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Abstract

Mandipropamid is an active ingredient in the carboxylic acid amide group of fungicides
and plays a key role in current potato late blight (Phytophthora infestans) management
programmes. However, reports from Danish paotato growers in 2022 suggested that
mandipropamid had lost its efficacy. A study was therefore conducted to investigate the
sensitivity of isolates collected from fields in which mandipropamid had been reported to
be ineffective. Seventy-two isolates of P. infestans collected from potato fields in Denmark
were genotyped using microsatellite markers, revealing a dominance of the clonal
lineage EU43 and fewer isolates of EU41 and ‘other’ genetically distinct genotypes.
Isolates belonging to the EU43 and EU41 lineages were selected, in addition to
representative isolates of clones EU36 and EU37 from Scotland, and tested for sensitivity
to mandipropamid at five concentrations ranging from 0.1 to 10 pg/mL on potato leaf
discs (cultivar Maris Piper). The EU43 genotype infected leaf discs at all tested
concentrations, and therefore no dose—response curve could be calculated. A dose
response was observed for isolates of genotypes EU36, EU37 and EU41 with ECsy values
ranging from 0.35 to 0.75 pg/mL. Field experiments confirmed resistance of tested
isolates of genotype EU43 to mandipropamid, with no significant difference in the area
under the disease curve between the untreated and mandipropamid treatments.
Analysis of the Danish population of P. infestans showed that EU43 was widely distributed
across the country. To our best knowledge, this is the first report of resistance to
mandipropamid in P. infestans.

T POF }{ TOOLS < SHARE

28 April 2023

Phytophthora infestans was isolated
from late blight lesions

EU43

Disease severity (%)

0808 1508 2208 2908 0509 1209 1909  26.09
Date

Disease development in the untreated
control and mandipropamid treated plots

Isolates were tested for their
sensitivity to mandipropamid

QR : N J
% il
Mandpropamid  Plate 2
22.P10K074 43_A1 \

Genotype [J €uss [ €37 [ Evs1 [l EU43

Incidence (%)

0 01 03 1 3 10
Concentration (ug mL™")

EU43 infected leaf discs at all
concentrations of mandipropamid



A New Pathogen Population Challenges the
Prevention and Control of Potato Late Blight
in Denmark
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Abstract

Unexpected and severe outbreaks of potato late blight occurred in Denmark during the
2022 growing season due to the emergence and rapid spread of a new SSR genotype, EU43,
which exhibited 100% resistance to mandipropamid. This prompted a shift in control
recommendations from block applications of fungicides to fungicide mixing and
alternation. Three early warning components played a critical role in the effective
management of late blight in the 2023 season: (1) Disease surveillance using the
BlightTracker app; (2) Blight risk forecasting via the BlightManager decision support
system; and (3) An early sampling campaign followed by rapid reporting of genotyping and
phenotyping results. In 2022, the EU43 genotype accounted for 64% of the Phytophthora
infestans population. Following the new control strategy and intensified use of early
warning tools, the frequency of the EU43 genotype declined to 19% in 2023 and 5% in
2024. Amongst samples collected from different field types between 2022 and 2024, EU43
prevalence was 40% in experimental plots and conventional fields, 11% in volunteer
plants, and 3% in organic fields. These findings support the hypothesis that EU43’s
success was driven by its reduced sensitivity to mandipropamid. With the frequency of
EU43 now reduced to 5%, mandipropamid can be reintroduced as part of a fungicide

mixture and alternation strategy.

Fig.1

100
20
80
0
= &0
- 50 /\
R VAVAN
e 20 -
10 S e ~—— \‘\
0 — —
2017 2018 2019 2020 2021 2022 2023 2024
==EU13 EUZ6 =e=ELd] =e=EU43 ==ELME Other
View in article Full size image
Fig. 2
&0
3
3
E‘.":I
£
: L
Esipbrimasnaal (N = 109) Correpniitnal (N = 284) Wilunbesns (N = 17) Qepanic (W = 599
Site
View in article Full size image

Fig.3




Genotypes across years in DK, Updated with 2025 results
Exceptin 2022, “Others” have dominated the Danish P. infestans population
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Overall “Others” have dominated Danish populations,
but some clones became dominant at some points
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EU43 was found in 2018, from conventional fields (Sprayed with Mandipropamid)
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Cultivar

Most clones appear to infect all varieties

Ydun (n = 32)
Verdi (n = 12)
Twister (n =9)
Tinca (n=9)
Stratos (n = 5)
Solist (n = 3)
Sava (n=4)
Sarion (n=4)
Saprodi (n = 13)
Nofy (n = 9)
Levante (n = 5)
Kuras (n = 122)
Kuba (n = 5)
Kardal (n = 10)
Inova (n = 3)
Gala(n=4)
Fyone (n = 3)
Fontane (n = 10)
Folva (n = 3)

Euroviva (n = 8)
Eurogrande (n = 6)
Ditta (n = 12)
Baby Lou (n = 4)
Avenue (n=7)
Asparges (n = 5)
Argana (n = 6)
Allstar (n = 20)

(Data: 2022-2024)
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appears to be more frequent on
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EU13 (Blue 13) — well-known for resistance against metalaxyl
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EU13 was found in 2007 most likely due
to Metalaxy use

EU13 increased with increase of Metalaxy
use

Since the withdrawal of Metalaxyl in 2014
the frequency of EU13 has decline to
<0.1% (mostly not found in DK)
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* Blackline =EU13 frequency
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EU43 is characterized by “full” resistance to
CAA fungicides (e.g., Mandipropamid)
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The emergence and spread of EU43 and Mandipropamid usage in Denmark
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The link between control strategy and the G1105- mutation,
causing resistance to mandipropamid (and other CAAs)
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FTA card sampling (2022-2024) shows that EU43 was mostly found
In conventional or experimental fields sprayed with a CAA fungicide
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ABSTRACT

Until recently, genotypes of Phyiophihora infesians were regionally
distributed in Euwrope, with populations in western Eorope being
dominated by clonal lineages and those in northern Europe being
genetically diverse because of frequent sexual reproduction. However,
since 2013 a new clonal lineage (EU_41_AZ2) has successfully established
itself and expanded in the sexually recombining P. infestany populations
of northern Europe. The objective of this study was to study phenotypic
traits of the new clonal lineage of P. infestans, which may explain its
successful establishment and expansion within sexually recombining
populations. Fungicide sensitivity, aggressiveness, and virulence profiles
of isolates of EU_41_A2 were analyzed and compared with those of the

local sexual populations from Denmark, Norway, and Estonia. None of
the phenotypic data obtained from the isolates collected from Denmark,
Estonia, and Norway independently explained the invasive success of
EU_41_A2 within sexual Nordic populations. Therefore, we hypothesize
that the expansion of this new genotype could result from a combination
of fitness traits and more favorable environmental conditions that have
emerged in response to climate change.

Keywords: clonal lincage, fungal pathogens, late blight, comycetes,
phenotype, sexual reproduction, Solanum fuberosum

Phytophthora infestans (Mont) de Bary, the causal agent of
late blight in potatoes (Solanum tfuberosum L.) and tomatoes
(8. lycopersicum L.), is a heterothallic oomycete with two mating
types, Al and A2, Mating type Al was first detected in Europe in

" 10 A ] ey -

continent, research has shown that in westem Europe, clonal line-
ages resulting from asexual multiplication prevail (Cooke et al.
2012; Mariette et al. 2016b). By contrast, the pathogen population
in northern Europe is genetically diverse, because of high rates of
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We don’t really know
what might have aided
the spread of EU41

* The spread of EU_41 A2 in Denmark (and
Northern Europe cannot be explained by
any single phenotypic trait (e.g., fungicide

resistance, aggressiveness, or virulence)

* Instead, its success is likely due to a
combination of moderate advantages +

favorable environmental conditions
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B N ,
= | Conclusions
* Past and recent changes in the P. infestans population in

Denmark have largely been driven by fungicide selection
pressure:

* EU43 associated with mandipropamid use
* EU13 associated with metalaxyl use

* Changes in fungicide use (reduction or withdrawal) resulted in
rapid declines of these Clones

 EU41 is the exception: Its spread cannot be explained by
fungicide use, aggressiveness, or virulence. Suggests additional
\ drivers (e.g., environmental or fitness-related factors)
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