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Abstract 

Dead and living leaves of Musa (banana) were collected from northern Thailand during the 

2017ï2021 investigation of microfungi. Thirty fresh collections of ascomycetous taxa from 

Dothideomycetes, Eurotiomycetes and Sordariomycetes, comprising eight subclasses, ten orders, 23 

families and 28 genera, are illustrated in this study. Among them, three new species, 14 new host 

records and nine new geographical reports are included. The newly described species are 

Dematipyriforma terrestris (Pleurotheciaceae), Neohelicosporium terrestris (Tubeufiaceae) and 

Pyrenochaetopsis musae (Pyrenochaetopsidaceae). Eight fungal taxa, viz. Colletotrichum siamense 

(Glomerellaceae), Curvularia umbiliciformis (Pleosporaceae), Metulocladosporiella musae 

(Herpotrichiellaceae), Neocordana musae (Pyriculariaceae), Neopestalotiopsis clavispora, N. musae 

(Sporocadaceae), Phaeosphaeria oryzae (Phaeosphaeriaceae) and Pyrenochaetopsis musae 

(Pyrenochaetopsidaceae), associated with leaf spots are reported. Fifteen species, viz. Apiospora 

locuta-pollinis (Apiosporaceae), Bahusandhika indica (Lentimurisporaceae), Dematipyriforma 

terrestris (Pleurotheciaceae), Dendryphiella vinosa (Dictyosporiaceae), Dictyoarthrinium musae,  

D. thailandica (Didymosphaeriaceae), Gibellulopsis serrae (Plectosphaerellaceae), Lophiotrema 

hydei (Lophiotremataceae), Musicillium elettariae (Plectosphaerellaceae), Neohelicosporium 

terrestris (Tubeufiaceae), Nigrospora sphaerica (Apiosporaceae), Periconia echinochloae 

(Periconiaceae), Spegazzinia musae (Didymosphaeriaceae), Stachybotrys subcylindrosporus 

(Stachybotryaceae), Torula mackenziei (Torulaceae) are reported as saprobes. In addition, four 

species, viz. Albifimbria verrucaria (Stachybotryaceae), Musicillium tropicale (Plectosphaerellaceae), 

Pseudophaeocytostroma sacchari (Diaporthaceae) and Setoarthopyrenia chromolaenae 

(Roussoellaceae) are documented as endophytes. Four fungal taxa, viz. Albifimbria verrucaria 
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(Stachybotryaceae), Corynespora torulosa (Corynesporascaceae), Lasiodiplodia theobromae 

(Botryosphaeriaceae) and Pseudopithomyces chartarum (Didymosphaeriaceae), are identified as 

exhibiting both endophytic and saprobic lifestyles on the leaves of Namwa banana (Musa acuminata × 

M. balbisiana; ABB genomic group; Pisang Awak). These findings further support the hypotheses of 

lifestyle transition in fungi on the same host. This is the first comprehensive study that combines the 

morphology and phylogeny of the systematics of leaf-occupying microfungi in Musa from northern 

Thailand. The current research particularly focuses on understanding the biodiversity and ecological 

dynamics of fungi in relation to Musa species. Furthermore, this study documents the global fungi 

associated with Musa hosts, and the findings are presented here as a checklist. A total of 760 fungal 

species associated with Musa are listed, along with their respective geographical localities, updated 

classifications, and literature. These taxa belong to four major phyla: Ascomycota is the most species-

rich (93%), followed by Basidiomycota (6%), and Mucoromycota (1%). This compilation serves as a 

valuable resource for further research in the mycology and plant pathology of Musa. 

 

Keywords ï 3 new species ï DNA sequences ï endophytes ï leaf spots ï lifestyle change ï molecular 

evidence ï Musaceae ï saprobes 
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INTRODUCTION  

Banana and plantain (Musa spp.) are monocotyledonous plants in the family Musaceae of 

Zingiberales (Heslop-Harrison & Schwarzacher 2007). The fruit crop is cultivated and consumed 

globally, being present in 135 countries, and it ranks among the most traded fruits worldwide (Voora et 

al. 2020). Musa provides an excellent habitat for many fungi with different lifestyles, i.e., endophytes, 

pathogens and saprobes (Ellis 1971b, 1976, Matsushima 1971, Brown et al. 1998, Photita et al. 2000, 

2001a, b, 2002, 2003a, b, 2004, Somrithipol 2007, Hernández-Restrepo et al. 2015, Crous et al. 2016, 

Hyde et al. 2017, Samarakoon et al. 2019, 2020a, b, 2021). Prior research on fungi in Musa spp. across 

various ecological niches rarely employed polyphasic species identification methods as proposed by 

Chethana et al. (2021a). Many identified fungi lack DNA sequence data in GenBank. Hence, the 

phylogenetic relationships of fungi associated with Musa spp. are yet to be investigated. 

The absence of recent comprehensive taxonomic investigations on micro-fungi associated with 

Musa in Thailand has left a notable gap since the detailed studies by Photita et al. (2001b, 2002, 2004), 
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Lumyong et al. (2003), Somrithipol (2007), and Chen et al. (2017). Most taxa of Photita et al. (2001b, 

2004) were documented based only on morphological characters. Hence, the phylogenetic relationships 

of these taxa are not well-resolved. Many prior studies lacked descriptive morphological illustrations 

and only explored fungal biodiversity in Musa from specific habitats in Thailand. Globally, few studies 

(Crous et al. 2006, 2016, 2021b, Hernández-Restrepo et al. 2015, Zakaria & Aziz 2018, Zakaria 2021) 

investigated the morpho-molecular taxonomy of leaf-inhabiting fungi on Musa, with limited genera 

reported. 

Due to the economic value of Musa, most studies were oriented towards specifically selected 

groups of pathogenic fungi (such as Colletotrichum, Fusarium, Mycosphaerella, Neocordana, and 

Phyllosticta) (Giatgong 1980, Crous et al. 2002a, Arzanlou et al. 2008, Wulandari et al. 2010, 

Guarnaccia et al. 2017a, b, Marin-Felix et al. 2019, Maryani et al. 2019a, b). Therefore, it becomes 

imperative to investigate the hidden diversity of Musa-associated microfungi such as saprobic 

Ascomycota. Since Photita et al. (2002), there has been no updated index for fungi associated with 

Musa.  

A four-year taxonomic and phylogenetic investigation of leaf-inhabiting fungal taxa associated 

with Musa spp. was conducted to fill the research gaps. In addition, this study addresses the critical 

need for an updated checklist of fungi associated with Musa. To accomplish this, we conducted a 

comprehensive review of global literature and online databases, ensuring that our data collection was 

both thorough and current. We have provided updated taxonomic classifications for previously 

recorded fungi, along with detailed geographical localities for each fungus associated with the diverse 

Musa species.  

The results of this study are not just a compilation of data; they establish a robust foundation for 

future taxonomists, pathologists, and scientists working in related applied fields. Moreover, this work 

significantly contributes to the polyphasic taxonomy of microfungi associated with Musa leaves, 

offering a valuable resource for ongoing and future research in this domain.  

 

MATERIALS AND METHODS  

 

Sample collection, morphological studies and isolation 

 

Fungi associated with dead leaf materials (saprobes) and leaf spots on Musa spp. 

Dead and symptomatic leaves of Musa spp. were collected from three provinces (Chiang Mai, 

Chiang Rai and Tak) in northern Thailand during both dry and rainy seasons in 2017ï2021. The 

collected specimens were transferred to the laboratory using zip-lock bags and cardboard boxes. Fungi 

on dead leaf materials and leaf spots were examined with a Motic SMZ 168 Series microscope (Motic 

Asia, Kowloon, Hong Kong). Fungal fruiting structures were mounted in water for microscopic studies 

and photomicrography with a Nikon ECLIPSE 80i compound microscope (Nikon Instruments Inc., 

Melville, NY, USA) fitted with a Canon 750D digital camera (Canon Inc., Ota, Tokyo, Japan). 

Measurements were made with the Tarosoft (R) Image Frame Work program and images used for 

figures were processed with Adobe Photoshop CS3 Extended version 10.0 software (Adobe Systems, 

USA). In the taxonomic descriptions, the exceptional values of the dimensions are denoted with 

brackets. 

Single spore isolation was carried out following the method described in Senanayake et al. 

(2020). Germinated spores were individually transferred to potato dextrose agar (PDA) plates and 

incubated at 25 °C in daylight. Colony characteristics were observed and measured after 3 weeks.  

 

Fungi associated with fresh leaf materials (endophytes) and symptomatic leaves of Musa spp. 

Fresh Musa leaves were collected from Chiang Rai Province, Thailand, during the dry season 

from 2017ï2021. Small pieces (<5 mm2) from the leaf tissues were separated using a sterilized scalpel, 
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disinfected in 75% ethanol for 1 min, rinsed three times in sterile distilled water, dried and plated on 

PDA or oat meal agar (OMA). The plates were incubated at 25 °C for at least 5 days until fungi 

developed from the healthy and symptomatic plant tissues. The hyphal tips of colonies were transferred 

to fresh PDA plates using a sterilized scalpel and incubated until they produced conidiomata and 

conidia. Fungi were initially identified based on their morphological characteristics.  

The conidia of these isolates were observed with a Motic SMZ 168 stereo zoom microscope. The 

conidia suspension was spread over the surface of the PDA plates. After incubation at 25 °C overnight, 

single germinating conidia were transferred to PDA plates to obtain pure cultures, which were then 

used for determination of growth rate, observation of morphological characteristics, and DNA 

extraction. Pure cultures were incubated at 25 °C in daylight until the formation of fruiting structures, 

which were then photographed following the same procedure used for saprobic fungi.  

Sporulated cultures were used to prepare dry culture herbarium material as follows: The glycerol 

agar medium was prepared by mixing 100 ml of a 15% glycerol solution, 7.1 g of agar, and 200 ml of 

distilled water. The final mixture was autoclaved at 121 °C for 20 minutes to ensure sterility. The 

autoclaved agar solution was cooled to 60ï90 °C and poured onto a flat, sterilized plastic or glass petri 

dish lid. The culture was then cut with the growth medium and placed on the hot agar solution, 

allowing immersion. The agar plates were incubated in an open area at 25 °Cï35 °C for drying. After 

one day, the agar blocks were removed from the plastic surface and transferred to sterilized parchment 

paper for additional drying. The drying period was continued for one week. The flexibility of the agar 

blocks was carefully observed after one week, ensuring the complete removal of water from the 

glycerol agar medium. Throughout the process, sterile conditions were maintained to prevent 

contamination. 

Herbarium specimens of the fungi described in the manuscript were deposited in the Mae Fah 

Luang University (MFLU) Fungarium, Chiang Rai, Thailand. Permanent slides were also prepared 

following Senanayake et al. (2020) and deposited together with the dry specimens. Cultures were 

deposited in the Culture Collection of Mae Fah Luang University (MFLUCC). The names of new 

fungal taxa were registered in Index Fungorum (http://www.indexfungorum.org/). Following Jayasiri 

et al. (2015), the Faces of Fungi numbers (FoF) were acquired for the isolates. Morphological 

illustrations and related information were submitted to GMS MICROFUNGI 

(https://gmsmicrofungi.org) website, followed by Chaiwan et al. (2021). 

 

DNA extraction and PCR amplification and sequencing 

Mycelium was scraped from seven-day old cultures and crushed with metal beads by 

TissueLyser LT (QIAGEN: Sample and Assay Technologies; Miami, Florida, United States) to extract 

DNA. A column based PureDireX Genomic DNA Isolation Kit (Blood/Cultured Cell/Fungus; New 

Taipei City, Taiwan) was used for the extraction following the manufacturerôs guidelines. In addition, 

DNA was extracted directly from hyphomycete fruiting structures as follows: 15ï20 fruiting structures 

(visible conidia and conidiophores) were removed from the substrate using a sterilized needle. In 

aseptic conditions, the latter were transferred to a drop of distilled water in a sterile microcentrifuge 

tube (1.5 mL). E. Z. N. A. ® Tissue DNA KIT (Omega Bio-tek, Thermo Fisher Scientific, United 

States) was used to extract DNA following the instructions of the manufacturer. 

Polymerase chain reaction (PCR) was conducted according to the following protocol: The total 

volume of the PCR reaction was 25 ɛL and consisted of 12.5 ɛL of DreamTaq Green PCR Master Mix 

(2X) (a ready-to-use solution containing DreamTaq DNA polymerase, optimized DreamTaq Green 

buffer, MgCl2, and dNTPs) (Thermo Fisher Scientific Inc. USA), 1 ɛL of each primer (10 pM), 2 ɛL 

genomic DNA extract and 8.5 ɛL double distilled water (ddH2O). The gene regions, primers and 

respective PCR cycles are mentioned in Table 1. PCR amplification was confirmed on 1% agarose 

electrophoresis gels loaded using Invitrogen DNA gel loading dye (6X) (Thermo Fisher Scientific Inc., 

USA). The amplified PCR fragments were sent to a commercial sequencing provider. The amplified 
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PCR fragments were sent to SolGent Co., Ltd., South Korea, for sequencing. Generated molecular data 

have been deposited in GenBank (https://www.ncbi.nlm.nih.gov/). 

 

Sequence alignment 

Obtained sequences were subjected to a BLASTn search in GenBank 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) and verified. Sequences used in the phylogenetic analyses 

were acquired from GenBank based on previous literature published until October 2023. The single 

gene alignments were done by MAFFT v. 7.036 (http://mafft.cbrc.jp/alignment/server/large.html, 

Katoh et al. 2019) using the default settings. The latter alignments were visualized and combined with 

BioEdit v. 7.0.5.2 (Hall 1999). 

 

Phylogenetic analyses 

Maximum likelihood (ML) trees were generated using the RAxML-HPC2 on XSEDE (8.2.8) 

(Stamatakis et al. 2008, Stamatakis 2014) on the CIPRES Science Gateway platform (Miller et al. 

2010) using the GTR+I+G model of evolution. Bootstrap supports were obtained by running 1000 

pseudo-replicates. Maximum likelihood bootstrap values equal to or greater than 60% are given near 

each node of the phylogenetic trees. 

Bayesian analyses were conducted with MrBayes v. 3.1.2 (Huelsenbeck & Ronquist 2001) to 

evaluate posterior probabilities (PP) (Rannala & Yang 1996, Zhaxybayeva & Gogarten 2002) by 

Markov chain Monte Carlo sampling (BMCMC). Two parallel runs were conducted, using the default 

settings, but with the following adjustments: Four simultaneous Markov chains were run for 1, 000, 

000 to 2,000,000 generations (depending on the data set) and trees were sampled every 100th 

generation. The first 25% of the trees, representing the burn-in phase of the analyses, were discarded. 

The remaining 75% of trees were used for calculating PP in the majority rule consensus tree. Branches 

with Bayesian posterior probabilities (PP) equal to or greater than 0.90 are indicated near each node of 

the phylogenetic trees. Phylograms were visualized with the FigTree v1.4.0 program (Rambaut 2011) 

and reorganized in Microsoft Power Point. 

The statistical parameters of the ML trees of the respective species are displayed in the figure 

legends. Strains generated in this study are shown in blue, with ex-type strains in bold. 

 

The global checklist of fungi associated with Musa 

The global checklist of fungi associated with Musa (Table 2) was prepared based on previous 

written and online literature. The historical fungal species were recorded using the following 

bibliographic information; Index of Fungi (from 1940 to the present), including Petrakôs Lists (1920ï

1939), Sylloge Fungorum by Saccardo (1882ï1920), Traverso (1878ï1955), Trotter (1874ï1967). In 

addition, the available data resources at the Mycological Library of the Mushroom Research 

Foundation (Chiang Rai, Thailand), were primarily utilized to collect information. For the curation of 

hyphomycetous fungi, references from Ellis (1889, 1957a, b, 1960, 1967, 1971a, b, 1972, 1976) were 

used. Online bibliographic reports were mainly extracted from the US National Fungus  

Collections Fungal Databases search site (Farr & Rossman 2021; dataset; 

https://doi.org/10.15482/USDA.ADC/1524414; accessed 2024-01-02). Additional online literature was 

downloaded from various research publications available in different search engines. Extra information 

was also derived from Photita et al. (2002) and the ongoing studies conducted by the authors from 

2017 to 2024. The documentation includes known hosts (solely the genus name or coupled with the 

species epithet) and the geographical locality of fungi recorded on Musa. The nomenclature of Index 

Fungorum (2024) was followed for all the records. Taxonomic classification updates (Phylum, Class, 

Order, and Family) were implemented according to Wijayawardene et al. (2022). Fungal names are 

arranged in descending order in the taxonomic hierarchy. As per journal guidelines, reachable 

https://www.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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bibliographic information is in-text cited in front of each record. Fungal species for which molecular 

data are available in GenBank are indicated with an asterisk (*) mark. 

 

Table 1 Partial gene regions, primers and PCR amplification conditions used in this study. 

 
Gene/Locus Primer  PCR protocol Reference 

Forward Reverse Initial 

Denaturation 

Denaturation Annealing Extension Final 

extension 

Internal 

Transcribed 

Spacers 

(ITS)  

ITS4 ITS5 94 °C, 4 min, 

1 cycle  

94 °C, 45 

secs, 35 

cycles  

53 °C, 60 

sec  

72 °C, 1 

min  

72 °C, 10 

min, 1 

cycle 

  

White et 

al. (1990) 

28S 

ribosomal 

RNA (LSU) 

LR0R LR5 Vilgalys 

& Hester 

(1990) 

18S 

ribosomal 

RNA (SSU) 

NS1 NS4 53 °C, 45 

sec 

White et 

al. (1990) 

Translation 

Elongation 

Factor 1ï

alpha (tef1) 

728F 986R  94 °C, 3 min, 

1 cycle 

94°C, 30 secs, 

35 cycles 

58°C, 50 

sec 

Carbone 

& Kohn 

(1999) 

983F 2218R Rehner 

(2001) 

526F  1567R  Rehner 

(2001) 

RNA 

polymerase 

II second 

largest 

subunit 

(RPB2) 

5F2 7cr 95 °C, 5 min, 

1 cycle 

95 °C, 45 

secs, 40 

cycles 

57 °C, 2 

min 

72 °C, 1.5 

min 

Liu et al. 

(1999) 

ɓ-tubulin (tub2) Bt2a Bt2b 94 °C, 3 min, 

1 cycle  

94 °C, 30 

sec 

35 /40 

cycles 

58 °C, 50 

sec 

72 °C, 1 

min  

 
Glass & 

Donaldson 

(1995) 

T1 T2 58 °C, 55 

sec 

OôDonnell 

& 

Cigelnik 

(1997) 

Glyceraldehyde-3-

Phosphate 

Dehydrogenase 

(GADPH) 

gpd1 gpd2 96 °C, 1 min, 

1 cycle  

96 °C, 1 

min 

35 / 40 

cycles 

58/59 °C, 

1 min 

72 °C, 45 

sec 

Myllys et 

al. (2002) 

gdf gdr 58/59 °C, 

1 min 

Templeton 

et al. 

(1992) 

Chitin synthase 1 (chs-1) 79F 354R 95 °C, 1 min, 

1 cycle 

96 °C, 1 

min, 35 

cycles 

  

53 °C, 1 

min  

Carbone 

& Kohn 

(1999) 

Actin (act)  512F  783R Carbone 

& Kohn 

(1999) 

Calmodulin (cal) 228F 737R 57 °C, 1 

min 

Carbone 

& Kohn 

(1999) 

 

RESULTS 

 

Phylum Ascomycota Caval. Sm 



1909 

Subphylum Pezizomycotina O. E. Erikss. & K. Winka 

Class Dothideomycetes O. E. Erikss. & Winka 

 

Botryosphaeriales C. L. Schoch, Crous & Shoemaker 

Botryosphaeriales (Dothideomycetes order incertae sedis) represent a morphologically diverse 

group of fungi associated with different hosts and geographical localities (Slippers et al. 2017). Most of 

the fungi in the order are usually reported as saprobes, pathogens and are sometimes found as 

endophytes associated with the woody parts of angiosperms and gymnosperms (Phillips et al. 2019, 

Zhang et al. 2021). Some species were equally reported as opportunistic human pathogens; some were 

also documented in marine environments associated with sea grasses (Sakayaroj et al. 2012). Thirty-

three genera have been identified in six families of Botryosphaeriales (viz., Aplosporellaceae, 

Botryosphaeriaceae, Melanopsaceae, Phyllostictaceae, Planistromellaceae and Saccharataceae) 

(Phillips et al. 2019, Wu et al. 2021, Wijayawardene et al. 2022). 

 

Botryosphaeriaceae Theiss. & Syd. 

The sexual morph of Botryosphaeriaceae taxa is characterized by uni- to multi-loculate 

ascostromata with 8-spored, bitunicate asci and hyaline to brown, aseptate, or septate ascospores 

(Phillips et al. 2013, Batista et al. 2021). The asexual morph comprises coelomycetes that produce uni- 

to multi-loculate pycnidia, hyaline, phialidic conidiogenous cells, and large hyaline or dematiaceous 

conidia (Phillips et al. 2013). There are 24 genera hosting more than 200 species in the family (Burgess 

et al. 2019). Botryosphaeriaceae taxa can be cosmopolitan and are common endophytes, saprobes, or 

plant pathogens on various hosts in terrestrial and aquatic environments (Phillips et al. 2019). 

Controlling Botryosphaeriaceae pathogens becomes a great challenge in commercial agriculture as 

many taxa have the ability to be persistent as endophytes and shift to a pathogenic lifestyle when the 

host is under stress (Batista et al. 2020, 2021). The pathogens then cause diseases that eventually kill 

the host, emerge as saprobes on decaying tissue, and colonize new hosts (Batista et al. 2021). In this 

study, we found the endophytic and saprobic lifemodes of Lasiodiplodia theobromae on Musa 

accuminata, which further supports the hypothesis of lifestyle shifting of fungi in the same host to 

adapt to environmental pressures (McDowell 2013, Burgess et al. 2019, Hill et al. 2022). 

 

Lasiodiplodia Ellis & Everh., Clendenin, Bot. Gaz. 21: 92 (1896) 

Lasiodiplodia is well distributed in tropical and subtropical regions and occurs on a wide range 

of plant hosts (Phillips et al. 2013, Jayasiri et al. 2019, Hyde et al. 2020b, Senwanna et al. 2021, 

Tennakoon et al. 2021, Silva et al. 2022, 2023a, b, Abeywickrama et al. 2023, Chethana et al. 2023, 

Hattori et al. 2023, Rathnayaka et al. 2023, Senanayake et al. 2023). Most Lasiodiplidia species are 

causal agents of cankers, dieback, rots, and branch blights on many agricultural crops (de Silva et al. 

2019, Gómez et al. 2021, Santos et al. 2023b, Wang et al. 2023). Lasiodiplodia can be distinguished 

from other genera in Botryosphaeriaceae by having longitudinal striations on the mature conidia 

(Phillips et al. 2013). At present, 64 Lasiodiplodia taxa are listed in the Index Fungorum (2024). 

Previous research has provided evidence for the occurrence of endophytic and saprobic lifestyles 

(Mohali et al. 2005, Huang et al. 2017, de Silva et al. 2019, Tennakoon et al. 2021, Abeywickrama et 

al. 2023) in many Lasiodiplodia species. Lasiodiplodia theobromae was reported as one of the 

causative organisms of the crown rot disease on Musa fruits worldwide (Sangeetha et al. 2012). In this 

study, we report the endophytic and saprobic life modes of Lasiodiplodia theobromae on Namwa 

banana (Musa acuminata × M. balbisiana; ABB genomic group; Pisang Awak) leaves in Thailand. We 

can further predict that the endophytic L. theobromae has the potential to function as a saprobe during 

the senescence of Namwa banana leaves, which further validates the findings of Promputtha et al. 

(2007, 2010), Nelson et al. (2020) and Weatherhead et al. (2022). 
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Lasiodiplodia theobromae (Pat.) Griffon & Maubl., Bull. Soc. mycol. Fr. 25: 57 (1909)  Fig. 1 

Index Fungorum number: IF188476; Facesofungi number: FoF00167 

Saprobic on dead leaves of Musa. Sexual morph: Not observed. Asexual morph: Coelomycetous. 

Conidiomata 180ï190 × 165ï175 µm (x← = 185 × 171 ɛm, n = 20), pycnidial, semi-immersed and 

erumpent at maturity, black, globose to sub globose, uniloculate. Peridium 3ï4 layered, 20ï30 µm, 

with pale brown or dark brown pseudoparenchymatous cells, textura angularis. Conidiophores 15ï18 

× 2ï4 µm (x← = 16 × 3.5 ɛm, n = 20), reduced to conidiogenous cells, hyaline, simple, aseptate, 

unbranched, cylindrical, smooth, erect from the cells of the pycnidial cavity. Conidia (20ï) 25ï30 × 

12ï15 ɛm (x← = 26.5 × 13 ɛm, n = 40), immature condia, rough to smooth surfaces, simple, hyaline, 

aseptate; mature conidia 1-septate, dark brown, oblong or ovoid, straight, rounded at the apex and base, 

thick-walled, longitudinal striations are visible. 

Cultural characteristics ï Colonies on PDA, reaching 50 mm in diameter after 10 days at 25 °C, 

colonies initially dirty brownish white, later becoming brown and finally black at maturity, dusty, 

circular or irregular margined, entire edge, cottony or fluffy, reverse brown at the center, Sporulation 

was initiated after 14 days on PDA at 25 °C under light conditions. 

Material examined ï Thailand, Chiang Rai Province, Nang Lae, Rattana Dormitory area, on a 

dead leaf of Namwa banana (Musa acuminata × M. balbisiana; ABB genomic group; Pisang Awak), 

13 March 2019, B. C. Samarakoon, BNS60 (MFLU 23-0285), culture MFLUCC 23-0223. 

Other materials examined ï Thailand, Chiang Rai Province, Nang Lae, Rattana Dormitory area, 

fresh leaf of Namwa banana (Musa acuminata × M. balbisiana; ABB genomic group; Pisang Awak), 

12 October 2018, B. C. Samarakoon, EN15 (MFLU 23-0286), culture MFLUCC 23-0224. 

GenBank numbers ï MFLUCC 23-0224: ITS = PP809073, tef1 = PQ273161 and MFLUCC 23-

0223: ITS = PP809074, tef1 = PQ273162 

Notes ï In the multigene phylogeny of combined ITS and tef1 sequence data (Fig. 2), the 

endophytic isolate (MFLUCC 23-0224) and the saprobic strain (MFLUCC 23-0223) nested together 

with Lasiodiplodia theobromae (CBS 164.96, CBS 124.13, CBS 11530) with ML = 71%, PP = 0.94 

statistical support. The BLAST search results for ITS and tef1 sequence data indicate that our 

endophytic isolate (MFLUCC 23-0224) exhibits the highest percentage similarity to L. theobromae 

(CBS 11530) (ITS = 100%, tef1 = 100%) with a 100% query cover. The saprobic strain (MFLUCC 23-

0223) shows 100% similarity in ITS to L. theobromae (CBS 164.96) and 100% similarity in tef1 to  

L. theobromae (CBS 11530), both with a 100% query cover. There are no noticeable morphological 

differences between the endophytic and saprobic strains. There is a possibility that the endophytic 

lifestyle of L. theobromae can shift to saprobic upon the decay of Namwa banana leaves. Salvatore et 

al. (2020) studied the lifestyle shift of L. theobromae from endophytic to pathogenic based on 

taxonomic and phylogenetic approaches. In this study, we report the endophytic and saprobic lifestyle 

occurrences of L. theobromae associated with Musa acuminata leaves from Thailand. 

 

Pleosporales Luttr. ex M.E. Barr 

Pleosporales account for a quarter of the dothideomycetous taxa (Hongsanan et al. 2020). The 

taxa have a wide global geographic distribution, representing several lifestyles (i.e., epiphytic, 

endophytic, fungicolous, lichenicolous, plant and human pathogenic, and saprobic lifestyles) (Ren et 

al. 2022, Tennakoon et al. 2021, He et al. 2024). The order accommodates sexual morphs with 

perithecioid, papillate ascomata, bitunicate and fissitunicate asci, septate, hyaline, or pigmented 

ascospores with or without a gelatinous sheath (Hongsanan et al. 2020). The asexual morphs can 

usually be coelomycetous or hyphomycetous, with various morphologies such as hyaline or pigmented, 

septate or aseptate conidia (Wijayawardene et al. 2016, Wanasinghe et al. 2018, Li et al. 2020b). 

Hongsanan et al. (2020) accepted 91 families in Pleosporales. In this study, we present different sexual 

and asexual morphs of Pleosporales species in 11 families (viz., Corynesporascaceae, 

Dictyosporiaceae, Didymosphaeriaceae, Lentimurisporaceae, Lophiotremataceae, Periconiaceae, 
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Phaeosphaeriaceae, Pleosporaceae, Pyrenochaetopsidaceae, Roussoellaceae and Torulaceae) 

associated with Musa leaves. 

 

Corynesporascaceae Sivan. 

The family was established by Sivanesan (1996), based on Corynesporasca. It was previously 

placed in Melanommatales and accepted in Pleosporales by Hyde et al. (2013). Corynesporascaceae 

comprises Corynesporasca and Corynespora (Voglmayr & Jaklitsch 2017). Corynesporascaceae has 

saprobic, pathogenic and endophytic lifestyles, which have mainly been discovered in the tropics and 

subtropics (Kumar et al. 2021, Liu et al. 2023b). In this study, we report the saprobic and endophytic 

lifestyle of Corynespora torulosa found on Musa acuminata in Thailand. 

 

 
 

Figure 1 ï Lasiodiplodia theobromae (MFLU 23-0285 and MFLU 23-0286). a, b Saprobic occurrence 

on and the conidiomata on host. c Colony on PDA after 14 days (endophytic isolate).  

d, e Conidiogenesis. fïi Immature conidia. jïm Mature conidia. Scale bars: a, b = 500 µm, dïm = 10 

µm. 
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Figure 2 ï Maximum likelihood tree revealed by RAxML analyses of ITS and tef1 sequence data of 

the taxa of Lasiodiplodia, showing the phylogenetic position of Lasiodiplodia theobromae (MFLUCC 

23-0224, the endophytic isolate and MFLUCC 23-0223, the saprobic isolate). Supports for ML 

bootstrapping (Ó60%) and Bayesian posterior probabilities (Ó0.90 PP) are shown. The tree is rooted in 

Diplodia mutila (CBS 112553 and CBS 230.30) in the Botryosphaeriaceae. Strains generated in this 

study are shown in blue, with ex-type strains in bold. The scale bar represents the expected number of 
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nucleotide substitutions per site. The best-scoring RAxML tree is similar to the topology in Tennakoon 

et al. (2021), with a final ML optimization likelihood value of -4413.294. The matrix had 306 distinct 

alignment patterns with 14.33% of undetermined characters or gaps. Estimated base frequencies were: 

A = 0.212005, C = 0.286080, G = 0.262629, T = 0.239286; substitution rates: AC = 0.926683, AG = 

3.303305, AT = 0.960552, CG = 0.908132, CT = 4.479909, GT = 1.0000; proportion of invariable 

sites: I = 0.530197; gamma distribution shape parameter (Ŭ) = 0.665388. 

 

Corynespora Güssow, J. Royal Agric. Soc. England 65: 272 (1905)  

Corynespora was established by Güssow (1906) to accommodate Corynespora melonis  

(= Cercospora melonis). The genus is pathogenic on several agricultural crops (i.e., cotton, papaya, 

pepper, roselle, rubber and tomato) worldwide, causing leaf and fruit spots (Conner et al. 2013, Ortega-

Acosta et al. 2015, Tsai et al. 2015, Butler et al. 2016, Salunkhe et al. 2019, Kumar & Singh 2021). In 

addition, Corynespora exhibits saprobic and endophytic lifestyles (Kumar & Singh 2016, Xu et al. 

2020). The genus has also been discovered in air, lower plants, lichens and soil in terrestrial 

environments and aquatic habitats (Hyde et al. 2020a, Kumar & Singh 2021). 

 

Corynespora torulosa (Syd. & P. Syd.) Crous, Persoonia 31: 211 (2013)    Fig. 3 

Index Fungorum number: IF805829; Facesoffungi number: FoF14164 

Saprobic on dead leaves of Musa sp. Sexual morph: Not observed. Asexual morph: 

Hyphomycetous. Colonies effuse, grey, brown or black, often hairy. Mycelium immersed, occasionally 

superficial. Stroma none. Setae and hyphopodia absent. Conidiophores erect from the mycelium, (29ï) 

55ï63 (ï70) × 4ï6 µm (x← = 57 × 5 µm, n = 30), 9ï12 ɛm wide at the base, 1ï3 ɛm near the apex, 

arising singly, simple, torsive, straight or flexuous, unbranched, pale brown to dark brown, septate, 4ï5 

thin flange of tissue parts appearing as wings on the surface. Conidiogenous cells monoblastic, 

integrated, terminal, percurrent, doliiform, collarette, producing hyaline spherical immature conidia at 

terminal end. Conidia (20ï) 24ï28 (ï32) × 7ï9.5 µm (x← = 24.5 × 7.9 µm, n = 40) with blackish-brown 

scar at the base, formed singly, cylindrical, straight or slightly curved, tapering towards the rounded 

apex, mid brown or golden brown, smooth or verruculose, with 0, 1, 2, 3 or more transverse 

pseudosepta. 

Material examined ï Thailand, Chiang Rai Province, Nang Lae, Rattana Dormitory area, on a 

dead leaf of Namwa banana (Musa acuminata × M. balbisiana; ABB genomic group; Pisang Awak), 

20 July 2019, Binu Samarakoon, BNS288 (MFLU 23-0287), culture MFLUCC 23-0241. 

Other material examined ï Thailand, Chiang Rai Province, Nang Lae, Rattana Dormitory area, 

on a fresh leaf of Namwa banana (Musa acuminata × M. balbisiana; ABB genomic group; Pisang 

Awak), 16 May 2021, Binu Samarakoon, EN06 (MFLU 23-0319), culture MFLUCC 23-0031. 

GenBank numbers ï MFLUCC 23-0031: LSU = PP800315, ITS = PP809076 and MFLUCC 23-

0241: LSU = PP800314, ITS = PP809075 

Notes ï Corynespora torulosa was previously known as Deightoniella torulosa  

(= Brachysporium torulosum) and was accommodated in the Corynesporascaceae by Crous et al. 

(2013c) based on molecular data. The taxon has been previously reported to cause black leaf spots on 

banana leaves in Georgia, India, Jamaica and Thailand (Meredith 1961, Koné et al. 2008, Tongsri et al. 

2017, Vardhana 2017, Jones 2018). In addition, C. torulosa was reported to cause fruit speckles on 

banana fruits at the pre-harvest stage in Jamaica and Cuba (Meredith 1961, Almenares & Pérez-

Vicente 2019). The fungus also has saprobic and endophytic lifestyles, which have primarily been 

discovered in terrestrial habitats (Meredith 1962, Photita et al. 2001a, b, Photita et al. 2004). The 

morphology of our strains is similar to the illustration of C. torulosa in Ellis (1971b). In the phylogeny 

based on LSU and ITS (Fig. 4), the endophytic isolate (MFLUCC 23-0031) and the saprobic isolate 

(MFLUCC 23-0241) grouped with C. torulosa isolates with ML = 100%, PP = 1.00 statistical support. 

The BLAST search results for LSU and ITS sequence data indicate that MFLUCC 23-0031 exhibits 
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the highest percentage similarity to C. torulosa (CBS 136419: LSU = 100%, ITS = 100%) with a 100% 

query cover. The saprobic strain shows 100% similarity in LSU to C. torulosa (CPC 15989) and 100% 

similarity in ITS to C. torulosa (CATAS-XJC796), both with a 100% query cover. The findings of our 

study further witness the lifestyle transition of endophytic fungi to the saprobic mode upon host 

senescence (Promputtha et al. 2010). Future chemical evaluations, such as cellulase, ɓ-mannanase, 

polygalacturonase and xylanase like enzymatic evaluations, are necessary to check this hypothesis 

(Promputtha et al. 2007, 2010). Based on morphological illustrations and strong molecular 

justification, we document the endophytic and saprobic occurrence of C. torulosa associated with 

Namwa banana (Musa acuminata × M. balbisiana; ABB genomic group; Pisang Awak) in Thailand. 

 

Dictyosporiaceae Boonmee & K.D. Hyde 

Dictyosporiaceae was erected by Boonmee et al. (2016) and typified by Dictyosporium.  

Hongsanan et al. (2020) accepted 15 genera and Jiang et al. (2021b) accommodated Immotthia in the 

Dictyosporiaceae. In addition, Neodigitodesmium (Tian et al. 2022a), Paradictyocheirospora 

(Rajeshkumar et al. 2021) and Verrucoccum (Atienza et al. 2021) were recently added as new genera 

to the family. Taxa of Dictyosporiaceae are found on plant litter and wood in terrestrial and aquatic 

habitats. The sexual morph is characterized as perithecial, superficial and somewhat soft ascomata that 

collapse when dry. An apical ostiole is present in the ascomata with a wall of textura epidermoidea. 

Asci are bitunicate, cylindrical and pedicellate. Ascospores are bi seriate and fusiform and are often 

hyaline, 1-septate, with or without mucilaginous sheaths. The hyphomycetous asexual morphs are 

sporodochial, effuse and often dark brown (Boonmee et al. 2016). Conidiophores are sometimes 

reduced to conidiogenous cells and often unbranched or rarely branched. Conidiogenesis occurs in the 

terminal or intercalary parts of the conidiophore. Conidia can be acrogenous or pleurogenous, simple, 

dry, complanate or non-complanate, and brown. Some genera possess aseptate conidia, but most 

genera have multi-septate, euseptate or distoseptate conidia, with or without appendages (Hongsanan et 

al. 2020). Dictyosporiaceae taxa are saprobes, discovered on decaying wood and plant debris in 

terrestrial and freshwater habitats (Boonmee et al. 2016, Liu et al. 2017, Hyde et al. 2018). 

 

Dendryphiella Bubák & Ranoj., Ranojevic, Annls mycol. 12: 417 (1914)  

The genus was established by Ranojevic (1914) and is typified by Dendryphiella interseminata. 

Sixteen species epithets are currently listed in Index Fungorum (2024). Seven Dendryphiella species 

have DNA sequence data in GenBank. The sexual morph of the genus has not been reported. The 

asexual morph is hyphomycetous and is characterized by macronematous conidiophores and polytretic, 

integrated conidiogenous cell apex and intercalary parts. The conidiogenous areas are often swollen 

and produce simple conidia or conidial chains (Ellis 1971b, Hyde et al. 2018, 2020b, Chethana et al. 

2021b). Liu et al. (2017) updated the taxonomy of Dendryphiella with the addition of novel taxa. Dong 

et al. (2020) synonymized D. phitsanulokensis under D. vinosa. The genus has only been reported as 

saprobes. The taxa were often found in aquatic and terrestrial environments and were also associated 

with woody debris (Liu et al. 2017). We could not find any literature on the occurrence of this genus in 

the Musaceae. Dendryphiella fasciculata and D. vinosa were previously documented from Thailand by 

(Liu et al. 2017). This study presents the first occurrence of Dendryphiella on Musaceae as a saprobe 

from Thailand. 

 

Dendryphiella vinosa (Berk. & M. A. Curtis) Reisinger, Bull. trimest. Soc. mycol. Fr. 84: 27 (1968) 

             Fig. 5 

Index Fungorum number: IF329796; Facesoffungi number: FoF08673 

Saprobic on the mid rib of the leaf of Musa sp. Sexual morph: Not observed. Asexual morph: 

Hyphomycetous. Colonies on host superficial, effuse, brownish black. Mycelium immersed, septate, 

pale brown to brown, smooth, thick-walled hyphae. Conidiophores 70ï130 (ï250) × 3ï5 ɛm (x← = 90 × 
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4.3 ɛm, n = 30), macronematous, mononematous, sometimes fasciculate, unbranched or branched,  

 

 
 

Figure 3 ï Corynespora torulosa (MFLU 23-0287 and MFLU 23-0319). Colony on oat meal agar after 

3 weeks (endophytic isolate). b Sporulation on OMA. cïf, pïw Conidia. g, h, o Conidiogenesis.  

i, j Saprobic colony on Musa host. kïn Conidiophores. Scale bars: b = 1000 ɛm, cïh = 10 ɛm, i = 500 

ɛm, j = 100 ɛm, kïw = 5 ɛm. 
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Figure 4 ï Maximum likelihood tree revealed by RAxML analyses of LSU and ITS sequence data of 

selected genera of Pleosporales, showing the phylogenetic position of Corynespora torulosa, the leaf 

endophyte (MFLUCC 23-0031) and the saprobe (MFLUCC 23-0241). Supports for ML bootstrapping 

(Ó60%) and Bayesian posterior probabilities (Ó0.90 PP) are shown. The tree is rooted in Cyclothyriella 

rubronotata (CBS 141486 and CBS 121892) in the Cyclothyriellaceae. Strains generated in this study 

are shown in blue, with ex-type strains in bold. The scale bar represents the expected number of 

nucleotide substitutions per site. The best-scoring RAxML tree agrees with Voglmayr & Jaklitsch 

(2017), with a final ML optimization likelihood value of -4840.65. The matrix had 344 distinct 

alignment patterns with 21.40% of undetermined characters or gaps. Estimated base frequencies were: 

A = 0.238317, C = 0.247411, G = 0.290022, T = 0.224249; substitution rates AC = 3.340170, AG = 

3.161593, AT = 1.586743, CG = 1.699826, CT = 10.049079, GT = 1.0000; proportion of invariable 

sites: I = 0.415725; gamma distribution shape parameter: (Ŭ) = 0.560028. 
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swollen from the middle and gives a gall or spherical shape 5ï6 ɛm in width, un swollen parts are 

cylindrical, thick-walled, septate, slightly constricted at the septa, clavate or straight, unevenly 

thickened, smooth or slightly verruculose, base is globular to spherical, apex is flat or spherical or 

bulbous, brown to reddish brown, becoming paler and tapering towards the apex, slightly swollen at 

nodes where branching starts. Conidiogenous cells polytretic, terminal or intercalary, proliferating 

asymmetrically, smooth, subcylindrical, with 1ï2 conidiogenous loci, brown to reddish brown, 

somewhat paler than the conidiophore. Conidia 18ï25 × 4ï5.5 ɛm (x← = 22.5 × 4.5 ɛm, n = 30), simple, 

dry, acrogenous or pleurogenous, oblong, obtuse ends, 2-septate or aseptate and verruculose at 

immature stage, 3-septate at maturity, thick-walled, brown to reddish brown, hilum is visible at 

immature stage, dry, smooth at maturity. 

Cultural characteristics ï On PDA, colony circular, reaching 40 mm in 15 days at 25 °C, pale 

yellow-brown to white from above, yellow-brown from below, surface rough, with dense mycelium in 

the middle, sparse mycelium in outer layer, dry, raised, edge entire. 

Material examined ï Thailand, Tak Province, Pradang, on dead leaf petiole of Musa sp., 4 

August 2019, Erandi Yasanthika, BNS293 (MFLU 23-0288), culture MFLUCC 23-0242. 

GenBank numbers ï LSU = PP800316, ITS = PP809077 

Notes ï Dendryphiella vinosa was found in different geographical localities as a saprobe (i.e., 

Belgium, Ghana, India, Kenya, Malaysia, Myanmar, New Caledonia, Taiwan, Zambia) on many plant 

hosts (Allamanda, Abelmoschus, Bactris, Bauhinia, Carica, Cassia, Citrus, Collinsonia, Crotalaria, 

Hibiscus, Passiflora, Pisum, Sauropus, Sesbania, Vanilla) in terrestrial environments (Farr & Rossman 

2024). In addition, the species has been reported from marine and freshwater habitats (Jones et al. 

2008, Dong et al. 2020). In the analyses using LSU and ITS sequence data, our strain (MFLUCC 23-

0242) grouped with D. vinosa strains retrieved from GenBank with strong statistical support (Fig. 6). 

Based on the BLASTn search results of LSU and ITS sequences, our strain (MFLUCC 23-0242) 

demonstrated a high similarity to D. vinosa (MFLU 20-0444) as follows: LSU = 100%, ITS = 99.23%, 

with query covers of 100% and 96%, respectively. Notably, a 0.76% (4/521; without gaps) base pair 

difference in ITS sequences was observed between our isolate and D. vinosa (MFLU 20-0444). 

However, the morphological illustrations of D. vinosa by Jones et al. (2008) and Dong et al. (2020) are 

similar to our collection. Hence, we report D. vinosa on Musa spp. as a saprobe for the first time in 

Thailand. 

 

Didymosphaeriaceae Munk 

The family was introduced by Munk (1953) and is typified by Didymosphaeria epidermidis. 

Ariyawansa et al. (2014) confirmed the taxonmic position of Didymosphaeriaceae in Pleosporales 

based on morpho-molecular data. The family comprises saprobes, endophytes and pathogens 

associated with plant hosts over a large geographical distribution (Mapook et al. 2020, Ren et al. 2022, 

Hu et al. 2023, Wanasinghe et al. 2024). The sexual morph is characterized by ostiolate ascomata, 

cellular or trabeculate pseudoparaphyses (Liew et al. 2000) and bitunicate, fissitunicate asci with 

pedicells. The ascospores are often septate or muriform, 2ï4-spored or 8-spored, 1ï2-seriate, and 

ellipsoid to oblong. The asexual morphs of Didymosphaeriaceae are diverse (i.e., camarosporium-like, 

diplodia-, fusicladium-, pithomyces-, phoma-, and spegazzinia-like) (Wijayawardene et al. 2022). 

Currently, ten genera of Didymosphaeriaceae (Alloconiothyrium, Cylindroaseptospora, 

Dictyoarthrinium, Neptunomyces, Paraconiothyrium, Paracamarosporium, Pseudocamarosporium, 

Pseudopithomyces, Spegazzinia, and Xenocamarosporium) have been described based solely on 

asexual characteristics (Hongsanan et al. 2020). 

 

Dictyoarthrinium Hughes, Mycol. Pap. 48: 29 (1952) 

Dictyoarthrinium was introduced by Hughes (1952) using D. quadratum as the type species. 

Previously, the genus was placed in Apiosporaceae (Sordariomycetes) and Samarakoon et al. (2020b) 
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accommodated the genus in Didymosphaeriaceae based on morphology and molecular data. Nine 

species epithets of Dictyoarthrinium are listed in Index Fungorum (2024). Five Dictyoarthrinium taxa 

(D. africanum, D. microsporum, D. lilliputeum, D. synnematicum, D. rabaulense) were established 

based only on morphology. Dictyoarthrinium hydei, D. musae, D. sacchari, and D. thailandicum have 

been recently introduced based on morpho-molecular data (Samarakoon et al. 2020b, 

Maharachchikumbura et al. 2021, Ren et al. 2022). Dictyoarthrinium is characterized by having 

basauxic conidiophores (Hughes 1952, Damon 1953, Matsushima 1971). Conidiophores of 

Dictyoarthrinium are minutely verruculose, sub-hyaline and transversely septate (Elis 1971a). Usually, 

the septa are dark brown and appear as thick stripes on the conidiophores. The conidiophore mother 

cell is usually hyaline or pale brown and cup-shaped (Hughes 1952) or subspherical (Elis 1971a). The 

length of conidiophore varies within the genus but in some species, the lengths are similar. 

 

 
 

Figure 5 ï Dendryphiella vinosa (MFLU 23-0288). a, b Conidiophores on the host. c, f, h Attachment 

of conidia and conidiophores. d, e Conidiophores. g Base of a conidiophore. iïm Conidia. Scale bars:  

a = 500 ɛm, b = 100 ɛm, cïh = 20 ɛm, iïm = 10 ɛm. 
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Figure 6 ï Maximum likelihood tree revealed by RAxML analyses of LSU and ITS sequence data of 

the selected genera of Dictyosporiaceae and Pleosporaceae, showing the phylogenetic position of 

Dendryphiella vinosa (MFLUCC 23-0242). Supports for ML bootstrapping (Ó60%) and Bayesian 

posterior probabilities (Ó0.95 PP) are shown. The tree is rooted with Paradendryphiella arenaria (CBS 

181.58) and P. salina (CBS 142.60) (Pleosporaceae). Strains generated in this study are shown in blue, 

with ex-type strains in bold. The scale bar represents the expected number of nucleotide substitutions 

per site. The best-scoring RAxML tree is similar to the topology in Dong et al. (2020), with a final ML 

optimization likelihood value of -8083.078. The matrix had 528 distinct alignment patterns with 

14.75% of undetermined characters or gaps. Estimated base frequencies were: A = 0.237326, C = 

0.233704, G = 0.277201, T = 0.251769; substitution rates: AC = 1.481213, AG = 2.595546, AT = 

2.570283, CG = 0.406928, CT = 6.261590, GT = 1.0000; proportion of invariable sites I = 0.492239; 

gamma distribution shape parameter (Ŭ) = 0.576967. 

 

The conidia of Dictyoarthrinium arise from the terminal or lateral parts of the conidiophore. 

Conidiogenesis is monoblastic or polyblastic and integrated (Elis 1971a). Conidia are simple, solitary, 

pigmented, and often comprise 4 cells. Some taxa rarely produce 16-celled conidia (such as  

D. africanum). The surface of conidia is verruculose and most of the species have warts on the surface. 
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The shape of conidia varies within the genus, such that they are either square, spherical, subspherical 

or oblong. The conidia usually appear to be flattened in one plane. The sexual morph of 

Dictyoarthrinium has yet to be determined. The majority of the taxa are saprobes that colonize dead 

plant materials, but D. rabaulense was recorded from soil (Kobayasi et al. 1971) and air (Elis 1976). 

Endophytic or pathogenic lifestyles of Dictyoarthrinium have also not been recorded (Wijayawardene 

et al. 2022). Most of the species are recorded from monocot plants and the genus is widely distributed 

across the tropics and only in terrestrial environments (Samarakoon et al. 2020a). In this study, we 

report the occurrence of Dictyoarthrinium musae as a new collection from Thailand. 

 

Dictyoarthrinium musae Samarakoon, Chomnunti & K. D. Hyde, MycoKeys 71: 109 (2020) 

             Fig. 7 

Index Fungorum number: IF835764; Facesoffungi number: FoF08467 

Saprobic on dead leaves of Musa sp. Sexual morph: Not observed. Asexual morph: 

Hyphomycetous. Colonies powdery, black, shiny, superficial. Stroma none. Setae and hyphopodia 

absent. Conidiophores (40ï) 72ï80 × 3.8ï4.5 µm (x← = 75.6 × 4.3 µm, n = 40), basauxic, simple, 

unbranched, erect from subspherical, pale brown conidiophore mother cells 4ï5 × 3.5ï4.5 ɛm (x← = 4.5 

Ĭ 3.9 ɛm, n = 10), macronematous, mononematous, often straight or sometimes flexuous, cylindrical, 

sub-hyaline, dark brown transverse septa appearing as stripes, surface rough. Conidiogenous cells 4ï5 

× 3.5ï4 ɛm (x← = 4.4 × 3.8 ɛm, n = 10), terminal and intercalary, cylindrical, sub-hyaline to pale brown. 

Conidia 6ï9.5 × 7ï8.5 ɛm (x← = 8 × 7 ɛm, n = 40), simple, dark brown or blackish brown, dry, 

acropleurogenous, square rounded, often 4-celled, verrucose, with light brown to dark brown warts on 

the cellular surface. Immature conidia 1ï2-celled and sub-hyaline or pale brown. The terminal 

conidium is 4-celled, falling down before lateral conidia. 

Material examined ï Thailand, Chang Rai, Mae Chan, on dead leaves of Musa sp. (Musaceae),  

7 June 2019, B. C. Samarakoon, BNS333 (MFLU 23-0289). 

GenBank numbers ï SSU = PP811804, LSU = PP800319, ITS = PP809080 

Notes ï In the multi-gene phylogeny, our strain (MFLU 23-0289) was grouped with the ex-type 

strain of Dictyoarthrinium musae (MFLUCC 20-0105), sister to D. thailandicum with ML = 99%, PP 

= 0.95 statistical support (Fig. 10). Based on BLAST search results of SSU, LSU, ITS, and tef1 

sequence data, MFLU 23-0289 exhibited high similarity to D. musae (MFLUCC 20-0105) as follows: 

SSU = 99.8%, LSU = 100%, ITS = 100%, and tef1 = 99.8%, all with 100% query covers. 

Dictyoarthrinium musae, D. sacchari and D. synnematicum were previously found on Musa spp. in 

Thailand. Our collection has similar morphology to the holotype of D. musae except for the length of 

the conidiophore, which is a factor that is highly variable with environmental stresses and geographical 

localities (Treseder & Lennon 2015). Based on the similar morphology and strong statistical support 

from our molecular phylogeny, we report D. musae as a saprobe on Musa sp. from Thailand. This is 

the second occurrence of D. musae on Musa sp. after the findings of Samrakoon et al. (2020a) in 

Thailand. 

 

Dictyoarthrinium thailandicum G. C. Ren & K. D. Hyde, Biology 11: 15 (2022)   Fig. 8 

Index Fungorum number: IF559807; Facesoffungi number: FoF10705 

Saprobic on dead leaves of Musa sp. Sexual morph: Not observed. Asexual morph: 

Hyphomycetous. Colonies sparse, powdery, black, flat, superficial, minute. Stroma none. Setae and 

hyphopodia absent. Conidiophores 50ï55 × 3.8ï4.5 µm (x← = 52 × 4.3 µm, n = 40), basauxic, 

sometimes minute, simple, unbranched or branched, erect from spherical, brown conidiophore mother 

cells 4ï5 × 3.5ï4.5 ɛm (x← = 4.5 × 3.9 ɛm, n = 10), macronematous, mononematous, flexuous, 

cylindrical, sub-hyaline, transversely septate, notably rough, slightly constricted at septa. 

Conidiogenous cells 5ï6 × 3ï4 ɛm (x← = 5.5 × 3.5 ɛm, n = 10), terminal and intercalary, cylindrical, 

sub-hyaline to pale brown. Conidia 9ï10.5 × 8.5ï10 ɛm (x← = 10 × 9.8 ɛm, n = 40), conidial formation 
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initiating from the conidiophore and budding occurs forming conidial chains, immature conidia pale 

brown and dark brown at maturity, simple, dry, acropleurogenous, square rounded, often 4-celled, 

deeply constricted at septa, verrucose, with light brown to dark brown warts on the cellular surface, 1ï

2-celled at immature stage. The terminal conidium is 4-celled and persists with lateral conidia, forming 

terminal conidial chains. Comparatively large when compared with lateral conidia and deeply 

constricted at septa. Conidial splitting was not observed. 

Cultural characteristics ï Conidia germinating on PDA within 12 hrs. Colonies on PDA, reaching 

a diameter of 55 mm after 10 days at 25 °C, slightly raised, pinkish white, moderately dense, middle 

light gray, periphery white, reverse white to grayish white. 

Material examined ï Thailand, Chiang Rai, Doi Chang, on dead leaves of Musa sp. (Musaceae), 

17 July 2022, B. C. Samarakoon, MN12 (MFLU 23-0290), culture (MFLUCC 23-0280). 

GenBank numbers ï LSU = PP800320, ITS = PP809081, tef1 = PP817246 

 

 
 

Figure 7 ï Dictyoarthrinium musae (MFLU 23-0289) a. Colonies on the host. b, cïf Conidiophores 

and conidial attachments. gïj Mature conidia. Scale bars: a = 500 ɛm, bïj = 10 ɛm. 

 

Notes ï Dictyoarthrinium thailandicum was described by Ren et al. (2022) on a dead twig of 

Castanopsis sp. in Thailand. The colony was very young on the Musa host when we collected the 

sample. Hence, the basauxic conidiogenesis and formation of the first terminal conidium were clearly 

visible (Fig. 8i) in our collection. Dictyoarthrinium thailandicum differs from other taxa of the genus 

by forming conidial chains and budding in mature conidia. In the multi-gene phylogeny (Fig. 10), our 
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strain (MFLUCC 23-0280) grouped with D. thailandicum (KUMCC 21-0664 and KUMCC 21-0665), 

sister to D. musae (MFLUCC 20-0105) with ML = 97%, PP = 0.95 statistical support. Based on 

BLAST search results of SSU, LSU, ITS, and tef1 sequence data, our strain shows high similarity to  

D. thailandicum (KUMCC 21-0664) with the following percentages: SSU = 99.8%, LSU = 99%, ITS = 

100%, and tef1 = 100%, all with 100%, 99.53%, 100%, and 99% query covers, respectively. The base 

pair differences between our strain and D. thailandicum (KUMCC 21-0664) are as follows: LSU = 

0.47% (4/848), ITS = 0% (0/547), and tef1 = 0% (0/770) without gaps. Based on morphology and 

phylogeny, we report the saprobic occurrence of D. thailandicum on Musa as a new host record. 

 

 
 

Figure 8 ï Dictyoarthrinium thailandicum (MFLU 23-0290). a. b Colony on the host. c Occurrence of 

the terminal conidium and the conidiophore mother cell. dïi Conidiophores and conidial chains.  

jïk Mature conidia. Scale bars: a, b = 100 ɛm, cïk = 10 ɛm. 

 

Pseudopithomyces Ariyawansa & K. D. Hyde, Fungal Diversity 75: 64 (2015) 

Pseudopithomyces exhibits endophytic, saprobic, and pathogenic life modes on plants and also 

associates with humans. Additionally, pathogens in the genus are also the causative agents of facial 

eczema disease in animals (i.e., sheep, cattle, and deer) (Jayasiri et al. 2019, Yuan et al. 2020, 

Senwanna et al. 2021, Tennakoon et al. 2021, Silva et al. 2022, Abeywickrama et al. 2023, Chethana et 

al. 2023, Tian et al. 2024). Pseudopithomyces was introduced by Ariyawansa et al. (2015) to 

accommodate Pithomyces chartarum, P. maydicus, P. sacchari, and some of the unidentified 

Pithomyces strains that clustered in Didymosphaeriaceae. Thirteen species epithets are listed in Index 
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Fungorum (2024). Pseudopithomyces chartarum (Africa, Jamaica, Solomon Islands and Thailand),  

P. sacchari (Trinidad and Tobago) and P. maydicus (China, Taiwan) were previously reported on 

Musa spp. (Ellis 1971b, Matsushima 1971, Matsushima 1980, Lumyong et al. 2003). Da-Cunha (2014) 

identified Leptosphaerulina chartarum as the sexual morph of the genus. The asexual morph of 

Pseudopithomyces is hyphomycetous and appears as black or brownish colonies on the host. The 

septate or muriform multicellular conidia are notably verruculose and often have a spherical to 

fusiform shape (Ariyawansa et al. 2015). In this study, we report the endophytic and saprobic lifestyles 

of P. chartarum associated with living asymptomatic leaves and decaying leaves of Namwa banana 

(Musa acuminata × M. balbisiana; ABB genomic group; Pisang Awak) plants in Thailand. Our 

phylogenetic evaluation gives some insights into the lifestyle change of fungi on the same host 

(Promputtha et al. 2007, Rai & Agarkar 2016) and the transition of the endophytic lifestyle of  

P. chartarum to the saprobic mode during the senescence of the leaves. 

 

Pseudopithomyces chartarum (Berk. & M. A. Curtis) J. F. Li, Ariyawansa & K. D. Hyde, Fungal 

Diversity 75: 64 (2015)           Fig. 9 

Index Fungorum number: IF551393; Facesoffungi number: FoF00938 

Saprobic on the dead leaves of Musa acuminata. Sexual morph: Not observed. Asexual morph: 

Hyphomycetous. Colonies effuse, dark brown to black, powdery, scattered. Vegetative hyphae septate, 

branched, sub-hyaline to pale brown or hyaline, rough. Conidiophores 8ï10 × 4ï5µm (x← = 9 × 4.5 µm, 

n = 20) micronematous, mononematous, unbranched, hyaline, thin-walled, septate or aseptate, smooth 

to rough, unbranched, with globular base and a truncate apex. Conidiogenous cells 5ï8 × 3ï5 µm (x← = 

7.8 × 4.6 µm, n = 20), holoblastic, terminal, hyaline, globose or subglobose, phialide-like, integrated. 

Conidia (14ï) 18ï20 × (8ï) 10ï12 µm (x← = 18.5 × 11 µm, n = 40), brown and muriform at maturity, 

subglobose, 3ï4-transversely septate, with 1-3 longitudinal septa, darken at the septa, verruculose, 

echinulate, amygdaliform or ovoid, thick-walled, sometimes slightly constricted at septa. Immature 

conidia are light brown, single celled, septation was visible at maturity. 

Cultural characteristics ï Conidia germinate on PDA within 14ï15 hours. Colonies on PDA, 

cottony, pinkish white, light brown to brown, reaching 5 cm in 14 days at 25 °C. Mycelia are 

superficial, effuse and radially striate with a regular edge. Sporulation is usually observed after 30 days 

under 25 °C. 

Material examined ï Thailand, Chiang Rai Province, Nang Lae, on a dead leaf of Namwa banana 

(Musa acuminata × M. balbisiana; ABB genomic group; Pisang Awak), 18 May 2019, B. C. 

Samarakoon, BNS249 (MFLU 23-0291), culture MFLUCC 23-0225. 

Other materials examined ï Thailand, Chiang Rai Province, Nang Lae, isolated from a fresh leaf 

of Namwa banana (Musa acuminata × M. balbisiana; ABB genomic group; Pisang Awak), 6 

September 2018, B. C. Samarakoon, 24-6 (MFLU 23-0320), culture MFLUCC 23-0226. 

GenBank numbers ï MFLUCC 23-0225: SSU = PP811802, LSU = PP800317, ITS = PP809078, 

tef1 = PP817242, MFLUCC 23-0226: SSU = PP811803, LSU = PP800318, ITS = PP809079, tef1 = 

PP817243. 

Notes ï In the multi-gene phylogeny of combined SSU, LSU, ITS and tef1 sequence data, the 

endophytic isolate (MFLUCC 23-0226) and the saprobic isolate (MFLUCC 23-0225) grouped together 

with Pseudopithomyces chartarum with ML = 100%, PP = 0.98 statistical support (Fig. 10). There are 

some noticeable morphological differences between the endophytic and saprobic collections of  

P. chartarum. The shape and dimensions of the conidiophores and conidia are different in the 

endophytic collection as compared to the saprobic specimen. We noticed comparatively elongate 

conidiophores and enlarged conidia in the endophytic isolate, while the saprobic collection of  

P. chartarum has shortened conidiophores with globular bases and rough surfaces as well as 

comparatively thick-walled and verruculose conidia. Such morphological differences may be 

accounted for by the fact that the endophytic collection has grown in an artificial medium while the 
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saprobic strain has been more adapted to the natural environment and withstood environmental stresses 

(Powell & Koch 1977). There is a possibility that the endophytic lifestyle of P. chartarum can manifest 

itself as a saprotroph upon host decay. Future scientific research such as enzymatic assays (cellulase, 

ɓ-mannanase, polygalacturonase and xylanase activity) is necessary to evaluate our hypothesis 

(Promputtha et al. 2007, 2010). We report the endophytic and saprobic occurrence of P. chartarum 

associated with Namwa (Musa acuminata × M. balbisiana; ABB genomic group; Pisang Awak) leaves 

from Thailand. 

 

 
 

Figure 9 ï Pseudopithomyces chartarum. (MFLU 23-0291 and MFLU 23-0320). a Colony on PDA 

after 3 weeks (endophytic isolate). b Colony on PDA after 8 weeks (endophytic isolate). c Conidiomata 

on PDA. dïf Conidial attachments and conidiogenous cells. gïj Conidia. kïl Colonies on a natural 

dead host as a saprobe. mïo Conidia and conidiophores. pïr Conidia. Scale bars: c, k, l = 2 mm, dïj = 

15 ɛm. 
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Figure 10 ï Maximum likelihood tree revealed by RAxML analyses of SSU, LSU, ITS, and tef1 

sequence data of the selected genera of Didymosphaeriaceae, showing the phylogenetic position of 

Dictyoarthrinium musae (MFLU 23-0289), D. thailandicum (MFLUCC 23-0280), and the endophytic 

and saprobic isolates of Pseudopithomyces chartarum (MFLUCC 23-0226, MFLUCC 23-0225) and 

Spegazzinia musae (MFLUCC 23-0227). Supports for ML bootstrapping (Ó60%) and Bayesian 

posterior probabilities (Ó0.95 PP) are shown. The tree is rooted to Bambusistroma didymosporum 

(MFLU 15-0057 and MFLU 15-0058). Strains generated in this study are shown in blue, with ex-type 



1926 

strains in bold. The scale bar represents the expected number of nucleotide substitutions per site. The 

best-scoring RAxML tree is similar to the topology in Ren et al. (2022), with a final ML optimization 

likelihood value of -13294.28. The matrix had 769 distinct alignment patterns with 30.65% of 

undetermined characters or gaps. Estimated base frequencies were: A = 0.233754, C = 0.256194, G = 

0.275842, T = 0.234210; substitution rates AC = 0.935028, AG = 2.175795, AT = 1.265459, CG = 

0.911561, CT = 6.030124, GT = 1.0000; proportion of invariable sites: I = 0.584665; gamma 

distribution shape parameter: (Ŭ) = 0.565173.  

 

Spegazzinia Sacc. Michelia 2: 37 (1880) 

Spegazzinia was established by Saccardo (1880) and is typified by S. ornata. At present, 18 taxa 

are listed in Species Fungorum (2024). Based on morphology, the genus was accommodated in 

Apiosporaceae (Sordariomycetes) by Hyde et al. (1998). Using the SSU, LSU, ITS and tef1 sequence 

data, Tanaka et al. (2015) established the genus in Didymosphaeriaceae (Dothideomycetes). This was 

supported by a phylogenetic analysis that placed Spegazzinia in a basal clade in Didymosphaeriaceae 

(Thambugala et al. 2017, Jayasiri et al. 2019, Samarakoon et al. 2020a, Ren et al. 2022). Hughes 

(1953) characterized Spegazzinia as a genus with a unique basauxic conidiophore ontogeny 

(conidiophores that erect and elongate from a basal conidiophore mother cell). The conidia of 

Spegazzinia are dematiaceous, and of two types in most species, with a disc-shaped form and a stellate 

form (Ellis 1971b). Spegazzinia is widespread in various environments. The genus was discovered as 

saprobes associated with dead material of tropical, subtropical, and temperate vascular plant substrates 

(Jayasiri et al. 2019, Boonmee et al. 2021, Chethana et al. 2021b, 2023, Tennakoon et al. 2021, 

Jayawardena et al. 2022, Ren et al. 2022). 

 

Spegazzinia musae Samarakoon, Phookamsak, Wanas., Chomnunti & K. D. Hyde, MycoKeys 70: 27 

(2020)                      Fig. 11 

Index Fungorum number: IF835298; Facesoffungi number: FoF07237 

Saprobic on Musa sp. Sexual morph: Not observed. Asexual morph: Hyphomycetous. Colonies 

on host, black, scattered powdery mass. Conidiophore mother cells 10ï11 × 7ï8.5 ɛm (x← = 10.5 × 7.5 

ɛm, n = 10), hyaline or pale brown, subspherical or sometimes lobate from the base. Conidiophores 

elongated type and shortened type, hold two types of conidia referred to herein as Ŭ and ɓ. 

Conidiophores of Ŭ conidia (60ï) 80ï100 × 4ï5 ɛm (x← = 89 × 4.5 ɛm, n = 40), sub- hyaline, pale 

brown to dark golden brown, verruculose, rough to smooth-walled, straight to slightly flexuous, 

narrow branched or often unbranched. Conidiophores of ɓ conidia 12ï15 × 11ï12 ɛm (x← = 13.8 × 11.5 

ɛm, n = 10), erect, unbranched, hyaline. Conidiogenous cell development basauxic, occuring as single, 

terminal holoblastic conidium at the apex of conidiophore. Conidial development holoblastic. Conidia 

solitary, dry, powdery, dimorphic; Ŭ conidia (35ï) 45ï48 × (32ï) 40ï45 ɛm (x← = 48 × 42.5 ɛm, n = 

40), stellate, 4ï6-celled, globose to subglobose, deeply constricted at the septa, conspicuously 

spinulate, 4ï6 spines in each cell, each 2ï8 ɛm long, erect from the outer wall of each cell; ɓ conidia 

27ï29 × 26ï27 ɛm (x← = 27.5 × 26.5 ɛm, n = 10), disc-shaped, initially hyaline, dark brown to brown at 

maturity, 4-celled, crossed-septate, notably constricted at the septa, one side flattened. 

Cultural characteristics ï Colonies on PDA, reaching a diameter of 10 mm after 7 days at 25 °C, 

greyish white, evenly raised, smooth, moderately dense, margin entire to crenulate; reverse white to 

pinkish white. Sporulation was not observed. 

Material examined ï Thailand, Chiang Rai Province, Doi Thun, on a dead leaf on Musa sp. 

(Musaceae), 20 July 2021, B. C. Samarakoon, MN01 (MFLU 23-0292), culture MFLUCC 23-0227. 

GenBank numbers ï SSU = PP838745, LSU = PP800321, ITS = PP809082 

Notes ï Spegazzinia musae was introduced by Samarakoon et al. (2020b) as a saprobe on Musa 

sp. in Thailand. Morphologically, our new collection has short conidiophores in stellate conidia when 

compared with the type. Based on BLAST search results of SSU, LSU, ITS, and tef1 sequence data, 
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our strain shows high similarity to the ex-type of Spegazzinia musae (MFLUCC 20-0001) with the 

following percentages: SSU = 99.73%, LSU = 99.88%, ITS = 100%, and tef1 = 100%, all with 100%, 

99.53%, 100%, and 100% query covers, respectively. The base pair differences between our strain and 

S. musae (MFLUCC 20-0001) are as follows: SSU = 0.27%, LSU = 0.12% (2/848), ITS = 0% (0/540), 

and tef1 = 0% (0/778) without gaps. The molecular phylogeny of LSU, SSU, ITS and tef1 has 

suggested that our new collection belongs to Spegazzinia musae with ML = 100% and PP = 1.00 

statistical supports (Fig. 10). Spegazzinia musae was also reported from Morus australis (Moraceae) in 

Taiwan. This is the second report of S. musae in Thailand from Musa. Previously, S. deightonii and  

S. radermacherae were reported in Thailand on Musa sp. (Samarakoon et al. 2020b, Chethana et al. 

2021b). 

 

 
 

Figure 11 ï Spegazzinia musae (MFLU 23-0292). a Colony on host. bïd, h Stellate conidia with the 

conidiophores. e Conidiophore mother cell. fïk Disk-shaped conidia. Scale bars: a = 200 ɛm,  

b, c, d = 20 ɛm, e = 5 ɛm, f, g, iïk = 15 ɛm, h = 10 ɛm. 

 

Lentimurisporaceae N.G. Liu, J.K. Liu & K.D. Hyde 

Lentimurisporaceae was introduced by Liu et al. (2018) and currently accommodates 

Bahusandhika and Lentimurispora. The taxa in the family are saprobes or soil-inhabiting fungi in 
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terrestrial habitats. The hyphomycetous asexual morph has been reported from Lentimurisporaceae 

while the sexual morph remains unknown (Hongsanan et al. 2020). The asexual morph appears as 

powdery, scattered, brown or black colonies on the natural substratum with sporodochial conidiomata 

(Liu et al. 2018). The genera have brown or black, muriform to fusiform, cylindrical to rhomboidal, 

solitary or catenate conidia (Liu et al. 2018). 

 

Bahusandhika Subram., J. Indian bot. Soc. 35: 469 (1956) 

Bahusandhika was introduced by Subramanian (1956) to accommodate Polydesmus indicus and 

Septonema intercalare. Four species are now accepted in the genus (Index Fungorum 2023). 

Bahusandhika is characterized by catenate, cylindrical or rhomboidal, phragmoseptate conidia. 

Pratibha et al. (2014) accommodated the genus in Pleosporales based on molecular data (ITS and 

LSU). Latorua was placed under Bahusandhika by Crane & Miller (2016) based on morphology. Liu 

et al. (2018) treated Latorua as a distinct genus in Pleosporales with molecular support. Most of the 

Bahusandhika taxa were found in Arecaceae, Dipterocarpaceae, Poaceae and Rubiaceae (Hongsanan 

et al. 2020) in China, Costa Rica, India, Mexico, New Zealand, Panama and Venezuela (Xia et al. 

2014, Crane & Miller 2016). 

 

Bahusandhika indica (Subram.) Subram., J. Indian bot. Soc. 35: 469 (1956)           Fig. 12 

Index Fungorum number: IF293586; Facesoffungi number: FoF09666 

Saprobic on dead leaf sheath of Musa sp. Sexual morph: Not observed. Asexual morph: 

Hyphomycetous. Colonies on natural substrate dry, powder-like, effuse, black, glistening, conidia are 

liberated when disturbed. Mycelium partly superficial to immersed, brown, pale brown or sub-hyaline, 

septate, thick-walled, branched. Stroma none. Setae and hyphopodia absent. Conidiophores 8ï18 × 2ï

3 ɛm (x← = 10.2 × 2.4 ɛm, n = 20), micronematous, erect from the lateral hyphae, pale brown, often 

flexuous, or straight, septate, thick-walled, smooth, cylindrical or constricted at septa, each cell is 

spherical. Conidiogenous cells 2ï4 × 2ï3 ɛm (x← = 3.4 × 2.5 ɛm, n = 20), monotretic or bytretic, 

integrated or discrete, terminal, formed on conidiophores as well as on conidia, light to pale brown, 

subspherical, spherical or bulbous, smooth, thick- or thin-walled. Conidia 10ï15 × 5ï7 ɛm (x← = 13.3 × 

6 ɛm, n = 40), catenate, long, branched chains, brownish black or dark brown, thin-walled or often 

thick-walled, ellipsoidal, with rounded ends, cylindrical or one side flattened, 1ï3-septate, sometimes 

geniculate from the first septum, have 1ï2 connecting cells on top; connecting cells 3ï4 × 2ï3 ɛm (x← = 

3.6 Ĭ 2.9 ɛm, n = 40) spherical, paler than conidia, pale brown, smooth, thick walled, 3ï4 ɛm. 

Cultural characteristics ï Colonies reaching 25 mm in 7 days at 25 °C, sparse and flat, greyish 

brown, irregular margined, wrinkled appearance, radially striated, mouse gray to black from the top 

view; reverse smoke grey. Sporulation was not observed. The culture medium notably turns pale red 

after one week. 

Material examined ï Thailand, Chiang Mai Province, Mushroom Research Centre, on a dead leaf 

of Musa sp., 11 November 2021, Milan C. Samarakoon, MN54 (MFLU 23-0293), culture MFLUCC 

23-0304. 

GenBank numbers ï SSU = PP811805, LSU = PP800322, ITS = PP809083, tef1 = PP817245 

Notes ï Bahusandhika indica (= Polydesmus indicus) was previously isolated from coconut litter 

in Himalaya region, India (Subramanian 1956, Prasher & Verma 2012). It has also been reported from 

Xishuangbanna, Yunnan Province, China on unidentified wood as a saprobe by Xia et al. (2014). 

BLAST search results of SSU, LSU, and ITS sequence data indicate that our strain has a high 

percentage similarity to taxa in GenBank as follows: SSU = 99.26% to Lentimurispora urniformis 

(MFLUCC 18-0497) with a 100% query cover, LSU = 99.88%, and ITS = 99.38% to B. indica 

(GUFCC 18001) with query covers of 96% and 92%, respectively. The base pair differences between 

our strain and the mentioned isolates are as follows: SSU = 0.74% with L. urniformis (MFLUCC 18-

0497) (6/810), LSU = 0.12% (1/818), and ITS = 0.62% (3/483) with B. indica, all without gaps. In the 
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multi-gene phylogeny of SSU, LSU, ITS and tef1 sequence data of Lentimurisporaceae (Fig. 13), our 

strain (MFLUCC 23-0304) was grouped with B. indica with ML = 100%, PP = 1.00 statistical support. 

There have been no endophytic or pathogenic occurrences of the species worldwide. This is the first 

report of the genus in Thailand and of Musaceae. 

 

 
 

Figure 12 ï Bahusandhika indica (MFLU 23-0293). a, b Colonies on dead Musa leaf sheath.  

cïm Conidiophores and conidial chains. n Conidia. Scale bars: a = 100 ɛm, b = 25 ɛm, cïn = 10 ɛm. 
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Figure 13 ï Maximum likelihood tree revealed by RAxML analyses of SSU, LSU, ITS and tef1 

sequence data of selected genera of Pleosporales, showing the phylogenetic position of Bahusandhika 

indica (MFLUCC 23-0304). Supports for ML bootstrapping (Ó60%) and Bayesian posterior 

probabilities (Ó0.95 PP) are shown. The tree is rooted with Neoastrosphaeriella krabiensis (MFLUCC 

11-0025) in Aigialaceae. Strains generated in this study are shown in blue, with ex-type strains in bold. 

The scale bar represents the expected number of nucleotide substitutions per site. The best-scoring 

RAxML tree is similar in topology to Liu et al. (2018), with a final ML optimization likelihood value 

of -11791.114. The matrix had 818 distinct alignment patterns with 29.20% of undetermined characters 

or gaps. Estimated base frequencies were: A = 0.241613, C = 0.251575, G = 0.277261, T = 0.229551; 

substitution rates AC = 1.269454, AG = 2.612160, AT = 1.526132, CG = 1.266502, CT = 7.872040, 

GT = 1.0000; proportion of invariable sites: I=0.523039; gamma distribution shape parameter: (Ŭ) = 

0.549519. 

 

Lophiotremataceae K. Hiray. & Kaz. Tanaka  

Lophiostoma and Lophiotrema were earlier accommodated in Lophiostomataceae. The 

phylogenetic analyses (LSU and SSU) of Hirayama & Tanaka (2011) however, separated the two 

genera into two distinct families. Hence, Lophiotremataceae was erected to accommodate Lophiotrema 

and is typified by L. nucula (Hirayama & Tanaka 2011). Hashimoto et al. (2017) later introduced five 

genera (viz., Atrocalyx, Crassimassarina, Cryptoclypeus, Galeaticarpa, and Pseudocryptoclypeus) to 

Lophiotremataceae using morphology and molecular evidence. The sexual morph of 

Lophiotremataceae is characterized by beak-compressed ascomata with slit-like ostioles. The asci are 

cylindrical, short-pedicellate, bearing fusiform or cylindrical, 1-to multi-septate, hyaline to brown 

ascospores. In addition, some taxa of the family have a gelatinous sheath surrounding the ascospores 
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(Hirayama & Tanaka 2011). The family consists of saprobic taxa with a wide geographical distribution 

(Hongsanan et al. 2020). 

 

Lophiotrema Sacc., Sacc., Michelia 1: 338 (1878) 

Lophiotrema comprises species with hyaline and multi-septate ascospores (Saccardo 1883). In 

addition, the sexual morph also bears slit-like ostioles, cylindrical to cylindric-clavate asci, and a 

peridium of equal thickness (Hirayama & Tanaka 2011). The pycnidial asexual morph is reported in 

the genus and the hypomycetous morph was not observed (Hirayama & Tanaka 2011). The genus has a 

saprobic lifestyle and there are no reports on pathogenic or endophytic modes (Hongsanan et al. 2020, 

Hyde et al. 2020b, Boonmee et al. 2021, Zhang et al. 2023). There were some taxonomic confusions 

regarding Lophiostoma, but with the integration of molecular data, Lophiotrema sensu lato was 

reclassified as new genera in Lophiotremataceae (Hashimoto et al. 2017). 

 

Lophiotrema hydei J. F. Zhang, J. K. Liu & Z. Y. Liu, Phytotaxa 379: 172 (2018)           Fig. 14 

Index Fungorum number: IF555509; Facesoffungi number: FoF05216 

Saprobic on dead petiole of Musa sp. Sexual morph: Ascomata 500ï800 ɛm high, 200ï300 ɛm 

diam. (x← = 650 × 250 ɛm, n = 10), dark brown to black, scattered, immersed, conical, notably 

elongated with flattened base, uni-loculate, ostiolate. Ostioles central or lateral, carbonaceous, with a 

pore-like opening, notably elongated until 500ï550 ɛm and compressed laterally, periphyses observed, 

carbonaceous, masses of asci immersed as slimy heads from ostiolar canal. Peridium up to 25ï30 ɛm 

thick, composed of several layers of pale brown, dark-brown to black, thick-walled 

pseudoparenchymatous cells, arranged in a textura angularis or textura prismatica, becoming pale 

towards the inner layer, outermost layer fused with host tissues. Pseudoparaphyses 1.5ï2 ɛm (x← = 1.8 

ɛm, n = 40), branched, cellular, numerous, anastomosing among and between the asci, embedded in a 

gelatinous matrix, hyaline, cylindrical, tubular, rough or smooth surfaced, notably curved, sometimes 

coiling, aseptate, fasciculate, with rounded apex. Asci 100ï150 (ï200) × 3ï6 ɛm (x← = 130 × 5.2 ɛm, n 

= 40), 8-spored, bitunicate, fissitunicate, cylindrical, pedicellate, apically rounded, obtuse or acute, 

ocular chamber well developed. Ascospores 23ï28 × 4.5ï5.5 ɛm (x← = 24.5 × 4.8 ɛm, n = 40), often 

overlapping bi-seriate, hyaline, fusiform, straight or slightly curved, 4ï5 distinctly guttulate at 

immature stage, narrower towards both ends, smooth-walled, often 4ï6-septate or multi-septate at 

maturity, with or without surrounded by a mucilaginous sheath. Asexual morph: Not observed. 

Cultural characteristics ï Colonies on PDA in circular, irregular margined, profuse growth at  

25 °C, reaching 50 mm in diameter after 3 weeks, brownish-black from above, reverse grayish-brown, 

areal mycelium present, cottony and concentric ring patterns are visible. Sporulation was not observed. 

Material examined ï Thailand, Chiang Rai Province, Tap Tao, on a dead leaf of Musa sp., 18 

October 2021, B. C. Samarakoon, MN48 (MFLU 23-0294), Cultures MFLUCC 23-0281 and 

MFLUCC 23-0303. 

GenBank numbers ï MFLUCC 23-0281: LSU = PP800328, ITS = OR206386, rpb2 = 

OR206055, tef1 =  OR206051, MFLUCC 23-0303: LSU = PP800329, ITS = PP809655. 

Notes ï The BLAST search results of LSU, ITS, and tef1 sequence data reveal that our strains 

have the highest percentage similarity to L. mucilaginosum (HMAS 255437) (LSU = 100%, ITS = 

99.34%, rpb2 = 99%) with 100%, 95%, and 97% query coverage. In addition, our strains show 98.20% 

(tef1) similarity to L. hydei (MFLU 18-2075) with 100% query coverage. The base pair differences of 

the tef1 gene between our strains and L. mucilaginosum (HMAS 255437) are 2.1% (17/821) without 

gaps. Additionally, L. hydei (MFLU 18-2075) shows a 1.8% (15/834) base pair difference (without 

gaps) with our collection. The ITS region of our strain and the latter Lophiotrema species was noticed 

to be more or less similar, with slight base pair changes as follows: L. hydei 0.2% (1/477), and  

L. mucilaginosum 0.42% (2/467).  
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Figure 14 ï Lophiotrema hydei (MFLU 23-0294). a, b, c Ascomata on Musa sp. dïf Ostiolar canal.  

g Asci and pseudoparaphyses. h Pseudoparaphyses. iïo Immature asci. p Asci. qïy Ascospores. Scale 

bars: a = 500 µm, bïe = 100 µm, f = 50 µm, g, qïy = 10 µm, h = 2 µm, iïp = 20 µm. 

 

In the phylogenetic analyses of combined LSU, ITS, rpb2 and tef1 sequence data, MFLU 23-

0294 and MFLUCC 23-0303 were grouped with L. hydei (MFLU 18-2075) and L. mucilaginosum 

(HMAS 255437) with strong statistical support (ML = 100%, BI = 1.00) (Fig. 15). We could not find 

any notable morphological differences in our collection compared to L. mucilaginosum and 

Lophiotrema hydei. When we compare the ITS sequences of L. mucilaginosum (HMAS 255437) and 

L. hydei (MFLU 18-2075), only one base pair difference was noticed. The LSU base pair difference 

between these two species is 0.66% (6/903). In addition, the tef1 base pair difference between the latter 
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two species is only 1.3% (11/904). We have noticed that the tef1 sequences in Lophiotremataceae 

species have notable changes, even in the same species as L. vagabundum. We were unable to find 

enough evidence to identify L. mucilaginosum (HMAS 255437) in Phookamsak et al. (2019) as an 

independent lineage based on morphology and molecular sequences. In addition, our new collection 

(MFLU 23-0294; Fig. 14) resembles the morphology of L. mucilaginosum and L. hydei when 

disregarding the length of the ostiolar canal, which is a factor that can be variable with environmental 

pressures. Hence, we identify our two strains as L. hydei. In addition, we synonymize  

L. mucilaginosum (Phookamsak et al. 2019) as L. hydei based on our morpho-molecular observations. 

This is the first geographical occurrence of Lophiotrema in Thailand and in Musaceae. Lophiotrema 

hydei was introduced by Zhang et al. (2018) on a dead branch found in karst landforms in southwest 

China. We report the first occurrence of L. hydei on Musa in Thailand. 

 

Periconiaceae (Sacc.) Nann. 

Periconiaceae was accommodated as a distinct lineage in Massarineae by Tanaka et al. (2015) 

based on morpho-molecular data. Four genera (viz., Bambusistroma, Flavomyces, Noosia and 

Periconia) are accepted with endophytic, saprobic and pathogenic lifestyles (Sarkar et al. 2019, 

Hongsanan et al. 2020, Samarakoon et al. 2021b). 

 

Periconia Tode, Fung. mecklenb. sel. (Lüneburg) 2: 2 (1791) 

Periconia was introduced by Tode (1791) and is typified by P. lichenoides. Both the sexual and 

asexual (hypomycetous) morphs are recorded in Periconia (Tanaka et al. 2015, Liu et al. 2017, 

Samarakoon et al. 2021a, Senwanna et al. 2021, Tennakoon et al. 2021, Silva et al. 2022, Jayawardena 

et al. 2022, Tian et al. 2024). The sexual morph bears an immersed or erumpent ascomata with an 

ostiolar neck. The eight ascospores are biseriate, bear a gelatinous sheath and are broadly fusiform with 

a nearly median septum (Tanaka et al. 2015). The asexual morph of Periconia has pale to dark brown 

branched or unbranched conidiophores (referred to as stipes). Conidiogenous cells of Periconia can be 

monoblastic or polyblastic, and form at the terminal ends or intercalary parts of the conidiophore. 

Periconia usually produces spherical, aseptate, catenate or solitary, pale to dark brown conidia (Ellis 

1971b, 1976, Seifert 2011). Taxa of the genus have been reported as plant pathogens, endophytes and 

common saprobes in terrestrial and aquatic environments worldwide (Ellis 1971b, 1976, Markovskaja 

& Kaļergius 2014, Liu et al. 2017). At present, 187 epithets are listed under Periconia (Index 

Fungorum 2023). Periconia byssoides (Venezuela, Cuba, and Somalia), P. cortaderiae, P. digitata 

(Thailand, Malaysia), P. delonicis (Thailand), P. lateralis (Thailand) and P. minutissima (Ghana) were 

previously reported on Musa spp. (Samarakoon et al. 2021b, Farr & Rossman 2024). This study 

presents the occurrence of P. echinochloae as a saprobe on Musa leaves from Thailand for the first 

time. 

 

Periconia echinochloae (Bat.) M. B. Ellis, Dematiaceous Hyphomycetes (Kew): 347 (197) 

                      Fig. 17 

Index Fungorum number: IF319348; Facesoffungi number: FoF15200 

Saprobic on a dead leaf of Musa sp. Sexual morph: Not observed. Asexual morph: 

Hyphomycetous. Colonies on host scattered, with a stipe and spherical to rod-shaped head. 

Conidiophores (650ï) 800ï850 × 15ī18 ɛm (x← = 823 × 16.5 ɛm, n = 30), macronematous, 

mononematous, single or rarely 2ï3 together, branched from the apex or unbranched, erect, thick-

walled, dark brown to black, paler towards the apex, sub-hyaline at the apex where conidiogenesis 

occurs, septate, rough, base swollen and spherical, apex cylindrical, mature wall at the base masking 

the immature apical parts and resulting in an uneven width of the conidiophore, straight or flexuous. 

Conidiogenous cells 20ï23.5 × 19.5ï21 ɛm (x← = 22 × 20 ɛm, n = 10), discrete on stipe and branches, 

determinate, spherical. Conidia (15ï) 18ï20 × 13ï18 ɛm (x← = 18.5 × 17 ɛm, n = 40), catenate, one-
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celled, spherical, hyaline to pale brown at immature stage, becoming brown to dark brown, smooth or 

minutely verruculose, rarely guttulate. 

Cultural characteristics ï Colonies on PDA, reaching a diameter of 30 mm after 14 days at 25 °C, 

flat at immature stage and raised at maturity, smooth to cottony or slightly hairy, with an entire edge, 

white to grey near the margin, moderately dense, circular; reverse white to greenish olivaceous. 

 

 
 

Figure 15 ï Maximum likelihood tree revealed by RAxML analyses of LSU, ITS, rpb2 and tef1 

sequence data of the taxa of Pleosporales, showing the phylogenetic position of Lophiotrema hydei 

(MFLUCC 23-0281 and MFLUCC 23-0303). Supports for ML bootstrapping (Ó60%) and Bayesian 

posterior probabilities (Ó0.95 PP) are shown. The tree is rooted with Antealophiotrema brunneosporum 

(CBS 123095) and A. populicola (CBS 147528, CBS 147529). Isolates from this study are shown in 

blue, with ex-type strains in bold. The scale bar represents the expected number of nucleotide 

substitutions per site. The best-scoring RAxML tree agrees with the previous taxonomic findings of 

Hashimoto et al. (2017) and Hongsanan et al. (2020), with a final ML optimization likelihood value of 

-15315.94. The matrix had 934 distinct alignment patterns with 15.35% of undetermined characters or 

gaps. Estimated base frequencies were: A = 0.241601, C = 0.274035, G = 0.269732, T = 0.214631; 

substitution rates AC = 1.616994, AG = 4.111512, AT = 1.235181, CG = 1.285721, CT = 9.343373, 
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GT = 1.0000; proportion of invariable sites I = 0.395580; gamma distribution shape parameter (Ŭ) = 

0.427433. 

 

Material examined ï Thailand, Chiang Rai Province, Doi Mae Sa Long, on the mid-rib of a dead 

leaf of Musa sp., 9 September 2018, B.C. Samarakoon, BNS11 (MFLU 23-0295), culture MFLUCC 

23-0228. 

GenBank numbers ï SSU = PP811806, LSU = PP800323, ITS = PP809084 

Notes ï Periconia echinochloae has a cosmopolitan distribution and has been found on many 

plant hosts as a saprobe (i.e., Andropogon, Brachiaria, Cenchrus, Cordia, Cynodon, Echinochloa, 

Heteropogon, Juncus, Monochoria, Pandanus, Panicum, Paspalum, Phragmites, Saccharum, 

Schoenoplectus, Sorghum, Zea mays) (Ellis 1971a, 1976, Farr & Rossman 2024). BLAST search 

results of SSU, LSU, and ITS sequence data indicate that our isolate has a high percentage similarity to 

taxa in GenBank as follows: ITS = 100% to P. echinochloae (strain 3-F26), LSU = 100% to  

P. echinochloae (isolate extr22) with a 100% query cover. The SSU shows 98.57% similarity to  

P. byssoides (MFLUCC 17-0292) with 99% of total cover. The description of the holotype of  

P. echinochloae by Ellis (1971a) is similar to our new collection except for the verruculose conidia, 

whereas our collection has smooth conidia without warts. However, in the phylogenetic analyses 

(combined SSU, LSU, ITS and tef1), our strain (MFLUCC 23-0228) was grouped with the  

P. echinochloae strains, sister to P. submersa (MFLUCC 16ī1098) with ML = 100%, BI = 1.00 

statistical support (Fig. 16). This is the first report of P. echinochloae in Thailand and on Musa. 

 

Phaeosphaeriaceae M.E. Barr 

Barr (1979) introduced the family and Phaeosphaeria was designated as the type genus. 

Phaeosphaeriaceae accommodates several groups of species exhibiting saprobic, endophytic and 

pathogenic lifestyles with a global ecological distribution (Phookamsak et al. 2014, Hongsanan et al. 

2020). The family often has coelomycetous asexual fruiting structures and rarely comprises the 

hyphomycetous morph (Phookamsak et al. 2014, Wanasinghe et al. 2018, Hongsanan et al. 2020). 

More than 80 genera have been accepted in Phaeosphaeriaceae (Hongsanan et al. 2020, Jayawardena 

et al. 2022). 

 

Phaeosphaeria Miyake, Bot. Mag., Tokyo 23: 93 (1909) 

Phaeosphaeria taxa are reported from temperate and tropical geographical localities (Hyde et al. 

2017, Phookamsak et al. 2014, Silva et al. 2022, Farr & Rossman 2024, Tian et al. 2024). The genus 

comprises saprobes, endophytes or pathogens and is notably associated with monocotyledon plants 

(Phookamsak et al. 2014, Hyde et al. 2017, Farr & Rossman 2024). Some taxa (such as P. nodorum) 

cause serious foliar diseases in wheat and maize (Shoemaker & Babcock 1989). Phaeosphaeria is 

polyphyletic and several sensu lato taxa were grouped with various genera in Phaeosphaeriaceae (i.e., 

Amarenomyces, Juncaceicola, Neosetophoma, Parastagonospora, Phaeopoacea, 

Pseudophaeosphaeria, Septoriella) and also in other familial positions in Pleosporales (Phookamsak et 

al. 2014). Phaeosphaeria musae has been previously described on Musa cavendishii in Taiwan by 

Sawada (1959). This study reports the first occurrence of P. oryzae on Musa in Thailand. 

 

Phaeosphaeria oryzae I. Miyake, Bot. Mag., Tokyo 23: 93 (1909)             Fig. 18 

Index Fungorum number: IF142561; Faces of Fungi number: FoF00234 

Associated with the necrotic area of the leaf spots on Musa sp. Sexual morph: Ascomata 180ï210 × 

162ï180 ɛm (x← = 190 × 170 ɛm, n = 20) scattered, rarely clustered, immersed, slightly raised from the 

host tissue, appearing as minute, black dots, uniloculate, often globose or subglobose, glabrous, golden 

brown to dark brown. Ostioles central, papillate. Peridium 20ï30 ɛm wide, composed of 2ï3 layers of 

thin-walled, brown to dark brown, flattened pseudoparenchymatous cells, arranged in textura 
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angularis. Pseudoparaphyses 2ï3 ɛm wide, filiform, broad, septate, but septa are difficult to 

distinguish, hyaline, rough, cylindrical to clavate, constricted at the septa, sometimes connected from 

 

 
 

Figure 16 ï Maximum likelihood tree revealed by RAxML analyses of comnined SSU, LSU, ITS and 

tef1 sequence data of the selected taxa of Massarinaceae and Periconiaceae showing the phylogenetic 

position of Periconia echinochloae (MFLUCC 23-0228). Supports for ML bootstrapping (Ó60%) and 

Bayesian posterior probabilities (Ó0.95 PP) are shown. The tree is rooted with Helminthosporium 

dalbergiae (MAFF 243853) and Massarina cisti (CBS 266.62). Strains generated in this study are 

shown in blue, with ex-type strains in bold. The scale bar represents the expected number of nucleotide 

substitutions per site. The best-scoring RAxML tree is similar to the topology in Samrakoon et al. 

(2021a), with a final ML optimization likelihood value of -9461.87. The matrix had 553 distinct 

alignment patterns with 31.36% of undetermined characters or gaps. Estimated base frequencies were: 

A = 0.233074, C = 0.256119, G = 0.274249, T = 0.236557; substitution rates AC = 2.223755, AG = 

2.801504, AT = 1.728235, CG = 1.316046, CT = 10.820110, GT = 1.0000; proportion of invariable 

sites I = 0.618621; gamma distribution shape parameter (Ŭ) = 0.606025. 
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Figure 17 ï Periconia echinochloae (MFLU 23-0295). aïc Conidiophores bearing conidia on host.  

d, e, h Conidia and conidiophores. f Base of the conidiophore. g Conidiogenesis from terminal mother 

cells. i, j Conidia. Scale bars: a = 1 mm, b = 100 ɛm, d = 50 ɛm, f = 25 ɛm. c, e, gïj = 20 ɛm. 

 

the apex. Asci (34ï) 40ï55 (ī70) × 10ï13 (ī14) ɛm (x← = 48.5 × 12.6 ɛm, n = 40), fissitunicate, 

bitunicate, often 8-spored, broadly cylindrical, short-pedicellate or sometimes subsessile, apically 

rounded with distinct ocular chamber, sometimes ocular chamber indistinct. Ascospores (15ï) 18ï21 × 

3ï4 ɛm (x← = 19 × 3.5 ɛm, n = 30), phragmosporous, overlapping 2-seriate, narrowly fusiform, hyaline 

or often brown, 3-septate, rarely 2-septate, constricted at the septa in some spores, slightly curved, or 

sometimes straight, smooth to rough-walled. Asexual morph: Not observed. 

Cultural characteristics ï Colonies on PDA brown from above, cottony, hairy, raised, concentric 

ring patterns are visible, irregular margin, profuse growth at 25 °C, reaching 30 mm in diameter after 3 

weeks; reverse grayish-brown, areal mycelium is not visible. Sporulation was not observed. 

Material examined ï Thailand, Chiang Rai Province, Mae Fah Luang, on leaf spots on Musa sp., 

20 June 2021, B.C. Samarakoon, 449 (MFLU 23-0296), MFLUCC 23-0244. 

GenBank numbers ï SSU = PP837496, LSU = PP800324, ITS = PP809085, tef1 = PP817244 

Notes ï Phaeosphaeria oryzae was discovered in the Asian region, causing leaf spots on rice 

plants and also being found as a saprobe (Phookamsak et al. 2014). The species was later reported from 

a few plant hosts (i.e., Bambusa multiplex, Japan; Cyperus monti, Italy; Etlingera sp., Thailand; and 

Phragmites australis, Japan) (Shoemaker & Babcock 1989, Tanaka & Harada 2004, Phookamsak et al. 
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2014). The fungus has not been reported on Musa sp. and this is its first occurrence. Interestingly, our 

strain was isolated from the leaf spots and may have pathogenicity for Musa sp. However, the artificial 

innoculation of the fungus should be conducted to prove the pathogenicity of P. oryzae in a natural 

setting. We have noticed some morphological differences between our collection (i.e., the dimensions 

of ascospores and asci) and the lectotype of P. oryzae described by Phookamsak et al. (2014). These 

variations can be regarded as environmental and host adaptations, and the molecular data of our strain 

are almost identical with the ex-type. In addition, the morphology of our collection is similar to the 

illustrations of Shoemaker & Babcock (1989). The BLAST search results of LSU, ITS, rpb2 and tef1 

sequence data revealed that our new collection has the highest percentage similarity to P. oryzae (CBS 

110110) (LSU = 100% and ITS = 100%, rpb2 =  100% and tef1 =  100%) with 100% and 99% query 

cover. In the multi-gene analyses of combined LSU, ITS, rpb2 and tef1 sequence data, our strain 

(MFLUCC 23-0244) was grouped with P. oryzae (CBS 110110) with ML = 90%, BI = 1.00 statistical 

support (Fig. 19).  

 

Pleosporaceae Nitschke 

The taxa in this family represent various lifemodes, such as plant and human pathogens, woody 

and leaf saprobes, and endophytes (Woudenberg et al. 2013). The sexual morph is distinguished by 

perithecial, hairy or setose, ostiolate ascomata that range from erumpent to nearly superficial. The asci 

are 8-spored, bitunicate, and cylindric-clavate, with 1ï2-seriate, partially overlapping, phragmosporous 

or muriform, brown or pale brown ascospores (Ariyawansa et al. 2015). The asexual morphs of the 

family are hyphomycetous and the conidiogenous cells are annellidic, sympodial blastic, and 

sometimes phialidic. The conidia are usually large, brown, septate, and have various shapes (Kodsueb 

et al. 2006). The most researched asexual morphs with a high propensity to become pathogens in 

terrestrial habitats are Alternaria, Bipolaris, Curvularia, and Stemphylium (Woudenberg et al. 2013). 

Hongsanan et al. (2020) accepted 23 genera in Pleosporaceae. Torres-Garcia et al. (2022) added two 

novel genera, Neostemphylium and Scleromyces, to the family. 

 

Curvularia Boedijn, Bull. Jard. bot. Buitenz, 3 Sér. 13: 123 (1933) 

Curvularia includes pathogens and saprobes on a wide range of plant hosts worldwide (Hyde et 

al. 2020b, Marin-Felix et al. 2020, Ferdinandez et al. 2021, Jayawardena et al. 2022, Olivas-Peraza et 

al. 2022, Tian et al. 2024). The pathogenic taxa of the genus target agricultural commercial crops of 

Poaceae such as maize, wheat, sorghum and rice (Tan et al. 2018). Recent studies report that 

Curvularia causes infections in immunocompromised patients (Carter & Boudreaux 2004). The genus 

has also been discovered in air, aquatic environments and soil (Manamgoda et al. 2015). The asexual 

morph of Curvularia resembles brown distoseptate conidia with a characteristic curvature. This 

differentiates the genus morphologically from Bipolaris (Manamgoda et al. 2015). Molecular data is 

essential to distinguish Curvularia at the species level since several taxa have shared phenotypic 

characters with overlapping structural dimensions (Marin-Felix et al. 2020). Furthermore, Manamgoda 

et al. (2015) and Marin-Felix et al. (2020) revised the phylogeny of Curvularia and currently, there are 

around 114 confirmed taxa with molecular data. Previously, several taxa were reported on Musa spp. 

(viz., C. clavata, Bangladesh; C. coatesiae, Iran; C. eragrostidis, Brunei Darussalam; C. fallax, 

Solomon Islands and Malaysia; C. geniculata, Cuba and Thailand; C. lunata, Ghana and Taiwan;  

C. lunata, C. pallescens, C. senegalensis, C. verruculosa, West Indies (Farr & Rossman 2024). 

 

Curvularia umbiliciformis M. Raza, K. D. Hyde & L. Cai, Fungal Diversity 99: 72 (2019)        Fig. 21 

Index Fungorum number: IF556671; Facesoffungi number: FoF06161 

Associated with the necrotic area of the leaf spots on Musa sp. Sexual morph: Not observed. 

Asexual morph: Hypomycetous. Colonies eye-shaped, effuse, brown or black, hairy or cottony. 

Mycelium immersed in the substrate. Stromata not observed on the host. Conidiophores (30ï) 40ï50 (ï
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65) × 5ï7 ɛm (x← = 44.5 × 6.4 ɛm, n = 30) macronematous, mononematous, straight or flexuous, sub-

hyaline or pale brown, verruculose, thick-walled, septate, globose or spherical apex, base wider or 

lobate. Conidiogenous cells 8ï10 × 5ï6 ɛm (x← = 8.8 × 5.2 ɛm, n = 30), polytretic, integrated, terminal,  

 

 
 

Figure 18 ï Phaeosphaeria oryzae (MFLU 23-0296). a, b, c Leaf spot symptoms on Musa sp.  

d, e Ascomata on the necrotic patch. f Transverse section of the ascomata. h Asci and 

pseudoparaphyses. i Pseudoparaphyses. g Deliquescing asci, jïm Immature asci. nïp Asci. r Immature 
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spore. q, sïw Ascospores. Scale bars: d = 1000 µm, e = 100 µm, f, h, jïl = 20 µm, g = 30 µm, i = 2 

µm, mïw = 15 µm. 

 

 
 

Figure 19 ï Maximum likelihood tree revealed by RAxML analyses of LSU, ITS, rpb2 and tef1 

sequence matrix of some selected genera in Pheosphariaceae, showing the phylogenetic position of 

Phaeosphaeria oryzae (MFLUCC 23-0244). Supports for ML bootstrapping (Ó60%) and Bayesian 

posterior probabilities (Ó0.95 PP) are shown. The tree is rooted with Wojnowicia lonicerae (MFLUCC 

13-0737) and W. dactylidis (MFLUCC 13-0735). Strains generated in this study are shown in blue, 

with ex-type strains in bold. The scale bar represents the expected number of nucleotide substitutions 

per site. The best-scoring RAxML tree is similar to the topology in Phookamsak et al. (2014), with a 

final ML optimization likelihood value of -12989.17. Estimated base frequencies were: A = 0.242342, 

C = 0.235441, G = 0.265837, T = 0.256380; substitution rates AC = 1.561507, AG = 3.785414,  

AT = 3.839060, CG = 0.836765, CT = 8.666533, GT = 1.0000; proportion of invariable sites I = 

0.663431; gamma distribution shape parameter (Ŭ) = 0.448326. 
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sympodial, cylindrical, cicatrized. Conidia (30ï) 35ï40 × 13ï17 ɛm (x← = 38 × 14.8 ɛm, n = 40) 

solitary, acropleurogenous, simple, often curved, geniculate clavate, ellipsoidal, broadly fusiform, 

obovoid or pyriform with 3 or more transverse septa, pale or dark brown, immature conidia are 

hyaline, sometimes with dark bands at the septa, occasionally pseudo-septate, smooth or verrucose; 

hilum is present at the base. 

Cultural characteristics ï Colonies on PDA reaching 35 mm diameter after 2 weeks at 25 °C, 

sparse, embed, flat, radially striated, slightly wrinkled appearance, grayish black from the top view; 

reverse mouse gray, aerial mycelium absent, undulate to lobate margined. Sporulation was observed 

after 3 weeks. 

Material examined ï Thailand, Chiang Rai Province, Mae Lao, on a fresh leaf spot on Musa sp. 

(Musaceae), 14 May 2021, B.C. Samarakoon, 433A (MFLU 23-0298), culture MFLUCC 23-0245. 

GenBank numbers ï ITS = PP809086, tef1 = PP840920 

Notes ï Curvularia umbiliciformis was introduced by Raza et al. (2019) in Guangxi Province, 

China, and is associated with the leaf spots of Saccharum officinarum. Our new collection was 

discovered from the leaf spots on Musa sp., and there might be a potential pathogenicity. However, 

challenge inoculations should be conducted in the future to confirm this hypothesis. There has not been 

any occurrence of the species since the first discovery by Raza et al. (2019). The holotype has been 

described from the structures that have grown in an artificial medium, and there are few morphological 

differences in spore dimensions and conidiophore morphology between the holotype and our 

collection. However, molecular evidence (Fig. 20) supports the conspecificity of our strain (MFLUCC 

23-0245) with C. umbiliciformis in the multi-gene analysis of ITS, gapdh and tef1 sequence data 

(statistical support: ML = 100%, BI = 1.00) sister to C. chiangmaiensis, C. dactylocteniicola and  

C. lunata. BLAST search results of ITS, gapdh, and tef1 sequence data indicate that our isolate shows 

100% similarity to C. umbiliciformis (CGMCC3.19346) in GenBank with a 100% query cover. This is 

the first report of C. umbiliciformis on Musaceae from Thailand. 

 

Pyrenochaetopsidaceae Valenzuela-Lopez, Crous, Cano, Guarro & Stchige  

The family was introduced by Valenzuela-Lopez et al. (2018) to accommodate Pyrenochaetopsis 

(type genus), Neopyrenochaetopsis and Xenopyrenochaetopsis. Previously, only the asexual morphic 

taxa were described, and recently, the sexual morph was described from Pyrenochaetopsis 

chromolaenae and P. yunnanensis (Mapook et al. 2020, Phookamsak et al. 2022). The asexual morph 

in Pyrenochaetopsidaceae comprises pycnidial, glabrous or setose, subglobose to ovoid conidiomata 

with papillate or apapillate ostioles. The conidiophores are hyaline, acropleurogenous and phialidic 

(Phookamsak et al. 2022). Most species produce numerous conidia, which are usually aseptate, 

hyaline, and ovoid, ranging from cylindrical to allantoid (Valenzuela-Lopez et al. 2018). The genera of 

the family can be saprobes, endophytes, or opportunistic pathogens for humans (Hongsanan et al. 

2020). 

 

Pyrenochaetopsis Gruyter, Aveskamp & Verkley, Mycologia 102: 1076 (2010) 

The genus was introduced by de Gruyter et al. (2010) to include phoma-like taxa. Nineteen 

Pyrenochaetopsis species epithets can be found in the Index Fungorum (2024). The taxa have been 

found in different ecological niches as saprobes, endophytes, and pathogens associated with plants (de 

Gruyter et al. 2010). In addition, some Pyrenochaetopsis are facultative lichenicolous coelomycetes 

and have also been discovered on cysts of nematodes. Some species have been discovered in aquatic 

habitats, soil, dung, and air samples (de Gruyter et al. 2010, 2013, Crous et al. 2014), and recent 

scientific studies have recovered a variety of bioactive compounds from their members (Nogawa et al. 

2018, Fan et al. 2020). Pyrenochaetopsis chromolaenae has been previously reported from Thailand by 

Mapook et al. (2020), but there is no report on the occurance of the genus on Musa spp. In this study, 

we introduce Pyrenochaetopsis musae as a novel taxon, which we report from the leaf spots on Musa 
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sp. from Thailand. This is the first occurrence of Pyrenochaetopsis in Musaceae and the second report 

from Thailand. 

 

 
 

Figure 20 ï Maximum likelihood tree revealed by RAxML analyses of ITS, gapdh and tef1 sequence 

data of the selected genera of Pleosporaceae, showing the phylogenetic position of (MFLUCC 23-

0245). Supports for ML bootstrapping (Ó60%) and Bayesian posterior probabilities (Ó0.95 PP) are 
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shown. The tree is rooted with Alternaria abundans (CBS 534.83), A. alternantherae (CBS 124392 

and CBS 126989). Strains generated in this study are shown in blue, with ex-type strains in bold. The 

scale bar represents the expected number of nucleotide substitutions per site. The best-scoring RAxML 

tree is similar in topology to the phylogenetic analysis of Raza et al. (2019), with a final ML 

optimization likelihood value of -22329.10. The matrix had 992 distinct alignment patterns with 

22.39% of undetermined characters or gaps. Estimated base frequencies were: A = 0.233931, C = 

0.302099, G = 0.238268, T = 0.225702; substitution rates AC = 0.884968, AG = 2.800765, AT = 

0.865999, CG = 1.067695, CT = 5.505473, GT = 1.0000; proportion of invariable sites I = 0.372638; 

gamma distribution shape parameter (Ŭ) = 0.431919. 

 

Pyrenochaetopsis musae Samarakoon, K.D. Hyde & Chomnunti, sp. nov. Fig. 22 

Index Fungorum number: IF901534; Facesoffungi number: FoF15202 

Holotype ï MFLU 23-0299 

Etymology ï The species epithet represents the host genus Musa from which the novel taxon has 

been found. 

Associated with the necrotic area of the leaf spots with a black leaf streak lesion on Musa sp. 

Sexual morph: Not observed. Asexual morph: Coelomycetous. Conidiomata 90ï110 × 70ï80 ɛm (x← = 

96 Ĭ 74 ɛm, n = 20), pycnidial, pale brown to brown or black, solitary, scattered, often apapillate or 

sometimes papillate, immersed to superficial, globose to subglobose, uni-loculate. Peridium 10ï12 ɛm 

wide from the side view, thin-walled in the middle and thick-walled at the periphery, 1ï4 layers, 

hyaline, composed of sub-hyaline or pale to dark brown pseudoparenchymatous cells of textura 

angularis or sometimes textura globulosa. Conidiophores reduced to conidiogenous cells and produce 

simple conidia. Conidiogenous cells 4ï6 × 1ï2 ɛm (x← = 5.2 × 1.5 ɛm, n = 20), phialidic, elliptic, thick-

walled, hyaline, discrete, aseptate, erect from the inner cavity of the wall of pycnidia. Conidia 4ï6 × 2ï

3 ɛm (x← = 5 × 2.5 ɛm, n = 40), numerous, hyaline, guttulate at immature stage, subglobose to oblong or 

spherical, sometimes kidney-shaped, aseptate, thick-walled at times. 

Cultural characteristics ï Conidia germinating on PDA within 18 hours. Colonies on PDA reach 

25 mm diameter after one week at 25 °C. Colonies on PDA dense, irregular in shape, sometimes entire 

margined or lobate, mouse gray, black or brown, flat to slightly raised, surface smooth or rough, 

somewhat cottony; after one month, colony from above initially gray or golden brown or black; with 

time, cottony mycelium is reducing and becoming sparse, flat and immersed; after two months, the 

colony is radially striated, golden brown or black, leathery, shiny, pycnidial masses with numerous 

spores are visible, solitary or fused, uni-loculate or multi-loculate, conidial masses appear on the 

ostiole as slimy heads. 

Material examined ï Thailand, Chiang Rai Province, Doi Mae Sa Long, associated with the leaf 

spot on Musa sp., 24 June 2021, B.C. Samarakoon, 451 (MFLU23-0299, holotype), ex-type MFLUCC 

23-0305. Other strain MFLUCC 23-0306 

GenBank numbers ï MFLUCC 23-0305: LSU = PP800332, ITS = OR206388, tub2 = PP840935, 

rpb2 = OR209486, MFLUCC 23-0306: LSU = PP800333, ITS = PP809656, tub2 = PP840936, rpb2 = 

PP840923. 

Notes ï The BLAST search results of LSU, ITS, tub2 and rpb2 sequence data revealed that 

Pyrenochaetopsis musae has the highest percentage similarity to P. botulispora (UTHSC: DI16-289) 

(LSU = 99.88% and ITS = 99.17%) with 100% and 97% query covers. The new taxon shows 94.65% 

(tub2) similarity to P. kuksensis (MEND-F-0058) and 96.15% (rpb2) match to P. paucisetosa (CBS 

142460) with 97% and 96% query cover. In the multi-gene phylogeny of LSU, ITS, tub2 and rpb2 

sequence data (Fig. 23), P. musae isolates (MFLUCC 23-0305 and MFLUCC 23-0306) formed an 

independent lineage, with closer phylogenetic affinity to P. botulispora, P. Paucisetosa, and  

P. tabarestanensis with ML = 100%, BI = 1.00 statistical support. Our new strains have 1.2% (LSU = 

11/859), 0.62% (ITS = 3/478), 7.93% (tub2 = 35/441) and 3.85% (rpb2 = 31/805) base pair differences 
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with P. paucisetosa (CBS 142460). Our new species morphologically differs from P. paucisetosa in 

lacking setae and having elliptic-shaped, thick-walled phialides. The phialides of P. paucisetosa are 

rather ampulliform and notably thin-walled (Valenzuela Lopez et al. 2018). Based on morpho-

molecular evidence, P. musae is introduced in this study as a new coelomycetous taxon associated with 

leaf spots on Musa sp. from Thailand. 

 

 
 

Figure 21 ï Curvularia umbiliciformis (MFLU 23-0298). a, b Leaf spots on bananas show a wide 

necrotic diseased area and the chlorotic region. cïe Conidiophores on the host resembling eye-shaped 
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colonies. f Conidiogenesis. gïi Conidiophores. j Polytretic, integrated, terminal, cicatrized 

conidiogenous cells. kïv Conidia. Scale bars: c = 1 cm, d = 50 ɛm, e = 100 ɛm, fïi, lïw = 10 ɛm,  

j, k = 1 ɛm. 

 

 
 

Figure 22 ï Pyrenochaetopsis musae (MFLU 23-0299, Holotype). a, b Leaf spots with a black leaf 

streak lesion on Musa sp. c Appearance of conidiomata on the white necrotic center. d Transverse 

section of conidiomata. e Conidiomatal wall. f Conidiogenous cells. gïj, pïr Conidia. k Colonies on 

PDA after two months. l Conidiomata on PDA. m Squash mount of conidiomata. n Mycelium.  

o Conidiogenesis. Scale bars: a = 15 cm, b = 2 cm, l = 1 mm, c = 200 µm, m = 100 µm, d = 20 µm,  

e, fïj, oïr = 5 µm, n = 2 µm. 
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Figure 23 ï Maximum likelihood tree revealed by RAxML analyses of LSU, ITS, tub2 and rpb2 

sequence data of the genera of Pyrenochaetopsidaceae, illustrating the taxonomic position of 

Pyrenochaetopsis musae (MFLUCC 23-0305 and MFLUCC 23-0306). Supports for ML bootstrapping 

(Ó60%) and Bayesian posterior probabilities (Ó0.95 PP) are indicated. The tree is rooted with 

Neopyrenochaetopsis hominis (CBS143033). Strains generated in this study are shown in blue, with 

ex-type strains in bold. The scale bar represents the expected number of nucleotide substitutions per 

site. The best-scoring RAxML tree is similar to the topology of Phookamsak et al. (2022), with a final 

ML optimization likelihood value of -11630.31. The matrix had 702 distinct alignment patterns with 

6.05% of undetermined characters or gaps. Estimated base frequencies were: A = 0.245208, C = 

0.243002, G = 0.273277, T = 0.238513; substitution rates AC = 1.946761, AG = 5.277630, AT = 

2.451768, CG = 1.235626, CT = 10.605563, GT = 1.0000; proportion of invariable sites I = 0.481751; 

gamma distribution shape parameter (Ŭ) = 0.417082.  

 

Roussoellaceae Jian K. Liu, Phook., D.Q. Dai & K.D. Hyde  

Roussoellaceae was introduced by Liu et al. (2014) to accommodate Neoroussoella, Roussoella 

and Roussoellopsis. Hongsanan et al. (2020) accepted 12 genera in the family. Most genera in 

Roussoellaceae exhibit a saprobic lifestyle on many plant hosts and are often discovered on bamboo 

and palms (Hongsanan et al. 2020). The sexual morph is represented by solitary or gregarious, loculate, 

ostiolate, or papillate ascostromata. The asci are 8-spored, bitunicate, and have a distinct ocular 


