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al. (Kolařík et al. 2011; Bracalini et al. 2023), Phytophthora 
spp. (Mircetich and Matheron 1983; Vettraino et al. 2003), 
or Botryosphaeriaceae (Gusella et al. 2021; Antony et al. 
2023, 2024). Several other fungal species causing cankers, 
bark necrosis, blight, or decay and rot were also recorded on 
this host tree (Karadžić et al. 2016; Eichmeier et al. 2020). 
In addition, various insect species affect J. regia living trees 
and fruits (Khan and Kundoo 2018). Several harmful insects 
like bark beetles might have symbiotic relationships with 
pathogenic fungi (Six and Wingfield 2011; Six 2012), this 
phenomenon was demonstrated in the case of aggressive 
G. morbida being associated with walnut twig beetle Pity-
ophthorus juglandis Blackman, 1928 (Kolařík et al. 2011; 
Montecchio et al. 2016). However, little is known about 
pathogenic fungi associated with another invasive bark 
beetle Dryocoetes himalayensis Strohmeyer, 1908 (Coleop-
tera: Curculionidae: Scolytinae), that was recorded on both 
J. regia and J. nigra in Europe (Foit et al. 2017; Kašák et 
al. 2023). The bark beetle D. himalayensis, originated from 
Himalayan regions and invaded to Europe in the 1970s, 
and is currently known from several European countries 
(Austria, Czech Republic, France, Germany, Slovakia, and 
Switzerland; (Procházka et al. 2018). Since 2009 the species 

Introduction

Juglans regia L. (Persian walnut, English walnut, or com-
mon walnut) is a tree species of probable origin in the 
Mediterranean region and central Asia but widely grown 
in suitable climate regions worldwide. This is particularly 
important for nuts production in food industry (Pollegioni et 
al. 2017). Although widely distributed and easy for regen-
eration, this tree species is affected by multiple pathogens 
and pests. Particularly important role in J. regia decline and 
dieback have pathogens like notorious Thousand Cankers 
Disease (TCD) caused by Geosmithia morbida Kolařík et 
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Abstract
A new ophiostomatoid fungus involved in the decline of walnuts was discovered in Czechia. The fungus was isolated 
from necrotic wood surrounding the larval galleries of Dryocoetes himalayensis, the alien bark beetle attacking walnut 
trees. This insect species is rather unique within hardwood-associated bark beetle species for its aggressiveness and ability 
to attack apparently healthy trees. The isolated fungus, associated with an exotic insect vector is described as a new 
species, Ophiostoma juglandis sp. nov., based on its unique morphology and phylogenetic position. The pathogenicity 
tests confirmed the aggressiveness of the species to both Juglans regia and J. nigra plants, manifested by formation of 
extensive bleeding and necrotic lesions. The symbiotic relationship between O. juglandis and D. himalayensis is expected 
due to massive presence of the fungal spores on surface of adult beetles in pits forming the elytral striae. In the case of 
hardwood-associated ophiostomatoid fungal species, phytopathogenicity is very rarely observed. The described species is 
exceptional in this ability, which corresponds to the aggressive behaviour of its vector. The role of the fungus in walnut 
tree mortality caused by D. himalayensis is discussed.
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occurs in Czechia (Knížek 2011) and is currently distributed 
over a substantial part of the country with distribution centre 
in lowlands with a warmer climate (Kašák et al. 2023). D. 
himalayensis is reported to develop in J. regia and Pyrus 
lanata D. Don in the region of its origin (Wood and Bright 
1992), whereas Juglans nigra L. (black walnut) and J. regia 
have been confirmed as the host trees in Europe (Barnouin 
et al. 2020; Foit et al. 2017). D. himalayensis is associated 
with decline of Juglans spp. trees and can cause or at least 
contribute to a slow but gradual and possibly extensive die-
back of walnuts (Kašák et al. 2023). This bark beetle prefers 
thick trees with larger diameter at breast height (dbh), but it 
has been found to develop even on thin trees (dbh = 60 mm; 
Kašák et al. 2023). Gallery systems of the beetle are typi-
cally located in the bark and phloem usually in the basal 
and middle parts of trunks. Gallery systems of D. himala-
yensis are often associated with dark brown (almost black) 
fluid oozing from entrance holes. These galleries are usu-
ally surrounded by dark brown to black necrotic zones, 
which were assumed to be caused by an associated fungus. 
This fungus possibly facilitates D. himalayensis to colonise 
more vital trees (Foit et al. 2017; Kašák et al. 2023). Dur-
ing the monitoring of J. regia decline in South Moravian 
region in Czechia, a strain of unidentified Ophiostoma sp. 
from necrotic wood around D. himalayensis larval galleries 
was obtained. The aims of this study were to: (i) perform 
morphological and phylogenetic analyses to characterize 
the isolated Ophiostoma sp., and (ii) test the aggressiveness 
of the isolated strain on J. regia and J. nigra through patho-
genicity test.

Materials and methods

Study area and disease symptoms

Beetles and samples from infested common walnut were 
collected in Blučina (49.0476N, 16.65406E) in Czechia, 
South Moravian region. Locality represents an isolated 
patch of woodland with an area app. 25 ha in an intensive 
agricultural landscape. The forest is situated in the vegeta-
tion zone of mesic oak woodlands in the altitude of 250–
300 m a.s.l. This is a characteristic mature broadleaf stand 
with close canopy and mixed tree composition. Dominant 
tree species are there Quercus spp., Fraxinus excelsior L., 
Tilia spp., and Robinia pseudoacacia L., but Juglans regia 
and J. nigra are remarkably widespread there. The main 
canopy of the stands forms an even-aged understorey com-
posed of shrubs (dominant Prunus spinosa L. and Sambu-
cus nigra L.), and common young trees. The forest stands 
are managed by clear-cutting system with prevailing arti-
ficial regeneration. During the monitoring of health status 

of walnut trees in Blučina locality, trees displaying dieback 
symptoms were recorded. After the detailed inspection of 
trees, exit holes of the Dryocoetes himalayensis bark beetle 
at basal parts of the J. regia stems were noticed surrounded 
with dark exudates (Fig. 1A). After removing the bark and 
wood, necrotic dark brown tissues were recorded around the 
larval galleries (Fig. 1B).

Sampling, isolation, and morphological 
identification

The obviously declining living trees of J. regia were sampled 
by cutting ca. 10 × 20 cm fragments of dark brown necrotic 
wood surrounding gallery system of D. himalayensis. The 
samples were packed in plastic bags and stored under cold 
temperature (4–8  °C) before processing. The bark was 
removed from the wood sample with a knife and the surface 
was sterilized by the ethanol. Small pieces (ca. 0.5–1 cm) of 
wood were put on surface of Petri dishes with Potato dex-
trose agar (PDA; HiMedia, India) and incubated at 21 °C. 
The monosporic strain was deposited in the Culture Collec-
tion of Fungi (Dept. of Botany, Faculty of Sciences, Charles 
University, Prague, Czechia) under the number CCF 6633. 
Cultures were grown on 2% MEA (Oxoid) at 15 and 25 °C, 
with or without autoclaved host tree twigs to induce poten-
tial ascocarp or synnemata formation. Microscopic prepa-
rations were made in water using glass slides (Cole et al. 
1969) and observed with an Axio Scope.A1 microscope 
(Carl Zeiss, Jena, Germany) under differential interference 
contrast (DIC) illumination. Measurements were taken from 
photos recorded with a ProgRes SpeedXTcore 5 digital 
camera (Jenoptik Optical Systems, Jena, Germany) using 
ProgRes image processing software. Fifty measurements 
were made for each taxonomically relevant structure. Aver-
ages, ranges, and standard deviations were calculated for 
the measurements, presented as ‘(min–)mean ± SD(–max)’. 
Growth characteristics were determined in three replicates 
after 7 days of cultivation at 5, 10, 15, 20, 25, 30, and 35 °C 
in the dark on 2% MEA. Agar disks (2  mm diam.) were 
cut from actively growing colony margins and placed in the 
center of the plate. Furthermore, the morphology of adult 
beetles was studied to identify structures for spore transmis-
sion. Both entire beetles and their parts (thorax, head, man-
dibles) were examined using scanning electron microscopy 
(SEM) according to Kolařík and Vohník (2018).

Molecular identification and phylogeny

Genomic DNA was isolated using the ArchivePure DNA 
Yeast & Gram-+ Kit (5 PRIME, Hamburg, Germany). The 
nuclear ribosomal genes ITS (internal transcribed spacer), 
LSU (large subunit) and SSU (small subunit), and protein 
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coding genes CAL (calmodulin) and TEF-1α (translation 
elongation factor 1α) were amplified using the primers ITS1/
ITS4 (ITS), NL1/LR3 (LSU), NS1/NS24 (SSU) (White 
et al. 1990), CMD5/CMD6 (Hong 2006; CAL), and EF-
728F/EF2 (Carbone and Kohn 1999; O’Donnell et al. 1998; 
TEF-1α). The amplification protocols followed Kolařík et 
al. (2017) for rDNA, TUB2 and TEF1-α and to Sklenář et 
al. (2022) for CAL. PCR products were sequenced at Mac-
rogen Inc. (Amsterdam, the Netherlands) using the prim-
ers employed in the PCR. The sequences were compared 
with sequences retrieved from GenBank using the BLASTn 
algorithm (Altschul et al. 1990). Newly obtained sequences 
were deposited in NCBI GenBank database. The ITS was 
constructed using included best hits from NCBI GenBank 
obtained using BlastN search, then all sequences of the ref-
erence species in Ophiostoma s. s. and related genera based 
on the study of de Beer et al. (2022). Sequence alignment 
was done in MAFFT v. 7.222 (Katoh and Standley 2013) 
under the Q-INS-I strategy (considering rRNA second-
ary structure). Bayesian searches (MB) were conducted 
with MrBayes 3.0 (Ronquist and Huelsenbeck 2003) and 
10 million replicates estimated together with burn-in value 
in Tracer v. 1.5 (Rambaut et al. 2018). Maximum likeli-
hood (ML) searches were conducted in IQ-TREE v. 2.1.3 
(Nguyen et al. 2015) with automated model selection using 

ModelFinder (TIM2+F+I+G4) (Kalyaanamoorthy et al. 
2017) with 10,000 replicates of SH-aLRT bootstrap. In the 
final alignment there were 89 sequences with 845 nucleo-
tide sites, from which 464 were constant and 289 parsi-
mony informative and 92 singleton sites. The ITS dataset is 
included in the Supplementary material.

Pathogenicity test

For the inoculum preparation, discs-shaped wood fragments 
containing wood and bark, ca. 2–3 mm high and 5 mm in 
diameter, were taken from living J. nigra branches using 
the metal cork borer. The collected wood discs were steril-
ized in the autoclave at 115  °C for 15 min. After cooling 
the fragments were plated on the surface of the Petri dishes 
with MEA medium. The dishes were then overgrown with 
Ophiostoma strain CCF 6633 after incubation at 20 °C in 
the dark for three weeks. Petri dishes with wood discs plated 
on the top of pure culture were incubated for an additional 
four weeks at 20 °C in the dark.

To assess the pathogenicity, two-year-old plants of J. 
regia and J. nigra plants were grown in 1-litre containers 
(mixture of peat, sand and perlite) under laboratory condi-
tions at room temperature. The plants had a local origin. 
The average height and diameter of J. regia plants were 

Fig. 1  Juglans regia, locality Blučina (Czechia, South Moravian region). A Basal part of stem of living tree with exit holes of D. himalayensis and 
dark oozing. B Necrotic lesions of wood surrounding gallery of D. himalayensis. Photo Josef Kašák (19 May 2020)
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SSU had a best hit of 99% (1677/1689 bp) to O. ulmi ATCC 
32437, M83261.1; ITS 92.8% (596/642  bp) to O. ulmi 
CBS 106.63, MH858227.1; LSU 98% (572/583 bp) to O. 
pseudokarelicum KFL9916RJTD, MH055687.1; TUB2 
87.9% (395/449 bp) to O. tsotsi CMW41731, MG205705.1; 
TEF-1α 78.93% (547/693 bp) to O. typographi CMW44483, 
MH124337.1; CAM 83.60% (520/622 bp) to O. araucariae 
CBS114.68, KU184332. Based on the phylogenetic related-
ness reconstructed using the ITS marker (Fig. 2), it forms 
a moderately statistically supported group (80/0.94) with 
species O. triangulosporum, O. pehueninum, and O. arau-
cariae. This group clusters with strong support (90/1.00) 
with species from the O. ulmi species complex. Based on 
phylogeny, the strain CCF 6633 cannot be assigned to any 
known species complex. Considering the lack of significant 
genetic similarity to previously sequenced species and its 
unique host beetle association, we describe this fungus as a 
new species.

The study of D. himalayensis adults using SEM revealed 
that series of well-developed and deep pits forming the ely-
tral striae in both sexes contain various organic particles. 
Among them, numerous fungal spores were identified. Con-
versely, shallow pits in the thoracic region did not contain 
fungal spores (Fig. 3).

Ophiostoma juglandis M. Kolařík, T. Májek, I. 
Milenković & Tomšovský, sp. nov. (Fig. 4).

Mycobank No. 851262.
Etymology. Refers to Juglans, the host tree.
Diagnosis. O. juglandis is phylogenetically distinct from 

all other sequenced species. It produces a hyalorhinocladi-
ella-like asexual morph similar to the related species O. tri-
angulosporum, but differs by significant genetic differences 
in the barcoding genes.

Type.  Necrosis around larval gallery of Dryocoetes 
himalayensis on Juglans regia, Czechia, South Moravian 
region, Blučina, 49.0476N, 16.65406E, 250–300  m a.s.l., 
isol. T. Májek as JR1, 18 May 2020, PRM 960094 (holotype, 
dried culture on MEA), PRM 960095, 960096 (isotypes), 
culture ex-type CCF 6633. GenBank accessions of the bar-
code genes: ITS OR946482, LSU rDNA OR946483, SSU 
rDNA OR946484, CAM OR973012, TUB2 OR973013, and 
TEF-1α OR973014.

Other material examined. Czechia, South Moravian 
region, Blučina, 49.0476N, 16.65406E, 250–300  m a.s.l., 
isol. T. Májek as JR3. Juglans regia. Morphologically and 
genetically identical to CCF 6633. TUB2 Genbank number: 
OR973015.

Description. Sexual morph not observed. Asexual 
state hyalorhinocladiella-like. Conidiophores mononema-
tous, micronematous, colourless, (5.0– )68.1 ± 31.7 SD 
(–110.0) × (2.3–)2.5 ± 0.33 SD(–3.5) µm. Conidia colour-
less, smooth, one-celled, clavate, obovoid to pyriform 

47.4 ± 1.11  cm and 8.3 ± 0.16  mm, respectively. In the 
case of J. nigra, tested plants averaged 67.5 ± 13.67  cm 
and 4.9 ± 0.14 mm, respectively. For the inoculation tests, 
the bark of plants was cleaned with cotton moist in 70% 
ethanol at 5–7 cm above the soil level, and pieces of bark 
5  mm in diameter were removed using a sterilized metal 
cork borer. Wood discs overgrown with the strain CCF 6633 
were placed, with wood-to-wood side, on the exposed tissue 
and sealed with parafilm. In total, 12 plants of each host 
species were inoculated. The control group consisted also 
of 12 plants and was mock-inoculated with sterilized wood 
discs. To test the ability of the fungus to penetrate healthy 
bark tissue, an additional 12 plants of each host species were 
inoculated without previous bark removal. Infected plants 
were incubated for eleven weeks at 22–25  °C in daylight 
laboratory conditions. Plants were watered regularly twice 
per week till the field capacity, and the symptoms of infec-
tion were monitored once per week. In the case of infected 
plants, reisolations were performed from the edges of the 
necrotic zones by plating wood pieces on MEA media 
upon the end of experiment. The authenticity of the reiso-
lated strain was confirmed through micromorphological 
observations.

Statistical analysis

The data on necrosis length, width, and area of the wounds 
after inoculation were tested for normality and homogene-
ity of variance using the Shapiro–Wilk test and Levene’s 
ANOVA test, respectively. Since the data on necrosis length 
and area did not pass both tests, nonparametric two-way 
PERMANOVAs were applied to evaluate the effects of host 
plant, inoculation, and their interactions on the wound char-
acteristics. To reveal potential differences among specific 
experimental groups, one-way PERMANOVA and pairwise 
comparisons were applied. The data on necrosis width met 
the assumptions of normality and homogeneity of variance. 
Therefore, a two-way ANOVA was used to assess the effects 
of host plant, inoculation, and their interaction on necrosis 
width, followed by Fisher’s LSD test to reveal differences 
among specific experimental groups.

Results

Fungal identification and taxonomy

A strain belonging to the genus Ophiostoma s.s., repre-
sented by the strain CCF 6633 was isolated as the main 
symbiotic fungus. When comparing the similarity of DNA 
markers of the strain CCF6633 with published sequences, 
no match indicating conspecificity was found. Specifically, 
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Fig. 2  Maximum likelihood phylogenetic tree showing position of O. juglandis. The SH-aLRT support followed by posterior probability values 
greater than 50/0.50 are shown. The branch leading to the root is 5× shortened. The tree is rooted with Sporothrix
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at 25 °C. Does not growth at 30 °C. Growth at 5 °C does 
not occur after 7 d, but reach 16 mm diameter after 14 d. 
Colony diameters after 7 d at 10 °C were 19.3 mm, at 15 °C 
37.3 mm, at 20 °C 47 mm, at 25 °C 50 mm. Colonies cream 
after 7‒14 d, becoming grey to brown in age.

Notes. Phylogenetically, this species is closely related 
to three species known exclusively on Araucaria in South 

(2.5–)5.1 ± 1.9 SD(–10.1), sometimes budding to one to 
three secondary conidia, which are formed directly from 
the primary conidium or on the small denticles. Hyphae 
colourless, but becoming melanised in age, smooth, sub-
merged in the medium and aerial mycelium abundant, not 
constricted at the septa. Chlamydospore-like cells absent. 
Cultural characteristics. Colonies with optimal growth 

Fig. 3  Morphology of D. himalayensis (male or female) observed by SEM. A Lateral view. B Dorsal view. C Ventral view. D, E Pits in elytral striae 
with fungal spores. F Pronotal pits. Scale bar. A–C 10 μm; D, F 50 μm; E 20 μm
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Fig. 4  Morphology of O. juglandis. Colony on MEA 25 °C. A after 7 days. B after 14 days. C after 31 days. D–F Macronematous and micronema-
tous conidiophores with conidia. G Conidia, some are budding, forming a secondary conidium. H Conidia. Scale bar. D, E, G, H 10 μm, F 20 μm
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were negative whereas in the inoculated treatment, reisola-
tions were positive in 75% of plated fragments.

Two-way PERMANOVA revealed significant effects 
of the host plant and inoculation on necroses area, while 
necroses length was affected by inoculation and its interac-
tion with the host plant (Fig. 6). Based on the pairwise test, 
significant differences in necroses lengths were observed 
between control and inoculated J. regia (p < 0.001) as well 
as in J. nigra (p < 0.05) plants, and between inoculated 
plants of the different walnut species (p < 0.001). Necroses 
area was significantly higher in inoculated compared to con-
trol plants of J. regia (p < 0.001), as well as in inoculated 
plants compared to the control group of J. nigra (p < 0.001). 
The two-way ANOVA revealed significant effects of both 
host plant and inoculation on necroses width (Fig. 6). Based 
on Fisher’s LSD test, significant differences in necroses 
width were observed between control and inoculated J. 
regia seedlings (p < 0.001) and between inoculated plants of 
the different walnut species (p < 0.001), but no differences 
were observed between inoculated and control J. nigra 
plants (p = 0.266).

Discussion

The impact of already established non-native, insect pests 
and fungal pathogens on biodiversity and sustainability of 
European woodlands (forests, gardens, parks) is dramati-
cally increasing (Santini et al. 2013; Woodward et al. 2022; 
Seebens et al. 2023). We revealed a new pathogenic ophio-
stomatoid fungus associated with the non-native but already 
established bark beetle D. himalayensis in Europe. Similar 
relationships of bark beetles with pathogenic fungi have 
been previously shown (Six and Wingfield 2011; Six 2012; 
Montecchio et al. 2016). In addition, our infection tests con-
firmed the negative impact of O. juglandis sp. nov. to both 
tested walnut species (Juglans nigra and J. regia) which is 
in agreement with observations by Kašák et al. (2023). The 
results of pathogenicity test revealed that necroses lengths 
and areas were statistically significantly different compar-
ing to control in both tested walnut species, while necroses 
widths were significantly different only in J. regia plants 
(Fig.  6). Regarding necroses lengths, J. nigra showed 
slightly higher susceptibility being 1.2 times higher and 
significantly different comparing to J. regia plants, respec-
tively (Fig. 6). On the contrary, necroses widths in J. regia 
were 1.5 times bigger and significantly different comparing 
to J. nigra plants (Fig. 6). Although being slightly bigger 
(1.2×) in J. regia, no significant difference was recorded 
between two host plants regarding necroses areas (Fig. 6).

Genetic differences among O. juglandis and sequenced 
Ophiostoma species are significant, its phylogenetic 

America, specifically O. triangulosporum (Brazil), O. arau-
cariae, and O. pehueninum (both from Chile) (De Beer et 
al. 2013). The anamorph of O. juglandis is partially similar 
to O. triangulosporum, which has raffaelea-to-hyalorhinoc-
ladiella-like morphology, with spores of similar shape and 
size (4‒9 × 3.5–6 μm; Butin 1978). The species O. araucar-
iae has a Pesotum-like anamorph (Butin 1968). The last of 
the species, O. pehueninum, has a hyalorhinocladiella-like 
anamorph with distinctly round spores (Zapata et al. 2018). 
Species from the related O. ulmi complex differ by having 
Pesotum-like synnemata.

Host tree. Type strain isolated from Juglans regia, but 
potentially occurs on other host trees of its insect vector 
(Juglans nigra, Pyrus).

Insect vectors. Dryocoetes himalayensis.
Distribution. The fungus was described from Czechia, 

but the geographical range most probably follows the distri-
bution of the host beetle, which is native Himalayan region 
and invaded to Europe ‒ Austria, France, Germany, Slova-
kia, and Switzerland (Kašák et al. 2023).

Pathogenicity test

Eleven weeks after the inoculation, most of the inoculated 
J. regia plants exhibited extensive bleeding lesions on the 
outer bark (Fig. 5D), and the experiment was completed. 
The necroses were mostly ellipsoid in shape with visible 
active zone (Fig. 5E, F). Control group did not develop 
active lesions, only discoloration surrounded inoculation 
places (Fig. 5B). The average necrose dimensions of control 
plants were 9.3 ± 0.16 mm (length), 6.5 ± 0.37 mm (width), 
and 47.5 ± 3.12 mm2 (necrosis area). The results of infection 
tests were influenced by the prior wounding of the host tree. 
Trees without bark removal exhibited no visible lesions and 
cankers (Fig. 5C). Average dimensions of the necroses in the 
J. regia inoculated treatment was 16.5 ± 0.95 mm (length), 
9.1 ± 0.35 mm (width), and 118.4 ± 9.69 mm2 (necrosis 
area). Reisolations from the edges of necrotic zones in the 
inoculated treatment were successful in 100%, while those 
from the control treatment were negative.

The reaction of J. nigra to infection was similar. The con-
trol group of J. nigra exhibited discoloration around inocu-
lation places (Fig. 5G) but did not develop active lesions. In 
the control group, the average dimensions of necroses were 
9 ± 0.36 mm (length), 5 ± 0.45 mm (width), and 34.4 ± 2.81 
mm2 (necrosis area). In the inoculated treatment J. nigra 
plants showed necroses (Fig. 5I) with average dimensions 
of 20.2 ± 0.45 mm (length), 6 ± 0.28 mm (widths) and 
95.3 ± 4.56 mm2 (necrosis area). In the J. nigra treatment 
without bark removal, no visible lesions and necroses were 
developed (Fig. 5H). Reisolations from the control treatment 
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isolated and identified (Eichmeier et al. 2020). Also, in the 
study of Karadžić et al. (2016), 33 fungal species and two 
Phytophthora spp. were recorded on J. regia plants in Ser-
bia solely, with majority (54%) being decay and rot fungi. 
All three studies showed no Ophiostoma spp. among the 
listed and identified organisms on J. regia plants.

The relationship between O. juglandis and the respective 
host D. himalayensis is likely to be symbiotic suggesting 
that they are forming ‘bark beetle holobiont’ described by 
Six (2013). Moreover, the SEM study of the adult beetles 
showed that pits in the elytral striae serve for the transmis-
sion and spread of fungal spores (Fig. 3D–E), most prob-
ably, O. juglandis. The genus Dryocoetes is characterized 
by the presence of elytral striae that are punctured in rows 

position within the genus Ophiostoma is rather isolated. 
We are not aware of any other Ophiostoma species that 
has not been sequenced and that is morphologically similar  
to O. juglandis. The sexual state of O. juglandis has not 
been observed. Morphologically, O. juglandis is charac-
terised by hyalorhinocladiella-like asexual morph, which 
is widespread among ophiostomatoid fungi (De Beer et al. 
2013) and often resembles those of O. juglandis (e.g. O. 
minus (Hedgc.) Syd. & P. Syd.). These results also extended 
known diversity of fungal species associated with J. regia 
diseases in Europe. In the study of Belair et al. (2023), 71 
different fungi were summarized as associated with J. regia 
diseases worldwide, whereas in the study of symptomatic J. 
regia branches in Czech Republic, 10 different species were 

Fig. 5  Representative symptoms after 11 weeks of incubation on Juglans regia and J. nigra plants inoculated with Ophiostoma juglandis. A Wood 
fragments overgrown with O. juglandis pure culture after four weeks of incubation on MEA media at 20°C in the dark. Juglans regia: B Control 
plant with bark removal, C plant inoculated without bark removal, D bleeding necrosis on the stems with bark removal, E, F lesions on the stems 
of inoculated plants with bark removal. Juglans nigra: G control plant with bark removal, H plant inoculated without bark removal, I lesion on 
the stem of inoculated plant with bark removal
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(Wood 1992). Our study is likely to be the first to explore 
the function of these structures in the transmission of fun-
gal symbionts in Dryocoetes, but this have been observed at 
Dendroctonus pseudotsugae Hopk. (Lewinsohn et al. 1994) 
or Ips typographus L. (Kandasamy et al. 2023). Neverthe-
less, the exclusivity in association of O. juglandis with D. 
himalayensis has to be verified by further research.

The majority of Dryocoetes spp. are secondary pests, 
attacking the humid phloem of the lower parts of dead trees. 
Only D. betulae Hopk., D. confusus Swaine, and D. himala-
yensis colonise vital trees (Furniss and Kegley 2006; Smith 
and Hulcr 2015; Kašák et al. 2023), what is a behaviour 
rarely found in hardwood associated species (Pfeffer 1955; 
Smith and Hulcr 2015). The genus Dryocoetes hosts a vari-
ety of ophiostomatoid fungi. Particularly, D. autographus 
Ratz., D. alni Georg, D. hectographus Reitt., and D. vil-
losus Fabr. have been studied in Europe (Aas et al. 2018; 
Jacobs et al. 2010; Jankowiak et al. 2019; Kirisits 2004), D. 
confusus in North America, (Kendrick and Molnar 1965), 
and D. baikalicus Reitt. (Chung et al. 2006) in Japan. None 
of the detected fungi, including species newly described 
those from Dryocoetes (Aas et al. 2018; Chung et al. 2006; 
Jankowiak et al. 2020; Strzałka et al. 2020), were morpho-
logically or genetically similar to O. juglandis. Fungal asso-
ciates of D. betulae were not studied, even though formation 
of black discolorations of wood around its galleries resem-
bling those of D. himalayensis were reported (Furniss and 
Kegley 2006). Systematic monitoring for early detection of 
disease symptoms (i.e. gallery system typical for D. hima-
layensis with fluid oozing, dark bleeding lesions, necroses, 
and canopy dieback) in walnut stands could be also com-
bined with the monitoring of the invasive TCD caused by 
G. morbida associated with the walnut twig beetle P. jug-
landis (Montecchio et al. 2016). The future research will 
also increase the knowledge about associated mycobiota of 
D. himalayensis, distribution of O. juglandis and its role in 
decline of walnut trees.

Supplementary Information  The online version contains 
supplementary material available at https://doi.org/10.1007/s42161-
024-01769-y.

Acknowledgements  We thank Jiří Machač (Institute of Botany, Czech 
Academy of Sciences, Průhonice) for assistance with SEM analyses, 
Dr. Josef Janoušek (Mendel University in Brno) for help in DNA 
extraction and PCR, and prof Slobodan Milanović (University of Bel-
grade) for help in statistical analyses.

Author contributions  All authors contributed to the study conception 
and design. Material preparation, samples collection and processing 
were performed by Tomáš Májek, Josef Kašák and Jiří Foit. DNA 
sequence analysis ‒ Miroslav Kolařík and Michal Tomšovský. Phy-
logeny, SEM observation, and species description ‒ Miroslav Kolařík. 
Pathogenicity tests ‒ Ivan Milenković. The first draft of the manuscript 
was written by Michal Tomšovský. All authors have read and agreed to 
the published version of the manuscript.

Fig. 6  Effect of host plant and inoculation by O. juglandis pathogen 
on the two walnut species seedlings wound characteristics: a necrosis 
length1,†, b necrosis width2,‡, and c necrosis area1,†, with the results of 
the two-way PERMANOVA1 and two-way ANOVA2. Different letters 
above the bars indicate statistically significant difference (p < 0.05), 
based on the pairwise comparisons after one-way PERMANOVA†, 
and Fisher’s LSD test‡

 

1 3

416

https://doi.org/10.1007/s42161-024-01769-y
https://doi.org/10.1007/s42161-024-01769-y


Journal of Plant Pathology (2025) 107:407–419

Butin H (1978) A New species of Ophiostoma Causing Blue-stain 
in Araucaria angustifolia (Bertol.) O. Kuntze. J Phytopathol 
91:230–234. https://doi.org/10.1111/j.1439-0434.1978.tb03262.x

Carbone I, Kohn LM (1999) A method for designing primer sets 
for speciation studies in filamentous ascomycetes. Mycologia 
91:553–556. https://doi.org/10.1080/00275514.1999.12061051

Chung WH, Kim JJ, Yamaoka Y, Uzunovic A, Masuya H, Breuil C 
(2006) Ophiostoma breviusculum sp. nov. (Ophiostomatales, 
Ascomycota) is a new species in the Ophiostoma piceae complex 
associated with bark beetles infesting larch in Japan. Mycologia 
98:801–814. https://doi.org/10.1080/15572536.2006.11832651

Cole GT, Nag Raj TR, Kendrick WB (1969) A simple technique for 
time-lapse photomicrography of microfungi in plate culture. 
Mycologia 61:726–730

De Beer ZW, Procter M, Wingfield MJ, Marincowitz S, Duong TA 
(2022) Generic boundaries in the Ophiostomatales reconsidered 
and revised. Stud Mycol 101:57–120. https://doi.org/10.3114/
sim.2022.101.02

De Beer ZW, Seifert K, Wingfield M (2013) A nomenclator for ophio-
stomatoid genera and species in the Ophiostomatales and Micro-
ascales. CBS Biodiv Ser 12:245–322

Eichmeier A, Pecenka J, Spetik M, Necas T, Ondrasek I, Armengol J, 
León M, Berlanas C, Gramaje D (2020) Fungal trunk pathogens 
associated with Juglans regia in the Czech Republic. Plant Dis 
104(3):761–771. https://doi.org/10.1094/PDIS-06-19-1308-RE

Foit J, Kašák J, Májek T, Knížek M (2017) First observations on the 
breeding ecology of invasive Dryocoetes Himalayensis Strohm-
eyer, 1908 (Coleoptera: Curculionidae: Scolytinae) in its intro-
duced range in Europe– Short communication. J Sci 63:290–292. 
https://doi.org/10.17221/3/2017-JFS

Furniss MM, Kegley SJ (2006) Observations on the biology of 
Dryocoetes betulae (Coleoptera: Curculionidae) in paper birch 
in northern Idaho. Environ Entomol 35:907–911. https://doi.
org/10.1603/0046-225x-35.4.907

Gusella G, Giambra S, Conigliaro G, Burruano S, Polizzi G (2021) 
Botryosphaeriaceae species causing canker and dieback of Eng-
lish walnut (Juglans regia) in Italy. Forest Pathol 51:e12661. 
https://doi.org/10.1111/efp.12661

Hong SB (2006) Novel Neosartorya species isolated from soil 
in Korea. Int J Syst Evol Microbiol 56:477–486. https://doi.
org/10.1099/ijs.0.63980-0

Jacobs K, Krokene P, Solheim H, Wingfield MJ (2010) Two new 
species of Leptographium from Dryocoetes authographus and 
Hylastes Cunicularius in Norway. Mycol Prog 9:69–78. https://
doi.org/10.1007/s11557-009-0620-6

Jankowiak R, Solheim H, Bilański P, Marincowitz S, Wingfield MJ 
(2020) Seven new species of Graphilbum from conifers in Nor-
way, Poland, and Russia. Mycologia 112:1240–1262. https://doi.
org/10.1080/00275514.2022.2064170

Jankowiak R, Strzałka B, Bilański P, Kacprzyk M, Wieczorek P, Lin-
nakoski R (2019) Ophiostomatoid fungi associated with hard-
wood-infesting bark and ambrosia beetles in Poland: taxonomic 
diversity and vector specificity. Fungal Ecol 39:152–167. https://
doi.org/10.1016/j.funeco.2019.02.001

Kašák J, Holuša O, Foit J (2023) Invasive bark beetle Dryocoetes 
himalayensis (Coleoptera: Curculionidae: Scolytinae)– A threat 
for walnut trees (Juglans spp.) in Europe? J Appl Entomol 
147:941–952. https://doi.org/10.1111/jen.13190

Kalyaanamoorthy S, Minh BQ, Wong TK, Von Haeseler A, Jer-
miin LS (2017) ModelFinder: fast model selection for accurate 
phylogenetic estimates. Nat Methods 14:587–589. https://doi.
org/10.1038/nmeth.4285

Kandasamy D, Zaman R, Nakamura Y, Zhao T, Hartmann H, Ander-
sson MN et al (2023) Conifer-killing bark beetles locate fun-
gal symbionts by detecting volatile fungal metabolites of host 

Funding  Open access publishing supported by the National Techni-
cal Library in Prague. The research was supported by the European 
Regional Development Fund, project Phytophthora Research Centre, 
Reg. No. CZ.02.1.01/0.0/0.0/15_003/0000453. Miroslav Kolařík was 
supported the Strategy AV21 project “VP33 MycoLife ‒ the world of 
fungi” of the Czech Academy of Sciences.

Data availability  The DNA sequence data are available in the NCBI 
database (https://www.ncbi.nlm.nih.gov/nuccore/).

Declarations

Conflict of interest  The authors declare no conflict of interest.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
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.
org/licenses/by/4.0/.

References

Aas T, Solheim H, Jankowiak R, Bilański P, Hausner G (2018) Four 
new Ophiostoma species associated with hardwood-infesting 
bark beetles in Norway and Poland. Fungal Biol 122:1142–1158. 
https://doi.org/10.1016/j.funbio.2018.08.001

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ (1990) Basic 
Local Alignment Search Tool. J Mol Biol 215:403–410. https://
doi.org/10.1006/jmbi.1990.9999

Antony S, Billones-Baaijens R, Stodart BJ, Steel CC, Lang MD, Sav-
occhia S (2023) Incidence and distribution of Botryosphaeriaceae 
species associated with dieback in walnut orchards in Australia. 
Plant Pathol 72:610–622. https://doi.org/10.1111/ppa.13685

Antony S, Steel CC, Stodart BJ, Billones-Baaijens R, Savocchia S 
(2024) Evaluation of fungicides for management of Botryo-
sphaeriaceae associated with dieback in Australian walnut 
orchards. Phytopathologia Mediterranea 63(1):119–135. https://
doi.org/10.36253/phyto-14957

Barnouin T, Soldati F, Roques A, Faccoli M, Kirkendall LR, Mouttet 
R, Daubree JB, Noblecourt T (2020) Bark beetles and pinhole 
borers recently or newly introduced to France (Coleoptera: Cur-
culionidae, Scolytinae and Platypodinae). Zootaxa 4877:51–74. 
https://doi.org/10.11646/zootaxa.4877.1.2

Belair M, Pensec F, Jany J-L, Le Floch G, Picot A (2023) Profiling Wal-
nut Fungal Pathobiome Associated with Walnut Dieback using 
community-targeted DNA metabarcoding. Plants 12(12):2383. 
https://doi.org/10.3390/plants12122383

Bracalini M, Benigno A, Aglietti C, Panzavolta T, Moricca S (2023) 
Thousand Cankers Disease in Walnut Trees in Europe: cur-
rent status and management. Pathogens 12(2):164. https://doi.
org/10.3390/pathogens12020164

Butin H (1968) A new species of Ceratocystis causing blue-stain in 
Araucaria araucana. Can J Bot 46(1):61–63

1 3

417

https://doi.org/10.1111/j.1439-0434.1978.tb03262.x
https://doi.org/10.1080/00275514.1999.12061051
https://doi.org/10.1080/15572536.2006.11832651
https://doi.org/10.3114/sim.2022.101.02
https://doi.org/10.3114/sim.2022.101.02
https://doi.org/10.1094/PDIS-06-19-1308-RE
https://doi.org/10.17221/3/2017-JFS
https://doi.org/10.1603/0046-225x-35.4.907
https://doi.org/10.1603/0046-225x-35.4.907
https://doi.org/10.1111/efp.12661
https://doi.org/10.1099/ijs.0.63980-0
https://doi.org/10.1099/ijs.0.63980-0
https://doi.org/10.1007/s11557-009-0620-6
https://doi.org/10.1007/s11557-009-0620-6
https://doi.org/10.1080/00275514.2022.2064170
https://doi.org/10.1080/00275514.2022.2064170
https://doi.org/10.1016/j.funeco.2019.02.001
https://doi.org/10.1016/j.funeco.2019.02.001
https://doi.org/10.1111/jen.13190
https://doi.org/10.1038/nmeth.4285
https://doi.org/10.1038/nmeth.4285
https://www.ncbi.nlm.nih.gov/nuccore/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.funbio.2018.08.001
https://doi.org/10.1006/jmbi.1990.9999
https://doi.org/10.1006/jmbi.1990.9999
https://doi.org/10.1111/ppa.13685
https://doi.org/10.36253/phyto-14957
https://doi.org/10.36253/phyto-14957
https://doi.org/10.11646/zootaxa.4877.1.2
https://doi.org/10.3390/plants12122383
https://doi.org/10.3390/pathogens12020164
https://doi.org/10.3390/pathogens12020164


Journal of Plant Pathology (2025) 107:407–419

new bark beetle species for Slovakia and Austria, and its occur-
rence in the Czech Republic. Klapalekiana 54:117–121

Rambaut A, Drummond AJ, Xie D, Baele G, Suchard MA (2018) Pos-
terior summarization in bayesian phylogenetics using Tracer 1.7. 
Syst Biol 67:901–904. https://doi.org/10.1093/sysbio/syy032

Ronquist F, Huelsenbeck JP (2003) MrBayes 3: bayesian phylogenetic 
inference under mixed models. Bioinformatics 19:1572–1574. 
https://doi.org/10.1093/bioinformatics/btg180

Santini A, Ghelardini L, De Pace C, Desprez-Loustau ML, Capre-
tti P, Chandelier A, Cech T, Chira D, Diamandis S, Gaitniekis 
T, Hantula J, Holdenrieder O, Jankovsky L, Jung T, Jurc D, 
Kirisits T, Kunca A, Lygis V, Malecka M, Marcais B, Schmitz 
S, Schumacher J, Solheim H, Solla A, Szabò I, Tsopelas P, Van-
nini A, Vettraino AM, Webber J, Woodward S, Stenlid J (2013) 
Biogeographical patterns and determinants of invasion by forest 
pathogens in Europe. New Phytol 197(1):238–250. https://doi.
org/10.1111/j.1469-8137.2012.04364.x

Seebens H, Meyerson LA, Rahlao SJ, Lenzner B, Tricarico E, Alek-
sanyan A, Courchamp F, Keskin E, Saeedi H, Tawake A, Pyšek P 
(2023) Chap. 2: Trends and status of alien and invasive alien spe-
cies. In: Thematic Assessment Report on Invasive Alien Species 
and their Control of the Intergovernmental Science-Policy Plat-
form on Biodiversity and Ecosystem Services. Roy HE, Pauchard 
A, Stoett P and Renard Truong T (eds). IPBES secretariat, Bonn, 
Germany. https://doi.org/10.5281/zenodo.7430725

Six DL (2012) Ecological and evolutionary determinants of bark 
beetle– fungus symbioses. Insects 3:339–366. https://doi.
org/10.3390/insects3010339

Six DL (2013) The bark beetle holobiont: why microbes matter. J Chem 
Ecol 39:989e1002. https://doi.org/10.1007/s10886-013-0318-8

Six DL, Wingfield MJ (2011) The role of phytopathogenicity in 
bark beetle-fungus symbioses: a challenge to the classic para-
digm. Annu Rev Entomol 56:255–272. https://doi.org/10.1146/
annurev-ento-120709-144839

Sklenář F, Glässnerová K, Jurjević Ž, Houbraken J, Samson R, Visagie 
C, Yilmaz N, Gené J, Cano J, Chen A et al (2022) Taxonomy 
of aspergillus series versicolores: species reduction and lessons 
learned about intraspecific variability. https://doi.org/10.3114/
sim.2022.102.02. Stud Mycol 102:53̶93.

Smith SM, Hulcr J (2015) Scolytus and other economically important 
bark and ambrosia beetles. In: Vega FE, Hofstetter RW (eds) Bark 
beetles: biology and ecology of native and invasive species. Aca-
demic, Cambridge, pp. 495–531

Strzałka B, Jankowiak R, Bilański P, Patel N, Hausner G, Linnakoski 
R, Solheim H (2020) Two new species of Ophiostomatales (Sor-
dariomycetes) associated with the bark beetle Dryocoetes alni 
from Poland. MycoKeys 68:23–48. https://doi.org/10.3897/
mycokeys.68.50035

Vettraino AM, Belisario A, Maccaroni M, Vannini A (2003) Evalu-
ation of root damage to English walnut caused by five Phy-
tophthora species. Plant Pathol 52:491–495. https://doi.
org/10.1046/j.1365-3059.2003.00864.x

White TJ, Bruns T, Lee S, Taylor JW (1990) Amplification and 
direct sequencing of fungal ribosomal RNA genes for phyloge-
netics.  In: Innis MA, Gelfand DH, Sninsky JJ, White TJ (eds) 
PCR protocols: a guide to methods and applications. Academic 
Press, Inc., New York, pp 315–322. https://doi.org/10.1016/
B978-0-12-372180-8.50042-1

Wood SL, Bright DE (1992) A catalog of Scolytidae and Platypodi-
dae (Coleoptera), part 2: taxonomic index. Great Basin Nat Mem 
13:835–1553

Woodward S, Beram RC, Doğmuş HT (2022) Drivers of Forest Patho-
gen invasions: the roles of Global Trade and Climate Change. 
South-East Eur Forestry (SEEFOR) 13(1):1–18. https://doi.
org/10.15177/seefor.22-03

tree resin monoterpenes. PLoS Biol 21:e3001887. https://doi.
org/10.1371/journal.pbio.3001887

Karadžić D, Milenković I, Radulović Z (2016) Contribution to the 
knowledge of parasitic and saprophytic fungi on persian walnut 
(Juglans regia L.) trees in Serbia. Šumarstvo 3–4:87–103 [in Ser-
bian with English abstract and summary]

Katoh K, Standley DM (2013) MAFFT multiple sequence alignment 
software version 7: improvements in performance and usabil-
ity. Mol Biol Evol 30:772–780. https://doi.org/10.1093/molbev/
mst010

Kendrick WB, Molnar A (1965) A new Ceratocystis and its Verticicla-
diella imperfect state associated with the bark beetle Dryocoetes 
confusus on Abies lasiocarpa. Can J Bot 43:39–43

Khan AA, Kundoo AA (2018) Pests of Walnut. In: Omkar (ed) 
Pests and their management. Springer, Singapore. https://doi.
org/10.1007/978-981-10-8687-8_19

Kirisits T (2004) Fungal associates of European bark beetles with spe-
cial emphasis on the ophiostomatoid fungi. In: Lieutier F, Day 
KR, Battisti A, Grégoire JC, Evans HF (eds) Bark and wood 
boring insects in living trees in Europe, a synthesis. Springer, pp 
181–236

Knížek M (2011) Faunistic records from the Czech Republic 307– 
Coleoptera: Curculionidae: Scolytinae. Klapalekiana 47:12

Kolařík M, Freeland E, Utley C, Tisserat N (2011) Geosmithia mor-
bida sp. nov., a new phytopathogenic species living in sym-
biosis with the walnut twig beetle (Pityophthorus juglandis) 
on Juglans in USA. Mycologia 103(2):325–332. https://doi.
org/10.3852/10-124

Kolařík M, Hulcr J, Tisserat N, De Beer ZW, Kostovčík M, Kolaříková 
Z, Seybold SJ, Rizzo DM (2017) Geosmithia associated with bark 
beetles and woodborers in the westerntaxonomiconomic diversity 
and vector specificity. Mycologia 109:185–199. https://doi.org/10
.1080/00275514.2017.1303861

Kolařík M, Vohník M (2018) When the ribosomal DNA does not tell 
the truth: the case of the taxonomic position of Kurtia Argilla-
cea, an ericoid mycorrhizal fungus residing among Hymeno-
chaetales. Fungal Biol 122:1–18. https://doi.org/10.1016/j.
funbio.2017.09.006

Lewinsohn D, Lewinsohn E, Bertagnolli CL, Patridge AD (1994) 
Blue-stain fungi and their transport structures on the Douglas-fir 
beetle. Can J Res 24:2275–2283. https://doi.org/10.1139/x94-292

Mircetich SM, Matheron ME (1983) Phytophthora root and crown rot 
of walnut trees. Phytopathology 73:1481–1488

Montecchio L, Vettorazzo M, Faccoli M (2016) Thousand cankers dis-
ease in Europe: an overview. EPPO Bull 46:335–340. https://doi.
org/10.1111/epp.12301

Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ (2015) IQ-TREE: 
a fast and effective stochastic algorithm for estimating maximum-
likelihood phylogenies. Mol Biol Evol 32:268–274. https://doi.
org/10.1093/molbev/msu300

O’Donnell K, Kistler HC, Cigelnik E, Ploetz RC (1998) Multiple 
evolutionary origins of the fungus causing Panama disease of 
banana: concordant evidence from nuclear and mitochondrial 
gene genealogies. PNAS 95:2044–2049

Pfeffer A (1955) Kůrovci– Scolytidae (bark beetles– Scolytidae). Nak-
ladatelství Československé Akademie Věd, Praha, p 324

Pollegioni P, Woeste K, Chiocchini F, Del Lungo S, Ciolfi M, Olimp-
ieri I, Tortolano V, Clark J, Hemery GE, Mapelli S, Malvolti ME 
(2017) Rethinking the history of common walnut (Juglans regia 
L.) in Europe: its origins and human interactions. PLoS ONE 
12:e0172541. https://doi.org/10.1371/journal.pone.0172541

Procházka J, Stejskal R, Čížek L, Hauck D, Knížek M (2018) Dryo-
coetes himalayensis (Coleoptera: Curculionidae: Scolytinae), a 

1 3

418

https://doi.org/10.1093/sysbio/syy032
https://doi.org/10.1093/bioinformatics/btg180
https://doi.org/10.1111/j.1469-8137.2012.04364.x
https://doi.org/10.1111/j.1469-8137.2012.04364.x
https://doi.org/10.5281/zenodo.7430725
https://doi.org/10.3390/insects3010339
https://doi.org/10.3390/insects3010339
https://doi.org/10.1007/s10886-013-0318-8
https://doi.org/10.1146/annurev-ento-120709-144839
https://doi.org/10.1146/annurev-ento-120709-144839
https://doi.org/10.3114/sim.2022.102.02
https://doi.org/10.3114/sim.2022.102.02
https://doi.org/10.3897/mycokeys.68.50035
https://doi.org/10.3897/mycokeys.68.50035
https://doi.org/10.1046/j.1365-3059.2003.00864.x
https://doi.org/10.1046/j.1365-3059.2003.00864.x
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.15177/seefor.22-03
https://doi.org/10.15177/seefor.22-03
https://doi.org/10.1371/journal.pbio.3001887
https://doi.org/10.1371/journal.pbio.3001887
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1007/978-981-10-8687-8_19
https://doi.org/10.1007/978-981-10-8687-8_19
https://doi.org/10.3852/10-124
https://doi.org/10.3852/10-124
https://doi.org/10.1080/00275514.2017.1303861
https://doi.org/10.1080/00275514.2017.1303861
https://doi.org/10.1016/j.funbio.2017.09.006
https://doi.org/10.1016/j.funbio.2017.09.006
https://doi.org/10.1139/x94-292
https://doi.org/10.1111/epp.12301
https://doi.org/10.1111/epp.12301
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1371/journal.pone.0172541


Journal of Plant Pathology (2025) 107:407–419

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

Zapata M, Palma MA, Piontelli E (2018) OphioPehueninumeninum, a 
new species associated with Araucaria araucana in Chile. Phy-
totaxa 346:93–103. https://doi.org/10.11646/phytotaxa.346.1.5

1 3

419

https://doi.org/10.11646/phytotaxa.346.1.5

	﻿New ﻿Ophiostoma﻿ species associated with ﻿Dryocoetes himalayensis﻿ and decline of ﻿Juglans regia﻿ in Czechia
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study area and disease symptoms
	﻿Sampling, isolation, and morphological identification
	﻿Molecular identification and phylogeny
	﻿Pathogenicity test
	﻿Statistical analysis

	﻿Results
	﻿Fungal identification and taxonomy



