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Evaluation of novel fungicides
(FRAC groups 7, 9, 12) for
managing cranberry fruit rot

Leela Saisree Uppala* and Salisu Sulley

University of Massachusetts-Amherst Cranberry Station, Wareham, MA, United States

Cranberry fruit rot (CFR) is a major disease complex that significantly impacts
cranberry crops, leading to substantial yield losses. Over the past decade, CFR
has become increasingly problematic, particularly in high-yielding and newer
cultivars, with reported losses ranging from 50% to 100%. Additionally, the
cranberry industry faces increasing restrictions on the use of broad-spectrum
fungicides, such as chlorothalonil and mancozeb, necessitating the exploration
of alternative management strategies. This study, conducted from 2021 to 2024
at the University of Massachusetts-Amherst Cranberry Station, evaluated novel
fungicides from FRAC Groups 7, 9, and 12. The active ingredients—
benzovindiflupyr, pydiflumetofen, cyprodinil, and fludioxonil—were tested
individually and in combination with azoxystrobin (FRAC 11). The efficacy of
these fungicides in reducing CFR incidence and improving yield was assessed on
cranberry cultivars ‘Demoranville’, ‘Ben Lear,” and ‘Stevens’ with applications
made at early, mid, and late bloom stages. Significant differences in fruit rot
incidence and yield were observed in 2021, 2023 and 2024. Treatments
containing pydiflumetofen, pydiflumetofen & fludioxonil, and benzovindiflupyr,
when applied in combination with azoxystrobin, consistently resulted in lower rot
incidence and higher yields. The treatment containing cyprodinil & fludioxonil
plus azoxystrobin, tested only in 2021, also resulted in lower rot incidence and
higher yield. These findings highlight the potential of novel fungicides from FRAC
Groups 7,9, and 12 as effective alternatives for CFR management. Their use could
diversify the CFR management toolkit, mitigate fungicide resistance, and reduce
environmental impacts, addressing the challenges posed by increasing
fungicide regulations.
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Introduction

The cranberry fruit rot (CFR) a term used to describe general softening and
deterioration of cranberries, affects the fruits both during preharvest and postharvest
stages, significantly impacting the quality of cranberries intended for fresh-market
consumption and processing (Oudemans et al., 1998). Research on fruit rot, dating back
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to the early 1900s, has highlighted the involvement of numerous
taxonomically diverse fungal species, emphasizing the complexity of
the disease (Bain, 1926; Stevens, 1924, 1932; Caruso et al., 2000;
Conti et al., 2021; McManus et al., 2003; Olatinwo et al., 2004; Vilka
and Bankina, 2013; Zuckerman, 1958).

The distribution of CFR fungal species, along with the incidence
and severity of the resulting fruit rot, varies across cultivars,
geographical locations, growing seasons, and phenological stages
(Stevens, 1924; Bergman and Wilcox, 1936; Zuckerman, 1958;
McManus et al.,, 2003; Oudemans et al., 1998; Polashock et al., 2009;
Wells-Hansen and McManus, 2017). Literature suggests that 10-15
fungal species are most prevalent across growing regions. These include
Colletotrichum fioriniae (Marcelino & Gouli ex R.G. Shivas & Y.P. Tan;
teleomorph Glomerella acutata var. fiorinae), Colletotrichum
fructivorum (V.P. Doyle, P.V. Oudem. & S.A. Rehner; teleomorph
Glomerella cingulata), Coleophoma empetri Rostr., Phyllosticta vaccinii
(Earle), Physalospora vaccinii Shear (Arx & E. Miill.), Allantophomopsis
lycopodina (Hohn) Carris, Allantophomopsis cytisporea (Fr.) Petr.,
Strasseria geniculata (Berk. & Broome) Hohn, Phyllosticta elongata
Weid. (teleomorph Botryosphaeria vaccinii), Fusicoccum putrefaciens
Shear (teleomorph Godronia cassandrae), Monilinia oxycocci
(Woronin) Honey, and Phomopsis vaccinii Shear (teleomorph
Diaporthe vaccinii). Each species is associated with specific fruit rot
diseases—bitter rot, ripe rot, early rot, blotch rot, black rot, berry
speckle, end rot, cotton ball, and viscid rot—collectively known as the
CFR disease complex (McManus et al., 2003; Oudemans et al., 1998;
Polashock et al., 2009; Raj, 1983; Weir et al., 2012; McManus, 2001).
Our evaluations during the 2021 and 2022 growing seasons identified
C. empetri, A. cytisporea, B. vaccinii, P. vaccinii, and various
Colletotrichum species as the most prevalent fungal species in
Massachusetts (unpublished data).

Cranberry handlers (the processing industry) often heavily
discount deliveries with over 12% fruit rot, whereas those
exceeding 20% are typically rejected outright. Consequently,
potential yield losses due to CFR vary widely, spanning from 20%
to 100% if not managed strategically (McManus et al., 2003; Olatinwo
et al,, 2004; Oudemans et al., 1998; Stiles and Oudemans, 1999; Wells
et al,, 2014; Wells-Hansen and McManus, 2017).

Currently, cranberry growers in Massachusetts and New Jersey
rely on “in bloom” (during flowering) application of 3-5 fungicides for
CFR management (Caruso et al, 2000; Oudemans et al, 1998).
Despite fungicide use, fruit rot in these two states ranges from less
than 1% up to 15% (Oudemans et al,, 1998). Along with decreasing the
fungal pathogen inoculum in the field (Averill et al., 2008), fungicide
applications significantly increase the production costs and the risk of
fungicide resistance development (Hahn, 2014; Lucas et al., 2015).

Further complicating this situation, in the past six years, there
are increasing restrictions imposed by key export markets
[(European Union (EU)], on the use of broad-spectrum
fungicides (mancozeb and chlorothalonils) owing to perceived
environmental and health risks. These fungicides have been the
backbone of CFR management and fungicide resistance
management for the past 50 years (Caruso et al., 2000). In 2019,
the European Union (EU) published their decision to lower the
Maximum Residue Limit (MRL) for chlorothalonil to 0.01 ppm
(parts per million) from 5 ppm for cranberry fruit/processed
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products destined for the EU market. Additionally, the EU
announced a non-renewal of mancozeb beginning in 2021, with a
risk based MRL review pending. These regulatory constraints
caused a significant shift in fungicide use patterns in
Massachusetts. Commercial fungicides are categorized by the
Fungicide Resistance Action Committee (FRAC, 2020) based on
their target site, chemical class, and risk of resistance development
(Brent and Hollomon, 1998). Most growers are now relying on
other classes of fungicides (single-site mode of action) from FRAC
(Fungicide Resistance Action Committee) Group 3 (systemic
demethylation inhibitors- DMIs) with active ingredients (a.i)
prothioconazole (Proline®), fenbuconazole (Indar®); and Group
11 (strobilurins- a group of Qol -Quinone Outside Inhibitor
fungicides) with a.i. azoxystrobin (Abound®). Although these
newer classes of fungicides are highly effective and less harmful to
human and environmental health, they pose a much higher risk of
selecting for fungicide resistance compared to broad-spectrum
fungicides. Resistance to these groups of fungicides has been well
documented across several cropping systems (Ding et al., 2019;
Hunter et al., 1984; Kikuhara et al., 2019; Rosenzweig et al., 2019;
Schnabel et al., 2004; Trueman et al., 2017; Wolfe, 1985; Yamaguchi
et al., 2000).

For the long-term sustainability of the cranberry industry, it is
essential to diversify the fruit rot management tool kit. In our search
for novel fungicide options, we identified several promising novel
groups of fungicides that were reported to have effectiveness against
a broad spectrum of fungal pathogens across various crops. These
include succinate dehydrogenase inhibitors (SDHIs), such as
benzovindiflupyr and pydiflumetofen, cyprodinil fungicides from
the anilino-pyrimidine group (FRAC Group 9), and fludioxonil
from the phenylpyrrole group (FRAC Group 12) (Ayer et al., 2021;
Ishii et al.,, 2016; Wedge et al., 2007; Thomidis and Prodromou,
2018; Xiao and Boal, 2009; Mouden et al., 2016; Forster et al., 2007).
Each fungicide exhibits a distinct mode of action. For instance,
SDHIs target succinate dehydrogenase (SDH), a critical
mitochondrial enzyme essential for energy production in
eukaryotic organisms (Hospital et al., 2023). Similarly, anilino-
pyrimidine fungicides, such as cyprodinil, inhibit methionine
biosynthesis and the secretion of hydrolytic enzymes, thereby
disrupting fungal development (Mosbach et al., 2017). These
diverse mechanisms help reduce the risk of fungicide resistance.
Thus the current study was initiated with an objective to evaluate
the efficacy of selected fungicides from FRAC Groups 7 (containing
benzovindiflupyr and pydiflumetofen), 9 (containing cyprodinil),
12 (containing fludioxonil) on fruit rot incidence and fruit yield.

Materials and methods

Evaluation of selected novel fungicides for
CFR disease management

Experimental design

Fungicide evaluation trials were conducted in 2021-2024 at the
University of Massachusetts-Amherst Cranberry Station in East
Wareham. The fungicides and their application rates evaluated in
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this study are detailed in Table 1. In 2021 and 2023, experiments
were conducted on cranberry cultivar ‘Demoranville’, whereas in
2022 and 2024 the experiments were conducted in ‘Ben Lear’ and
‘Stevens’ respectively, due to the unavailability of “Demoranville”
cultivar. Anecdotally, ‘BenLear’ and ‘Demoranville’ cultivars are
known to have lowest field rot resistance; while the cultivar ‘Stevens’
is known to have moderate field rot resistance (Uppala and Sylvia,
2024). In all trials, treatments were applied to 1-m? plots with 0.6-
m-wide nontreated borders between the plots, serving as buffer
zones. In all trials, the experimental design was a randomized
complete block design (RCBD) with five replications. Sprays were
applied at designated phenological stages using a CO, backpack
sprayer equipped with a single flat-fan nozzle (Tee-Jet 8004) at
275.79 Kilopascals (kPa) or 40 psi at the rate of 2806 liters/hectare
(300 gallons/acre). Applications were performed in low-wind
conditions to minimize drift between plots.

Fungicide application regimes
The spray schedule for all the growing seasons and details of the
fungicide products evaluated are provided in Table 2-5. Dates of

10.3389/fpls.2024.1508744

fungicide application sprays were provided in Table 6 Briefly, in 2021,
novel fungicides each with active ingredients “cyprodinil & fludioxonil”
(FRAC 9 & 12), benzovindiflupyr (FRAC 7), “pydiflumetofen &
fludioxonil” (FRAC 7 & 12) were evaluated by themselves; or with
azoxystrobin (FRAC 11) in three spray regimes: early bloom (EB- when
30% flowers were open), mid-bloom (MB- 7-14 days after the previous
application), and late bloom (LB- 7-14 days after the previous
application). The efficacy of these treatments was compared with
non-sprayed control, and a treatment with registered products
QuadrisT0p® (a.i. difenoconazole & azoxystrobin) applied at EB &
MB followed by Proline® (prothioconazole) applied at LB (Table 2).

In 2022, 2023 and 2024, novel fungicides with active ingredients
benzovindiflupyr, pydiflumetofen, “pydiflumetofen & fludioxonil”
were evaluated by themselves; or in combination with azoxystrobin
in three spray regimes. The efficacy of these treatments was
compared with non-sprayed control, and a treatment with
registered products Zinc, Manganese & EBDC applied at EB,
QuadrisTop® (a.i. difenoconazole & azoxystrobin) applied at MB
followed by Proline® (prothioconazole) applied at LB. This
application regime was named as the grower standard.

TABLE 1 Fungicides evaluated for the management of cranberry fruit rot in this study.

Brand name Active ingredients Company FRAC Code Application rate
Abound® Flowable Azoxystrobin Syngenta 11 1.13 I/ha
Aprovia® Benzovindiflupyr Syngenta 7 0.77 1/ha
ManzateMax® Zinc, Manganese & EBDC UPL M3 5.38 kg/ha
Miravis® Pydiflumetofen Syngenta 7 0.78 1/ha
MiravisPrime® Pydiflumetofen & Fludioxonil Syngenta 7&12 0.83 1/ha
Proline® 480 SC Prothioconazole Bayer 3 0.37 l/ha
QuadrisTop® Difenoconazole & Azoxystrobin Syngenta 3&11 1.02 I/ha
Switch® 62.5 WG Cyprodinil & Fludioxonil Syngenta 9&12 0.91 I/ha

FRAC, Fungicide Resistance Action Committee.
EBDC, Ethylenebisdithiocarbamate.

TABLE 2 Effect of fungicide application on the fruit rot and yield of cranberry, 2021.

Spray Schedule Percent
Spray 2 Fruit Rot
Non-Sprayed Non-Sprayed Non-Sprayed 48 ab” 3777 e
Difenoconazole & Azoxystrobin Difenoconazole & Azoxystrobin Prothioconazole 52 a 7631 cd
Cyprodinil & Fludioxonil Cyprodinil & Fludioxonil Cyprodinil & Fludioxonil 52a 4656 de
Pydiflumetofen & Fludioxonil Pydiflumetofen & Fludioxonil Pydiflumetofen & Fludioxonil 38 abc 10218 be
Benzovindiflupyr Benzovindiflupyr Benzovindiflupyr 50 ab 5526 de
Cyprodinil & Fludioxonil Cyprodinil & Fludioxonil Cyprodinil & Fludioxonil 25 cd 13549
c a
+ Azoxystrobin + Azoxystrobin + Azoxystrobin
Pydiflumetofen & Fludioxonil Pydiflumetofen & Fludioxonil Pydiflumetofen & Fludioxonil 34 11226 ab
+ Azoxystrobin + Azoxystrobin + Azoxystrobin
Benzovindiflupyr + Azoxystrobin Benzovindiflupyr + Azoxystrobin Benzovindiflupyr + Azoxystrobin 38 be 7302 cd

“Means within a column followed by the same letter are not significantly different according to Fisher’s Protected LSD (P<0.05).
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TABLE 3 Effect of fungicide application on the fruit rot and yield of cranberry, 2022.

Spray Schedule Percent Yield
Spray 2 Fruit Rot (kg/ha)

Non-Sprayed Non-Sprayed Non-Sprayed 29 16199
Zinc, Manganese & EBDC Difenoconazole & Azoxystrobin Prothioconazole 21 16343
Azoxystrobin Azoxystrobin Azoxystrobin 25 17134
Difenoconazole & Azoxystrobin Difenoconazole & Azoxystrobin Difenoconazole & Azoxystrobin 32 17564
Pydiflumetofen Pydiflumetofen Pydiflumetofen 22 15054
Pydiflumetofen & Fludioxonil Pydiflumetofen + Fludioxonil Pydiflumetofen + Fludioxonil 22 17273
Benzovindiflupyr Benzovindiflupyr Benzovindiflupyr 25 18885
Pydiflumetofen + Azoxystrobin Pydiflumetofen + Azoxystrobin Pydiflumetofen +Azoxystrobin 17 22216
Pydiflumetofen & Fludioxonil Pydiflumetofen & Fludioxonil Pydiflumetofen & Fludioxonil 14 19615
+ Azoxystrobin + Azoxystrobin + Azoxystrobin
Benzovindiflupyr + Azoxystrobin Benzovindiflupyr + Azoxystrobin Benzovindiflupyr + Azoxystrobin 17 23994

TABLE 4 Effect of fungicide application on the fruit rot and yield of cranberry, 2023.

Spray Schedule Percent
Fruit Rot
Spray 2

Non-Sprayed Non-Sprayed Non-Sprayed 31a” 13567 ¢
Zinc, Manganese & EBDC Difenoconazole & Azoxystrobin Prothioconazole 13 cde 24930 ab
Azoxystrobin Azoxystrobin Azoxystrobin 26 ab 22415 ab
Benzovindiflupyr Benzovindiflupyr Benzovindiflupyr 24b 17275 be
Benzovindiflupyr + Azoxystrobin Benzovindiflupyr + Azoxystrobin Benzovindiflupyr + Azoxystrobin 23b 27912 a
Difenoconazole & Azoxystrobin Difenoconazole & Azoxystrobin Difenoconazole & Azoxystrobin 16 ¢ 22309 ab
Pydiflumetofen Pydiflumetofen Pydiflumetofen 15 cd 24768 ab
Pydiflumetofen & Fludioxonil Pydiflumetofen & Fludioxonil Pydiflumetofen & Fludioxonil 15 cd 23000 ab
Pydiflumetofen + Azoxystrobin Pydiflumetofen + Azoxystrobin Pydiflumetofen + Azoxystrobin 10 de 27780 a
Pydiflumetofen & Fludioxonil Pydiflumetofen & Fludioxonil Pydiflumetofen & Fludioxonil e 23746 ab
+ Azoxystrobin + Azoxystrobin + Azoxystrobin

“Means within a column followed by the same letter are not significantly different according to Fisher’s Protected LSD (P<0.05).

Sample collection, disease and yield assessment

At harvest maturity (late September to early October), berries
from within an arbitrarily selected 0.3-m” area of each replicated
plot were harvested by hand. From each sample, fruits were passed
through a 5.6 mm opening/mesh size sieve. The berries that passed
through the sieve were discarded as pinheads. The fruits that were
retained on the top (industry standard sized fruits) were sorted into
2 categories: healthy and rotten berries. Rotten berries were counted
to determine the fruit rot incidence (% Rot) which was calculated as
the proportion of rotten berries to the total number of berries,
expressed as a percentage.

Yield data were obtained by converting the weight of the healthy
berries from each 0.3-m” area to kg/ha. Weather summaries (Mean
monthly temperature, relative humidity; Monthly number of rainy
days and total precipitation) were compiled from visual crossing
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website (https://www.visualcrossing.com/weather-data) and
presented in Table 7.

Data analysis

Fungicide trials data were subjected to analysis of variance
(ANOVA) using Ime4 package using Mixed Model analysis in R
(R Core Team, 2024) to determine the effects of fungicide
treatments on percent CFR incidence (% Rot) and yield.
Replications were considered random effects. The data were
examined for normal distributions and homoscedasticity using
the Shapiro Wilk and Barlett tests, respectively. Logarithmic
transformations were performed when data did not fit a normal
distribution. After statistical analysis, the means were back
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TABLE 5 Effect of fungicide application on the fruit rot and yield of cranberry, 2024.

Spray Schedule Percent
Fruit Rot
Spray 2
Non-Sprayed Non-Sprayed Non-Sprayed 55 a” 8454 ¢
Difenoconazole & Azoxystrobin Zinc, Manganese & EBDC Prothioconazole 12d 15667 abc
Azoxystrobin Azoxystrobin Azoxystrobin 25 bed 17002 ab
Benzovindiflupyr Benzovindiflupyr Benzovindiflupyr 34 be 18817 a
Benzovindiflupyr + Azoxystrobin Benzovindiflupyr + Azoxystrobin Benzovindiflupyr + Azoxystrobin 13d 22819 a
Pydiflumetofen Pydiflumetofen Pydiflumetofen 47 ab 10104 bc
Pydiflumetofen & Fludioxonil Pydiflumetofen & Fludioxonil Pydiflumetofen & Fludioxonil 36 abc 15749 abc
Pydiflumetofen + Azoxystrobin Pydiflumetofen + Azoxystrobin Pydiflumetofen + Azoxystrobin 24 cd 15468 abc

Pydiflumetofen & Fludioxonil
+ Azoxystrobin

Pydiflumetofen & Fludioxonil
+ Azoxystrobin

Pydiflumetofen & Fludioxonil

24 cd 21036 a
+ Azoxystrobin

“Means within a column followed by the same letter are not significantly different according to Fisher’s Protected LSD (P<0.05).

transformed to their original units. Treatment means were
differentiated using Fisher’s LSD test, with alpha set to 0.05 and
adjusted with the Bonferroni correction for multiple comparisons.

Results
Effect of fungicides on fruit rot and yield

Significant differences in percent fruit rot between treatments
were observed in two of the three study years (P = 0.0003 in 2021;
P =0.0002 in 2023 and P = 0.014 in 2024). However, no significant
differences were found in 2022 (P = 0.1). Similarly, significant
differences in yield were observed in 2021 (P = 0.00005), 2023 (P =
0.03) and 2024 (P = 0.011), but not in 2022 (P = 0.34).

In 2021, fungicide treatments showed varied effects on cranberry
fruit rot and yield. Plots treated with the combination of “cyprodinil
& fludioxonil” plus azoxystrobin and “pydiflumetofen & fludioxonil”
plus azoxystrobin had the lowest rot incidence levels, at 25% and 23%,
respectively (Table 2). These were followed by plots treated with
“benzovindiflupyr plus azoxystrobin” and the combination of
“pydiflumetofen & fludioxonil,” which resulted in an average rot
incidence of 38%. All other treatments resulted in rot levels similar to
the non-sprayed control, with an average of 48% rot. In terms of
yield, the treatments with the lowest rot levels (“cyprodinil &
fludioxonil + azoxystrobin” and “pydiflumetofen & fludioxonil +

TABLE 6 Spray application dates for each of the fungicide trials.

Fungicide Spray Application Dates

Study Year Early Bloom Mid Bloom @ Late Bloom
2021 06/19 07/02 07/13
2022 06/16 06/28 07/06
2023 06/20 06/29 07/09
2024 06/14 06/25 07/08

Frontiers in Plant Science

azoxystrobin”) also resulted in the highest average yields, at 12,388
kg/ha. These were followed by “pydiflumetofen & fludioxonil” alone
(10,218 kg/ha) and “benzovindiflupyr plus azoxystrobin” (7,302 kg/
ha). The non-sprayed control, as well as treatments with cyprodinil &
fludioxonil and benzovindiflupyr alone (without azoxystrobin),
resulted in the lowest average yields, at 4,653 kg/ha.

In 2022, rot incidence was generally lower than in 2021. While the
treatments did not reach significance at the 5% level, it is noteworthy
that they were significant at the 10% level. Similar to 2021,
“pydiflumetofen & fludioxonil + azoxystrobin” resulted in the
lowest rot incidence (Table 3), comparable to treatments with
“pydiflumetofen” and “benzovindiflupyr” applied with azoxystrobin,
with an average rot level of 16%. All other treatments resulted in higher
rot levels (average of 25%), similar to the non-sprayed control
(Table 3). Yield-wise, there were no significant differences between
treatments, and the average yield was 18,428 kg/ha.

In 2023, fungicide treatments continued to show varying levels
of efficacy in controlling fruit rot (Table 4). The application of
“pydiflumetofen & fludioxonil + azoxystrobin” resulted in the
lowest rot incidence (8.4%), which was comparable to treatments
with “pydiflumetofen + azoxystrobin” and the grower standard.
Significantly higher rot levels were observed in the non-sprayed
control and in plots treated with azoxystrobin alone. Yield-wise, all
fungicide treatments resulted in significantly higher yields
compared to the non-sprayed control (13,567 kg/ha). Plots
treated with benzovindiflupyr yielded 17,275 kg/ha, whereas all
other treatments had comparable yields, averaging 24,608 kg/ha.

In 2024, fungicide treatments continued to exhibit varying
levels of efficacy in controlling fruit rot. The highest fruit rot
incidence was observed in the non-sprayed control (55%), while
the lowest incidence was recorded for treatments with
benzovindiflupyr + azoxystrobin (13%) and the grower standard
(12%). Treatments with azoxystrobin alone and its combinations
with pydiflumetofen or pydiflumetofen & fludioxonil showed
intermediate efficacy, with rot levels averaging 24%. In contrast,
pydiflumetofen and pydiflumetofen & fludioxonil treatments
without azoxystrobin resulted in higher rot incidences of 47% and
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TABLE 7 Summary of weather data collected during fungicide trials in East Wareham, Massachusetts.

Mean Mean Relative Total
Month Temperature (°C) Humidity (%) Precipitation (mm) No. of rainy days
2021 June 21 74 55 13
July 21 82 163 22
August 23 80 65 11
September 19 80 279 15
2022 June 19 72 87 11
July 24 69 19 10
August 24 77 141 11
September 18 79 83 11
2023 June 18 84 112 17
July 24 84 101 13
August 21 81 104 17
September 19 84 159 14
2024 June 21 71 60 12
July 24 76 38 15
August 22 77 84 11
September 18 77 110 8

Weather data were downloaded from visual crossing website (https://www.visualcrossing.com/weather-data) for East Wareham, MA, USA, Zip code: 02538.

36%, respectively. The highest yield was achieved in plots treated
with benzovindiflupyr + azoxystrobin (22,819 kg/ha), highlighting
its dual effectiveness in reducing rot and enhancing productivity. In
comparison, the lowest yield was observed in non-sprayed plots
(8,454 kg/ha).

Discussion

Massachusetts growers have primarily relied on cultural control
methods, such as late water flooding, pruning, and sanding, as well
as chemical control options like chlorothalonils, mancozebs,
copper-based fungicides, Quinone outside Inhibitors (FRAC
group 11), and Demethylation Inhibitor (DMI) fungicides (FRAC
group 3) to manage fruit rot and improve fruit quality. In a typical
commercial setting, up to five fungicide applications are made per
season, significantly raising cultivation costs. Besides the economic
burden, growers have faced additional challenges in the past five
years due to increased restrictions on broad-spectrum, multi-site
fungicides such as mancozebs and chlorothalonils. These two
groups of fungicides have been the backbone of cranberry fruit
rot (CFR) and resistance management in Massachusetts (Caruso
etal., 2000). Additionally, resistance to DMI and Qol fungicides has
been well-documented across several cropping systems (Ding et al.,
2019; Hunter et al., 1984; Kikuhara et al., 2019; Rosenzweig et al.,
2019; Schnabel et al.,, 2004; Trueman et al.,, 2017; Wolfe, 1985;
Yamaguchi et al., 2000).

Due to the complexity of the cranberry fruit rot, which involves
multiple fungal pathogens, screening new fungicides and securing
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registrations requires significant time and resources. This has
created an urgent need to diversify the existing CFR toolkit to
reduce overreliance on current fungicides.

To address this, we evaluated the effectiveness of several novel
broad-spectrum fungicide groups (FRAC 7, 9, 12), individually and in
combination with azoxystrobin (FRAC 11). The active ingredients
assessed included benzovindiflupyr and pydiflumetofen (FRAC 7),
which are succinate dehydrogenase inhibitors that target the enzyme
SDH in complex II of the mitochondrial respiration chain, disrupting
the tricarboxylic acid cycle and electron transport chain (Keon et al,,
1991). Cyprodinil (FRAC 9), an anilino-pyrimidine fungicide,
inhibits methionine biosynthesis, germ tube elongation and hyphal
growth (National Center for Biotechnology Information, 2025),
whereas fludioxonil (FRAC 12), a phenylpyrrole fungicide, causes
several physiological changes in pathogens, such as membrane
hyperpolarization, changes in carbon metabolism, and metabolite
accumulation, ultimately leading to hyphal swelling and bursting
(Kilani and Fillinger, 2016). Azoxystrobin (FRAC 11), a quinone
outside inhibitor, arrests fungal growth by inhibiting mitochondrial
respiration at the Qo-site in complex III, thereby blocking electron
transport (Becker et al., 1981).

Significant differences in fruit rot incidence and yield were
observed among treatments and between growing seasons.
Fungicides containing, pydiflumetofen, pydiflumetofen &
fludioxonil + azoxystrobin, and benzovindiflupyr + azoxystrobin
consistently resulted in lower rot incidence and higher yields.
Cyprodinil & fludioxonil combined with azoxystrobin was
evaluated only during the 2021 growing season, where it
demonstrated significant efficacy in reducing fruit rot and
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enhancing yield. Wood et al. (2023) highlighted the role of
benzovindiflupyr, cyprodinil, and fludioxonil in inhibiting the
mycelial growth of CFR fungi in vitro. Similarly Wisconsin field
trials (McManus and Perry, 2018, 2019) reported the efficacy of
cyprodinil & fludioxonil, pydiflumetofen, and benzovindiflupyr in
managing fruit rot through field trials. In contrast to our study,
which evaluated three spray regimes (early, mid, and late bloom) of
these compounds individually and in combination with
azoxystrobin, McManus and Perry (2018, 2019) tested them in
two spray regimes (full bloom and early fruit set). In our trials, only
treatments tank-mixed with azoxystrobin (except pydiflumetofen)
reduced rot levels effectively. Conversely, McManus and Perry
(2018, 2019) observed significantly lower rot levels when these
products were applied individually. In the 2022 growing season,
azoxystrobin applied alone in three spray regimes did not reduce rot
compared to the non-sprayed control. However, azoxystrobin co-
applied with pydiflumetofen, benzovindiflupyr, and pydiflumetofen
& fludioxonil significantly lowered fruit rot, suggesting a
synergistic effect.

Fruit rot levels across treatments ranged from 23% to 48% in
2021; 14% to 29% in 2022; 8 to 31% in 2023; and 12 to 55% in 2024.
To ensure high rot levels for evaluating treatment efficacy, we tested
three spray regimes, whereas growers in Massachusetts typically use
4-5 fungicide applications for fruit rot management. Rot levels
ranging from 3 to 95 were reported in three spray regime fungicide
trials on ‘Early Black® cultivar over the years (Caruso, 1999; 2000;
2002a; 2002b; 20035 2004; 20055 20105 2011), and 4 to 90% on ‘Ben
Lear’ cultivar (Caruso, 2008, 2009) from MA before. No literature
was found on rot levels for the ‘Demoranville’ cultivar. The
differences between years likely stem from variations in weather.
The current study did not investigate the effects of cranberry
cultivar on rot levels comprehensively, as treatments were
evaluated on ‘Demoranville’ in 2021 and 2023, while on ‘Ben
Lear’ and ‘Stevens’ were evaluated for only one year each. In
2021, fruit rot levels were notably higher. Even the best treatment
resulted in 23% rot. Many growers also reported increased fruit rot
that year, which was likely due to the exceptionally wet conditions
in early September. September 2021 experienced 279 mm of total
precipitation, far exceeding the average of 117 mm (Visual
Crossing). In contrast, September of 2022, 2023 and 2024
recorded 83, 159, 110 mm of total precipitation.). Cranberry fruit
rot is positively correlated with increased rainfall, particularly late in
the season when the fruits are mature. Excessive rainfall stresses the
fruit, making it softer and more susceptible to disease spread (Shear
et al.,, 1931; Wells and McManus, 2013).

These results highlight the potential role of these novel active
ingredients, which were previously unregistered for cranberry, in
managing CFR. They also emphasize the enhanced efficacy of these
fungicides when tank-mixed with azoxystrobin, leading to better
fruit rot control and enhanced yields. The synergistic effects of
azoxystrobin with other fungicides have been noted in previous
studies, such as its combination with difenoconazole (Bhuvaneswari
and Krishnam Raju, 2012), propiconazole (Uppala and Zhou, 2018)
against rice sheath blight, and with difenoconazole and
tebuconazole against squash powdery mildew (Noshy et al,
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2019). Given the complex nature of fruit rot and the wide
spectrum of fungi involved, combining fungicides with different
modes of action helps reduce selection pressure on pathogens and
thus the development of resistance.

In conclusion, the findings from the current study demonstrate
the potential of novel fungicides from FRAC groups 7, 9, and 12 to
diversify the CFR management toolkit and their synergistic effects
when combined with azoxystrobin.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Author contributions

LU: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization,
Writing - original draft, Writing - review & editing. SS:
Conceptualization, Data curation, Formal analysis, Investigation,
Methodology, Validation, Visualization, Writing - original draft,
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This
research was supported by the National Institute of Food and
Agriculture, U.S. Department of Agriculture, the Center for
Agriculture, Food and the Environment and the UMass
Cranberry Station at the University of Massachusetts Amherst,
under project number MAS00565; Cranberry Institute (award
numbers 017098 & 017844), Cranberry Research Foundation
(award number 016664) and Cape Cod Cranberry Growers
Association (CCCGA) (award numbers 017112 & 017874).

Acknowledgments

The authors would like to express their gratitude to Ms. Krystal
Demoranville for her invaluable technical support during the field
studies and sample processing.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fpls.2024.1508744
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Uppala and Sulley

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,

References

Averill, A, Caruso, F. L., DeMoranville, C., Jeranyama, P., LaFleur, J., McKenzie, K.,
et al. (2008). Cranberry Production: A Guide for Massachusetts. Eds. H. A. Sandler and
C. J. DeMoranville (East Wareham, MA: University of Massachusetts-Amherst
Cranberry Station). CP-08.

Ayer, K. M., Strickland, D. A., Choi, M., and Cox, K. D. (2021). Optimizing the
integration of a biopesticide (Bacillus subtilis QST 713) with a single-site fungicide
(Benzovindiflupyr) to reduce reliance on synthetic multisite fungicides (Captan and
mancozeb) for management of apple scab. Plant Dis. 105, 3545-3553. doi: 10.1094/
PDIS-02-21-0426-RE

Bain, H. F. (1926). Cranberry disease investigations on the pacific coast (Washington,
D.C. USA: USDA, Department Bulletin No. 1434). doi: 10.5962/bhl.title.108504

Becker, W. F., von Jagow, G., Anke, T., and Steglich, W. (1981). Oudemansin,
strobilurin A, strobilurin B and myxothiazol: New inhibitors of the bc 1 segment of the
respiratory chain with an E-B-methoxyacrylate system as common structural element.
FEBS Letters. 132, 329-333. doi: 10.1016/0014-5793(81)81190-8

Bergman, H. F., and Wilcox, M. S. (1936). The distribution, cause, and relative
importance of Cranberry fruit rots in Massachusetts in 1932 and 1933, and their
control by spraying. Phytopathol. 26, 656-664.

Bhuvaneswari, V., and Krishnam Raju, S. (2012). Efficacy of new combination
fungicide against rice sheath blight caused by Rhizoctonia solani (Kuhn). J. Rice Res. 5,
57-61. Available at: https://sarr.co.in/wp-content/uploads/07-JRR-Vol-5_-
Bhavaneswari-and-Raju.pdf (Accessed July 10 2024).

Brent, K. J., and Hollomon, D. W. (1998). Fungicide Resistance: The assessment of
risk. Available online at: https://www.frac.info/docs/default-source/publications/
monographs/monograph-2.pdf (Accessed 12/05/2024).

Caruso, F. L. (1999). Evaluation of fungicides for control of field and storage rot of
cranberries. Plant Dis. Manage. Rep. 56, SMF10.

Caruso, F. L. (2000). Evaluation of fungicides for control of field and storage rot of
cranberries. Plant Dis. Manage. Rep. 57, SMF07.

Caruso, F. L. (2002a). Evaluation of fungicide combinations for control of field and
storage rot of cranberries. Plant Dis. Manage. Rep. 58, SMF003.

Caruso, F. L. (2002b). Evaluation of different fungicide sequences for control of field
and storage rot of cranberries 2002. Plant Dis. Manage. Rep. 58, SMF002.

Caruso, F. L. (2003). Evaluation of fungicide combinations for control of field and
storage rot of cranberries 2003. Plant Dis. Manage. Rep. 59, SMF002.

Caruso, F. L. (2004). Evaluation of fungicide combinations for control of field and
storage rot of cranberries 2004. Plant Dis. Manage. Rep. 60, SMF029.

Caruso, F. L. (2005). Evaluation of fungicide combinations for control of field and
storage rot of cranberries 2005. Plant Dis. Manage. Rep. 61, SMF001.

Caruso, F. L. (2008). Evaluation of Bravo for control of field and storage rot of
cranberries and injury to the fruit 2008. Plant Dis. Manage. Rep. 3, SMF010.

Caruso, F. L. (2009). Evaluation of fungicides for control of field and storage rot of
cranberries 2009. Plant Dis. Manage. Rep. 4, SMF002.

Caruso, F. L. (2010). Evaluation of fungicides for control of field and storage rot of
cranberries 2010. Plant Dis. Manage. Rep. 5, SMF006.

Caruso, F. L. (2011). Evaluation of fungicides for control of field and storage rot of
cranberries 2011. Plant Dis. Manage. Rep. 6, SMF020.

Caruso, F. L., Bristow, P. R., and Oudemans, P. V. (2000). Cranberries: The most
intriguing native North American fruit (St Paul, NM, USA: American
Phytopathological Society). doi: 10.1094/ APSNETFEATURE-2000-1100

Conti, M., Cinget, B., Labbe, C., Asselin, Y., and Bélanger, R. R. (2021). New insights
into the fungal diversity of cranberry fruit rot in Québec farms through a large-scale
molecular analysis. Plant Dis. 106, 215-222. doi: 10.1094/PDIS-06-21-1163-RE

Ding, S., Halterman, D. A., Meinholz, K., and Gevens, A. . (2019). Distribution and
stability of Quinone Outside Inhibitor fungicide resistance in populations of potato

Frontiers in Plant Science

10.3389/fpls.2024.1508744

or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Author disclaimer

The contents are solely the responsibility of the authors and do
not necessarily represent the official views of the USDA or NIFA or
CI or CCCGA.

pathogenic Alternaria spp. in Wisconsin. Plant Dis. 103, 2033-2040. doi: 10.1094/
PDIS-11-18-1978-RE

Forster, H., Driever, G. F., Thompson, D. C., and Adaskaveg, J. E. (2007). Postharvest
decay management for stone fruit crops in California using the “reduced-risk”
fungicides fludioxonil and fenhexamid. Plant Dis. 91, 209-215. doi: 10.1094/PDIS-
91-2-0209

Hahn, M. (2014). The rising threat of fungicide resistance in plant pathogenic fungi:
Botrytis as a case study. J. Chem. Biol. 7, 133-141. Available at. doi: 10.1007/s12154-
014-0113-1

Hospital, C. D., Téte, A., Debizet, K., Imler, J., Tomkiewicz-Raulet, C., Blanc, E. B.,
et al. (2023). SDHi fungicides: An example of mitotoxic pesticides targeting the
succinate dehydrogenase complex. Environ. Int. 180, 108219. doi: 10.1016/
j.envint.2023.108219

Hunter, T., Brent, K. J., and Carter, G. A. (1984). Effects of fungicide regimes on
sensitivity and control of barley mildew. Br. Crop Prot. Conf. Pests Dis. pp, 471-482.

Ishii, H., Zhen, F., Hu, M., Li, X,, and Schnabel, G. (2016). Efficacy of SDHI
fungicides, including benzovindiflupyr, against Colletotrichum species. Pest Manag
Sci. 72, 1844-1853. doi: 10.1002/ps.4216

Keon, J. P. R,, White, G. A, and Hargreaves, J. A. (1991). Isolation, characterization
and sequence of a gene conferring resistance to the systemic fungicide carboxin from
the maize smut pathogen, Ustilago maydis. Curr. Genet. 19, 475-481. doi: 10.1007/
bf00312739

Kikuhara, K., liyama, K., Matsumoto, M., and Furuya, N. (2019). First report on DMI
fungicide resistance in Gymnosporangium asiaticum, the causal agent of Japanese pear
rust. Japan. J. Gen. Plant Pathol. 85, 49-56. doi: 10.1007/s10327-018-0820-5

Kilani, J., and Fillinger, S. (2016). Phenylpyrroles: 30 Years, two molecules and
(Nearly) no resistance. Front. Microbiol. 7. doi: 10.3389/fmicb.2016.02014

Lucas, J. A., Hawkins, N. J., and Fraaije, B. A. (2015). The evolution of fungicide
resistance. Adv. Appl. Microbiol. 90, 29-92. doi: 10.1016/bs.aambs.2014.09.001

McManus, P. S., Caldwell, R. W., Voland, R. P., Best, V. M., and Clayton, M. K.
(2003). Evaluation of sampling strategies for determining incidence of cranberry fruit
rot and fruit rot fungi. Plant Dis. 87, 585-590. doi: 10.1094/PDIS.2003.87.5.585

McManus, P., and Perry, R. S. (2018). Evaluation of fungicides for control of
cranberry fruit rot in Wisconsi. Plant Dis. Manage. Rep. 12, PF048.

McManus, P., and Perry, R. S. (2019). Evaluation of fungicides for control of
cranberry fruit rot in Wisconsi. Plant Dis. Manage. Rep. 13, PF042.

McManus, P. S. (2001). Cranberry fruit rot diseases in wisconsin (Cooperative
extension publishing - University of Wisconsin). Available online at: https://fruit.
webhosting.cals.wisc.edu/wp-content/uploads/sites/36/2011/06/Cranberry-Fruit-Rot-
Diseases-in-Wisconsin-1.pdf.

Mosbach, A., Ede, D., Farmer, A. D., Widdison, S., Barchietto, T., Dietrich, R. A.,
etal. (2017). Anilinopyrimidine resistance in botrytis cinerea is linked to mitochondrial
function. Front. Microbiol. 8. doi: 10.3389/fmicb.2017.02361

Mouden, N., Chliyeh, M., Benkirane, R., Ouazzani, A., Touhami, A. O., and Douira,
A. (2016). Chemical control of some strawberries fungal pathogens by foliar fungicides
under in vitro and in vivo conditions. Int. J. Recent Sci. Res. 7, 9037-9051.

National Center for Biotechnology Information. (2025). PubChem compound
summary for CID 86367, cyprodinil. Available at: https://pubchem.ncbi.nlm.nih.gov/
compound/Cyprodinil (Accessed January 17, 2025).

Noshy, T. V., Dahroug, S. A., Shokry, M., and Abdelmegeed, M. I. (2019). Protective
and curative activity of azoxystrobin and its mixtures against powdery mildew on
squash. Arab Univ. J. Agric. Sci. 27, 2315-2320. doi: 10.21608/ajs.2019.17388.1091

Olatinwo, R. O., Schilder, A. M. C., and Kravchenko, A. N. (2004). Incidence and
causes of postharvest fruit rot in stored Michigan cranberries. Plant Dis. 88, 1277-1282.
doi: 10.1094/PDIS.2004.88.11.1277

frontiersin.org


https://doi.org/10.1094/PDIS-02-21-0426-RE
https://doi.org/10.1094/PDIS-02-21-0426-RE
https://doi.org/10.5962/bhl.title.108504
https://doi.org/10.1016/0014-5793(81)81190-8
https://sarr.co.in/wp-content/uploads/07-JRR-Vol-5_-Bhavaneswari-and-Raju.pdf
https://sarr.co.in/wp-content/uploads/07-JRR-Vol-5_-Bhavaneswari-and-Raju.pdf
https://www.frac.info/docs/default-source/publications/monographs/monograph-2.pdf
https://www.frac.info/docs/default-source/publications/monographs/monograph-2.pdf
https://doi.org/10.1094/APSNETFEATURE-2000-1100
https://doi.org/10.1094/PDIS-06-21-1163-RE
https://doi.org/10.1094/PDIS-11-18-1978-RE
https://doi.org/10.1094/PDIS-11-18-1978-RE
https://doi.org/10.1094/PDIS-91-2-0209
https://doi.org/10.1094/PDIS-91-2-0209
https://doi.org/10.1007/s12154-014-0113-1
https://doi.org/10.1007/s12154-014-0113-1
https://doi.org/10.1016/j.envint.2023.108219
https://doi.org/10.1016/j.envint.2023.108219
https://doi.org/10.1002/ps.4216
https://doi.org/10.1007/bf00312739
https://doi.org/10.1007/bf00312739
https://doi.org/10.1007/s10327-018-0820-5
https://doi.org/10.3389/fmicb.2016.02014
https://doi.org/10.1016/bs.aambs.2014.09.001
https://doi.org/10.1094/PDIS.2003.87.5.585
https://fruit.webhosting.cals.wisc.edu/wp-content/uploads/sites/36/2011/06/Cranberry-Fruit-Rot-Diseases-in-Wisconsin-1.pdf
https://fruit.webhosting.cals.wisc.edu/wp-content/uploads/sites/36/2011/06/Cranberry-Fruit-Rot-Diseases-in-Wisconsin-1.pdf
https://fruit.webhosting.cals.wisc.edu/wp-content/uploads/sites/36/2011/06/Cranberry-Fruit-Rot-Diseases-in-Wisconsin-1.pdf
https://doi.org/10.3389/fmicb.2017.02361
https://pubchem.ncbi.nlm.nih.gov/compound/Cyprodinil
https://pubchem.ncbi.nlm.nih.gov/compound/Cyprodinil
https://doi.org/10.21608/ajs.2019.17388.1091
https://doi.org/10.1094/PDIS.2004.88.11.1277
https://doi.org/10.3389/fpls.2024.1508744
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Uppala and Sulley

Oudemans, P. V., Caruso, F. L, and Stretch, A. W. (1998). Cranberry fruit rot in the
Northeast: A complex disease. Plant Dis. 82, 1176-1784. doi: 10.1094/PDIS.1998.82.11.1176

Polashock, J. J., Oudemans, P., Constantelos, C., Caruso, F. L., McManus, P., and
Crouch, J. (2009). Species identification and variation in the North American
Cranberry Fruit Rot Complex. Acta Hortic. 810, 395-400. doi: 10.17660/
ActaHortic.2009.810.51

Raj, T. N. (1983). Genera coelomycetum. XXI. Strasseria and two new anamorph-
genera, Apostrasseria and Nothostrasseria. Can. J. Bot. 61 (1), 1-30.

R Core Team (2024). R: A language and environment for statistical computing
(Vienna, Austria: R Foundation for Statistical Computing). Available at: https://www.
R-project.org/.

Rosenzweig, N., Hanson, L. E., and Mambetova, S. (2019). Fungicide sensitivity
monitoring of Alternaria spp. causing leaf spot of Sugarbeet (Beta vulgaris) in the
Upper Great Lakes. Plant Dis. 103, 2263-2270. doi: 10.1094/PDIS-12-18-2282-RE

Schnabel, G., Bryson, P. K., Bridges, W. C., and Brannen, P. M. (2004). Reduced
sensitivity in Monilinia fructicola to propiconazole in Georgia and implications for
disease management. Plant Dis. 88, 1000-1004. doi: 10.1094/PDIS.2004.88.9.1000

Shear, C. L., Stevens, N. E., and Bain, H. F. (1931). Fungous diseases of the cultivated
cranberry (Washington, DC: U.S. Dept. of Agriculture Technical Bulletin), 258.
Available at: https://naldc.nal.usda.gov/download/CAT86200252/PDF. USDA
(Accessed December 10, 2021).

Stevens, N. E. (1924). Notes on cranberry fungi in Massachusetts. Phytopathology 14,
101-107. Available at: https://scholar.google.com/scholar?hl=en&as_sdt=0%2C22&q=
Notes+on-+cranberry+fungi+in+Massachusetts&btnG (Accessed December 10, 2021).

Stevens, N. E. (1932). Notable outbreaks of cranberry fruit rots in Massachusetts.
Phytopathol. 22, 911-916.

Stiles, C. M., and Oudemans, P. V. (1999). Distribution of cranberry fruit-rotting
fungi in New Jersey and evidence for nonspecific host resistance. Phytopathol. 89, 218-
225. doi: 10.1094/PHYTO.1999.89.3.218

Thomidis, T., and Prodromou, I. (2018). Evaluation of the effectiveness of three
fungicides against pathogens causing postharvest fruit rot of kiwifruit. Australas. Plant
Pathol. 47, 485-489. doi: 10.1007/s13313-018-0591-7

Trueman, C. L., Hanson, L. E., Somohano, P., and Rosenzweig, N. (2017). First report
of DMI-insensitive Cercospora beticola on sugar beet in Ontario, Canada. New Dis. Rep.
36, 20. doi: 10.5197/j.2044-0588.2017.036.020

Uppala, L. S., and Sylvia, M. M. (2024). Disease management. In: Cranberry Chart
Book 2024-2026: A Management Guide for Massachusetts. University of Massachusetts-
Cranberry Station, East Wareham, MA, pp. 13-25. Avaiable online at: https://

Frontiers in Plant Science

09

10.3389/fpls.2024.1508744

scholarworks.umass.edu/server/api/core/bitstreams/83837ffc-5995-491e-93d5-
9ae385b0c691/content.

Uppala, S., and Zhou, X. G. (2018). Field efficacy of fungicides for management of
sheath blight and narrow brown leaf spot of rice. Crop Prot. 104, 72-74. doi: 10.1016/
j.cropro.2017.10.017

Vilka, L., and Bankina, B. (2013). Incidence of cranberry (Vaccinium macrocarpon
Ait.) storage rot in Latvia. Proc. Latvian Acad. Sciences Section B: Natural Exact Appl.
Sci. 67, 179-183. doi: 10.2478/PROLAS-2013-0028

Wedge, D. E., Smith, B. J., Quebedeaux, J. P., and Constantin, R. J. (2007). Fungicide
management strategies for control of strawberry fruit rot diseases in Louisiana and
Mississippi. Crop Prot. 26, 1449-1458. doi: 10.1016/j.cropro.2006.12.007

Weir, B. S., Johnston, P. R.,, and Damm, U. (2012). The colletotrichum
gloeosporioides species complex. Stud. Mycology 73, 115-180. doi: 10.3114/sim0011

Wells, L. D., and McManus, P. S. (2013). Effects of simulated hail events and
subsequent fungicide applications on cranberry fruit rot incidence and yield. Plant Dis.
97, 1207-1211. doi: 10.1094/PDIS-01-13-0052-RE

Wells, L. D., Perry, R. S, and McManus, P. S. (2014). Fungicide efficacy and
specificity toward fungi in the cranberry fruit rot disease complex. Plant Health
Prog. 15, 31-35. doi: 10.1094/PHP-RS-13-0024

Wells-Hansen, L. D., and McManus, P. S. (2017). Year-to-year incidence of
cranberry fruit rot and persistence of fungal pathogens. Plant Health Prog. 18, 114—
119. doi: 10.1094/PHP-12-16-0073-RS

Wolfe, M. S. (1985). Dynamics of the response of barley mildew to the use of sterol
synthesis inhibitorsl. EPPO Bulletin 15, 451-457. doi: 10.1111/j.1365-
2338.1985.tb00254.x

Wood, B., McBride, E., Nabetani, K., Griffin, T., and Sabaratnam, S. (2023).
Prevalence and spatial distribution of cranberry fruit rot pathogens in British
Columbia, Canada and potential fungicides for fruit rot management. Front. Plant
Sci. 10. doi: 10.3389/fpls.2023.1274094

Xiao, C. L., and Boal, R. J. (2009). Residual activity of fludioxonil and pyrimethanil
against Penicillium expansum on apple fruit. Plant Dis. 93, 1003-1008. doi: 10.1094/
PDIS-93-10-1003

Yamaguchi, J., Inada, M., and Matsuzaki, M. (2000). Occurrence of DMI-fungicide-
resistant isolates of Mycovellosiella nattrassii Deighton, causal fungus of leaf mold of
eggplant (in Japanese with English summary). Jpn J. Phytopathol. 66, 78-84.
doi: 10.3186/jjphytopath.66.78

Zuckerman, B. M. (1958). Relative importance of cranberry fruit rot fungi during the
storage and harvest seasons in Massachusetts 1956-1957. Plant Dis. Rep. 42, 1214-1221.

frontiersin.org


https://doi.org/10.1094/PDIS.1998.82.11.1176
https://doi.org/10.17660/ActaHortic.2009.810.51
https://doi.org/10.17660/ActaHortic.2009.810.51
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1094/PDIS-12-18-2282-RE
https://doi.org/10.1094/PDIS.2004.88.9.1000
https://naldc.nal.usda.gov/download/CAT86200252/PDF
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C22&amp;q=Notes+on+cranberry+fungi+in+Massachusetts&amp;btnG
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C22&amp;q=Notes+on+cranberry+fungi+in+Massachusetts&amp;btnG
https://doi.org/10.1094/PHYTO.1999.89.3.218
https://doi.org/10.1007/s13313-018-0591-7
https://doi.org/10.5197/j.2044-0588.2017.036.020
https://scholarworks.umass.edu/server/api/core/bitstreams/83837ffc-5995-491e-93d5-9ae385b0c691/content
https://scholarworks.umass.edu/server/api/core/bitstreams/83837ffc-5995-491e-93d5-9ae385b0c691/content
https://scholarworks.umass.edu/server/api/core/bitstreams/83837ffc-5995-491e-93d5-9ae385b0c691/content
https://doi.org/10.1016/j.cropro.2017.10.017
https://doi.org/10.1016/j.cropro.2017.10.017
https://doi.org/10.2478/PROLAS-2013-0028
https://doi.org/10.1016/j.cropro.2006.12.007
https://doi.org/10.3114/sim0011
https://doi.org/10.1094/PDIS-01-13-0052-RE
https://doi.org/10.1094/PHP-RS-13-0024
https://doi.org/10.1094/PHP-12-16-0073-RS
https://doi.org/10.1111/j.1365-2338.1985.tb00254.x
https://doi.org/10.1111/j.1365-2338.1985.tb00254.x
https://doi.org/10.3389/fpls.2023.1274094
https://doi.org/10.1094/PDIS-93-10-1003
https://doi.org/10.1094/PDIS-93-10-1003
https://doi.org/10.3186/jjphytopath.66.78
https://doi.org/10.3389/fpls.2024.1508744
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Evaluation of novel fungicides (FRAC groups 7, 9, 12) for managing cranberry fruit rot
	Introduction
	Materials and methods
	Evaluation of selected novel fungicides for CFR disease management
	Experimental design
	Fungicide application regimes
	Sample collection, disease and yield assessment

	Data analysis

	Results
	Effect of fungicides on fruit rot and yield

	Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Author disclaimer
	References


