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Abstract

Climate change has already been acknowledged to have destabilizing effects on tree health. In addition to increased abiotic
disturbances, trees are increasingly negatively impacted by the emergence of fungal pathogens. Lecanosticta acicola, the
causal agent of brown spot needle blight (BSNB), affects pines and is considered invasive in Europe. In October 2025,
typical symptoms of L. acicola, brown circumferential lesions with a yellow halo, were observed on an urban tree, Pinus
mugo. The pathogen was isolated from surface-sterilized needles, and morphological and molecular identification con-
firmed it as L. acicola. Here, we report the first observation of the invasive pathogen L. acicola on the non-native host P.
mugo in Finland. Lecanosticta acicola is classified as a Quality Plant Pest by the Finnish Food Authority and as no suit-
able plant protection methods are currently available in Finland, this finding is of particular significance. The detection of
this pathogen highlights a potential threat to forestry and emphasizes the need for preventive strategies to limit its spread,

including eradication, breeding and improved integrated pest management (IPM) practices in nurseries.
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Introduction

Recent evidence indicates that current environmental trends
are increasing the risk of large-scale climate system insta-
bility (Ripple et al. 2024). Climate change is a key driver
of emerging and invasive forest disturbances, particularly
by favouring fungal pathogens. Rising temperatures facili-
tate the expansion of pathogen geographic ranges, allowing
species previously restricted by cold climates to establish
in new regions (Dudney et al. 2021; Li et al. 2023; Singh et
al. 2023; Terhonen et al. 2025a). This process promotes the
introduction of novel disease agents into forest ecosystems,
where native host species often lack effective resistance
(Barnes et al. 2018; George et al. 2022). In addition, warmer

< Eeva Terhonen
eeva.terhonen@luke.fi

Forest health and biodiversity, Natural Resources Institute
Finland (Luke), Latokartanonkaari 9, Helsinki
FI-00790, Finland

Department of Forest Protection and Wildlife Management,
Faculty of Forestry and Wood Technology, Mendel
University in Brno, Brno, Czech Republic

conditions, such as milder winters, enhance pathogen over-
wintering success and increase infection pressure (Hanso
and Drenkhan 2013; Ma et al. 2015; Caballol et al. 2022).
Climatic variables, particularly temperature and precipita-
tion, are therefore major determinants of the global distri-
bution of phytopathogenic fungi (Vétrovsky et al. 2019; Li
et al. 2023), and their diversity and invasion potential are
expected to increase in forest ecosystems under future cli-
mate scenarios.

Lecanosticta acicola is the causal agent of brown spot
needle blight (BSNB). Symptoms appear as brown spots
surrounded by a yellow halo that encircles the needle
(Skilling and Nicholls 1974; van der Nest et al. 2019;
Fig. 1a), eventually leading to distal necrosis (Fig. 1b). In
the necrotic tissue the fungus forms black stromata (Wolf
and Barbour 1941). Finally, L. acicola produces oval, black
fruiting bodies (acervuli-like) bearing conidia that emerge
through the epidermis (Wolf and Barbour 1941; van der
Nest et al. 2019). The conidia are subhyaline to dark olive-
green and thick-walled (Evans 1984; Siggers 1944; van der
Nest et al. 2019; Fig. 1c). They have a rounded tip and a
truncated base, and they vary in shape from fusiform to
cylindrical, ranging from straight to slightly curved (van der
Nestetal. 2019; EPPO 2024; Fig. 1¢). Heavily infected pine
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Fig. 1 (a) Typical symptoms of brown spot needle blight (BSNB)
caused by Lecanosticta acicola, documented in Finland in October
2025. Characteristic brown spots with a yellow halo encircle the nee-
dle. (b) As the disease progresses, needles die from the lesion outward
toward the tip, while the current year’s needles remain alive, creat-
ing the characteristic “lion’s tail” appearance. Pinus mugo with BSNB
symptoms in Tartu, Estonia (June 2023). (¢) Conidia of L. acicola

trees often retain only the current year’s needles on twigs,
while repeated infections can lead to extensive needle shed-
ding and, in severe cases, tree mortality (van der Nest et
al. 2019).Lecanosticta acicola was first isolated in 1876
from needles of Pinus caribaea in the USA (de Thiimen
1878). The disease, BSNB, became widely recognized in
the early 1900s after it caused severe damage to longleaf
pine (P. palustris) forests in the southeastern United States
(Siggers 1944; Sinclair and Lyon 2005). In Europe the first
records of the disease were made in 1942 (Spain; Martinez
1942) and 1976 (Croatia; Milatovic 1976). The number of
newly reported cases of BSNB has increased markedly in
Europe (van der Nest et al. 2019; Laas et al. 2022; Tubby
et al. 2023). The pathogen has been recorded on several
pine species (such as P. nigra, P. uncinata, P. ponderosa, P.
pumila, and P. halepensis) in 24 European countries (Tubby
et al. 2023). In Europe, L. acicola is considered an invasive
species, with evidence of multiple independent introduc-
tion events (Janousek et al. 2016; Laas et al. 2022; Tubby
et al. 2023). Human activity has likely played a major role
in its spread across the continent (Janousek et al. 2016;
van der Nest et al. 2019). and the most severe and repeated
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observed under the microscope (60x), displaying the characteristic
curved, 1-5-septate morphology. (d) Lecanosticta acicola conidial
mass growing from a brown spot on the needle (10x) From this mass,
the conidiospores can be easily observed under the microscope. (e)
Pinus mugo growing as a city tree in Southwest Finland showing nee-
dle cast on older needles and typical BSNB symptoms on part of the
current-year needles

outbreaks have occurred on P. mugo and its variants (van
der Nest et al. 2019; Tubby et al. 2023).

Lecanosticta acicola has also been confirmed on Scots
pine (P. sylvestris) (Adamson et al. 2018; Klavina et al.
2025). Distribution modelling suggests that L. acicola is
likely to become increasingly established in Europe (includ-
ing Finland) under future climate scenarios (Ogris et al.,
2023). Given the economic, cultural, and ecological impor-
tance of Scots pine, L. acicola should be considered a poten-
tial and emerging threat to Finnish pine-dominated forests.
Young stands and nurseries are particularly vulnerable (van
der Nest et al. 2019), which would affect forest regenera-
tion success and facilitate the spread of the disease into new
areas (Tubby et al. 2023).

Attempts to detect L. acicola in Finland have been made
previously, but without success (Tubby et al. 2023). In
October 2025 L. acicola was detected for the first time in
Finland in symptomatic non-native P. mugo.
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Materials and methods

In October 2025, needle cast of older needles and brown
needle spots were observed on P. mugo in southwest Finland
(60°22°59.16”N, 23°7°59.16”E). The sampled tree was
growing as urban ornamental in front of a building (Fig. 1e).
Needles with brown spots and yellow halo were collected
for analysis (Fig. 1a). The needles were surface-sterilized
with 70% EtOH, air-dried, and then surface-sterilized for
I min in 2.4% NaOCI, followed by three rinses in sterile
deionized water Ten needles with symptoms and one green
needle were cut into ~ 1 cm pieces, placed on 2% MEA, and
incubated at + 15 °C in darkness for 3 weeks. All fast-grow-
ing fungi were discarded. Slowly growing black hyphae sur-
rounded by white hyphae emerging from the brown spots
(Fig. 1e) were subcultured, and the conidia were examined
microscopically (Fig. 1c). Representative strains are stored
on MEA slants at 4 °C at the Natural Resources Institute
Finland (Luke).

Molecular identification based on the ITS region was
performed following Terhonen (2023). Briefly, DNA was
isolated using the PrepMan™ Ultra Sample Preparation
Reagent (Applied Biosystems, Foster City, CA, USA)
according to Linnakoski et al. (2016). The ITS1-5.8 S-ITS2
region of rDNA was amplified using the primer pair ITS1-F
(White et al. 1990) and ITS4 (Gardes and Bruns 1993). The
PCR mixture contained DreamTaq Green Mix (2%) (Thermo
Scientific™), 200 pM dNTPs, 0.5 pM of each primer, and
1 pl of crude template DNA; the reaction volume was
adjusted to 15 pl with autoclaved Milli-Q H20. PCR con-
ditions were: 94 °C for 3 min; 30 cycles of 94 °C for 30 s,
55 °C for 1 min, 72 °C for 1 min; and a final extension at
72 °C for 10 min. PCR products were visualised under UV
light on 1.5% agarose gel (Ethidium Bromide staining) and
purified using the EXO-SAP protocol (Exonuclease I and
Shrimp Alkaline Phosphatase; Thermo Fisher Scientific,
Waltham, MA, USA) (Linnakoski et al. 2016) and Sanger
sequenced using the ITS1 primer at Macrogen (Germany).

The B-tubulin region was amplified using the primer pairs
Btub2Fd and Btub4Rd (Woudenberg et al. 2009). Poly-
merase chain reaction (PCR) was performed using the Phire
Plant Direct PCR Master Mix (F160S, Thermo Scientific®,
Thermo Fisher Scientific), following the manufacturer’s
instructions. PCR cycling conditions were as follows: initial
denaturation at 98 °C for 30 s; 30 cycles of 98 °C for 5 s,
60 °C for 5 s, and 72 °C for 5 s; followed by a final exten-
sion at 72 °C for 1 min. PCR products were visualised under
UV light on a 1-1.2% agarose gel stained with DNA Stain
G (SERVA Electrophoresis GmbH, Heidelberg, Germany).
PCR products were purified using the Monarch® PCR &
DNA Cleanup Kit (5 pg) (New England Biolabs, Ipswich,
MA, USA) according to the manufacturer’s instructions and

sent to Eurofins Genomics (Germany) for Sanger sequencing
in both directions with primer pair Btub2Fd and Btub4Rd.

ITS and P-tubulin sequences were analysed using
MEGA12 (Kumar et al. 2024). Sequence identity was
verified by aligning the obtained sequences with reference
sequences in the GenBank database via NCBI BLAST
(Altschul et al. 1990; Sayers et al. 2025). The ITS (550
b) and B-tubulin (445 b) sequences were deposited in the
European Nucleotide Archive (ENA) under accessions
07373024 and 0Z387206, respectively. The ITS and
B-tubulin sequences, along with the corresponding BLAST
results, are available at Zenodo (DOI: https://doi.org/10.52
81/zenodo.17951324).

Phylogenetic analysis

Sequences were aligned using the MUSCLE algorithm
(Edgar 2004) implemented in Unipro UGENE v53.0
(Okonechnikov et al. 2012). The resulting alignment was
inspected and manually refined where necessary. Phyloge-
netic placement of the fungal isolates was inferred using
maximum likelihood (ML) analysis in raxmlGUI v2.0 (Edler
etal. 2021), implementing RAXML with a GTR+Gamma+1
nucleotide substitution model. ML analyses were performed
in 10 independent runs, and branch support was assessed
using thorough bootstrap analysis with 1,000 replicates. The
resulting phylogenetic tree was visualised in FigTree v1.4.4
and subsequently edited using graphical softwares. Phylo-
genetic trees were constructed using a combination of the
ITS and B-tubulin regions, as well as the ITS region alone.
GenBank accession numbers for the strains used are pro-
vided in the Supplementary File.

Results

Four strains of L. acicola were isolated from brown spots
on still-living, surface-sterilized needles. Morphological
identification was performed based on conidial characteris-
tics (Fig. 1d; EPPO Bulletin 2015), and species identity was
confirmed for all four strains using ITS rDNA sequencing
and B-tubulin (DOI: https://doi.org/10.5281/zenodo.179513
24). The ITS region showed a 100% identity (537/537 bp;
100% query coverage) with TYPE strain of L. acicola
CBS 133,791 (GenBank accession NR_120239.1), while
the B-tubulin gene sequence exhibited a 100% identity
(326/326 bp; 71% query coverage) with TYPE strain of L.
acicola WPF13.12 (GenBank accession KC013008.1). The
ITS and B-tubulin sequences were submitted to GenBank,
and these were identical among all isolates. The phyloge-
netic analysis further confirmed the species as L. acicola
(Figs. 2 and 3).
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Fig. 2 Phylogram based on maximum likelihood analysis of ITS and
B-tubulin sequence data from Lecanosticta acicola and closely related
species available in GenBank. ML bootstrap values (>40%) are indi-
cated. The Finnish strain reported in this study is indicated in red.
The scale bar indicates 0.004 expected changes per site per branch.
The figure presents strain identifications and country of origin based

Discussion

This study reports the first occurrence of brown spot needle
blight (BSNB) in Finland. The causal agent, L. acicola, has
not previously been recorded in the country. Recent find-
ings show that the pathogen can shift from exotic to native
hosts, including Scots pine, and may establish in local pine
populations (Adamson et al. 2018; Klavina et al., 2025).
Although the present detection concerns a non-native P
mugo, the establishment of L. acicola suggests that Finnish
conditions may permit its survival and potential spread to
native Scots pine (Adamson et al. 2018; Ogris et al. 2023;
Klavina et al. 2025).

Scots pine accounts for approximately 50% of the total
growing stock volume in Finland (1,250 million m*; Korho-
nen et al. 2024). Beyond its economic role in the forest
industry, Scots pine is also a culturally important species,
forming an iconic element of Finland’s forest landscapes.
Ecologically, its importance is considerable: Finland hosts
only around 30 native tree species (Rikkinen 2010), and
Scots pine contributes substantially to forest structure, bio-
diversity, and ecosystem functioning.

In Europe, several eradication attempts have been imple-
mented to prevent the establishment and spread of L. acicola
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IMI 281598 (Guatemala) TYPE

on NCBI GenBank records. Accession numbers for all strains used
in the analyses are provided in the Supplementary Files. The Finnish
strains were 100% identical so no strain ID were used for the figure.
The ENA accession numbers for the Finnish strains are 0Z373024 and
07387206

(see case studies in Tubby et al. 2023). Despite eradication
efforts, L. acicola has spread from non-native pine hosts
(Adamson et al. 2015) to native Scots pine eight years after
its initial detection (Adamson et al. 2018).

EPPO lists L. acicola as an A2 pest (EPPO code SCI-
RAC), indicating that it is present in the EPPO region, but
is recommended for regulation as a quarantine pest in mem-
ber countries to limit its further spread (see PM1/002(34).
Lecanosticta acicola is classified as a Quality Plant Pest
by the Finnish Food Authority so this pathogen must not
be present in any plants sold in Finland, making L. acicola
a new concern for seedling production and trade (see case
study 3 in Tubby et al. (2023). At the same time, future avail-
ability and effectiveness of control methods are uncertain. In
Finland, three fungicidal active substances—azoxystrobin
(authorised until 02 August 2026), benzovindiflupyr (autho-
rised until 2 August 2026), and prothioconazole (authorised
until 15 August 2026), are currently approved for use in for-
est nurseries against needle cast diseases. However, first, it
is unknown whether these substances are effective against
L. acicola; second, fungicidal active substances are continu-
ously evaluated in the EU, and some may be withdrawn if
they are not reapproved. Additionally, no compensation is
provided for discarded seedlings for nursery producers (see
case study 3 in Tubby et al. 2023).
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Lecanosticta variabilis NR_164440 (CMW 42205, Honduras) TYPE

Lecanosticta guatemalensis NR_111801 (IMI 281598, Guatemala) TYPE

24

Phaeophleospora eugeniae FJ493189 (CPC 15159, Brazil)

Lecanosticta longispora NR_111802 (CBS 133602, Mexico) TYPE

30

0.02

Fig. 3 Phylogenetic tree inferred using maximum likelihood analysis
of an ITS dataset from Lecanosticta acicola and closely related spe-
cies. Phaeophleospora eugeniae was used as the outgroup. Maximum
likelihood bootstrap values (>20%) are shown. The Finnish strain

There is an urgent need for research to ensure prepared-
ness for the potential spread of L. acicola, particularly to
evaluate how effective integrated pest management (IPM)
strategies in forest nurseries could prevent infections. When
combined with tree breeding, such approaches may provide
viable solutions to improve tree resilience. Scots pine exhib-
its substantial genetic variation, with heritable traits differ-
ing among regions, enabling populations to adapt to local
environmental conditions (Kujala et al. 2017; Savolainen
et al. 2007; Pyhéjarvi et al. 2019). Following the principle
of “the right tree to the right site” and of promoting forest
structures that are diverse in both species’ composition and
genetic variation within species represents an opportunity
to reduce disease impacts. Such multi-diversity reduces the
risk that any single pathogen or stressor will cause wide-
spread damage.

Identifying the possible genetic basis and heritability of
L. acicola resistance represents an important step forward,
as it could enable the integration of this trait into broader,
multi-trait breeding strategies that also consider growth,
adaptability, and resistance to other biotic needle and shoot
threats (Fraser et al. 2015; Terhonen et al. 2025b). Together
with eradication measures, nursery-based IPM, and diversi-
fied forest management, these strategies could provide effec-
tive means to restrict the spread of the invasive pathogen L.

125 | ecanosticta brevispora NR_111800 (CBS 133601, Mexico) TYPE

50 Lecanosticta gloeospora KU948431 (CMW42645, Mexico) TYPE
—‘ 42

Lecanosticta jani MK015252 (CMW38958, Guatemala) TYPE

Lecanosticta pharomachri NR_164438 (CMW 37136, Guatemala) TYPE
Lecanosticta acicola HM367707 (LA733B, Lithuania)

47

Lecanosticta acicola MZ540372 (CMW37199, Colombia)

2 [ecanosticta acicola MH892473 (EST14468, Sweden)

Lecanosticta acicola AY808306 (CMW 9985, France)
Lecanosticta acicola AY808307 (CMW 13119, China)
Lecanosticta acicola EU117117 (MUAF 1010, Czech Republic)
Lecanosticta acicola KY576855 (EST8340, Estonia)
Lecanosticta acicola MG720635 (EST5527, Latvia)
Lecanosticta acicola KC967289 (ZLVG 284, Slovenia)
Lecanosticta acicola NR_120239 (CBS 133791, USA) TYPE
icanosﬁcta acicola 0Z373024 (Finland)

Lecanosticta acicola JX901745 (LNPV241, France)

reported in this study is indicated in red. The scale bar represents 0.02
expected substitutions per site. The NCBI accession numbers of the
strains used in the analyses are listed in the Supplementary Files

acicola in Finland.Overall, tree health should be communi-
cated more effectively to citizens, who can play a valuable
role in helping researchers detect new threats (Terhonen et
al. 2025a). Keeping trees healthy requires combined efforts
from forest owners, policymakers, researchers, government,
and the public.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s41348-0
26-01293-4.

Acknowledgements This work was supported via Horizon Europe
IA project Precilience (Grant Agreement 101157094) and Natural
Resources Institute Finland (Luke). Milo$ Trifkovi¢ was supported
by the Specific University Research Fund of the Faculty of Forestry
and Wood Technology, Mendel University in Brno (grant No LDF
VP _2019021). Linda Mutanen and Tuija Hytonen are acknowledged
for their help with the laboratory work.

Funding Open access funding provided by Natural Resources Institute
Finland.

Declarations

Conflict of interest The authors declare that there is no conflict of in-
terest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

@ Springer


https://doi.org/10.1007/s41348-026-01293-4
https://doi.org/10.1007/s41348-026-01293-4

97 Page 6 of 7

Journal of Plant Diseases and Protection (2026) 133:97

adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

Adamson K, Drenkhan R, Hanso M (2015) Invasive brown spot needle
blight caused by Lecanosticta acicola in Estonia. Scand J For Res
30(7):587-593. https://doi.org/10.1080/02827581.2015.1041550

Adamson K, Laas M, Drenkhan R, Hanso M (2018) Quarantine patho-
gen Lecanosticta acicola observed at its jump from an exotic host
to the native Scots pine in Estonia. Balt For 24:36-41

Altschul SF, Gish W, Miller W, Myers E, Lipman DJ (1990) Basic
local alignment search tool. J Mol Biol 215:403—410. https://doi.
org/10.1016/S0022-2836(05)80360-2

Barnes I, Fourie A, Wingfield MJ, Harrington TC, McNew DL, Sugi-
yama LS, Luiz BC, Heller WP, Keith LM (2018) New Cera-
tocystis species associated with rapid death of Metrosideros
polymorpha in Hawai'i. Persoonia 40:154—181. https://doi.org/1
0.3767/persoonia.2018.40.07

Caballol M, Méndez-Cartin AL, Serrad6 F, De Caceres M, Coll L,
Oliva J (2022) Disease in regenerating pine forests linked to
temperature and pathogen spillover from the canopy. J Ecol
110:2661-2672. https://doi.org/10.1111/1365-2745.13977

de Thiimen F (1878) Fungorum americanorum triginta species novae.
Flora 61:177-184

Dudney J et al (2021) Nonlinear shifts in infectious rust disease due to
climate change. Nat Commun 12:5102. https://doi.org/10.1038/s
41467-021-25182-6

Edgar RC (2004) MUSCLE: a multiple sequence alignment method
with reduced time and space complexity. BMC Bioinformatics
5:113. https://doi.org/10.1186/1471-2105-5-113

Edler D, Klein J, Antonell A, Silvestro D (2021) raxmIGUI 2.0: a
graphical interface and toolkit for phylogenetic analyses using
RAXML. Methods Ecol Evol 12:373-377. https://doi.org/10.111
1/2041-210X.13512

EPPO Bull (2015) PM 7/46 (3) Lecanosticta acicola (formerly Myco-
sphaerella dearnessii), Dothistroma septosporum (formerly
Mycosphaerella pini) and Dothistroma pini. EPPO Bull 45:163—
182. https://doi.org/10.1111/epp.12217

European and Mediterranean Plant Protection Organization (EPPO)
(2024) Lecanosticta acicola. EPPO Global Database. Retrieved
April 1, 2026, from https://gd.eppo.int/taxon/SCIRAC/datasheet

Evans HC (1984) The genus Mycosphaerella and its anamorphs Cer-
coseptoria, Dothistroma and Lecanosticta on pines. Myc Papers
153:1-102

Finnish Food Authority (2023) Siemen- ja taimitilastot 2006—2023.
Ruokavirasto

Fraser S, Martin-Garcia J, Perry A, Kabir MS, Owen T, Solla A, Brown
AV, Bulman LS, Barnes I, Hale MD, Vasconcelos MW, Lewis K1,
Dogmus-Lehtijarvi HT, Markovskaja S, Woodward S, Bradshaw
RE (2016) A review of Pinaceae resistance mechanisms against
needle and shoot pathogens with a focus on the Dothistroma—
Pinus interaction. Pathol 46:453—471. https://doi.org/10.1111/ef
p-12201

@ Springer

Gardes M, Bruns TD (1993) ITS primers with enhanced specificity for
higher fungi and basidiomycetes: application to identification of
mycorrhizae and rusts. Mol Ecol 2:113—118. https://doi.org/10.11
11/§.1365-294X.1993.tb00005.x

George JP, Sanders TGM, Timmermann V, Poto¢i¢ N, Lang M (2022)
European-wide forest monitoring substantiate the neccessity for a
joint conservation strategy to rescue European ash species (Fraxi-
nus spp). Sci Rep 12:4764. https://doi.org/10.1038/s41598-022-0
8825-6

Hanso M, Drenkhan R (2013) Simple visualization of climate change
for improving the public perception in forest pathology. Stud
58:37-45

Janousek J, Wingfield MJ, Marmolejo Monsivais JG, Jankovsky L,
Stauffer C, Koneény A, Barnes I (2016) Genetic analyses suggest
separate introductions of the pine pathogen Lecanosticta acicola
into Europe. Phytopathol 106:1413—1425. https://doi.org/10.109
4/PHYTO-10-15-0271-R

Klavina D, Krivmane B, Matisons R, Berena S, Krastina K, Bitenieks
K, Vester M, Adamson K, Strike Z, Drenkhan R (2025) Pine
needle pathogen Lecanosticta acicola spreads into native Scots
pine (Pinus sylvestris) stands in Latvia. Forest Pathol 55:¢70022.
https://doi.org/10.1111/efp.70022

Korhonen KT, Riaty M, Haakana H, Heikkinen J, Hotanen JP, Kuronen
M, Pitkdnen J (2024) Forests of Finland 2019-2023 and their
development 1921-2023. Silva Fenn 58:24045. https://doi.org/1
0.14214/s£.24045

Kujala ST, Kniirr T, Kérkkdinen K, Neale DB, Sillanpdga MJ,
Savolainen O (2017) Genetic heterogeneity underlying varia-
tion in a locally adaptive clinal trait in Pinus sylvestris revealed
by a Bayesian multipopulation analysis. Heredity 118:413—423.
https://doi.org/10.1038/hdy.2016.115

Kumar S, Stecher G, Suleski M, Sanderford M, Sharma S, Tamura K
(2024) MEGA12: molecular evolutionary genetic analysis ver-
sion 12 for adaptive and green computing. Mol Biol Evol. https:/
/doi.org/10.1093/molbev/msae263

Laas M, Adamson K, Barnes I, Janousek J, Mullett MS, Adam¢ikova
K, Akiba M, Beenken L, Braganca H, Bulgakov TS, Capretti P,
Cech T, Cleary M, Enderle R, Ghelardini L, Jankovsky L, Mar-
kovskaja S, Matsiakh I, Meyer JB, Oskay F, Piskur B, Raitelaityté
K, Sadikovi¢ D, Drenkhan R (2022) Diversity, migration routes,
and worldwide population genetic structure of Lecanosticta aci-
cola, the causal agent of brown spot needle blight. Mol Plant
Pathol 23(11):1620-1639. https://doi.org/10.1111/mpp.13257

Li P, Tedersoo L, Crowther TW, Wang B, ShiY, Kuang L, Li T, Wu M,
Liu M, Luan L, Liu J, Li D, Li Y, Wang S, Saleem M, Dumbrell
Al, Li Z, Jiang J (2023) Global diversity and biogeography of
potential phytopathogenic fungi in a changing world. Nat Com-
mun 14:6482. https://doi.org/10.1038/s41467-023-42142-4

Linnakoski R, Mahilainen S, Harrington A, Vanhanen H, Eriksson
M, Mehtitalo L, Pappinen A, Wingfield M (2016) Seasonal suc-
cession of fungi associated with Ips typographus beetles and
their phoretic mites in an outbreak region of Finland. PLoS One
11:0155622. https://doi.org/10.1371/journal.pone.0155622

Ma L, Qiao J, Kong X, Zou Y, Xu X, Chen X, Hu X (2015) Effect of
low temperature and wheat winter-hardiness on survival of Puc-
cinia striiformis f. sp. tritici under controlled conditions. PLoS
One 10:¢0130691. https://doi.org/10.1371/journal.pone.0130691

Martinez JB (1942) The mycoses of Pinus insignis in Guipuzcoa. Publ
Inst Invest Exp 13:1-72

Milatovic I (1976) Needle cast of pines caused by fungi Schirrhia pini
Funk et Parker and Schirrhia acicola (Dearn.) Siggers in Yugosla-
via. Poljoprivredna Znanstvena Smotra — Agriculturae Conspec-
tus Scientificus 39, 511-513

Ogris N, Drenkhan R, Vahalik P, Cech T, Mullett M, Tubby K (2023)
The potential global distribution of an emerging forest pathogen,


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/02827581.2015.1041550
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.3767/persoonia.2018.40.07
https://doi.org/10.3767/persoonia.2018.40.07
https://doi.org/10.1111/1365-2745.13977
https://doi.org/10.1038/s41467-021-25182-6
https://doi.org/10.1038/s41467-021-25182-6
https://doi.org/10.1186/1471-2105-5-113
https://doi.org/10.1111/2041-210X.13512
https://doi.org/10.1111/2041-210X.13512
https://doi.org/10.1111/epp.12217
https://gd.eppo.int/taxon/SCIRAC/datasheet
https://doi.org/10.1111/efp.12201
https://doi.org/10.1111/efp.12201
https://doi.org/10.1111/j.1365-294X.1993.tb00005.x
https://doi.org/10.1111/j.1365-294X.1993.tb00005.x
https://doi.org/10.1038/s41598-022-08825-6
https://doi.org/10.1038/s41598-022-08825-6
https://doi.org/10.1094/PHYTO-10-15-0271-R
https://doi.org/10.1094/PHYTO-10-15-0271-R
https://doi.org/10.1111/efp.70022
https://doi.org/10.14214/sf.24045
https://doi.org/10.14214/sf.24045
https://doi.org/10.1038/hdy.2016.115
https://doi.org/10.1093/molbev/msae263
https://doi.org/10.1093/molbev/msae263
https://doi.org/10.1111/mpp.13257
https://doi.org/10.1038/s41467-023-42142-4
https://doi.org/10.1371/journal.pone.0155622
https://doi.org/10.1371/journal.pone.0130691

Journal of Plant Diseases and Protection (2026) 133:97

Page7of 7 97

Lecanosticta acicola, under a changing climate. Front For Glob
Change 6. https://doi.org/10.3389/ffgc.2023.1221339

Okonechnikov K, Golosova O, Fursov M, UGENE Team (2012) Uni-
pro UGENE: a unified bioinformatics toolkit. Bioinformatics
28:1166-1167. https://doi.org/10.1093/bioinformatics/bts091

PM1/002(34) (2025) EPPO A1 and A2 Lists of pests recommended for
regulation as quarantine pests. EPPO

Pyhédjarvi T, Kujala ST, Savolainen O (2019) 275 years of forestry
meets genomics in Pinus sylvestris. Evol Appl 13:11-30. https://
doi.org/10.1111/eva.12809

Rikkinen J (2010) Puut ja pensaat Suomen luonnossa [Trees and
shrubs in Finland]. Otava, Helsinki

Ripple WJ, Wolf C, Gregg JW, Rockstrom J, Mann ME, Oreskes N,
Lenton TM, Rahmstorf S, Newsome TM, Xu C, Svenning JC,
Pereira CC, Law BE, Crowther TW (2024) The 2024 state of
the climate report: perilous times on planet Earth. BioScience
74:812-824. https://doi.org/10.1093/biosci/biac087

Savolainen O, Pyhéjarvi T, Kniirr T (2007) Gene flow and local adap-
tation in trees. Annu Rev Ecol Evol Syst 38:595-619. https://doi.
org/10.1146/annurev.ecolsys.38.091206.095646

Sayers EW, Beck J, Bolton EE, Brister JR, Chan J, Connor R, Feld-
garden M, Fine AM, Funk K, Hoffman J, Kannan S, Kelly C,
Klimke W, Kim S, Lathrop S, Marchler-Bauer A, Murphy TD,
O’Sullivan C, Schmieder E, Skripchenko Y, Stine A, Thibaud-
Nissen F, Wang J, Ye J, Zellers E, Schneider VA, Pruitt KD (2025)
Database resources of the National Center for Biotechnology
Information in 2025. Nucleic Acids Res 53:D20-D29. https://doi
.org/10.1093/nar/gkae979

Siggers PV (1944) The brown spot needle blight of pine seedlings. U
S Department Agric Tech Bull 870:1-36

Sinclair WA, Lyon HH (2005) Diseases of trees and shrubs, 2nd edi-
tion. Cornell University Press, Ithaca, p 680

Singh BK, Delgado-Baquerizo M, Egidi E, Guirado E, Leach JE, Liu
H, Trivedi P (2023) Climate change impacts on plant pathogens,
food security and paths forward. Nat Rev Microbiol 21:640-656.
https://doi.org/10.1038/s41579-023-00900-7

Skilling DD, Nicholls H (1974) Brown spot needle disease — biology
and control in Scotch pine plantations, vol NC-109. US Depart-
ment of Agriculture. Forest Service Research Paper, pp 1-19

Terhonen E (2023) First report of Diplodia tip blight on Scots pine in
Finland. Silva Fenn 56:22008. https://doi.org/10.14214/s£.22008

Terhonen E, Ylioja T, Hytonen T, Leino K, Mutanen L, Melin M,
Vaahtera E, Sutela S (2025a) New saga in Finland: the rise of

Diplodia sapinea in Scots pine. Fungal Genet Biol 176:103955.
https://doi.org/10.1016/j.fgb.2024.103955

Terhonen E, Kujala S, Pyhédjarvi T, Sutela S (2025b) Genetic variation
of resistance in Scots pine as possible solution against Diplodia
sapinea. Silva Fenn 59(2):25028. https://doi.org/10.14214/sf.25
028

Tubby K, Adamcikova K, Adamson K, Akiba M, Barnes I, Boron P,
Braganga H, Bulgakov T, Burgdorf N, Capretti P, Cech T, Clearz
M, Davydenko K, Elvira-Recuenco M, Enderle R, Gardner J,
Georgieva M, Ghelardini L, Husson C, Iturritxa E, Markovskaja
S, Mesanza N, Ogris N, Oskay F, Piskur B, Queloz V, Raitelaityté
K, Raposo R, Soukainen M, Strasser L, Vahalik P, Vester M, Mul-
lett M (2023) The increasing threat to European forests from the
invasive foliar pine pathogen, Lecanosticta acicola. Ecol Manag
536:120847. https://doi.org/10.1016/j.foreco.2023.120847

van der Nest A, Wingfield MJ, Janousek J, Barnes I (2019) Lecanost-
icta acicola: a growing threat to expanding global pine forests
and plantations. Mol Plant Pathol 20:1327-1364. https://doi.org
/10.1111/mpp.12853

Vétrovsky T, Kohout P, Kopecky M, Machac A, Man M, Bahnmann
BD, Brabcova V, Choi J, Meszarosova L, Human ZR, Lepinay
C, Llado S, Lopez-Mondéjar R, Martinovic T, Masinova T,
Urbanova M, Wan J, Zif¢akova L, Howe A, Ladau J, Peay KB,
Storch D, Wild J, Baldrian P (2019) A meta-analysis of global
fungal distribution reveals climate-driven patterns. Nat Commun
10:5142. https://doi.org/10.1038/s41467-019-13164-8

White T, Bruns T, Lee S, Taylor J (1990) Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenetics.
In: Innis MA, Gelfand DH, Sninsky JJ, White TJ (eds) PCR
Protocols: A Guide to Methods and Applications. Academic, pp
315-322

Wolf FA, Barbour WJ (1941) Brown-spot needle disease of pines. Phy-
topathology 31:61-73

Woudenberg JHC, Aveskamp MM, De Gruyter J, Spiers AG, Crous
PW (2009) Multiple Didymella teleomorphs are linked to the
Phoma clematidina morphotype. Persoonia 22:56—62. https://doi
.org/10.3767/003158509X427808

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3389/ffgc.2023.1221339
https://doi.org/10.1093/bioinformatics/bts091
https://doi.org/10.1111/eva.12809
https://doi.org/10.1111/eva.12809
https://doi.org/10.1093/biosci/biae087
https://doi.org/10.1146/annurev.ecolsys.38.091206.095646
https://doi.org/10.1146/annurev.ecolsys.38.091206.095646
https://doi.org/10.1093/nar/gkae979
https://doi.org/10.1093/nar/gkae979
https://doi.org/10.1038/s41579-023-00900-7
https://doi.org/10.14214/sf.22008
https://doi.org/10.1016/j.fgb.2024.103955
https://doi.org/10.14214/sf.25028
https://doi.org/10.14214/sf.25028
https://doi.org/10.1016/j.foreco.2023.120847
https://doi.org/10.1111/mpp.12853
https://doi.org/10.1111/mpp.12853
https://doi.org/10.1038/s41467-019-13164-8
https://doi.org/10.3767/003158509X427808
https://doi.org/10.3767/003158509X427808

	﻿First record of brown spot needle blight (BSNB) caused by ﻿Lecanosticta acicola﻿ on ﻿Pinus mugo﻿ in Finland
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Phylogenetic analysis

	﻿Results
	﻿Discussion
	﻿References


