Current Research in Environmental & Applied Mycology (Journal of Fungal Biology)
16(1): 99-118 (2026) ISSN 2229-2225

www.creamjournal.org Article
Doi 10.5943/cream/16/1/8

Xylariales species associated with epiphytes in Southern China

Li H'** Saichana N*, Hyde KD****", Zhang YX* Zhou CH® Bhunjun CS"?,
Manawasinghe 15%4*

1 School of Science, Mae Fah Luang University, Chiang Rai 57100, Thailand

2Beijing Key Laboratory of Environment-Friendly Management on Fruit Diseases and Pests in North China, Institute
of Plant Protection, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, People’s Republic of
China

3 Center of Excellence in Fungal Research, Mae Fah Luang University, Chiang Rai 57100, Thailand

4 Innovative Institute for Plant Health/ Key Laboratory of Green Prevention and Control on Fruits and Vegetables in
South China, Ministry of Agriculture and Rural Affairs, Zhongkai University of Agriculture and Engineering,
Guangzhou 510225, Guangdong, P.R. China

5> Guangzhou Huali college, Guangzhou 511325, Guangdong, P.R. China

Li H, Saichana N, Hyde KD, Zhang YX, Zhou CH, Bhunjun CS, Manawasinghe IS. 2026 —
Xylariales species associated with epiphytes in Southern China. Current Research in Environmental
& Applied Mycology (Journal of Fungal Biology) 16(1), 99-118, Doi 10.5943/cream/16/1/8

Abstract

Drynaria roosii, Ficus pumila, and Pyrrosia lingua are important epiphytes with high Chinese
traditional medicinal and economic value. Fungal diversity associated with these hosts remains
largely unexplored, particularly in South China. In this study, healthy samples of D. roosii,
F. pumila, and P. lingua were collected from Guangzhou, China, and endophytic fungi were
isolated with the tissue isolation method. Among the isolates, eight strains were identified as
members of Xylariales based on multigene phylogenetic analyses using ITS, LSU, rpb2, and tub2
gene regions. These strains were assigned to two species each in Hypoxylaceae and
Graphostromataceae. Two species in Hypoxylaceae, Daldinia eschscholtzii and Hypomontagnella
monticulosa are reported here as novel host records from D. roosii and P. lingua, respectively. Four
non-sporulating isolates were assigned to Graphostromataceae. Among them, Hypoxylon
vinosopulvinatum is new record from F. pumila and P. lingua. The remaining two isolates were
identified as belonging to Biscogniauxia. However, due to the absence of morphological
characteristics, in this study we relied on phylogenetic placement, PHI index and sequence
variation to delineate our collection from other known Biscogniauxia species. Based on that, we
introduce Biscogniauxia pumilanesis as a novel species from Ficus pumila. Our study expands
information on host associations and distribution of Xylariales species and highlights their potential
as a resource for natural product research, as members of Xylariales are known producers of
diverse bioactive metabolites.

Keywords — Endophytic fungi — Graphostromataceae — Hypoxylaceae — Molecular phylogeny —
Taxonomy

Introduction

Xylariales was established by Nannfeldt (1932) and is a prominent group of fungi within
Sordariomycetes. Members of Axillaries are distinguished by the presence of perithecial ascomata
and unitunicate asci typically containing eight ascospores (Maharachchikumbura et al. 2016, Hyde
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et al. 2020). The ascospores are generally ellipsoidal and pigmented, ranging from dark brown to
black (Ju & Rogers 1996, Forin et al. 2024). Recent taxonomic revisions, driven by multi-locus
phylogenetics and comparative genomics, have reshaped the classification of Xylariales (Zhang
et al. 2024, Rathnayaka et al. 2025). Phylogenetic evidence from multiple loci indicates that
Hypoxylon is polyphyletic rather than monophyletic, and that genera such as Annulohypoxylon and
Daldinia within Hypoxylaceae represent distinct evolutionary lineages (Wendt et al. 2018).
Currently, 22 families and 165 genera are accepted in Xylariales, alongside 57 genera of uncertain
placement (incertae sedis) (Hyde et al. 2024).

Graphostromataceae and Hypoxylaceae represent two phylogenetically distinct families
within Xylariales and are widely known for their importance in wood decomposition as well as
their ability to synthesize diverse bioactive secondary metabolites (Wu et al. 2016, Daranagama
et al. 2018, Helaly et al. 2018). Graphostromataceae was established by Barr, Rogers and Ju (1993)
to accommodate the genus Graphostroma. Subsequent multigene phylogenetic studies expanded
the family to include Biscogniauxia, Camillea, Obolarina, and Vivantia (Wendt et al. 2018).
According to Daranagama et al. (2018) and Wendt et al. (2018), members of these genera typically
produce nodulisporium-like or xylocladium-like anamorphs, with the latter interpreted as a
modified nodulisporium-like state (Wijayawardene et al. 2022). Species of Biscogniauxia occur
worldwide and are especially common in temperate and subtropical forest ecosystems (Wu et al.
2016, Purbaya et al. 2023). They are frequently associated with weakened or declining woody hosts
(Raimondo et al. 2016) and may shift from an endophytic habit to pathogenic behaviour when
exposed to environmental stress conditions (Petrovi¢ et al. 2024). In addition, members of
Biscogniauxia are considered metabolically diverse and have attracted attention because of their
potential biotechnological value (Wu et al. 2016, Purbaya et al. 2023). As reported by Daranagama
et al. (2018) and Wendt et al. (2018), phylogenetic reconstructions using concatenated ITS, LSU,
rpb2, and tub2 sequences demonstrate that Hypoxylaceae and Graphostromataceae are closely
related, although they exhibit marked differences in morphological evolution and ecological
adaptation.

According to Wendt et al. (2018) and Daranagama et al. (2018), members of the
Hypoxylaceae are known for their well-developed stromata containing perithecial ascomata that are
either immersed or partly immersed, and for their production of bioactive compounds such as
azaphilones and terpenoids, which show antimicrobial and cytotoxic effects. As reported by
Daranagama et al. (2018) and Wibberg et al. (2021), recent multi-locus and genome-based
investigations have refined Hypoxylaceae taxonomy and revealed considerable cryptic diversity
within this family. Comparative genomic studies also indicate pronounced diversification of
secondary metabolite biosynthetic gene clusters, which may be linked to ecological differentiation
and potential host-related adaptations in chemical defense (Kuhnert et al. 2021). Daldinia,
Hypomontagnella, and Hypoxylon are widely accepted genera within Hypoxylaceae (Wendt et al.
2018, Lambert et al. 2019). The genus Daldinia was re-evaluated and re-circumscribed by Stadler
et al. (2014). Its ascospores are typically ellipsoid to fusiform, dark brown, and unicellular, usually
with a distinct germ slit that is associated with dispersal and survival in wood-decaying or
endophytic habitats (Chen et al. 2023, Gunarathne et al. 2024). Daldinia eschscholtzii, a typical
member of the genus, has been recorded from mantids and other insect-related niches. It is
producing numerous secondary metabolites with biological activity (Zhang et al. 2011, Hu et al.
2014). Hypoxylon, a closely related genus to Daldinia, is characterized by carbonaceous stromata
and notable chemotaxonomic diversity (Stadler et al. 2001). It represents one of the largest genera
in Hypoxylaceae (Ju & Rogers 1996) and has been progressively delimited following the concepts
proposed by Pouzar (1979, 1985, 1986) and later refined by Ju & Rogers (1996). This genus can be
recognized by its association with nodulisporium-like asexual morphs, stromata occurring as single,
undivided structures, a densely organized and uniform internal tissue beneath the perithecial layer,
and stromata lacking an erect habit (Ju & Rogers 1996, Lambert et al. 2021). Most Hypoxylon
species are traditionally regarded as saprobes on wood and also include species frequently reported
as endophytes and even from coprophilous sources (Stadler et al. 2014). Endophytic Hypoxylon
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species have been shown to act as natural antimicrobials (Kuhnert et al. 2014, Hyde et al. 2020).
Hypomontagnella was introduced by Lambert et al. (2019) to reclassify several taxa formerly
assigned to Hypoxylon. Cultures of most Hypomontagnella species studied produce the potent
antifungal polyketides of the sporothrolide type that are rarely found in any other species of
Hypoxylaceae (Becker & Stadler 2021, Arai & Sugiyama 2022).

Epiphytic plants grow non-parasitically on other plants (typically trees or marine
macrophytes) for physical support, accessing moisture and nutrients from the air, rain, or
surrounding debris. These associations form a critical component of canopy and aquatic ecosystems
through habitat provision and nutrient cycling (Daudi et al. 2020, Svahnstrom et al. 2025).
Drynaria roosii, Ficus pumila, and Pyrrosia lingua are native epiphytic plants of tropical and
subtropical Asia that have significant medicinal and economic value. Drynaria roosii is utilized in
traditional Chinese medicine for bone healing, whereas F. pumila is used in anti-inflammatory
treatments and urban greening, and P. lingua for antimicrobial applications, with all three
contributing to horticultural and pharmaceutical markets (Noronha et al. 2014, Wu et al. 2020, Xu
et al. 2022, Zhang et al. 2024). According to Plants of the World Online (POWO) and Flora of
China, these three medicinal plants all occur in southern China and extend into other parts of East
and Southeast Asia (POWO 2025, Flora of China 1994-2013). However, studies on fungal
diversity associated with epiphytes, including these medicinally important plants, are lacking.

Wu et al. (2012) isolated 46 rhizospheric and 50 endophytic fungal strains from Drynaria
roosii, among which were dominated by Penicillium, Aspergillus, Trichoderma, and Fusarium,
highlighting its rhizosphere and endophytic fungal diversity. There are few studies on fungal
diversity in Ficus pumila. The occurrence of Lasiodiplodia citricola and L. mahajangana on Ficus
pumila was documented for the first time by Li et al. (2024). A global fungal diversity survey (Cao
et al. 2025) documented 59 novel fungal species from diverse hosts, including potential Ficus-
associated taxa, emphasizing undiscovered fungal diversity in tropical ecosystems. For Pyrrosia,
Zhan et al. (2012) isolated 53 strains across 14 genera from Pyrrosia sheareri in Lushan Mountain,
with Diaporthe as the dominant group, suggesting ecological roles in secondary metabolite
production. Moreover, Li et al. (2023) isolated Pestalotiopsis from Pyrrosia lingua. Environmental
DNA studies further propose vast uncharacterized fungal lineages, such as Cryptomycota, which
may interact with these plants (Jiao et al. 2022).

Collectively, these studies underscore the need for integrated approaches to resolve fungal
taxonomy and functional ecology in epiphytic plant-microbe systems. This study aims to isolate
and identify Xylariales endophytes on epiphytic plants, which further illustrates the potential fungal
diversity on Drynaria roosii, Ficus pumila, and Pyrrosia lingua and provides better research
support for future studies. This study will show the fungal diversity of epiphytic plants in southern
China and discover some members of Xylariales, emphasizing the diversity of species within this
group in southern China, which will also expand our understanding of the host relationship and
phylogenetic diversity of Xylariales.

Materials & Methods

Sample material and fungal isolation

Healthy, fresh leaves of Drynaria roosii were sampled from Dinghu Mountain (23°1020" N,
112°30'38" E). Ficus pumila leaves were collected at the South China Botanical Garden (23°11'12"
N, 113°21'45" E). Pyrrosia lingua was obtained from both Dinghu Mountain and Baiyun Mountain
(23°09'35" N, 113°17'40" E), Guangdong Province, China. All samples were transported to the
laboratory in sterile zip-lock bags containing moistened cotton to preserve freshness. In the lab,
asymptomatic, mature leaves of similar size were selected and washed under running tap water to
remove surface debris.

Endophytic fungi were isolated following the tissue isolation protocol of Senanayake et al.
(2022) and Bhunjun et al. (2021). Leaf pieces (approx. 5 X 5 mm) were surface-disinfected by

sequential 30- s immersions in 70% ethanol and 2.5% sodium hypochlorite (NaClO). After
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sterilization, the fragments were rinsed three times (1 min each) in sterile distilled water. The
segments were air-dried on sterile filter paper, then placed onto potato dextrose agar (PDA; 200 g/L
potato infusion, 20 g/L glucose, 20 g/L agar). The plates were incubated at 25 °C for 2 - 4 days.
Hyphal tips emerging from colony margins were aseptically transferred to fresh PDA to obtain pure
cultures. Two to three rounds of subculturing were performed to confirm purity. All purified
isolates were accessioned in the Zhongkai University Culture Collection (ZHKUCC, China), and
dried culture specimens were deposited in the herbarium of Zhongkai University of Agriculture and
Engineering (MHZU), China.

Morphological characterization

Cultures were established on PDA, malt extract agar (MEA), synthetic nutrient- poor agar
(SNA), and water agar (WA), with or without autoclaved pine needles to promote sporulation.
Mucilaginous structures formed on these media were excised under a Cnoptec SZ650
stereomicroscope. Spore morphology was observed and photographed with a Nikon Eclipse 80i
compound microscope (Nikon, Japan). Measurements were taken using TaroSoft® Image
FrameWorks v0.9.7 and are given as mean =+ standard deviation (SD). Colony appearance was
recorded from cultures grown on PDA for 5 days, and colony diameters were documented with a
Nikon D300s digital camera. Surface and reverse colony colors were determined following
Rayner’s colour chart (Rayner 1970).

DNA extraction, PCR amplification, and sequencing

Genomic DNA was extracted from one- week- old PDA mycelia using a magnetic bead- based
kit (MagPure Plant AS, China). Four loci (ITS, LSU, rpb2, tub2) were amplified with primers
ITS1/ITS4, LROR/LR5, fRPB2- 7CR/fRPB2- 5F, and T1/T22, respectively (White et al. 1990,
Vilgalﬁ/s & Hester 1990, Liu et al. 1999, O’Donnell & Cigelnik 1997).

CR reactions (25 pL) contained 12.5 L. 2x Taq Master Mix (Beijing Qingke), 8.5 uL water,
1.5 uLL primers, and 1 pL DNA. Thermal cycling: 94 °C for 3 min; 30 cycles of 94 °C for 30s,
annealing for 30 s (53 °C for ITS, 55 °C for tub2), 72 °C for 1 min; final 72 °C for 10 min. For rpb2,
a touchdown protocol was used (95 °C for 5 min; five cycles at 60 °C, five at 58 °C, then 30 at
54 °C, denaturation 45 s, extension 2 min at 72 °C). Products were verified on 1% agarose gels and
sequenced by Tianyi (Guangzhou, China). Sequences were deposited in GenBank (Table 1).

Phylogenetic analysis

Sequence reads were edited with BioEdit v.7.0.5.2 (Hall 1999), removing ambiguous regions
but keeping primer sites. Initial taxon identification was done via BLASTn (Camacho et al. 2009).
Reference sequences (including ex- type material of Biscogniauxia, Daldinia, and Hypoxylon) were
retrieved from GenBank following Samarakoon et al. (2022), Gunarathne et al. (2025), and Liu et

al. (2025) (Table 1).
Each locus (ITS, LSU, rpb2, tub2) was aligned with MAFFT v.7 (Katoh et al. 2019) and the

alignments concatenated in BioEdit. Phylogenetic trees were constructed using maximum
likelihood (IQ- TREE; Trifinopoulos et al. 2016) with 1,000 ultrafast bootstrap replicates and SH-

aLRT support (Minh et al. 2013, Guindon et al. 2010), as well as maximum parsimony (PAUP
v.4.0b10; Swofford 2002) using heuristic searches (1,000 random additions, TBR swapping, 1,000

bootstrap replicates). Parsimony statistics (TL, CI, RI, RC, HI) were calculated.
Bayesian inference was performed with MrBayes v.3.2.7a on XSEDE (Ronquist et al. 2012)

via CIPRES (Miller et al. 2010), under models selected by MrModeltest v.2.2 (Nylander 2004).
Four MCMC chains ran for 10 million generations, sampling every 1,000 trees, discarding the first
2,000 as burn- in. Posterior probabilities (BPP) were calculated from the remaining trees. Final trees
were visualized with FigTree v.1.4.3 and edited in Adobe Illustrator 2018.

Pairwise homoplasy index (PHI)
Species delimitation was assessed by PHI tests (Quaedvlieg et al. 2014) using concatenated
ITS, LSU, rpb2, and tub2 data. Recombination was evaluated in SplitsTree v.6.6.5.0 (Huson &
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Bryant 2006) with LogDet transformation and split decomposition; © w > 0.05 indicated no
significant recombination (Bruen et al. 2006). Split networks visualized relationships among
closely related taxa.

Results

Phylogenetic analyses

After removing ambiguously aligned positions and gaps, the concatenated dataset contained
237 taxa and 3,736 characters (ITS: 630, LSU: 860, rpb2: 882, tub2: 1,364). Caudospora taleola
(WU 39955) and Juglanconis juglandina (CBS 133343) were used as outgroups (Voglmayr et al.
2019, Liu et al. 2025). A maximum likelihood (ML) analysis was run in RAXML under the GTR+R
model, yielding the tree shown in Fig. 1 (log likelihood = — 111,389.250). Bayesian inference (BI)
with the GTR+I+G model produced a similar topology. Parsimony analysis identified 1,000
constant sites, 1,729 (46.3%) parsimony - informative characters, and 281 variables but
uninformative sites. Multiple equally parsimonious trees were recovered (tree length = 2,312, ClI =
0.155, RI = 0.647, RC = 0.100, HI = 0.845), largely congruent with the ML topology. Newly
obtained isolates fell into their respective generic clades, and although some internal nodes had low
support, their positions were stable across replicates.Specifically: ZHKUCC 24- 1205 and 24- 1206
formed an independent lineage with Biscogniauxia pumilanesis (100% ML, 1.00 BPP, 100% MP);
ZHKUCC 24- 1754 and 24- 1755 clustered with Daldinia eschscholtzii (100% ML, 1.00 BPP, 100%
MP); ZHKUCC 24- 1756 and 24- 1757 grouped with Hypomontagnella monticulosa (100% ML,
1.00 BPP, 100% MP); ZHKUCC 24- 1720 and 24- 1721 clustered with Hypoxylon vinosopulvinatum
(100% ML, 1.00 BPP, 100% MP).

PHI Analysis

In the phylogenetic analysis result, our two isolates (ZHKUCC 24-1205 and ZHKUCC 24-
1206) were closely related to Biscogniauxia cylindrispora, B. dendrobii, B. formosana, and
B. uniapiculata. Therefore, we performed the PHI analysis on this clade to confirm this species. Fig.
2 represents the split decomposition network diagram of strain B. pumilanesis (ZHKUCC 24-1205)
and four closely related taxa, B. cylindrispora (YMJ 89092701), B. dendrobii (MFLUCC 17-2607),
B. formosana (YMJ 89032201), and B. uniapiculata (BCRC 34039). The PHI test indicated an
absence of significant genetic recombination (®w > 0.05) between the studied isolate and
phylogenetically related taxa in neighbouring clades (Fig. 2). Therefore, we confirmed that our
taxon is significantly different from the five adjacent Biscogniauxia species and defined as a new
taxon.

Taxonomy

Biscogniauxia Kuntze 1891
For the updated taxonomic treatments of Biscogniauxia, we followed Raimondo et al. (2016),
Petrovi¢ et al. (2024).

Biscogniauxia pumilanesis H. Li, K.D. Hyde & Manawas, sp. nov. Fig. 3

Index Fungorum number: IF 904783; Facesoffungi number: FoF 19144;

Etymology: Epithet refers to the host species from which the fungus was isolated.

Holotype: MHKU 24-0650

Endophytic on Ficus pumila leaves. Morphology: No conidiogenous cells or conidia were
observed in culture. Colonies on PDA, hyphae 1.5-2.5 um wide, hyaline, branched.

Culture characteristics — On PDA, the colonies grew rapidly and reached full plate coverage
after three days of incubation at 25°C under dark conditions. In the front, fluffy mycelium with
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uniform edges, white to cream, and the mycelium growing in clusters can be seen. In the reverse
side pale yellow, and the whole is cream.

Material examined — China, Guangdong Province, Zhaoging City, Dinghu Mountain,
obtained from healthy leaves of Ficus pumila, November 8, 2022, H. Li, ex-type ZHKUCC 24-
1205 (MHZU 24-0650, Holotype); living culture, ZHKUCC 24-1206.

Notes —Analysis of 5.8S sequence data resolved both isolates from this study as members of
Biscogniauxia (Fig. 1). Multilocus phylogenetic inference using concatenated ITS, LSU, rpb2, and
tub2 sequences placed isolates ZHKUCC 24-1205 and ZHKUCC 24-1206 in a sister relationship
with B. uniapiculata (BCRC 34039), with strong statistical support (ML = 100%, BPP = 1.00, MP
= 100%) (Fig. 1). These two isolates were sterile in PDA and thus it’s difficult to compare
morphology with other known Biscogniauxia species. However, the pairwise nucleotide
comparison between our isolation (ZHKUCC 24-1205) and B. uniapiculata (BCRC34039), showed
ITS (14/586, 2.4%), rpb2 (50/974, 5.1%) and tub2 (11/440, 2.5%) with no gaps. In addition,
B. uniapiculata comprises a single strain, which limits the taxon sampling in the phylogenetic tree.
To futher validate our species, we used PHI analysis the results showed no evidence of genetic
recombination between our strain and B. cylindrispora, B. dendrobii, B. formosana, or
B. uniapiculata (Fig. 2). Therefore, based on this evidence, we identified it as a new species named
B. pumilanesis.
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Fig. 1 — Maximum likelihood (ML) phylogeny inferred from a concatenated dataset of ITS, LSU,
rpb2, and tub2 sequences. Statistical support is shown as ML bootstrap values > 85%, Bayesian
posterior probabilities (BPP) > 0.90, and maximum parsimony (MP) bootstrap values > 75%,
displayed above and below the corresponding nodes, respectively. Ex-type strains are indicated in
bold face, whereas sequences obtained in this study are highlighted in red.
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Fig. 1 — Continue

Biscogniauxia dendrobii MFLUCC 17-2607

Biscogniauxia pumilanesis ZHKUCC 24-1205

Biscogniauxia cylindrispora YMJ 89092701

Biscogniauxia uniapiculata BCRC34039

Biscogniauxia formosana YMJ 89032201

— 0.01

Fig. 2 — PHI analysis performed on a combined ITS, LSU, rpb2 and tub2 dataset for Biscogniauxia
pumilanesis (ZHKUCC 24-1205) and closely related species. The PHI test (Ow = 0.9993) revealed
no detectable recombination within the analysed dataset. The newly proposed taxon is highlighted
in red in the figure.

Daldinia Ces. & De Not. 1863
For the updated taxonomic treatments of Daldinia, we followed Liu et al. (2019), Gunarathne

et al. (2024).

Daldinia eschscholtzii (Ehrenb.) Rehm [as “eschscholzii”’], Annls mycol. 2: 175 (1904). Fig. 4
Index Fungorum number: IF 544992; Facesoffungi number: FoF 02992.
Synonymy — Daldinia concentrica var. eschscholtzii (Ehrenb.) Starback [as “eschscholzii’],
Bih. K. svenska VetenskAkad. Handl., Afd. 3 27(no. 9): 5 (1901)
= Daldinia luzonensis Rehm, Philipp. J. Sci., C, Bot. 8(4): 260 (1913)
= Daldinia stratosa (Sacc.) Sacc. & Trotter, Syll. fung. (Abellini) 22(1): 327 (1913)
Basionym —Hypoxylon stratosum Sacc., Syll. fung. (Abellini) 9: 544 (1891)
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= Sphaeria concentrica var. eschscholtzii (Ehrenb.) Fr. [as “eschscholzii”’], Syst. mycol.
(Lundae) 2(2): 331 (1823)

= Sphaeria eschscholtzii Ehrenb., Fung. Champ.: 59, tab. 18, fig. 8 (1820)

Endophyte from fresh leaves of Drynaria roosii. Sexual morph: Not observed. Asexual
morph: On PDA, Conidiophores 17-19 x 1.5-3.0 um (x = 18.1 x 2.4, n = 20), straight,
occasionally branched, and with smooth-walled surfaces. Conidiogenous cells 5.5-8.0 x 1.5-3.0
um (X = 6.4 x 2.5, n = 25), polyblastic, cylindrical, and gradually tapering toward the apex. Conidia
5.0-7.5 x 3.0-3.5 um (x = 6.2 x 3.1, n = 30), hyaline, aseptate, and ellipsoid to broadly ellipsoidal
with rounded ends and smooth surfaces.

Fig. 3 — Biscogniauxia pumilanesis (MHZU 24-0650) a Healthy Ficus pumila. b, ¢ Colonies on
PDA. d, e Hyphae. Scale bars: d, e = 10 um.

Culture characteristics — Colonies on PDA, covering the dish after 5 d at 25°C in the dark,
with fluffy mycelia with a regular margin, front white, cottony. Reverse darkened to black from the
center, cream margin.

Known distribution/host preference of stromata — In tropical ecosystems, it shows a wide
distribution and is typically encountered on woody substrates rather than other substrates (Stadler et
al. 2014), such as Acacia sp., Albizia sp., Angelica sp., Annona muricata, Antidesma sp.,
Artocarpus altilis, Artocarpus integrifolius, Bucida palustris, Bursera simaruba, Cassia floribunda,
Casuarina sp., Celtis kraussiana, Citrus sp., Cordia sebestena, Croton sp., Entandrophragma
cylindricum, Eucalyptus alba, Eucalyptus sp., Ficus sp., Heteromorpha trifoliata, Hevea
brasiliensis, Hippomane mancinella, Jambosa vulgaris, Mangifera indica, Nothofagus sp., Pinus
sp., Platanus wrightii, Quercus sp., Syzygium jambos, Tamarindus indica (Farr & Rossman 2023)
and also on wood-decaying (Karnchanatat et al.2007), on Phegopteris sp (Gunarathne et al. 2024),
in mangroves (Kongyen et al. 2015, Liao et al. 2019), on marinealgae (Tarman et al. 2012), skin
scrapings, nail clippings, blood (Ng et al. 2016) and on a mantis insect (Zhang et al. 2008).

Material examined — China, Guangdong Province, Guangzhou City, on health leaves of
Drynaria roosii, August 16, 2021, H. Li (MHKU 24-1158, dried culture), living culture ZHKUCC
24-1754, ZHKUCC 24-1755.
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Notes — In the phylogenetic analysis, our isolates clustered with Daldinia eschscholtzii with
100% ML, 1.00 BPP and 100% MP support (Fig. 1). Morphologically, our collection (ZHKUCC
24-1754) similar to D. eschscholtzii (PUFNI 1761) in having similar size and coulor of conidia
(5.0-7.5 % 3.0-3.5um vs. 5.2-7.4 x 2.5-3.8 um and similar Conidiophores (17-19 x 1.5-3.0 um vs.
12.8-19 x 2.6 um) (Stadler et al. 2014). Pairwise sequence comparison between the present isolate
and D. eschscholtzii revealed minimal nucleotide divergence, with differences of 0.6% (3/502 bp)
in ITS and 0.2% (2/1310 bp) in LSU, and no gaps. Integrating both morphological characteristics
and molecular evidence, the isolate is herein identified as D. eschscholtzii, representing its first
record from Drynaria roosii.

Fig. 4 — Daldinia eschscholtzii (MHKU 24-1158) a, b Colonies on PDA. ¢, d Colony sporulating
on PDA. e—h Conidiophores with attached conidia. i Conidia. Scale bars: e—i = 10 um.
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Hypomontagnella Sir, L. Wendt & C. Lamb. 2019
For the updated taxonomic treatments of Hypomontagnella, we followed Lambert et al. 2019,
Arai & Sugiyama (2022).

Hypomontagnella monticulosa (Mont.) Sir, L. Wendt & C. Lambert, Mycological Progress 18 (1-
2): 190 (2018). Fig. 5

Index Fungorum number: IF 827252; Facesoffungi number: FoF 06781.

Basionym — Engizostoma berkeleyi (Sacc.) Kuntze, Revis. gen. pl. (Leipzig) 3(3): 472 (1898)

= Hypoxylon anthracoderma Speg. [as 'anthrachoderma’], Anal. Soc. cient. argent. 26(1): 30
(1888)

Hypoxylon bakeri Earle, Bull. Torrey bot. Club 26: 634 (1899)

Hypoxylon berkeleyi Sacc., Syll. fung. (Abellini) 2: XXVII (1883)

= Hypoxylon cupricolor Petch, Ann. R. bot. Gdns Peradeniya 8: 158 (1924)

= Hypoxylon epiphaeum Berk. & M.A. Curtis, in Berkeley, Grevillea 4(no. 30): 52 (1875)
Hypoxylon glomeratum Cooke, Grevillea 11(no. 60): 134 (1883)

= Hypoxylon investiens var. epiphaeum (Berk. & M.A. Curtis) J.H. Mill., Monogr. World
spec. Hypoxylon: 52 (1961)

= Hypoxylon mascariense Berk. ex Cooke, Grevillea 11(no. 60): 131 (1883)

= Hypoxylon merrillii Syd. & P. Syd., Annls mycol. 15(3/4): 212 (1917)

= Hypoxylon monticulosum Mont., Syll. gen. sp. crypt. (Paris): 214 (1856)

= Hypoxylon multiforme f. minor Starbéack, Bih. K. svenska VetenskAkad. Handl., Afd. 3
27(no. 9): 9 (1901)

= Hypoxylon nuttallii Ellis & Everh., Proc. Acad. nat. Sci. Philad. 46(3): 346 (1894)

= Hypoxylon rubigineoareolatum var. bakeri (Earle) J.H. Mill., in Chardén & Toro, J. Agric.
Univ. Puerto Rico 14: 273 (1930)

= Hypoxylon rubigineoareolatum var. microsporum Theiss., Annls mycol. 6(4): 345 (1908)

= Hypoxylon subnigricans Speg., Anal. Soc. cient. argent. 18(6): 273 (1884)

Endophytic on Pyrrosia lingua leaves. Sexual morph: Not observed. Asexual morph:
Colonies on PDA, Conidiophores 26-26.5 x 1.5-2.0 um (X = 26 x 2.4, n = 20) straight, branch,
smooth. Conidiogenous cells 3.5-4.5 x 2.0-3.0 um (x = 4.0 x 2.3, n = 30), hyaline, bouquet-like,
terminal, ellipsoidal. Conidia 5.0-7.5 x 3.0-3.5um (x = 4.1 x 2.5, n = 30), hyaline, aseptate,
obovoid, smooth-walled.

Culture characteristics — Colonies on PDA, growing slowly, reaching 20 mm after 5 d at 25°C
in the dark. Colonies have floccose mycelium with an even margin, white, cottony, black on the
reverse side, cream to white.

Known distribution/host preference of stromata — This taxon has been reported from various
substrates and locations. In North America, it occurs on Cladonia leporina (U’Ren et al. 2016), in
Thailand, on Leucaena leucocephala (Chethana et al. 2021), in China, causing leaf spot on Pachira
glabra (Tian et al. 2023), and in Malaysia, on Sargassum spp. (Zainee et al. 2018). Additional
records without confirmed host identities come from Argentina (Sir et al. 2016), French Guiana
(Wendt et al. 2018), French Polynesia (Lambert et al. 2019), Malaysia (Zainee et al. 2018), and the
USA (U’Ren et al. 2016). Other reported associations (some unpublished) include Euterpe
precatoria, lichen substrates, Zingiber griffithii, and again Cladonia leporina, Leucaena
leucocephala (this study), and Sargassum spp. (Zainee et al. 2018).

Material examined — China, Guangdong Province, Guangzhou City, Baiyun Mountain, on
healthy leaves of Pyrrosia lingua, August 16, 2021, H. Li (MHZU 24-1159, dried culture), living
cultures, ZHKUCC 24-1756 and ZHKUCC 24-1757.

Notes — In the phylogenetic analysis, our isolates clustered with Hypomontagnella
monticulosa with 100% ML, 1.00 BPP and 100% MP values (Fig. 1). A nucleotide comparison
between collection and Hy. monticulosa was done and results are given as: ITS, LSU, rpb2 and
tub2 have ITS 0.4% (2/553 bp), LSU 0% (0/895 bp), rpb2 1.4% (11/795 bp) and tub2 5.3% (45/851
bp). Morphologically, our collections have similar conidia with Hy. monticulosa (HKAS 102355)
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(5.0-7.5 x 3.0-3.5 um vs. 3-4.7 x 2-3 um) (Hyde et al. 2020). Morphological and molecular
analyses confirmed the identity of the collection as Hypomontagnella monticulosa, which is here
reported for the first time from Pyrrosia lingua.

Fig. 5 — Hypomontagnella monticulosa (MHKU 24-1159) a, b Colonies on PDA (a-from above,
b- below). ¢, d Colony sporulating on PDA. e, f Conidiophores with attached conidia. g Conidia.
Scale bars: e—g = 10 um.

Hypoxylon Bull. 1791
For the updated taxonomic treatments of Hypoxylon, we followed Cedefio—Sanchez et al.
(2020), Pi et al. (2020), Ma et al. (2022), Gunarathne et al. (2025).

Hypoxylon vinosopulvinatum Y.M. Ju, J.D. Rogers & H.M. Hsieh, Mycologia 96(1): 157 (2004).
Fig. 6
Index Fungorum number: IF 488600; Facesoffungi number: FoF 18010.
Endophytic from Pyrrosia lingua leaves. Morphology: No conidiogenous cells or conidia
were observed in culture.
Culture characteristics — On PDA, colonies exhibit floccose, cottony mycelium with an even
margin; the surface appears white, while the reverse shows a central dark (black) region fading to
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white with a cream-coloured margin, and colonies reach full plate coverage after 5 days at 25°C in
darkness.

Known distribution/host preference of stromata — Taiwan, China, on a dead wood with an
unknown host (Ju et al. 2004).

Material examined — China, Guangdong Province, Guangzhou City, on health leaves of
Pyrrosia lingua, August 16, 2021, H. Li (MHKU 24-1141, dried culture), living culture ZHKUCC
24-1720, ZHKUCC 24-1721.

Notes — In the polygenic phylogenetic analysis, our collections clustered with Hypoxylon
vinosopulvinatum with 100% ML, 1.00 BPP and 100% MP support (Fig. 1). No sexual or asexual
reproductive structures were observed in the examined isolate. A nucleotide comparison between
the isolate and H. vinosopulvinatum (HAST 90080707) was done, and the results are given as
follows; ITS and LSU have ITS 0.8% (4/516 bp), LSU 0.1% (1/869 bp). Since there is no
morphological description of our isolates, we cannot compare their morphology. Phylogenetic
analysis together with nucleotide comparison supported the identification of our collection as
H. vinosopulvinatum, which is here reported from Pyrrosia lingua for the first time.

Fig. 6 — Hypoxylon vinosopulvinatum (MHKU 24-1141) a Healthy Pyrrosia lingua b, ¢ Colonies
on PDA. d, e Hyphae. Scale bars: d, e = 10 um.

Discussion

As part of an ongoing study of microfungal diversity linked to epiphytic flora in southern
China, special attention was given to hosts that hold significance in traditional Chinese medicine.
This study identified four species within Xylariales, comprising one novel species, Biscogniauxia
pumilanesis, and three species representing new host records, namely Daldinia eschscholtzii,
Hypomontagnella monticulosa, and Hypoxylon vinosopulvinatum. Biscogniauxia species are
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distributed mainly in temperate to subtropical forests worldwide, with notable prevalence in
Mediterranean oak forests, Zagros vineyards, and Hungarian beech populations, often exacerbated
by climate-driven water stress (Nugent et al. 2005, Bakhshi Ganje et al. 2024). A new endophytic
association of Biscogniauxia from China is documented in this study. Although our strains isolated
did not sporulate after culture conditions in multiple different culture media, our isolates developed
a distinct lineage with B. uniapiculata with nucleotide variations, and PHI test indicated the
absence of genetic recombination among phylogenetically related taxa.

A new record of Daldinia eschscholtzii from Drynaria roosii is documented in this study.
The species is widely distributed and has been reported from diverse host plants such as Albizia,
Angelica, Annona, Citrus, and Phegopteris (Stadler et al. 2014, Gunarathne et al. 2024). Drynaria
roosii is an epiphyte, mostly growing on tree trunks and rock surfaces, while other hosts are mostly
soil-dependent terrestrial plants. The occurrence of Daldinia eschscholtzii in the epiphytic Drynaria
roosii represents a notable expansion of its host spectrum from terrestrial angiosperms to epiphytic,
suggesting a high degree of ecological plasticity and endophytic adaptability.

Hypomontagnella mainly exhibits as saprobic or pathogenic, colonizing plant substrates and
occasionally causing leaf spot diseases, with a global distribution spanning subtropical to temperate
regions, particularly in Asia and the Americas (Tian et al. 2023). Records of Hypomontagnella
monticulosa include Cladonia leporina (U’Ren et al. 2016), Leucaena leucocephala (Zainee et al.
2018), and Sargassum seaweed (Chethana et al. 2021), suggesting that the species possesses a wide
host spectrum. Additionally, Hy. monticulosa has been found as a plant pathogenic fungus that can
infect Pachira glabra, causing leaf spot disease (Tian et al. 2023). This study reports
Hy. monticulosa as a first record from Pyrrosia lingua. We speculate that Hy. monticulosa may
exist in Pyrrosia lingua as a potential pathogen. Hypoxylon vinosopulvinatum was first discovered
as a saprophyte on an unknown debarked wood (Ju et al. 2004), and later Lv et al. (2024) isolated it
as an endophyte from Cinnamomum cassia, where it parasitizes symptomlessly in the bark tissue of
cinnamon trees. Hypoxylon vinosopulvinatum adopts a mutually beneficial endophytic lifestyle,
trading bioactive metabolites for nutrients while enhancing host resistance to pathogens, and it has
now been found to be a biological control agent (Lv et al. 2024). The Hypoxylon vinosopulvinatum
we isolated from Pyrrosia lingua further expanded its host range and provided a species source for
future scholars to develop.

Two endophytic species in this study (Biscogniauxia pumilanesis and Hypoxylon
vinosopulvinatum) did not produce sexual or asexual spores during the culture process despite the
use of different artificial culture media and different culture protocols. This phenomenon may be
attributed to long-term adaptation and evolution of these fungi within host plants, whereby isolates
fail to produce sexual or asexual structures under artificial culture conditions, even after prolonged
and intensive attempts at sporulation induction; such fungi are commonly referred to as mycelia
sterilia (Guo et al. 2003, Wang et al. 2004). To facilitate assessment of their diversity in culture,
sterile isolates are typically grouped into distinct “morphotypes” based on shared cultural
characteristics (Taylor et al. 1999, Guo et al. 2000, Cannon & Simmons 2002). The usefulness of
this classification approach has been demonstrated in previous studies, and it shows general
consistency with patterns of endophytic diversity (Lacap et al. 2003). Nevertheless, morphotypes
do not represent formal taxonomic units: isolates assigned to the same morphotype may be
phylogenetically unrelated, whereas those placed in different morphotypes may, in fact, belong to a
single species (Lacap et al. 2003). In addition, in traditional morphological classification, the
selection of morphological traits is greatly influenced by subjective factors. Different classification
theories focus on different characteristics, and it is difficult to find an objective and unified
standard. Therefore, DNA sequence analysis has become a supplementary method for fungal
taxonomy or phylogenetics. With the continuous expansion of systematic molecular data, multi-
gene molecular phylogenetic identification has become an indispensable part of fungal
identification in modern taxonomic identification. Despite these advances, challenges persist in
accurately identifying sterile mycelia using DNA-based approaches Some previous studies have
shown that the main limiting factor is the limited number of sequences for each strain (Guo et al.
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2000, 2003). The increasing availability of sequence data enables the recognition of more taxa. The
two strains without morphological characteristics in our study have sufficient sequence support,
and molecular identification based on nucleotide sequences still identified them as Biscogniauxia
sp and Hypoxylon vinosopulvinatum.

This study examines the ecological distribution and fungal associations of three widespread
Asian plant species (Drynaria roosii, Ficus pumila, and Pyrrosia lingua), whose microfungal
diversity remains limited despite their ecological significance. Further studies on mycelia sterilia
are needed to clarify the mechanisms and environmental factors contributing to the absence of
sporulation in endophytic fungi.
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