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Abstract
Ophiostomatales (Ascomycota) contains many species, most of which are associated with bark beetles. Some 
members of this order are plant or animal pathogens, while others colonize soil, different plant tissues, or 
even carpophores of some Basidiomycota. However, little is known about soil-inhabiting Ophiostomatales 
fungi. A survey of these fungi associated with soil under beech, oak, pine, and spruce stands in Poland yield-
ed 623 isolates, representing 10 species: Heinzbutinia grandicarpa, Leptographium procerum, L. radiaticola, 
Ophiostoma piliferum, O. quercus, Sporothrix brunneoviolacea, S. dentifunda, S. eucastaneae, and two newly 
described taxa, namely Sporothrix roztoczensis sp. nov. and S. silvicola sp. nov. In addition, isolates collected 
from fallen shoots of Pinus sylvestris that were pruned by Tomicus sp. are described as Sporothrix tumida 
sp. nov. The new taxa were morphologically characterized and phylogenetically analyzed based on multi-loci 
sequence data (ITS, β-tubulin, calmodulin, and translation elongation factor 1-α genes). The Ophiostoma-
tales species were especially abundant in soil under pine and oak stands. Leptographium procerum, S. silvicola, 
and S. roztoczensis were the most frequently isolated species from soil under pine stands, while S. brunneo-
violacea was the most abundant in soil under oak stands. The results highlight that forest soil in Poland has 
a wide diversity of Ophiostomatales taxa, but further studies are required to uncover the molecular diversity 
and phylogenetic relationships of these fungi, as well as their roles in soil fungal communities.
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Introduction

Ophiostomatales (Sordariomycetidae, Ascomycota) contains a single family, the Ophi-
ostomataceae, which includes 16 well-defined genera together with many taxa of un-
certain phylogenetic position. Leptographium, Ophiostoma, and Sporothrix represent 
the genera with the largest numbers of taxa, which are grouped into species complexes 
based on morphology and phylogenetic relationships. These fungi are characterized 
by the presence of globose ascomata with short to very long necks and ascospores that 
vary in size and shape, mostly allantoid, bacilliform, and cylindrical with sheaths. The 
asexual morphs exhibit five conidiophore types: hyalorhinocladiella-like, leptographi-
um-like, pesotum-like, raffaelea-like, and sporothrix-like. The species in this order are 
best known as wood-inhabiting fungi that live in association with various arthropods, 
but many species can also occupy other habitats such as soil, carpophores, plant in-
fructescences or animal tissues (de Beer and Wingfield 2013; de Beer et al. 2013a, b, 
2016, 2022).

Little is known about the diversity of Ophiostomatales species in different soil 
ecosystems, although some Sporothrix spp. have been reported in soil worldwide. The 
currently known soil-inhabiting species include S. aurorae (X.D. Zhou & M.J. Wingf.) 
Z.W. de Beer, T.A. Duong & M.J. Wingf., S. bragantina (Pfenning & Oberw.) Z.W. 
de Beer, T.A. Duong & M.J. Wingf., S. brasiliensis Marimon, Gené, Cano & Guarro, 
S. brunneoviolacea Madrid, Gené, Cano & Guarro, S. chilensis A.M. Rodrigues, Cho-
appa, G.F. Fernandes, de Hoog & Z.P. de Camargo, S. dimorphospora (Roxon & S.C. 
Jong) Madrid, Gené, Cano & Guarro, S. globosa Marimon, Cano, Gené, Deanna A. 
Sutton, H. Kawas. & Guarro, S. guttiliformis de Hoog, S. humicola de Mey., Z.W. de 
Beer & M.J. Wingf., S. inflata de Hoog, ‘S. inflata 2’, S. lurei (Ajello & Kaplan) Mari-
mon, Gené, Cano & Guarro, S. mexicana Marimon, Gené, Cano & Guarro, S. narcissi 
(Limber) Z.W. de Beer, T.A. Duong & M.J. Wingf., S. pallida (Tubaki) Matsush., 
S. schenckii Hektoen & C.F. Perkins, S. stenoceras (Robak) Z.W. de Beer, T.A. Duong 
& M.J. Wingf., and S. stylites de Mey., Z.W. de Beer & M.J. Wingf. (de Beer et al. 
2003, 2016). Among them, S. brunneoviolacea, S. dimorphospora (Madrid et al. 2010), 
S. inflata, ‘S. inflata 2’ (de Hoog 1974; de Beer et al. 2016), S. pallida, S. schenckii (de 
Meyer et al. 2008; de Beer et al. 2016), and S. stenoceras (Novotný and Šrůtka 2004) 
have been reported from European soils. Some of these soil-borne species, namely 
S. brasiliensis, S. chilensis, S. globosa, S. luriei, and S. schenckii, are agents of human and 
animal sporotrichosis (Lòpez-Romero et al. 2011; Zhang et al. 2015; Rodrigues et al. 
2017; Ramírez-Soto et al. 2018).

Members of the Ophiostomatales are typically tree- or wood-infecting fungi, and 
are commonly associated with bark- and wood-dwelling beetles and their associated 
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mites (de Beer et al. 2022). The association between these fungi and subcortical insects 
has been extensively investigated in Poland (e.g. Jankowiak and Kolařík 2010; Jankow-
iak and Bilański 2013a, b, c; Jankowiak et al. 2017, 2019a). Polish and South African 
studies have demonstrated that wounded hardwoods provide habitat for a large diver-
sity of Ophiostomatales species (Musvuugwa et al. 2016; Jankowiak et al. 2019b). The 
findings from studies in Poland also provided the first evidence that European nitidulid 
beetles act as effective vectors of Ophiostoma spp. and Sporothrix spp. (Jankowiak et al. 
2019b). The Polish surveys led to the discovery and description of many Ophiosto-
matales species (e.g. Linnakoski et al. 2016; Aas et al. 2018; Jankowiak et al. 2018a, 
2019c, 2020, 2021; Strzałka et al. 2020; Ostafińska et al. 2021).

Previous studies of soil-borne fungi belonging to the Ophiostomatales were lim-
ited to Sporothrix species (e.g. de Meyer et al. 2008; Madrid et al. 2010) and even this 
genus remains largely unstudied. The aim of this study was to explore the diversity of 
Ophiostomatales members associated with soil under forest trees in Poland from a tax-
onomic perspective and to describe potential resultant new species. Fungi were baited 
with branch fragments that were buried in soil under beech, oak, pine, and spruce for-
ests. We also describe a Sporothrix species that was isolated from fallen shoots of Pinus 
sylvestris L. mentioned in a previously published study (Jankowiak and Kolařík 2011).

Materials and methods

Study area

Wood samples were collected from four forest districts located in southern Poland 
(Józefów, Krzeszowice, Siewierz, and Węgierska Górka) between 2015–2019. In 
each district, 10 stands dominated by Fagus sylvatica L. (Krzeszowice, Małopolskie 
Province), Picea abies (L.) H. Karst. (Węgierska Górka, Śląskie Province), P. sylvestris 
(Józefów, Lubelskie Province), and Quercus robur L. (Siewierz, Śląskie Province) were 
selected, making a total of 40 stands (10 stands for each tree species). The stands were 
managed and between 35 to 135 years of age.

All sampled stands have temperate climates. Węgierska Górka is located in the 
lower montane belt of the Western Carpathians (607–896 m a.s.l.) with an average an-
nual temperature and precipitation of 6.5 °C and approximately 950 mm, respectively. 
The other forest stands are in the Highlands of Poland (217–347 m a.s.l.) with average 
annual temperature and precipitation of 7–8 °C and approximately 600–800 mm, 
respectively. Tree-stratum vegetation in Józefów is dominated by P. sylvestris, but also 
consists of Abies alba Mill., Alnus glutinosa (L.) Gaertn., Betula pendula Roth, P. abies, 
and Q. robur. In Krzeszowice, F. sylvatica is the dominant tree species, but other spe-
cies are also present, such as Carpinus betulus L., P. sylvestris, and Q. robur. Siewierz 
stands are dominated by Q. robur, but also include Acer pseudoplatanus L., A. glutinosa, 
B. pendula, C. betulus, Larix decidua Mill., P. abies, and P. sylvestris. Finally, vegetation 
in Węgierska Górka is dominated by P. abies, but also contains A. alba and F. sylvatica.
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Soil samples for laboratory analyses were collected from each stand (10 samples per 
stand, for a total of 400 samples). The samples were collected from the humus A min-
eral horizon (10 cm deep) after the upper organic O horizon was removed. Freshly col-
lected soil samples were dried and then sieved through a 2 mm mesh sieve. The particle 
size distribution was analyzed using a laser diffraction method (Analysette 22, Fritsch, 
Idar-Oberstein, Germany). The pH of soil samples in H2O and KCl was determined 
by a potentiometric method (Ostrowska et al. 1991). All stands were characterized by 
high soil acidity, with the pH ranging from 3.81 to 6.10 (in H2O) and 2.91 to 5.67 (in 
KCl). After air-drying, soil samples were sifted through a sieve with a mesh diameter of 
2 mm. The particle size distribution was determined using laser diffraction (Analysette 
22, Fritsch, Idar-Oberstein, Germany). Soil textures were sandy in 27 stands and silty 
in the remaining 13 stands.

Isolation of fungi

Fungi were isolated using branches (25 cm × 5 cm × 5 cm) of F. sylvatica, P. abies, 
P. sylvestris, and Q. robur that were cut along the axes. Healthy branches were taken 
from trees that represented the dominant species in each stand; for example, in stands 
dominated by F. sylvatica, only its branches were used. Each branch was autoclaved in 
a sterile plastic bag and was stored for 1–2 days at a temperature of 5 °C. They were 
then removed from the bags and immediately placed in the soil. Ten sterilized branches 
were placed in each stand. Branches were buried in the humus mineral A horizon 
after the organic O horizon was removed, at random locations in the stands (Suppl. 
material 1: fig. S1). There is no information about the occurrence of Ophiostomatales 
species in specific soil levels. We have used the humus mineral horizon (A) because this 
level is characterized by high thermal and humidity stability (Ekici et al. 2014; Neto 
et al. 2017). Due to potential fungal infection from roots, the branches were placed 
2 m away from tree roots. The branches were buried after the main flight period of the 
root-feeding bark beetles to avoid colonization by insects carrying other Ophiostoma-
tales species (Jankowiak and Bilański 2013a) and were retrieved two months after they 
were initially buried. After removal, the branches were placed in separate sterile bags 
and moved to the laboratory of Robert Jankowiak at the University of Agriculture in 
Krakow, Poland (Suppl. material 1: fig. S2). A total of 400 samples were collected dur-
ing the study from every stand type (100 from beech stands, 100 from oak, 100 from 
pine, and 100 from spruce). No signs of insect presence (adults, larvae, bites, wood 
holes, galleries) were visible on any branch.

The branches were washed under tap water and dried on blotting paper and covered 
with cotton wool saturated with 96% ethanol for 15 seconds to sterilize the wooden 
surfaces. A sterile wood chisel was then used to remove the surface of the wood up to a 
depth of 2 mm. From each block, six small fragments of discolored wood (4 × 4 mm) 
were taken with a sterile chisel and placed in Petri dishes containing 2% malt extract 
agar (MEA; Biocorp Polska Sp. z o.o., Warszawa, 20 g Biocorp malt extract, 20 g 
Biocorp agar, and 1000 mL sterile water) amended with cycloheximide (200 mg/L, 
Aldrich-Sigma, St. Louis, Co. LLC.) and tetracycline (50 mg/L, Aldrich-Sigma, St. 
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Louis, Co. LLC). Based on the preliminary morphological investigation, emerging 
cultures resembling members of the Ophiostomatales were purified by transferring 
small pieces of mycelium or spore masses from individual colonies to fresh 2% MEA. 
Cultures were incubated at room temperature in the dark at 22 °C. After two weeks of 
incubation, the purified fungal cultures were grouped into morphotypes. Depending 
on the number of isolates that belonged to the same morphotype, 1–12 isolates per 
morphotype were chosen for molecular identification (Table 1). In the end, the isolates 
were categorized into ten morphotypes.

The collection details for the Sporothrix species isolated from fallen shoots of 
P. sylvestris (Table 1) are described in a study by Jankowiak and Kolařík (2011). The 
cultures are maintained in the culture collection of the Department of Forest Ecosys-
tems Protection, University of Agriculture in Krakow, Poland. The ex-type isolates and 
representative isolates of the new species described were deposited in the culture collec-
tion (CBS) of the Westerdijk Fungal Biodiversity Institute, Utrecht, The Netherlands 
and in the culture collection (CMW) of the Forestry and Agricultural Biotechnology 
Institute (FABI) at the University of Pretoria, South Africa. Dried cultures were depos-
ited as holotype specimens in the Mycological Herbarium (O) of the Natural History 
Museum at the University of Oslo, Norway.

Microscopy and growth studies

Morphological characters were examined for selected isolates including the type speci-
mens. Cultures were grown on 2% Malt Extract Agar (MEA) made up of 20 g Bacto 
malt extract and 20 g Bacto agar powder (Becton Dickinson and Company, Franklin 
Lakes, USA) in 1 L of deionized water. In attempts to induce ascomata formation, 
autoclaved twigs of host trees were placed at the centres of agar plates containing 2% 
MEA. To promote the production of ascomata, single conidial isolates were crossed 
following the technique described by Grobbelaar et al. (2009). These cultures were in-
cubated at 25 °C and monitored regularly for the appearance of developing structures.

Samples of fungal tissues were placed in 80% lactic acid on glass slides, and devel-
oping structures were observed using a Nikon Eclipse 50i microscope (Nikon Corpo-
ration, Tokyo, Japan) with an Invenio 5S digital camera (DeltaPix, Maalov, Denmark) 
to capture photographic images. Color designations were based on the color charts 
of Kornerup and Wanscher (1978). For each taxonomically relevant structure, fifty 
measurements were made, when possible, using the Coolview 1.6.0 software (Precop-
tic, Warsaw, Poland). Averages, ranges, and standard deviations were presented in the 
format ‘(min–)(mean–SD)–(mean+SD)(–max)’.

Growth characteristics of the novel species were determined by analyzing the radial 
growth for two isolates per species. Agar disks (5 mm in diameter) were cut from the 
actively growing margins of fungal colonies and these disks were placed at the centres 
of plates containing 2% MEA. Four replicate plates for each isolate of the three puta-
tive new species were incubated in the dark. The isolates were grown at 5, 10, 15, 20, 
25, 30 and 35 °C. The radial growth was determined 14 days after inoculation, and 
growth rates were calculated as mm/day.
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PCR, sequencing, and phylogenetic analyses

DNA was extracted using the Genomic Mini AX Plant Kit (A&A Biotechnology, 
Gdynia, Poland) according to the manufacturer’s protocol. For fungi that resided in 
the genus Leptographium, the nuclear large subunit (LSU) region was amplified using 
the primers LR0R and LR5 (Vilgalys and Hester 1990), the β-tubulin (TUB2) gene 
was amplified using the primers Bt2a and Bt2b (Glass and Donaldson 1995), and the 
elongation factor 1-α (TEF1) gene was amplified using the primers EF2F (Marincow-
itz et al. 2015) and EF2R (Jacobs et al. 2004). For all other fungi, the internal tran-
scribed spacer regions 1 and 2 (ITS), including the 5.8S region, were amplified using 
the primers ITS1F and ITS4 (White et al. 1990; Gardes and Bruns 1993), the TUB2 
gene was amplified using the primers Bt2a and Bt2b (Glass and Donaldson 1995), and 
the TEF1 gene was amplified using the primers F-728F (Carbone and Kohn 1999) and 
EF2 (O’Donnell et al. 1998). In addition, the calmodulin (CAL) gene was amplified 
with the primer pairs CL1 and CL2a (O’Donnell et al. 2000) or CL3F and CL3R 
(de Beer et al. 2016) for fungi that reside in the genus Sporothrix. For new Sporothrix 
species, LSU region was amplified using the primers LR0R and LR5 (Vilgalys and 
Hester 1990). PCR and sequencing were conducted following the protocols described 
by Jankowiak et al. (2019c). All sequences obtained in this study were deposited in 
GenBank. The obtained ITS/LSU sequences were compared with sequences in NCBI 
GenBank for preliminary identifications and were used to determine generic place-
ment in the Ophiostomatales. For Leptographium and Ophiostoma spp. the TUB2 and 
TEF1 datasets were analyzed separately for each species complex. For Sporothrix spp., 
the CAL, TUB2 and TEF1 datasets were analyzed across the entire genus.

Phylogenetic trees were generated independently for each gene. Resulting trees 
were visually compared for topological incongruences. Genes showing no topologi-
cal incongruence for Sporothrix spp. were combined and analyzed as a concatenated 
dataset. Sequence alignments were performed using the online version of MAFFT 
v7 (Katoh and Standley 2013). The ITS, LSU, TUB2, CAL, and TEF1 datasets were 
aligned using the E-INS-i strategy with a 200PAM/k=2 scoring matrix, a gap opening 
penalty of 1.53 and an offset value of 0.00. The alignments were checked manually 
with BioEdit v.2.7.5 (Hall 1999). Phylogenetic trees were inferred for each of the data-
sets using three different methods: Maximum likelihood (ML), Maximum Parsimony 
(MP), and Bayesian inference (BI). For ML and BI analyses, the best-fit substitution 
models for each aligned dataset were established using the corrected Akaike Informa-
tion Criterion (AIC) in jModelTest 2.1.10 (Guindon and Gascuel 2003; Darriba et al. 
2012). ML analyses were carried out with PhyML 3.0 (Guindon et al. 2010), utilizing 
the Montpelier online server (http://www.atgc-montpellier.fr/phyml/). Node support 
values and the overall reliability of the ML tree topology were assessed using 1000 
bootstrap pseudoreplicates.

MP analyses were performed using PAUP* 4.0b10 (Swofford 2003). Gaps were 
treated as a fifth state. Confidence levels for the nodes within the inferred tree topolo-

http://www.atgc-montpellier.fr/phyml/
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gies were determined using 1000 bootstrap replicates. Tree bisection and reconnection 
(TBR) were selected as the branch swapping option. The tree length (TL), Consistency 
Index (CI), Retention Index (RI), Homoplasy Index (HI), and Rescaled Consistency 
Index (RC) were recorded for each analyzed dataset after the trees were generated.

BI analyses using Markov Chain Monte Carlo (MCMC) methods were carried 
out with MrBayes v3.1.2 (Ronquist and Huelsenbeck 2003). Four MCMC chains 
were run for 10 million generations applying the best-fit model for each dataset. Trees 
were sampled every 100 generations, resulting in 100,000 trees. Tracer v1.4.1 (Ram-
baut and Drummond 2007) was used to determine the burn-in value for each dataset. 
The remaining trees were used to generate a 50% majority rule consensus tree, which 
allowed for calculating posterior probability values for the nodes. All alignments and 
trees were deposited into TreeBASE (Reviewer access URL: http://purl.org/phylo/tree-
base/phylows/study/TB2:S29855?x-access-code=62dd9f4ad30f131a52104b44860daf
9e&format=html).

Results

Collections of fungi

In total, 623 Ophiostomatales isolates were obtained from 2400 wooden samples (six 
pieces from each of 400 branches; Table 2). Five hundred and forty-one isolates were 
collected from pine, 79 isolates were collected from oak, and three isolates were col-
lected from Norway spruce. No isolates were obtained from the beech wooden frag-
ments (Table 2).

Based on morphological observations, the fungal isolates obtained from this study 
were arranged into 10 species. Five fungal species were isolated from pine while six 
species were isolated from oak fragments. Only one species (designated as taxon 10; 
Table 2) was isolated from pine, oak, and spruce samples. The most frequently isolated 
fungi were taxon 2 and taxon 10 represented by 263 and 174 isolates, respectively. 
The third most abundant fungus was named as taxon 9, which was isolated 66 times. 
In addition, 53 isolates of taxon 6 were gathered from buried oak branches (Table 2).

DNA sequence data and phylogenetic analysis

Based on analysis of ITS and LSU sequence data, of the 623 isolates collected in this 
study, 305, 298, 17 and 3 isolates resided in Sporothrix (Fig. 1), Leptographium (Suppl. 
material 2: fig. S3), Ophiostoma and Heinzbutinia (Suppl. material 2: fig. S4), respec-
tively. Most of the isolates belonging to Leptographium grouped in the L. procerum species 
complex, while most of the isolates belonging to Sporothrix nested in the S. inflata species 
complex. Phylogenetic analyses of these datasets separated the isolates into 11 distinct 
taxa, eight of which were previously described species and three represented novel species.

http://purl.org/phylo/treebase/phylows/study/TB2:S29855?x-access-code=62dd9f4ad30f131a52104b44860daf9e&format=html
http://purl.org/phylo/treebase/phylows/study/TB2:S29855?x-access-code=62dd9f4ad30f131a52104b44860daf9e&format=html
http://purl.org/phylo/treebase/phylows/study/TB2:S29855?x-access-code=62dd9f4ad30f131a52104b44860daf9e&format=html
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In the genus Heinzbutinia, analyses of TUB2 sequences data (Suppl. material 2: 
fig. S5) showed that taxon 1 belonged to Heinzbutinia grandicarpa (Kowalski & Butin) 
Z.W. de Beer & M. Procter. In Leptographium genus, taxon 2 was represented by nine 
isolates grouping in the L. procerum species complex (Suppl. material 2: fig. S3) and TUB2 
and TEF1 sequence analyses confirmed this taxon was conspecific with L. procerum (W.B. 
Kendr.) M.J. Wingf. (Suppl. material 2: figs S6, S7). Taxon 3 was represented by four 
isolates that grouped in the L. galeiforme species complex (Suppl. material 2: fig. S3) and 
TUB2 and TEF1 sequence analyses confirmed that these isolates represented L. radiaticola 
(J.J. Kim, Seifert & G.H. Kim) M. Procter & Z.W. de Beer (Suppl. material 2: figs S8, S9).

In the genus Ophiostoma taxon 4 was represented by two isolates that did not 
group in any species complex (Suppl. material 2: fig. S4). Analyses of TUB2 sequence 
data (sSuppl. material 2: fig. S5) showed that this taxon belongs to O. piliferum (Fr.) 
Syd. & P. Syd. Taxon 5 was represented by four isolates in the O. ulmi species complex 
(Suppl. material 2: fig. S4), while TUB2 sequences grouped this taxon with O. quercus 
(Georgev.) Nannf. (Suppl. material 2: fig. S5).

In the genus Sporothrix, the four isolates of taxon 7 resided in the S. inflata spe-
cies complex and grouped with the ex-type isolate of S. dentifunda (Aghayeva & M.J. 
Wingf.) Z.W. de Beer, T.A. Duong & M.J. Wingf. based on the ITS, TUB2, CAL, 
and TEF1 phylogenies (Figs 1–4). Taxa 9 and 10 also belonged to the S. inflata spe-
cies complex (Fig. 1) as defined by de Beer et al. (2022) and were represented by four 
and seven isolates, respectively. Based on the TUB2 phylogeny, taxon 9 was close to 
S. dimorphospora and ‘S. inflata 2’ and formed a distinct and well-supported clade, 
while taxon 10 formed a distinct and well-supported clade which included isolates of 
‘S. inflata 2’ (Fig. 2). Based on the CAL phylogeny, taxa 9 and 10 formed two distinct 
and well-supported clades which were close to, but distinct from S. dimorphospora 
(Fig. 3). Based on the TEF1 sequence data (Fig. 4), both taxa formed distinct and well-
supported clades, and thus represented novel species. This was supported by the com-
bined analyses of the ITS, TUB2 and CAL datasets (Fig. 5). Taxon 8 was represented 

Table 2. Number of isolates of Ophiostomatales fungi obtained from “wood traps” buried in the soil of 
40 stands in this study.

Taxon no. Fungus species Forest stands dominated by
Quercus robur Pinus sylvestris Picea abies Fagus sylvatica

1 Heinzbutinia grandicarpa 3
2 Leptographium procerum 263
3 Leptographium radiaticola 35
4 Ophiostoma piliferum 7
5 Ophiostoma quercus 10
6 Sporothrix brunneoviolacea 53
7 Sporothrix dentifunda 11
8 Sporothrix eucastaneae 1
9 Sporothrix roztoczensis sp. nov. 66
10 Sporothrix silvicola sp. nov. 1 170 3

Total no. of isolates 79 541 3
Total no. of species 6 6 1
Number of examined fragments 600 600 600 600
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Figure 1. Phylogram from Maximum Likelihood (ML) analyses of ITS data for Sporothrix spp. Sequences ob-
tained in this study are in bold. Bootstrap values (if ≥ 75%) for ML and Maximum Parsimony (MP) analyses 
are presented at the nodes as follows: ML/MP. Bold branches indicate posterior probabilities values ≥ 0.95 ob-
tained from Bayesian Inference (BI) analyses. * Bootstrap values < 75%. The tree is drawn to scale (see bar) with 
branch lengths measured in the number of substitutions per site. Graphilbum fragrans represents the outgroup.

Sporothrix roztoczensis sp. nov.

Sporothrix tumida sp. nov.

Sporothrix silvicola sp. nov.

0.3

S. gemella CBS121959 DQ821560

S. globosa CBS292.55 KP017086

S. luriei CBS937.72 AB128012

S. eucastanea CBS424.77 KX590814

S. eucalyptigena CBS139899 KR476721

S. gossypina CMW1116 KX590819

S. curviconia CBS959.73 KX590835

S. mexicana CBS120341 KX590841

S. uta CMW40316 OM501565

S. brunneoviolaceaKFL19PFaDb OP594829

S. nsini CMW28602 EU660458

S. cabralii CMW38098 KT362256

S. dentifunda KFL28PFDb OP594836

S. eucastanea KFL1141N16DBRJ MH740955

S. inflata CBS794.73 KP017079

S. undulata CBS147929 MH740976

S. polyporicola CBS669.88 KX590827

S. thermara CMW38930 OM501564

KFL3So OP594840

S. brunneoviolacea KFL41PFDb OP594828

S. prolifera KFL218N16TARAO MH740956

CBS 147972 OP594848

S. protearum CBS116654 DQ316201

KFL85PFDb OP594839

S. stylites CBS118848 EF127883

S. rossii CBS116.78 KX590815

S. zambiensis CBS124912 EU660453

S. aurorae KFL8NBK17KAS MH740952
S. aurorae CBS118837 DQ396796

S. palmiculminata CBS119590 DQ316191

S. dentifunda KFL21PFbDb OP594835

Graphilbum fragrans CMW43200 KY568103

S. dombeyi CBS455.83 KX590826

S. dimorphospora CBS553.74 KP017082

S. prolifera CBS251.88 KX590829

S. dentifunda CBS115790 AY495434

CBS 147971 OP594851

CBS 149241 OP594842

S. abietina CBS125.89 AF484453

S. brunneoviolaceaKFL64PFDb OP594825

S. eucastaneaeKFL54PFDb OP594838

S. zhejiangensis CXY1614 KY094071

S. guttuliformis CBS437.76 KX590839

S. rapaneae CMW40369 OM501558
S. candida CBS129713 HM051409

CBS 149239 OP594843

S. cavum CBS147943 MF782813

S.  brunneoviolaceaKFL16PFDb OP594826

S. bragantina CBS474.91 FN546965

S. brunneoviolaceaKFL32PFaDb OP594827

S. brunneoviolaceaKFL19PFbDb OP594831

S. dentifunda KFL21PFaDb OP594834

S. brunneoviolacea CBS793.73 AY495430

S. africana CBS116571 DQ316197

S. epigloeaCBS573.63 KX590817

S. fusiformis CBS112912 AY280481

KFL36So OP594846

S. dentifunda KFL5NDB15RJ MH740953

S. curviconia 2 CBS541.84 KX590836

S. stenoceras CBS237.32 AF484464

S. splendens CBS116379 DQ316207

CBS 149242 OP594845

S. stenoceras KFL17N17KAS MH740960

S. oleae CMW40361 MN298850

S. narcissi CBS138.5 AY194510

S. brunneoviolaceaKFL89PFDb OP594833

S. cracoviensis CBS147942 MW768964

S. pseudoabietina CFCC52626 MH555896

CBS 147970 OP594850

S. brasiliensis CBS120339 KX590832

S. inflata 2 CBS156.72 AY495425

CBS 147973 OP594847

S. brunneoviolacea CBS124560 OM501532
S. brunneoviolaceaKFL20PFDb OP594832

S. schenckii CBS359.36 AY280495

S. euskadiensis CBS122138 DQ674369

S. pallida CBS131.56 EF127880

S. brunneoviolacea CBS124564 FN546958

S. nigrograna CMW14487 KX590825

S. aemulophila CBS140087 OM501527

S. brunneoviolacea CBS110895 AY495432

S. villosa SNM188 MW989428

S. fumea CBS129712 HM051412

CBS 149240 OP594844

S. cantabriensis CBS136529 KF951554

S. cryptarchum CBS147934 MW768966

S. macroconidia CFCC52628 MH555898

S. resoviensis CBS147927 MH740962

CBS 149238 OP594841

CBS 147974 OP594849

S.  brunneoviolacea KFL65PFDb OP594830

S. brunneoviolacea CBS124561 FN546959

S. chilensisCBS139891 KP711811

S. itsvo CBS141063 KX590840

S. lunata CBS112927 AY280485

S. nebularis CMW22797 KX590823

S. variecibata CBS121961 DQ821568

S. phasma CMW20676 DQ316219

S. inflata CBS239.68 AY495426

S. brunneoviolacea CBS110896 AY495433

S. humicola CBS118129 AF484472

S. protea-sedis CMW28601 EU660449

S. fraxini CBS147936 MH283150

S. dentifunda KFL37PFDb OP594837

*/*

81/*

76/94

*/*

87/95

*/*

*/97

*/*

*/*

*/*

*/*

*/*92/93

100/*

76 /*

88/96

100/100

90/89

91/*

100/100

*/*

*/*

100/100

100/100

82/83

100/99

96/95

98/100

77/80

*/91

*/*

98/98

100/100

*/*

*/81

79/89

94/94

*/91

*/*

97/100

*/91

*/*

100/100

100/100

100/100

98/91

83/82

98/99

//

//
×10

×10

Sp
or

ot
hr

ix
sp

p.

Pathogenic
Clade

S. inflata
species
complex

F

S. candida species
complex

S. pallida species
complex

S. gossypina & S. 
stenoceras species
complexes

E

D

XVI

XIX

G



Piotr Bilański et al.  /  MycoKeys 97: 41–69 (2023)52

Sporothrix roztoczensis sp. nov .

Sporothrix tumida sp. nov.

Sporothrix silvicola sp. nov.

0.2

S. dentifunda KFL28PFDb OP588982

S. brunneoviolacea CBS124561 FN547385

S. brunneoviolacea KFL20PFDb OP588978

S. inflata 2 CBS427.74 AY495438

S. protea -sedis CMW28601 EU660464

S. euskadiensis CBS122138 EF396344

Graphilbum fragrans CMW43200 KY568217

CBS 147974 OP588995

S. undulata CBS147929 MH741121

S. pallida CBS150.87 KX590779

CBS 147972 OP588994

S. cryptarchum CBS147933 MH741105

S. narcissi CBS138.5 HM067821

S. oleae CMW40361 KY094079

S. fusiformis KFL43916RJSR MH283353

KFL3So OP588986

S. variecibata CBS121961 DQ821539

S. africana CBS116571 DQ296073

S. polyporicola CBS669.88 KX590768

CBS 149241 OP588988

S. dombeyi CBS455.83 KX590767

S. zambiensis CBS124912 EU660473

S. prolifera KFL218N16TARAO MH741093

S. curviconia 2 CBS541.84 KX590777

S. undulata CBS147931 MH741106

S. gemella CBS121959 DQ821554

S. eucastanea CBS424.77 KX590753

S. protearum CBS116654 DQ316163

S. curviconia CBS959.73 KX590776

S. aemulophila CBS140087 KT192607

CBS 147973 OP588993

S. aurorae KFL8NBK17KAS MH741087

S. itsvo CBS141063 KU639625

S. lunata CBS112927 AY280466

S. dentifunda KFL21PFbDb OP588981

KFL85PFDb OP588985

S. prolifera CBS251.88 KX590770

S. inflata CBS239.68 AY495437

CBS 149242 OP588991

S. pallida CBS131.56 EF139110

CBS 149240 OP588990
CBS 149239 OP588989

S. epigloea CBS573.63 KX590760

S. cavum 35614DRJ MF782851

S. brasiliensis CBS120339 AM116946

S. brunneoviolacea CBS124560 FN547382

S. brunneoviolacea KFL16PFDb OP588972

S. brunneoviolacea KFL89PFDb OP588979

S. palmiculminata CBS119590 DQ316153

S. brunneoviolacea KFL41PFDb OP588974

S. resoviensis CBS147927 MH741100

Sporothrix pseudoabietina CFCC52627 MH683599

S. splendens CBS116379 DQ316169

S. fraxini CBS147936 MH283370

S. cracoviensis CBS147942 MH283368

S. brunneoviolacea KFL32PFaDb OP588973

S. brunneoviolacea KFL19PFaDb OP588975

S. dimorphospora CBS553.74 AY495439

S. cabralii CMW38098 KT381295

S. stenoceras KFL17N17KAS MH741098

S. luriei CBS937.72 AM747289

CBS 147971 OP588997

S. eucastaneae KFL54PFDb OP588984

S. candida CBS129713 HM041874

KFL36So OP588992

S. rapaneae CMW40369 KU639624

S. inflata 2 CBS156.72 AY495436

S. stenoceras CBS237.32 AY280475

S. fusiformis CBS112912 AY280461

S. schenckii CBS359.36 AM116911

S. dentifunda KFL5NDB15RJ MH741089

S. eucastanea KFL1141N16DBRJ MH741091

S. aurorae CBS118837 DQ396800

S. dimorphospora CBS125440 FN547380

S. guttuliformis CBS437.76 KX590778

S. abietina CBS125.89 HM067820

S. dentifunda KFL37PFDb OP588983

S. bragantina CBS474.91 FN547387

S. stylites CBS118848 EF139096

S. thermara CMW38930 KR051103

S. brunneoviolacea KFL64PFDb OP588971

S. mexicana CBS120341 AM498344

S. pseudoabietina CFCC52626 MH683598

S. cryptarchum CBS147934 MH741104

S. uta CMW40316 KU639616

S. chilensis CBS139891 KP711813

S. macroconidia CFCC52628 MH697594

S. nsini CMW28602 EU660468

CBS 147970 OP588996

S. cracoviensis CBS147941 MH283366

S. fraxini CBS147938 MH283371

S. dentifunda KFL21PFaDb OP588980

S. brunneoviolacea KFL19PFbDb OP588977

S. humicola CBS118129 EF139100

S. phasma CMW20676 DQ316181

S. brunneoviolacea CBS124562 FN547384

S. cavum CBS147943 MF782850

S. dentifunda CBS115790 AY495445

S. gossypina CMW1116 KX590761

S. brunneoviolacea CBS124564 FN547383

CBS 149238 OP588987

S. globosa CBS292.55 KX590774

S. rossii CBS116.78 KX590754

S. brunneoviolacea KFL65PFDb OP588976

83/96

98/ 98

*/96

100/ 100

88/95

*/90

99 /100

88/95

100/99

*/*

100/ 100

*/87

81/92

89/86

90/94

97/82

98/100

100/ 100

99/100

*/95

*/*

*/98

100 /98

100/99

100/99

*/*

88/79

*/95

100/ 100

83/99

100/99

98/ 98

98/ 98

*/96

79/91

76/*

75 /*

99/96

*/*

*/84

86/100

*/*

*/95

92/86

87/84

*/*

*/*

//
× 10

//

//× 10

× 10

Figure 2. Phylogram from Maximum Likelihood (ML) analyses of TUB2 data for Sporothrix spp. Se-
quences obtained in this study are in bold. Bootstrap values (if ≥ 75%) for ML and Maximum Parsimony 
(MP) analyses are presented at the nodes as follows: ML/MP. Bold branches indicate posterior probabili-
ties values ≥ 0.95 obtained from Bayesian Inference (BI) analyses. * Bootstrap values < 75%. The tree is 
drawn to scale (see bar) with branch lengths measured in the number of substitutions per site. Graphilbum 
fragrans represents the outgroup.
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Figure 3. Phylogram from Maximum Likelihood (ML) analyses of CAL data for Sporothrix spp. Se-
quences obtained in this study are in bold. Bootstrap values (if ≥ 75%) for ML and Maximum Parsimony 
(MP) analyses are presented at the nodes as follows: ML/MP. Bold branches indicate posterior probabili-
ties values ≥ 0.95 obtained from Bayesian Inference (BI) analyses. * Bootstrap values < 75%. The tree is 
drawn to scale (see bar) with branch lengths measured in the number of substitutions per site. Graphilbum 
fragrans represents the outgroup.
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Figure 4. Phylogram from Maximum Likelihood (ML) analyses of TEF1 data for the Sporothrix spp. Se-
quences obtained in this study are in bold. Bootstrap values (if ≥ 75%) for ML and Maximum Parsimony 
(MP) analyses are presented at the nodes as follows: ML/MP. Bold branches indicate posterior probabili-
ties values ≥ 0.95 obtained from Bayesian Inference (BI) analyses. * Bootstrap values < 75%. The tree is 
drawn to scale (see bar) with branch lengths measured in the number of substitutions per site. Graphilbum 
fragrans represents the outgroup.
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Figure 5. Phylogram from Maximum Likelihood (ML) analyses of the combined datasets of ITS+BT+CAL 
for Sporothrix spp. Sequences obtained in this study are in bold. Bootstrap values (if ≥ 75%) for ML and 
Maximum Parsimony (MP) analyses are presented at the nodes as follows: ML/MP. Bold branches in-
dicate posterior probabilities values ≥ 0.95 obtained from Bayesian Inference (BI) analyses. * Bootstrap 
values < 75%. The tree is drawn to scale (see bar) with branch lengths measured in the number of substitu-
tions per site. Graphilbum fragrans represents the outgroup.
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by one isolate and grouped in the S. gossypina & S. stenoceras species complexes (Fig. 1). 
TUB2, CAL, and TEF1 phylogenies (Figs 2–4) showed that this taxon is S. eucastaneae 
(R.W. Davidson) Z.W. de Beer, T.A. Duong & M.J. Wingf. Taxon 11 was represented 
by two isolates collected from fallen pine shoots and did not group in any species 
complex (Fig. 1). The combined analyses of the ITS, TUB2, and CAL datasets (Fig. 5) 
showed that this taxon formed a distinct and well-supported clade which was closest 
to, but clearly distinct from S. macroconidia H.M. Wang, Q. Lu & Zhen Zhang, and 
thus represented a novel species.

Taxon 6 was represented by nine isolates grouped separately from Sporothrix and 
belonged to lineage XIX (Fig. 1) as defined by de Beer et al. (2022). Analyses of TUB2 
and CAL sequences data (Figs 2, 3) showed that this taxon is Sporothrix brunneoviolacea.

Taxonomy

Sporothrix roztoczensis R. Jankowiak & P. Bilański, sp. nov.
MycoBank No: 845660
Fig. 6

Etymology. Referring to the highland (from Polish: Roztocze) located in eastern Po-
land where this fungus was collected.

Diagnosis. Sporothrix roztoczensis differs from the phylogenetically closely related 
species S. dimorphospora and S. silvicola with respect to its conidia dimensions.

Type. Poland, Lubelskie Province, Józefów, from wood buried in soil under 
58-year- old managed Pinus sylvestris forest, July 2015, Ł. Chyrzyński (O-F-259436 
holotype, culture ex-type CBS 147973).

Description. Sexual morph not observed. Asexual structures produced on steri-
lized Scots pine twigs placed on the surface of malt agar in Petri dishes. Conidiophores 
hyaline, one-celled, micronematous, simple or branched, either borne on vegetative 
hyphae or on upright hyphae. Conidiogenous cells blastic, cylindrical, terminal, lateral 
or intercalary, straight or curved, constricted at the base and tapering towards the apex, 
(2.3–)6.6–32.8(–50.5) μm long, (0.6–)1.1–1.6(–2) μm wide at the base, apical part 
forming conidia by sympodial proliferation on swollen a cluster of conidium-bearing 
denticles, (0.9–)1.6–3.3(–5) μm long and (1–)1.9–3.9(–6.2) μm wide, denticles very 
seldom arise below the swollen cluster. Conidia of two types: 1) abundant in cultures, 
hyaline, unicellular, smooth, ellipsoid, guttuliform, pointed at the base, sometimes 
curved (2.5–)3.2–5.1(–7) × (1.4–)1.6–2.1(–2.5) μm, formed directly on denticles; 2) 
abundant in cultures, subhyaline to lightly pigmented, unicellular, globose to subglo-
bose, sometimes pointed at the base, (2.5–)2.9–3.6(–4.1) μm in diameter, formed 
singly, on lateral or intercalary conidiogenous cells or denticles directly emerging from 
vegetative hyphae.

Culture characteristics. Colonies with optimal growth at 20 °C on 2% MEA 
reaching an average of 31.3 mm (± 3.98 mm) after 14 days, with a radial growth rate 

http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=845660
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of 0.87 (± 0.14) mm/d, growth somewhat slower at 15 °C (26.3 mm diameter), no 
growth at 30 and 35 °C; white gray, floccose, flat, growing in a circular pattern with 
entire margins.

Distribution. Known only from the type location (Poland).
Additional specimen examined. Poland, Lubelskie Province, Józefów, from 

wood buried in soil under 88-year-old managed Pinus sylvestris forest, July 2015, 
Ł. Chyrzyński (O-F-259435, culture CBS 147972).

Notes. This species is phylogenetically distinct from the other Sporothrix species 
based on the TUB2, CAL, and TEF1 sequences. Sporothrix roztoczensis is closely related 
to S. dimorphospora, and S. silvicola sp. nov. Sporothrix silvicola has larger sympodial 
conidia (3.2–10.4 × 1.4–3.6 μm) compared with S. dimorphospora (3–8 × 1.5–3 μm, 
Madrid et al. 2010) and S. roztoczensis (2.5–7 × 1.4–2.5 μm). In addition, denticles 
in S. silvicola arise abundantly below the swollen cluster compared with other spe-
cies, where denticles are limited to the apical cluster. Also the shape of pigmented 
conidia differed. In S. roztoczensis they are globose or subglobose while more obovoid 
in S. dimorphospora and S. silvicola. Conidia of S. roztoczensis are smaller (2.5–4.1 μm 
in diam.) compared to S. dimorphospora (3–5 × 3.5 μm) and S. silvicola (2.6–4.8 × 1.4–
3.9 μm). In addition, S. roztoczensis rarely produced intercalary conidiogenous cells, 
which are commonly found in culture of S. silvicola.

Figure 6. Sporothrix roztoczensis sp. nov. (CBS 147973) a conidiogenous cell with an inflated cluster 
of denticles at the apex b conidia c globose conidia arising on conidiophore d globose conidia arising 
on denticles formed directly from hyphae e globose conidia f fourteen-day-old culture on MEA. Scale 
bars: 10 μm.
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Sporothrix silvicola R. Jankowiak & P. Bilański, sp. nov.
MycoBank No: 845658
Fig. 7

Etymology. Referring to the Latin silva (forest) and –cola (inhabiting), with reference 
to its woody habitat.

Diagnosis. Sporothrix silvicola differs from the phylogenetically closely related spe-
cies S. dimorphospora and S. roztoczensis with respect to its conidia dimensions.

Type. Poland, Lubelskie Province, Józefów, from wood buried in soil under 
43-year- old managed Pinus sylvestris forest, July 2015, Ł. Chyrzyński, (O-F-259451 
holotype, culture ex-type CBS 149241).

Description. Sexual morph not observed. Asexual structures produced 
on sterilized Scots pine twigs placed on the surface of malt agar in Petri dishes. 
Conidiophores hyaline, one-celled, micronematous, simple, either borne on veg-
etative hyphae or on upright hyphae. Conidiogenous cells blastic, cylindrical, ter-
minal, lateral or intercalary, straight or curved, constricted at the base and tapering 
towards the apex, (2.2–)11.6–35.6(–60.5) μm long, (0.7–)1–1.5(–1.8) μm wide at 
the base, apical part forming conidia by sympodial proliferation on swollen clus-
ter of conidium-bearing denticles, (1.4–)2.6–4.4(–5.5) μm long and (1.5–)2.1–
3.4(–4.1) μm wide, denticles often arise below the swollen cluster. Conidia of two 
types: 1) abundant in cultures hyaline, unicellular, smooth, guttuliform, ellipsoid, 
pointed at the base, sometimes curved (3.2–)3.6–6.4(–10.4) × (1.4–)1.6–2.5(–3.6) 
μm, formed directly on denticles; 2) abundant in cultures, subhyaline to lightly pig-
mented, unicellular, smooth, subglobose to broadly ellipsoidal, sometimes pointed 
at the base, (2.6–)3.1–4.1(–4.8) μm × (1.4–)2.1–3.4(–3.9) μm diam., formed sin-
gly, on lateral or intercalary conidiogenous cells or denticles directly emerging from 
vegetative hyphae.

Culture characteristics. Colonies with optimal growth at 20 °C on 2% MEA 
reaching an average of 32 mm (± 1.86 mm) after 14 days, with radial growth rate 0.89 
(± 0.07) mm/d, growth somewhat slower at 15 °C (26.6 mm diameter), no growth 
at 30 and 35 °C; dark grey to olivaceous with white margins, floccose, lanose with 
abundant white aerial hyphae, flat, growing in a circular pattern with entire margins.

Distribution. Known only from the type location (Poland).
Additional specimen examined. Poland, Lubelskie Province, Józefów, from 

wood buried in soil under 93-year old managed Pinus sylvestris forest, July 2015, Ł. 
Chyrzyński (O-F-259450, culture CBS 149240).

Notes. This species is phylogenetically distinct from the other Sporothrix spe-
cies based on the TUB2, TEF1, and CAL sequences. The morphological differences 
between S. dimorphospora and S. roztoczensis are described in the section treating 
S. roztoczensis. Sporothrix silvicola had identical ITS and TUB2 sequences as two 
isolates of ‘S. inflata 2’ (CBS 156.72, CBS 427.74) obtained from greenhouse soil 
and isolated from Lilium sp. in the Netherlands (Aghayeva et al. 2005; de Beer et 
al. 2016).

http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=845658
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Sporothrix tumida R. Jankowiak & P. Bilański, sp. nov.
MycoBank No: 845661
Fig. 8

Etymology. Referring to the Latin tumeo (swollen) to reflect the characteristically in-
flated hyphae and conidiogenous cells.

Diagnosis. Sporothrix tumida differs from the phylogenetically closely related S. 
macroconidia in respect of dimensions of its conidia.

Type. Poland, Podkarpackie Province, Mielec, from fallen shoots of Pinus sylves-
tris pruned by Tomicus sp., October 2007, P. Bilański, (O-F-259433 holotype, culture 
ex-type CBS 147970).

Description. Sexual morph not observed. Asexual structures produced on steri-
lized Scots pine twigs placed on the surface of malt agar in Petri dishes. Conidiophores 
hyaline, one- or two-celled, micronematous, simple or slightly branched, either borne 
on vegetative hyphae or on upright hyphae, often inflated. Conidiogenous cells blastic, 
cylindrical, terminal, straight, constricted at the base and strong tapering towards the 
apex, (7.8–)12–25.4(–34.7) μm long, (1.3–)1.6–2.6(–3.5) μm wide at the base, apical 
part forming conidia by sympodial proliferation on swollen a cluster of conidium-
bearing faintly developed denticles, (1–)1.2–2.5(–3.3) μm long and (1.1–)1.4–2.9(–
4.7) μm wide, denticles sometimes arise directly from hypha. Conidia abundant in 
cultures hyaline, unicellular, smooth, guttuliform, ellipsoid, sometimes curved, slightly 
pointed at the base (3.4–)4.2–6.6(–8.7) × (1.3–)1.9–3.1(–3.9) μm.

Figure 7. Sporothrix silvicola sp. nov. (CBS 149241) a, b conidiogenous cell with an inflated cluster of 
denticles at the apex c conidia d globose conidia arising on conidiophore e globose conidia arising on 
denticles formed directly from hyphae f fourteen-day-old culture on MEA. Scale bars: 10 μm.

http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=845661
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Culture characteristics. Colonies with optimal growth at 25 °C on 2% MEA 
reaching an average of 36.3 mm (± 0.62 mm) after 14 days, with radial growth rate 
1.05 (± 0.02) mm/d, growth somewhat slower at 30 °C (29.6 mm diameter); white, 
flat, floccose, growing in a circular pattern with entire margins.

Host tree. Pinus sylvestris.
Insect vector. Tomicus spp.
Distribution. Known only from the type location (Poland).
Additional specimen examined. Poland, Podkarpackie Province, Mielec, from 

fallen shoots of Scots pine pruned by Tomicus sp., October 2007, R. Jankowiak, (O-F-
259434, culture CBS 147971).

Notes. This species is phylogenetically distinct from the other Sporothrix species 
based on the ITS, TUB2, and CAL sequences. Sporothrix tumida grouped most closely 
with S. macroconidia (ITS, CAL) from which it can also be distinguished by dimen-
sions of conidia (3.4–8.7 × 1.3–3.9 μm vs. 3.6–9.9 × 2.5–9.9 μm, Wang et al. 2019).

Discussion

This study reported 10 members of the Ophiostomatales associated with soil under 
European beech, pedunculate oak, Scots pine, and Norway spruce stands in Poland. 
Two of these species are newly described here (Sporothrix roztoczensis and S. silvicola) 
and were the most abundant species in the forest soil. This demonstrates that there is 

Figure 8. Sporothrix tumida sp. nov. (CBS 147970) a, b conidiogenous cell with an inflated cluster of 
denticles at the apex c denticles arising directly from hyphae d conidia e fourteen-day-old culture on 
MEA. Scale bars: 10 μm.
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a rich and poorly studied diversity of species of the Ophiostomatales associated with 
soil in European forests.

Our results revealed a greater than expected diversity of Ophiostomatales fungi in 
soil, while confirming that the methods used here (autoclaved branches buried in the 
soil) are useful for the detection of soil-borne fungi from this order. To date, Sporothrix 
is the main Ophiostomatales genus to be found in soil samples (e.g., de Hoog 1974; 
de Meyer et al. 2008; Madrid et al. 2010; de Beer et al. 2016; Rodrigues et al. 2017; 
Ramírez-Soto et al. 2018). Leptographium species have also been isolated from soil, 
although these are found primarily in tree roots (Eckhardt 2003). For example, Lep-
tographium wageneri (W.B. Kendr.) M.J. Wingf., a causative agent of black stain root 
disease of conifers in the western United States and Canada, can be transmitted be-
tween diseased and healthy roots through continuous xylem in root grafts (Landis and 
Helburg 1976), by short-distance growth through soil (Goheen and Cobb 1978) and 
by insect vectors (Harrington and Cobb 1988).

The dominant tree species in the stands strongly affected fungal species richness 
and taxonomic diversity. Most of the fungi were isolated from the pine and oak stands, 
while only three isolates were obtained from the spruce stands, and no fungi were iso-
lated from the beech stands. Sporothrix silvicola was the only fungal species found in 
pine-, oak- and spruce-dominated stands, although it was highly abundant only in pine 
stands. Leptographium procerum and, to a lesser extent, L. radiaticola and S. roztoczensis, 
were also abundant in pine stands. In contrast, wood buried in oak stands was mostly 
colonized by S. brunneoviolacea and less frequently by S. dentifunda and O. quercus.

This research demonstrated that Sporothrix species can be soil-borne, validating 
previous studies in South Africa (de Meyer et al. 2008), Spain and USA (Madrid et al. 
2010). Five of the species collected in this study belong to Sporothrix, including the two 
newly described species. Sporothrix brunneoviolacea (Madrid et al. 2010) and ‘S. inflata 
2’ (de Hoog 1974; de Beer et al. 2016) were previously reported in soil from Europe, 
and this study shows that S. dentifunda and S. eucastaneae also occur in forest soil. 
The identified Sporothrix species showed different affinities to tree hosts, as S. brun-
neoviolacea, S. dentifunda, and S. eucastaneae were found in oak stands while S. silvicola 
and S. roztoczensis were reported in pine stands. This is in congruence with previous 
reports: Sporothrix brunneoviolacea was already isolated from meadow soil in Germany, 
from soil under mixed stands in Spain, and from the roots of Quercus spp. in Austria 
(Halmschlager and Kowalski 2003; Madrid et al. 2010). Similarly, S. dentifunda has 
been isolated from the wood of Quercus sp. in Poland and Hungary (Aghayeva et al. 
2005), as well as from wounds on Q. robur in Poland (Jankowiak et al. 2019b). Sporo-
thrix eucastaneae has also been previously isolated from oak stands in Poland, where 
this fungus was associated with oak-infesting bark beetles (Jankowiak et al. 2019a) and 
wounded oaks (Jankowiak et al. 2019b).

The Sporothrix species from pine stands, S. silvicola and S. roztoczensis, are newly 
described sister species that reside in the S. inflata species complex (de Beer et al. 
2022). Although both species inhabited the same environment, they can be distin-
guished based on phylogenetic analyses and morphological characteristics, such as 



Piotr Bilański et al.  /  MycoKeys 97: 41–69 (2023)62

differences in conidia dimensions and shapes. Both species produced two different 
conidial types, which is a characteristic that has been found in other Sporothrix species, 
including Sporothrix dimorphospora and S. brunneoviolacea (Madrid et al. 2010), S. bra-
siliensis, S. globosa, and S. mexicana (Marimon et al. 2007), as well as S. cryptarchum R. 
Jankowiak & A. Ostafińska and S. undulata R. Jankowiak & A. Ostafińska (Ostafińska 
et al. 2021). In Poland, S. silvicola named as ‘S. inflata 2’ was also sporadically found 
in association with Scolytus intricatus (Ratzeburg) on Q. robur (Jankowiak et al. 2019a) 
and wounded Tilia cordata Mill. (Jankowiak et al. 2019b), suggesting that the fungus 
may not be limited to conifer-dominated habitats. More surveys should be conducted 
to determine the range of the fungus, and to test their affinities to pine forests.

Our results also demonstrated that some Leptographium species are soil-borne, 
supporting the findings of Eckhardt (2003) that L. procerum is a soil-borne fungus. 
This species was previously isolated from roots of dying and dead young Scots pines 
(Jankowiak et al. 2012) and was often found to be carried by root-feeding bark beetles 
and weevils in Poland (Jankowiak and Bilański 2013a, b, c). A high abundance of this 
species in soil and pine roots suggests that L. procerum may be capable of infecting 
roots via soil. According to previous studies, L. procerum can spread over short dis-
tances via root-to-root contact between infected and uninfected host trees, as well as 
through soil as short term survival in the soil around infected trees has been observed 
(Lackner and Alexander 1984; Alexander et al. 1988; Jacobs and Wingfield 2001; 
Eckhardt et al. 2004). In our opinion, the presence of L. radiaticola in the soil of pine 
stands suggests that other Leptographium species may be similarly transmitted. Possible 
transmission through soil has been also observed for L. wageneri (Goheen and Cobb 
1978). In addition, L. costaricense G. Weber, Spaaij & M.J. Wingf. (Weber et al. 1996) 
and L. reconditum Jooste (Jooste 1978) were found in the rhizospheres of Talauma 
sambuensis Pittier and Triticum, respectively.

Although O. piliferum was rarely isolated in this study, we confirmed that it is soil-
borne. Its presence was unsurprising because this species is commonly found staining 
pine wood in Poland (Jankowiak et al. 2018b, 2021). In addition, O. piliferum was 
also found in soil from sites exposed to different wood preservative types (Kirker et al. 
2017). Finally, O. quercus was also reported in soil in this study. This globally wide-
spread species (Taerum et al. 2018) is a common wood-infecting fungus associated 
with many species of bark and wood boring beetles in Poland (Jankowiak et al. 2019a, 
b), and may be more commonly found in soil with additional surveys.

Sporothrix tumidia was collected from fallen shoots of Scots pine that were 
pruned by Tomicus species in Poland (Jankowiak and Kolařík 2011). The species is the 
most closely related to S. macroconidia, which was recently described from Tomicus 
yunnanensis Kirkendall & Faccoli and T. brevipilosus Eggers on Pinus yunnanensis 
Franch. and P. kesiya Royle ex Gordon in south-western China (Wang et al. 2019). The 
new species identified in this study can be easily distinguished from S. macroconidia by 
phylogenetic analysis and morphological characteristics.

Our work has led to the discovery of three novel Sporothrix species, bringing the total 
number of Sporothrix species in Poland to 20. The present study has shown that forest soil 
under pine and oak stands in Poland is remarkably rich in Ophiostomatales species. Our 
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surveys were conducted in 35–135 year old managed stands, showing that even recently 
managed forests can house undescribed fungal species. Additional species of these fungi 
will most likely emerge when more extensive surveys are conducted in other parts of Eu-
rope as forest soil fungi are influenced by a variety of biotic and abiotic factors, including 
climate, soil physicochemical properties, forest age, tree compositions and management 
type (e.g. Baldrian et al. 2012; Tedersoo et al. 2014; Goldmann et al. 2015; Urbanová et 
al. 2015). Therefore, future research should focus on identifying soil-borne Ophiostoma-
tales species in forests with different tree compositions and soil characteristics.
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