore germination, depending on the fungicide, using
discriminatory dose inhibition assays..

For procymidone, iprodione, fludioxonil, cypro-
dinil and pyrimethanil, the discriminatory dose was
evaluated by mycelial growth inhibition assays. The
doses used to discriminate the sensitivity of the iso-
lates were: I) 10 pg/mL for procymidone and ipro-
dione, II) 0.5 pg/mL for fludioxonil, and III) 10 pg/
mL for cyprodinil and pyrimethanil. Commercial
fungicides were diluted with sterilized distilled water
to obtain stock solutions, which were later added to
autoclaved potato-dextrose-agar (PDA) medium and
cooled down to 60 °C. The medium was added to
90 mm Petri dishes and 5 mm diameter mycelium
discs, obtained from seven-day-old colonies, were
deposited on the surface of the culture medium. For
cyprodinil and pyrimethanil, sensitivity was evalu-
ated in mycelial growth inhibition assay on L-aspar-
agine-based agar medium (ASP-agar) (Hilber and
Schuepp, 1996). The control treatment consisted of
placing the mycelium discs from the isolates on PDA
or ASP-agar medium without fungicide. Two plates
were used per isolate/discriminating dose. Plates were
incubated at 22 °C with a 12-h photoperiod for two
days for PDA and five days for ASP-agar. Colony
diameter was obtained by averaging two perpendicu-
lar measurements of the colony using a digital caliper.

For boscalid and fluazinam, which act on germi-
nation, the discriminatory dose was determined by
spore germination. The doses used were I) 50 ug/mL
for boscalid and II) 1 ug/mL for fluazinam. The stock
solutions were added to the autoclaved water-agar
(WA) medium and kept at 60 °C. The medium with
fungicide was added to 90 mm diameter Petri dishes.
Mycelium discs 5 mm in diameter from the isolates
were transferred to canned peaches for inoculum pro-
duction. Sporulation on the surface of canned fruit
was used to produce spore suspension. Aliquots of
100 pl of the suspension containing 10° conidia/ml of
each isolate were added to the surface of the culture
media and spread with the aid of a Drigalski loop.
Plates were incubated at 22 °C for 14 h in the dark.
After this period, germination was stopped by adding
lactophenol with Amann blue dye to the plates. Two
plates were used per isolate/discriminatory dose. One
hundred conidia per plate were evaluated. Conidia
were considered germinated when germ tubes were at
least twice their size.



Eur J Plant Pathol (2024) 169:669-680

673

The mycelial growth inhibition percentage ratio
was calculated using the formula %ICM=[(C-T)
/C]x 100, where C refers to the diameter of the con-
trol and T to the average diameter of the treatment
with fungicide. The inhibition conidial germination
was calculated using the formula %IGC=/[(C-T)-
C]x 100, where C is the number of conidia ger-
minated in the control and T the number of conidia
germinated in the treatment. The experiments were
performed twice. The phenotypic classification of
isolates was performed according to Table 1. The
discriminatory doses recommended for cyprodinil
and pyrimethanil were initially 4 pug/mL (Fernandez-
Ortufio et al., 2014) and 5 pg/mL (Amiri et al., 2013)
respectively. However, with these doses it was not
possible to discriminate our isolates since all isolates
were growing at these doses. Then other doses were
tested until reaching dose 10 pg/mL, which was used
as discriminate dose for both fungicides.

Potential cross-resistance between pyrimetha-
nil and cyprodinil was evaluated using the mycelial
growth inhibition value to determine the phenotypes
for cyprodinil and pyrimethanil, for the same 79 iso-
lates, at a dose of 10 ug/ml. Cross-resistance analysis
was performed by calculating Pearson’s correlation
coefficient (7).

Results

Incidence, identification of Botrytis spp. in
transplants and pathogenicity of isolates

The average incidence of B. cinerea in transplants
was 43.5% and a total of 79 isolates were obtained.
San Andreas and Monterey cultivars imported from
Spain in 2022 had the highest incidences, with 88

and 90%, respectively (Table 2). Cultivar Albion
from Chile had 68% incidence of B. cinerea in
2022, and San Andreas cultivar from Argentina
had 64% incidence (Table 2). Fragment analysis
of the Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) gene showed the presence of a fragment
of 238 base pairs in all isolates, identifying them
as Botrytis cinerea. The 14 selected isolates were
pathogenic to fruit, with the presence of symptoms
and signs 36 h after inoculation. On the fifth day,
the final incidence was above 75% for all isolates.

Fungicide sensitivity

Discriminatory doses allowed to distinguish differ-
ent B. cinerea sensitivity patterns to fungicides. For
the seven fungicides used in the sensitivity tests, 24
different phenotypes were observed. Of the 79 iso-
lates, two isolates were sensitive to all fungicides
(Fig. 2). On opposite, two isolates were resistant to
six of the seven evaluated fungicides. The most fre-
quent phenotype was resistant to three fungicides,
C-PY-B, with a frequency of 24.1% (Fig. 2). The
percentage of isolates sensitive to procymidone,
fludioxonil, iprodione, cyprodinil, pyrimethanil,
boscalid, and fluazinam was 86.1, 89.9, 81.0, 21.5,
21.5, 21.5, 38.0 and 94.9%, respectively (Fig. 3A).
No major differences were observed between the
sensitivity frequencies of isolates from Chile and
Argentina compared to isolates from Spain (Fig. 3B
and C), only boscalid, isolates from Chile and
Argentina showed a higher number of resistant
compared to isolates from Spain. The correlation
between the percent mycelial growth inhibition of
pyrimethanil and cyprodinil was significantly posi-
tive (r=0.76, P=0.000).

Table 1 Information

L Active ingredient  Discriminatory  Classification Reference
on fungicides and dose
methodologies used
to assess Botrytis Boscalid 50 pg/ml R-ICG<80%  Fernandez-Ortufio et al., 2016
Gt a Sensitivity using Cyprodinil 10 pg/ml R-IMG<80%  Author
iscriminatory doses
Fluazinam 1 pg/ml R-ICG<50%  Maiaetal., 2021
Fludioxonil 0,5 pg/ml R-IMG<80%  Fernandez-Ortufio et al., 2014 modified
R- resistant, IMG— Iprodione 10 pg/ml R-IMG<80%  Fernandez-Ortuilo et al., 2014 modified
inhibition of mycelial Pyrimethanil 10 pg/ml R-IMG<80%  Author
growth and ICG- inhibition Procymidone 10 ug/ml R-IMG<80%  Fernandez-Ortuilo et al., 2014 modified

of conidial germination
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Table 2 Incidence

o . Cultivar Country N° of transplants Year Incidence of N° of isolates
of Botrytis cinerea in B. cinerea (%)
transplants imported from
Chile, Argentina, and Spain Caminoreal  Chile 50 2021 56 3

Fronteiras Chile 50 2021 28 2
Albion Chile 50 2021 22 0
San Andreas Chile 50 2021 28 7
Monterey Chile 50 2021 58 6
San Andreas Spain 50 2021 20 10
Albion Spain 50 2021 46 10
Monterey Spain 50 2021 28 8
San Andreas Argentina 50 2021 64 3
Aromas Chile 50 2021 36 0
Portola Chile 50 2021 10 0
Albion Spain 50 2022 78 5
Monterey Spain 50 2022 90 11
San Andreas Spain 50 2022 88 6
Aromas Chile 50 2022 12 0
Camino real Chile 50 2022 24 4
Portola Chile 50 2022 0 0
Monterey Chile 50 2022 52 1
San Andreas Chile 50 2022 62 2
Albion Chile 50 2022 68 1
Total 1000 79

Discussion

Our study shows that transplants are an important
source of primary inoculum for gray mold due
to their latent infection by B. cinerea. This inocu-
lum is being introduced every year from different
sources around the world, representing a risk of
entry of new species. In this study, only B. cinerea
was detected, but the isolates showed reduced sen-
sitivity to multiple fungicides, including fungicides
recently registered to control the disease in Brazil,
to which our local population is still highly sensi-
tive (Maia et al., 2023b).

In Brazil, no species other than B. cinerea has
yet been found causing gray mold on strawberries
(Lopes et al., 2017; Maia et al.,, 2021). However,
one of the ways that new species might enter the
country is through transplants. Our study confirmed
that, so far, only B. cinerea has been introduced with
imported transplants. This is important to report since
in a study carried out in the USA, a small frequency
of Botrytis group S isolates was found coming from
nurseries in the USA and Canada (Amiri et al., 2018).

@ Springer

The high incidence of B. cinerea observed enter-
ing the country with the transplants opens the pos-
sibility of entry of isolates with reduced sensitivity
to the main fungicides used in Brazil since several
fungicides sprayed by the growers can also be used
in nurseries to produce healthy transplants (Oliveira
et al., 2017). In Spain, among the fungicides tested
in this study, fludioxonil, pyrimethanil and the mix-
ture fludioxonil 4+ cyprodinil are registered for use on
strawberry (MAPA, 2023). In Argentina and Chile,
the fungicides procymidone, iprodione, and the mix-
tures fludioxonil 4+ cyprodinil and boscalid + pyraclos-
trobin are registered for strawberry, with pyrimethanil
registered only in Chile (CASAFE, 2023; SAG, 2023)
(Table 3).

Historically, there are many reports of resistance
of B. cinerea isolates to several fungicides in the
world, including azoxystrobin in Japan (Ishii et al.,
2009), boscalid in Greece, USA and China (Bar-
das et al., 2010; Fernandez-Ortuiio et al. 2012; Cui
et al., 2021), procymidone in China (Liu et al., 2016;
Sun et al., 2010), iprodione in USA (Cosseboom &
Hu, 2021; Grabke et al., 2014), cyprodinil in USA
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Fig. 2 Phenotypic classification of the sensitivity of Botrytis
cinerea isolates to the fungicides procymidone, fludioxonil,
iprodione, cyprodinil, pyrimethanil, boscalid and fluazinam.
S- Sensitive, P- procymidone, F- fludioxonil, I- iprodione, C-
cyprodinil, PY- pyrimethanil, B- boscalid, FL- fluazinam. OR-

(Fernandez-Ortuiio et al., 2013; Avenot et al., 2018;
Cosseboom & Hu, 2021) and fludioxonil in China
and USA (Dowling et al., 2021; Sang et al., 2018;
Zhou et al., 2020). In Brazil, resistant isolates have
already been found for azoxystrobin, boscalid, ipro-
dione, procymidone, thiophanate methyl, pyrimetha-
nil and cyprodinil (Lopes et al., 2017; Baggio et al.,
2018; Maia et al., 2021; 2023ab).

The frequency of 86.1% of isolates sensitive to
procymidone was higher in relation to a previous
study carried out with isolates of B. cinerea from
the state of Parana, where 57% of the isolates were
classified as sensitive (Maia et al., 2021). The same
occurred with iprodione, where 81% of isolates were

without resistance to the fungicide,1R-resistant to a fungicide,
2R-resistant to two fungicides, 3R-resistant to three fungicides,
4R-resistant to four fungicides, SR-resistant to five fungicides
and 6R-resistant to six fungicides

sensitive which is higher than the 56% found by Maia
et al., 2021.

Fluazinam showed 61.9% efficacy in control-
ling gray mold in the state of Parand in ex vitro fruit
assay (Maia et al., 2021). Therefore, the frequency of
96.3% of fluazinam-sensitive isolates is a good indi-
cator since the entry of B. cinerea isolates through
transplants does not represent a great risk for the
efficacy of this fungicide, but alternating between
FRAC groups is still recommended so the propor-
tion of resistant isolates does not grow. Fluazinam is
not registered for use on strawberries in Argentina,
Chile, and Spain, which explains the low frequency
of resistant isolates (MAPA, 2023).
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Fig. 3 Characterization 100 }
of Botrytis cinerea isolates g0 | A
sensitivity to procymidone,
fludioxonil, iprodione, 60
cyprodinil, pyrimethanil, 40 b
boscalid and fluazinam.
Frequency of sensitive (S) 20
(white) and resistant (R) 0
(black). A- All isolates, B- o
Chile and Argentina isolates < 100
- Spain i » I ]
and C- Spain isolates g [ | . B
s 80 f
2
o 60 f
=]
Z 40|
g
g 2t
=2
2 0
&)
100 - p—
o A C
60
40
20
0
> D> D> D>
6@0& S °$0& 080& @&Q\ @@&\\ oé‘q}\ '0&&
S § Q & < &
Q@G\ & K % & S
oS mR
Fungicides
Table 3 Fungicides registered in Argentina, Brazil, Chile, and Spain for use on strawberry
Registered active ingredi- Separate active ingredient Amount of active ingredient recommended for culture
ents for strawberry - - - -
Argentina Brazil Chile Spain
Procymidone - 500 g/ha 500 g/ha 375 g/ha -
Fludioxonil - - - - 250 g/ha
Iprodione - 1000 g/ha 750 g/ha 750-1000 g/ha -
Pyrimethanil - - 360 g/ha 800 g/ha 600-800 g/ha
Boscalid - - 400 g/ha - -
Fluazinam - - 500 g/ha - -
Fludioxonil+Cyprodinil Fludioxonil 125-150 g/ha 200-250 g/ha 200-300 g/ha 150-250 g/ha
Cyprodinil 187.5-225g/ha 300-375 g/ha 300450 g/ha 225-375 g/ha
Boscalid+ Pyraclostrobin Boscalid 189 g/ha - 60.5-90.7 g/ha -
Pyraclostrobin 96 g/ha - 30.7-46 g/ha -

Fludioxonil was recently registered in Brazil in a
mixture with cyprodinil for the management of straw-
berry diseases and proved to be the most effective
in controlling gray mold (Maia et al., 2023b). Thus,
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it is important to avoid the entry of isolates with
reduced sensitivity to this fungicide. In this study,
10.1% of the isolates showed resistance to fludi-
oxonil. Although this is not as high as the previous
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fungicides mentioned, the alert remains as in Spain,
Argentina, and Chile this fungicide is already regis-
tered and can be used in the production of transplants.
In Spain, in addition to the fludioxonil + cyprodinil
mixture, fludioxonil is also registered as a solo prod-
uct for use in strawberries (MAPA, 2023). Therefore,
fungicides containing fludioxonil in their composition
should be avoided in the control of diseases in trans-
plant production nurseries.

For boscalid, cyprodinil and pyrimethanil fungi-
cides, most isolates showed low sensitivity with 59.3,
78.5 and 78.5% of isolates classified as resistant,
respectively. The frequency of boscalid-resistant iso-
lates in this study was higher than that found in a study
with isolates collected in the state of Parana, where
the frequency of boscalid-resistant isolates was 45.3%
(Maia et al., 2021). The high frequency of pyrimetha-
nil-resistant isolates is concerning, as the fungicide has
not yet been widely used in the country to control gray
mold and showed an efficacy of 84.61% in control-
ling the disease in a study carried out in Brazil (Maia
et al., 2023a). In another study also carried out in Bra-
zil with isolates of B. cinerea from strawberry, only
12.5% of the isolates were classified as highly resist-
ant to pyrimethanil (Baggio et al., 2018). This shows
that within the country the frequency of pyrimethanil-
resistant isolates is still low, contrary to other areas
where this fungicide has been used for much longer
and pyrimethanil-resistant isolates are frequently found
(Korolev et al., 2011; Myresiotis et al., 2007; Zhao
et al., 2010). Furthermore, pyrimethanil is registered
for use on strawberry in Chile and Spain with a higher
recommended dose than that used in Brazil (SAG,
2023; MAPA, 2023; AGROFIT, 2023). Cyprodinil was
registered in Brazil only in 2019 in a mixture with flu-
dioxonil and demonstrated an efficacy of 85.7% in the
control of gray mold in strawberry, being an important
fungicide in the management of strawberry diseases
(Maia et al., 2023b). Pyrimethanil and cyprodinil have
similar chemical structures since they belong to the
same chemical group, anilinopyrimidines, and cross-
resistance may occur between the two fungicides (Ler-
oux et al., 1999). When evaluating the cross-resistance
between cyprodinil and pyrimethanil, a positive corre-
lation of 0.76 was observed. Positive correlations have
already been found in Brazil and Greece, with values
of 0.82 and 0.71, respectively (Maia et al., 2023a;
Myresiotis et al., 2007). This reinforces the risk of
selecting isolates resistant to both fungicides.

The establishment of fungicide-resistant B. cinerea
isolates in Brazil coming from imported transplants is
concerning, as it may interfere with the management
of the disease in the future, especially if these isolates
can adapt and compete with other isolates. In peach
fruit imported from Chile, USA, and Argentina, many
Monilinia isolates were resistant to iprodione, and
there are no reports of isolates with resistance to this
fungicide in Brazil, which could impair disease con-
trol in the country (Pereira et al., 2018). In the USA,
studies have shown that fungicide-resistant popula-
tions of B. cinerea were introduced into strawberry
fields through transplants (Amiri et al., 2018; Oliveira
et al., 2017).

In our study, resistance to up to six fungicides was
observed from transplants and the most frequent phe-
notype (24.1%) was resistant to cyprodinil, pyrimeth-
anil, and boscalid. In the USA, phenotype resistant to
three fungicides from transplants was also the most
frequent (42.1%) and isolates with resistance to up to
six fungicides found simultaneously (Oliveira et al.,
2017).

Strawberry growers in Brazil are receiving trans-
plants already infected with B. cinerea isolates resist-
ant to several fungicides, some of which do not yet
represent a risk of control failure in the field in the
country. This discovery is relevant and should alert
nurseries and strawberry growers to adopt new strate-
gies in the management of strawberry diseases.

For growers, according to the data obtained in
this work, it is recommended to reduce the primary
inoculum of B. cinerea by immersing the trans-
plants in fungicides before or at the time of plant-
ing (Oliveira et al., 2017), using heat treatment at
44° C for 4 h (Zuniga et al., 2023) and alternating
fungicides between FRAC groups. In future studies,
the adaptability and competitiveness of these iso-
lates can be verified. Furthermore, monitoring the
sensitivity of B. cinerea to fungicides in nurseries
can help in disease management, preventing resist-
ant isolates from being selected and subsequently
disseminated through transplants.
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