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Abstract

Olive leaf spot, caused by Pseudocercospora cladosporioides, is one of the main foliar diseases affecting
olive crops. This study determined the sensitivity of eighteen Uruguayan isolates of P. cladosporioides
to eighteen fungicides belonging to eight chemical groups. Mycelial growth inhibition assays were
performed on PDA with increasing fungicide concentrations, and the ECs, for each isolate-fungicide
combination was calculated. Copper-based fungicides showed moderate levels of inhibition. Among
contact fungicides, mancozeb exhibited the best inhibition compared with ziram and captan, while
dodine showed a similar level of inhibition to ziram. Most fungicides from the benzimidazole,
strobilurin and triazole groups demonstrated the highest efficacy with carbendazim, trifloxystrobin
and mefentrifluconazole showing the greatest inhibitory activity. These findings guide the selection
of fungicides for cercospora leaf spot management within sustainable pest control programs and
establish a reference framework for future resistance monitoring.

Keywords: Olea europaea; copper fungicides; dithiocarbamates; benzimidazole; strobilurins; triazoles

1. Introduction

Uruguay is one of the most recently expanded olive-growing regions in South America [1].
Currently, olive cultivation ranks as the third most important fruit crop in this country, covering
approximately 5,800 hectares [2]. Production is primarily oriented toward high-quality olive oil
destined for export markets [3].

Olive cercospora leaf spot (CLS), caused by Pseudocercospora cladosporioides, has emerged as one
of the most significant phytosanitary threats (Lombardo et al., 2023), along with olive scab, caused by
Venturia oleagina [4], and anthracnose mainly associated with Colletotrichum acutatum and other
species within this genus [5]. Symptoms typically manifest as yellow spots on the upper surface of
olive leaves and grey blotches on the lower surface, which can progress to severe defoliation of the
shoots. The impact of CLS can result in considerable reductions in yield and decreased oil quality [6—
8].

Despite its recognized importance, specific integrated management strategies for CLS in
Uruguay remain limited. Historically, control measures for this disease have been implemented
jointly with those targeting olive scab, often following a calendar-based fungicide spray program
throughout the year. This lack of information has limited the development of rational, effective, and
sustainable management strategies, potentially leading to ineffective or unnecessary applications and
increasing the risk of fungicide resistance development.

Recent epidemiological studies conducted by Lombardo et al. [9], have improved the
understanding of CLS disease cycle under Uruguay conditions, which is characterized by moderate
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temperatures and frequent days with high relative humidity along the year. In these studies, two
periods of increased inoculum production and infection risk were identified throughout the year, one
of them from late spring to early summer and the other during autumn. These studies were
conducted in ‘Arbequina’, the most planted cultivar in Uruguay. This improved understanding of
the CLS epidemiology provides support to transition from calendar-based sprays to a more
integrated management approach, focusing on the fungicide’s applications mainly in these two
critical infection periods.

Furthermore, the efficacy of fungicides against local populations of P. cladosporioides has not yet
been explored. Consequently, their evaluation is essential in order to prioritize those that are both
effective and more environmentally sustainable. Therefore, the objective of this study was to
determine the in vitro susceptibility of Uruguayan isolates of P. cladosporioides to eighteen fungicides
belonging to eight chemical group currently used in olive production. The fungicides were evaluated
and compared by estimating ECs, values.

2. Materials and Methods

2.1. Fungal Isolates

Eighteen single spore isolates of P. cladosporioides preserved as mycelial plugs in 15% glycerol at
-80 °C in the fungal collection of the Experimental Station of the Faculty of Agronomy, Universidad
de la Repuiblica (UdelaR), Salto, Uruguay [8], were selected for this study. The isolates were obtained
during the 2017-2018 growing season from olive leaves with typical CLS symptoms growing season,
collected from different varieties and production areas representing the country’s main olive-
growing regions (Table 1). For the experiments, each isolate was growing on Petri dishes containing
potato dextrose agar (PDA, Oxoid Ltd. Hampshire, England) and incubated at 21.5 + 1.5 °C in
darkness for 20 days prior to the experiments.

Table 1. Geographic origin and characteristics of Uruguayan isolates of Pseudocercospora cladosporioides used in

this study.
Locality Isolate WGS84- Cultivar®
E07 Arbequina
Salto, Olivares Saltefios S531°19'19”, W 54°04'12
E12 Arbequina
E19 n.d.
Salto, Puntas de Valentin E20 S 31°32’55”, W 57°10'28” n.d.
E27 n.d.
E31 Arbequina
Rocha, Nuevo Manantiales E33 S 34°16'26”, W 54°04'12” Arbequina
E40 Coratina
E43 Manzanilla
Maldonado, Agroland E48 S 34°37'24” , W 54°36’56” Leccino
E52 Coratina
E60 Arbequina
Montevideo, ARU S34°43'00”, W 56°16’00”
E62 Pendolino
E70 Leccino
Canelones, INIA Las Brujas S 34°40'05”, W 56°2037” )
E74 Seggianese
Montevideo, FAgro E76 S 34°50'14”, W 56°13’40” n.d.
E78 S 34°21'05”, W 57°47'50” Arbequina
Colonia, San Pedro
E82 S 34°21'30”, W 57°30°09” Arbequina

aWGS84: World Geodetic System 1984;  n.d.: not determined.
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Eighteen commercial fungicide formulations belonging to eight chemical groups were evaluated
(Table 2). These chemical groups included four groups with contact and penetrant fungicides

(copper-based products, dithiocarbamates, phthalimides, and guanidines) and four groups with

systemic fungicides (anilino-pyrimidines, benzimidazoles, strobilurins (quinone outside inhibitors,
Qols), and Triazoles (demethylation inhibitors: DMIs). Fungicides were selected based on their

commercial availability and their relevance for olive disease management programs [10-13].

Table 2. Characteristics of the commercial fungicides evaluated in this study.

Chemical group L . .
Active ingredient Trade name Company Formulation 2
(FRAQ)!
Copper calcium Bordeles AR Agro Regional 74 % WP (Cu 20 %)
sulfate Caldo Bordeles F  Fanaproqui 68 % Wp (Cu 20 %)
Copper Oxicloruro Cu AR  Agro Regional
. . . . 85 % WP (Cu 50 %)
Inorganic oxychloride Fanavid 85 Fanaproqui
Cupric Copper
M 01) oxychloride Fanavid Flowable Fanaproqui 68 % SC (Cu 40 %)
flowable
. Cuproxido 75PM  Agro Regional 85 % WP (Cu 75 %)
Cuprous oxide i
Cobre Nordox S75 Lanafil S.A. 86 % WP (Cu 75 %)
Mancozeb AR Agro Regional
Ditiocarbamat Mancozeb ) 80 % wrp
Sancozeb 80 PM Lanafil S.A.
e
. Ziram Tafirel La Forja S.A. 80 % DG
(M 03) Ziram . .
Ziram Granuflo Taminco Uy S.A. 76 % DG
F-talimide Captan 80 Dikebell Agro Regional
Captan i 80 % DG
(M04) Merpan 80 DF Lanafil S.A.
Guanidine S Dodin Flo Agro Regional 40 % 410 g L' Cs
odine
(U12) Syllit 400 SC Lanafil S.A. 39.4 % 400 g L' cs
Anilino- Ineplus S.A.
o Pyrimethanil Venthos SC . 28.3 % 300 g L' cs
pyrimidine (9) (Proquimur S.A)
Benzimidazol )
) Carbendazim Bencarb - L Saudu 45 % 500 g L' cs
. Mirador 25 SC Lanafil S.A. 22,9 % 250 g L' cs
Azoxystrobin * .
Lfunsicid Amistar Syngenta 23.3%250g L' cs
io _ ETglCl . e e R Bast 5.4 23,8 % 250 g L1
trobilurins 3 raclostrobin ,8 % 1 EC
111‘0 s Y Classic Lanafil S.A. ¢
1 Kresoxim-methyl  Ardent 50 SC Lanafil S.A. 46,2 % 500 g L1 s
Trifloxystrobin *  Flint 50 WG Bayer S.A. 50 % WG
. Syngenta Agro
Difenoconazole Score 250 EC 24 % 250 g L1 EC
DMI- Uruguay S.A.
fungicid Mefentriflucona-
ngteice Cevya Basf S.A. 35 % 400 g L Cs
Triazole zole
EBI 4 (3) Tebuconazole * Tebuzate 43 SC La Forja S.A. 39,1 % 430 g L1 cs
Propiconazole * Quick 250 EC Saudu S.A. 25,5 % 250 g L1 EC
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1FRAC: Fungicide Resistance Action Committee (FRAC, 2025) code based on mode of action; 2 Formulation:
WP= Wettable Powder; WG= Water-dispersible Granules; DG= Dispersible Granules; CS= Concentrated
Suspension; EC= Emulsifiable Concentrate; 3 Qol: Quinone outside Inhibitors;  DMI: DeMethylation Inhibitors,
EBI: Ergosterol Biosynthesis Inhibitors; * Resistance known in Pseudocercospora spp.

2.3. Mycelial Growth Inhibition Assay

Stock solutions of each fungicide were prepared in sterile distilled water. Subsequently,
appropriate volumes of each fungicide were added to sterile PDA medium, maintained at 45 °C to
obtain the desired final concentrations. The final concentrations of the active ingredients (a.i.) were:
0.1, 1, 10, and 100 mg L for anilino-pyrimidine, benzimidazole, Qols, and DMIs; 50, 150, 300, and
600 mg L for dithiocarbamates, phthalimides, and guanidines, and 125, 250, 500, and 1000 mg L' of
metallic copper for the copper-based fungicides.

Due to the slow growth rate of this fungus, 3.7-mm-diameter mycelial discs were taken from the
margins of actively growing 20-day-old P. cladosporioides colonies and placed at the center of each
fungicide-amended plate. Three replicates were performed per each combination of isolate,
fungicide, and concentration. Three PDA plates per isolate but without fungicide served as controls.
Plates were incubated at 21.5 + 1.5 °C in darkness. After 30 days, two perpendicular colony diameters
were measured using a digital caliper (CALDI-6MP, TRUPER®), and the average colony radius was
calculated. The experiment was repeated twice.

2.4. Data Analysis

The percentage of mycelial growth inhibition was calculated for each isolate-fungicide-
concentration combination, relative to the control, using the formula: Growth inhibition (%) = [(Rcontrol
— Rtreatment) / Rcontrol] x 100 where R represents to the colony radius. The inhibition data were
analyzed using probit regression by plotting the percentages of mycelial growth inhibition against
the logl0-transformed fungicide concentrations. From the fitted probit regression model [14], the
effective concentration 50% of mycelial growth (ECsp) was estimated.

The ECs values for systemic and contact or penetrant fungicides were modeled separately. Data
were analyzed using a Generalized Linear Mixed Model (GLMM) via the glmmTMB package,
specifying a Gamma distribution and a log link function [15]. This distribution was selected as it is
appropriate for continuous, strictly positive data where the variance increases with the mean.
Fungicide treatment was evaluated as a fixed effect. To account for the experimental design and data
clustering, experiment repetition and fungal isolate were included as random effects, with isolates
nested within each experiment repetition. Model assumptions were validated using the DHARMa
package [16]. Post-hoc comparisons of estimated marginal means were conducted using the emmeans
package [17]. Pairwise mean comparisons were adjusted using Tukey's method, and significant
differences (P < 0.05) were grouped using a compact letter display (CLD). All data visualizations were
generated using the ggplot2 package [18]. Statistical analyses were performed in R software (v. 4.5.3)
[19].

3. Results

Significant differences were observed among fungicides in their ability to inhibit the mycelial
growth of P. cladosporioides (Table 3). All the isolates behaved as moderately sensitive to the four
copper-based fungicides, copper oxychloride, copper oxychloride flowable, cuprous oxide, and
copper calcium sulfate, and no major differences were registered between them, considering the four
a.i. the ECs values ranging from 57 to 221 mg L (Table 3, Figure 1.A, Figure 2.A).
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Table 3. EC50 values for inhibition of mycelial growth of Pseudocercospora cladosporioides isolates exposed to
different fungicides in vitro.

Chemical group  Active ingredient ECso2b + SE¢ ECsorange

CONTACT FUNGICIDES AND DODINE

F-talimide Captan 185 +19 a 76-342
Cupric Cuprous oxide 150 +15 ab 106-186
Cupric Copper oxychloride 138 +14 ab 57-218
flowable
Cupric Copper calcium sulfate 131 +13 b 77-202
Cupric Copper oxychloride 123 +12 b 69-221
Ditiocarbamate  Ziram 71 +7 c 37-141
Guanidine Dodine 53 5 c 23-109
Ditiocarbamate =~ Mancozeb 30 +3 d 27-83
SYSTEMIC FUNGICIDES
Anilino-
Pyrimidine Pyrimethanil 25,3 £12.5 a 11.0-47.8
Strobilurin Azoxystrobin 1.05 +0.52 b 0.15-15.8
Strobilurin Kresoxim-methyl 0.96 +049 b 0.07-1.79
Triazole Tebuconazole 0.56 +0.28 bc 0.12-1.31
Triazole Propiconazole 0.44 022 bc 0.09-0.75
Strobilurin Pyraclostrobin 0.19 +0.10 c 0.003-2.28
Triazole Difenoconazole 0.19 +0.10 c 0.003-1.97
Benzimidazol Carbendazim 0.03 +0.02 d <0.001-0.13
Triazole Mefentrifluconazole 0.03 +001 d <0.001-0.48
Strobilurin Trifloxystrobin 0.006 +£0.003 e <0.001-0.39

2ECs0: effective concentration (mg L) that inhibits 50% of mycelial growth, the values correspond to
estimated mean obtained from the fitted model. ® Statistical analyses for mean comparisons were performed
separately for contact fungicides (including dodine) and systemic fungicides. Within each group, means

followed by the same letter are not significantly different (Tukey’s test, P < 0.05); ¢ SE: Standard Error.

Regarding the dithiocarbamate and phthalimide fungicides evaluated, mancozeb showed the
highest inhibitory activity with EC50 = 30 mg L-1 differing significantly from the other two
compounds, Ziram with EC50 = 71 mg L-1 and Captan with EC50 = 185 mg L-1 with the last being
the least effective (Table 3, Figure 1.A). Dodine, a guanidine fungicide with translaminar activity,
showed an inhibitory effect similar to that of ziram with EC50 of 53 mg L-1, and both differed
significantly from mancozeb and captan (Figure 2.A).

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. Heatmap of ECso values (mg L) for eighteen Uruguayan isolates of Pseudocercospora cladosporioides in
response to different fungicides. Fungicides are grouped into (A) contact fungicides, including dodine (which
has translaminar activity), and (B) systemic fungicides. The numerical values within each cell represent the
absolute ECsp. To highlight intra-fungicide variation, color gradients are scaled individually for each row
(fungicide) using Z-scores. Red shades indicate relatively higher ECs, values (lower sensitivity) for that specific
active ingredient, blue shades correspond to relatively lower ECs; values (higher sensitivity), and white indicates

intermediate, near-mean values.

The four DMIs evaluated showed high efficacy in inhibiting mycelial growth. Among them,
mefentrifluconazole was the most efficient, with an ECs of 0.03 mg L-1, significantly lower than those
of the other three fungicides (Table 3, Figure 1.B). Difenoconazole, propiconazole, and tebuconazole
exhibited similar performance, with ECsy values ranging from 0.19 to 0.56 and no significant
differences among them (Figure 2.B).

Most of the Qols fungicides demonstrated high inhibitory capacity. Within this group,
trifloxystrobin exhibited the highest efficacy with EC50 of 0.006 mg L-1 following by pyraclostrobin
with EC50 of 0.19 mg L-1 and azoxystrobin and kresoxim-methyl with EC50 of 1.05 and 0.96 mg L-1
respectively. Furthermore, statistically differences were found between them except between
azoxystrobin and kresoxim-methyl (Table 3, Figure 1.B, Figure 2.B).
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Figure 2. Distribution of ECso values (mg L) for Uruguayan isolates of Pseudocercospora cladosporioides (n =
18) in response to different fungicides. (A) Contact fungicides, including dodine (which has translaminar
activity). (B) Systemic fungicides. Each boxplot represents the distribution of ECso values for a given fungicide
across all isolates. Boxes indicate the interquartile range, horizontal lines within boxes represent medians, and
whiskers indicate the range of values (excluding outliers). Different letters indicate significant differences among
fungicides within each panel according to Tukey’s test (P < 0.05).

Carbendazim, from the benzimidazole chemical group, exhibited high inhibitory activity with
EC50 = 0.03 mg L and statistically similar to mefentrifluconazole (Table 3). Finally, pyrimethanil,
the anilino-pyrimidine, showed the lowest inhibitory efficacy among the systemic fungicides
evaluated, with a EC50 value of 25.3 mg L' (Table 3, Figure 1.B, Figure 2.B).

4. Discussion

As in other olive-growing regions worldwide, fungicide applications remain the primary
strategy for controlling CLS in Uruguay. Recent epidemiological studies have characterized the local
disease cycle, identifying two critical periods of high inoculum production and infection risk [9]. This
provides a framework for transitioning from calendar-based spray programs to more precise

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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integrated diseases management strategies based on epidemiological risk. However, the practical
implementation of these approaches has been limited by the lack of information on the sensitivity of
the Uruguayan population of P. cladosporioides to available fungicides. In response to the lack of data,
the present study provides the first comprehensive characterization of the sensitivity of the local P.
cladosporioides population. For that, eighteen isolates collected from different olive-growing regions
of Uruguay [8] were evaluated against eighteen fungicides belonging to eight chemical groups
considering contact, penetrant and systemic compound.

Our results indicate that copper-based fungicides showed relatively high EC50 values,
indicating low intrinsic activity; however, their multisite mode of action and low resistance risk
support their continued use in olive disease management programs. These findings align with
previous studies reporting low levels of mycelial growth inhibition for these compounds under in
vitro conditions [12]. This is in agreement with the current understanding that copper-based
fungicides exert a primarily fungistatic, rather than fungicidal, effect on this pathogen and are not
effective in controlling established infections [11,20]. However, their value in integrated disease
management programs should not be underestimated, particularly as preventive treatments during
the key infection periods. Also, they are often among the few fungicides that can be applied after
flowering without leading problematic residues in olive oil [21,22]. Furthermore, field studies have
demonstrated their effectiveness in reducing CLS incidence, particularly when used preventatively
or in rotation or combination with other fungicides [11,12]. Nevertheless, a major limitation of
copper-based fungicides is their tendency to accumulate in soil, leading to potential environmental
impacts. Consequently, strategies to reduce their use are highly recommended [11,12,23,24]. This
concern has led to stricter regulations, particularly in the European Union, where copper applications
are currently limited to an average of 4 kg Cu ha™ year~! over a seven-year period, reflecting a broader
global trend toward more sustainable plant protection practices [25].

Regarding the ditiocarbamate and phthalimide fungicides evaluated, mancozeb exhibited the
highest inhibitory activity, being significantly more effective than ziram and captan. This result is
consistent with previous studies reporting greater efficacy of mancozeb compared to captan against
P. cladosporioides [12]. The strong performance of mancozeb, also supported by field trials
demonstrating reduced CLS incidence when applied in mixtures with other fungicides [11],
highlights its value as a preventive tool in disease management programs. In addition, its multisite
mode of action and low resistance risk make it particularly suitable for inclusion in resistance
management strategies [26].

Dodine, which has a translaminar activity [26], showed a level of efficacy comparable to ziram.
This suggests a potential role not only in preventive applications but also in the management of latent
infections; however, this hypothesis requires validation under field conditions.

Quinone outside inhibitors (Qol) showed high intrinsic activity against P. cladosporioides, with
low mean ECs values across the evaluated compounds. However, a marked variability in sensitivity
was observed, particularly for azoxystrobin, which exhibited a wide range of ECs values among
isolates. This heterogeneity suggests differences in sensitivity within the population and may indicate
the presence of subpopulations with reduced sensitivity. Given the high resistance risk associated
with Qols, due to their site-specific mode of action, this pattern could represent early shifts in
sensitivity within the population. In contrast, other Qol compounds such as trifloxystrobin and
kresoxim-methyl showed more consistent responses, suggesting a more uniform sensitivity profile.
These findings highlight the need for cautious use of Qols in olive disease management, particularly
avoiding repeated applications and favoring their inclusion in rotation or mixture strategies to delay
resistance development. This is especially relevant in olive production systems, where the limited
number of effective fungicides and restrictions related to residues in olive oil may increase the
reliance on a reduced set of active ingredients, thereby intensifying the selection pressure for
resistance.

The high efficacy of Qols, particularly trifloxystrobin and pyraclostrobin, is consistent with
previous studies. Although no previous studies were found for azoxystrobin in the control of CLS on
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olive, its effectiveness has been widely documented [27-30]. The strong performance of
pyraclostrobin corroborates previous in vitro and field studies, where commercial formulations
significantly reduced P. cladosporioides [11]. Similarly, mixtures containing trifloxystrobin have
proven effective under field conditions [11,12].

Despite their high efficacy, Qols are considered high-risk for resistance development due to their
single-site mode of action [26]. Resistance to azoxystrobin, pyraclostrobin, and trifloxystrobin has
already been reported in other Pseudocercospora species [31,32]. Therefore, their incorporation into
management programs in Uruguay should be carefully managed through anti-resistance strategies,
including limiting the number of applications per season, using them in mixtures or rotations with
fungicides of different modes of action, and monitoring changes in pathogen sensitivity over time.
This is particularly relevant in olive production system, where the limited number of effective
fungicides and restrictions related to residues in olive oil may increase reliance on a reduced set of
active ingredients, thereby intensifying selection pressure for resistance.

The notable efficacy of carbendazim against the Uruguayan P. cladosporioides population aligns
with previously reported activity against other Pseudocercospora species, such as P. macadamiae [33],
P. eumusae [34], and P. angolensis [35]. Previous studies have demonstrated that carbendazim,
particularly when applied in mixture with multisite fungicides such as copper or mancozeb, can
provide effective disease control under field conditions. For example, early applications of
carbendazim in combination with copper significantly reduced disease incidence and severity caused
by P. macadamiae [33], while carbendazim-mancozeb mixture were highly effective againts P. eurmusae
[34]. Similarly, Hong et al. [35] identified carbendazim as one of the most effective compounds against
P. angolensis on sweet orange (Citrus sinensis). However, the high efficacy of this single-site
benzimidazole fungicide is coupled with a high risk of resistance development under repeated use
[35]. Therefore, despite its strong intrinsic activity, its use should be carefully managed and, where
permitted, restricted to mixtures or rotation schemes to mitigate resistance development.

The four DMIs evaluated, difenoconazole, propiconazole, tebuconazole and
mefentrifluconazole, demonstrated high efficacy, particulary mefentrifluconazole showing the
highest activity, and consistent with previous studies developed whit this pathogen [12] and related
species, such as P. pistacina [36] and Cercospora sojina [37]. However, despite its excellent efficacy and
favorable toxicological profile, cross-resistance among DMIs has been reported. Ishii et al [38]
demonstrated positive cross-resistance between mefentrifluconazole and other DMIs such as
propiconazole and difenoconazole with several other fungal pathogens, including Cercospora beticola,
a finding further supported by more recent studies [39]. This is particularly relevant given that DMI
are associated with a moderate risk of resistance development, typically involving gradual shifts in
sensitivity rather than the rapid qualitative resistance observed for Qol or benzimidazole fungicides
[26]. Resistance to DMIs has also been reported in other Pseudocercospora species [40—44]. Therefore,
while mefentrifluconazole and other triazoles represent valuable tools for disease control, their use
in olive diseases management programs should be carefully managed through rotation or mixture
with fungicides of different modes of action to mitigate the selection of sensitive populations.

This study identified the fungicide active ingredients to which the Uruguayan P. cladosporioides
population is sensitive, providing a baseline for resistance monitoring. Establishing such baseline
sensitivity data is crucial for the early detection of shifts in fungicide efficacy. Ours results constitute
the first reference framework for monitoring changes in sensitivity in P. cladosporioides populations
associated with olive CLS disease in Uruguay, highlighting the need for continuous surveillance to
support effective resistance management.

The high efficacy observed for several systemic fungicides, including trifloxystrobin,
mefentrifluconazole, and carbendazim, indicates strong potential for CLS management. However,
their single-site modes of action require strict adherence to anti-resistance strategies.

In contrast, multi-site fungicides, particularly mancozeb and copper compounds, despite their
lower intrinsic activity in vitro, remain essential components of resistance management and should
form the backbone of preventive programs.
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While our results confirm the biological efficacy of several fungicides, an important practical
limitation must be considered, many of these ingredients are not currently registered for use in olive
crop production in Uruguay. This highlights a key aspect of disease management, namely the gap
between biological efficacy and regulatory availability and underscores the importance of generating
local data to support both technical recommendations and registration processes [45].

Finally, the data generated in this study provide a rational basis for selecting fungicides for
further evaluation under field conditions, as well as for optimizing application timings according to
epidemiological risk periods previously defined for Uruguay [9]. Overall, these findings contribute
to the development of integrated and sustainable management strategies for CLS in Uruguay, aiming
to maximize diseases control while minimizing fungicide inputs, environmental impact and the risk
of resistance development.
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Abbreviations

The following abbreviations are used in this manuscript:

CLS Olive cercospora leaf spot

ECso Effective concentration (mg L) that inhibits 50% of mycelial growth
Qols Strobilurins fungicides (quinone outside inhibitors)

DMlIs Triazoles fungicides (demethylation inhibitors)
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