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Abstract  

Species belonging to Albonectria, Fusarium, and Neocosmospora are well-known destructive 

phytopathogens and are widely distributed worldwide. Although these genera have been well 

studied in recent years, fewer studies have focused on understanding the relationship between these 

fungi and ornamental plants in China, the largest producer of ornamental plants. The present study 

collected ornamental plant samples with disease symptoms from South China. In total, 77 fusarioid 

isolates were obtained from 25 ornamental plants representing 24 genera. These isolates were 

further identified using six gene regions: the internal transcribed spacer regions (ITS), calmodulin 

(CaM), the RNA polymerase largest subunit (rpb1), the RNA polymerase second largest subunit 

(rpb2), the translation elongation factor 1-alpha (tef1-Ŭ) and ɓ-tubulin (tub2). Based on multi-gene 

phylogeny and morphology, 25 species were identified, including eight new species belonging to 

three genera, Albonectria, Fusarium, and Neocosmospora were identified. Among these, 19 species 

belonged to four Fusarium species complexes, viz., F. fujikuroi species complex, F. nisikadoi 

species complex, F. oxysporum species complex, and the F. tricinctum species complex. Here, we 

described five new Fusarium species, namely, F. anoectochili, F. cymbidii, F. dendrobii,  

F. dendranthematis, F. guangdongense, and one undefined species. In addition, five 

Neocosmospora species were identified, and two species N. guangdongensis and N. paphiopedili, 

were described as new. In addition, we described a new Albonectria species, A. schimae. Further, 

taxonomic updates in this study showed that Fusarium rosae-roxburghii should be reduced to 

synonymy with F. odoratissimum based on phylogenetic placements and morphological 

similarities. Our study also provides 23 new fungal-host associations from 15 fusarioid species. 

This study indicates a rich diversity of fusarium-like genera in ornamental plants in subtropical and 

tropical parts of China. Also, it provides a basic understanding of identifying common diseases 

caused by fusarioid fungi. 
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INTRODUCTION  

Albonectria, Fusarium, and Neocosmospora belong to Nectriaceae, Hypocreales in 

Sordariomycetes (Maharachchikumbura et al. 2015, Wijayawardene et al. 2022, Chen et al. 2023b). 

They include some of the most devastating phytopathogens, comprising diverse and cosmopolitan 

species (Burgess 2014). Including Fusarium, 21 genera in Nectriaceae produce fusarium-like 

asexual morphs, commonly known as fusarioid species (Crous et al. 2021, 

https://www.fusarium.org/). The two largest genera, Fusarium and Neocosmospora, include 

numerous plant pathogens, as well as saprobes and endophytes (Crous et al. 2021). Link (1809) 

introduced Fusarium based on its morphology, but the genus has subsequently undergone several 

controversial taxonomic treatments (Geiser et al. 2013, Sandoval-Denis et al. 2019, OôDonnell et 

al. 2020, Geiser et al. 2021, Hyde et al. 2023). The most recent taxonomic update for Fusarium is 

given by Crous et al. (2021), in which fusarioid species were analysed based on multi-gene 

phylogenetic analyses and in-depth morphological characterisation. To date, 20 species complexes 

or lineages have been accepted in Fusarium (Crous et al. 2021, https://www.fusarium.org/), and the 

number of species is still increasing, with 1783 Fusarium epithets listed in Index Fungorum 

(www.indexfungorum.org). Neocosmospora was established by Smith (1899). Sandoval-Denis et 

al. (2019) suggested that the F. solani species complex should be redefined as Neocosmospora. 

These taxonomic changes have undergone several controversial treatments, and currently, the  

F. solani species complex is accepted as Neocosmospora (Crous et al. 2021). Members of 

Albonectria are associated with fusarioid asexual morphs and are characterised by white to pale 

yellow perithecia (Lombard et al. 2015). Four Albonectria species have been accepted (Zhang et al. 

2023a), and only two species have DNA sequence data.  

Species of Albonectria, Fusarium and Neocosmospora have been found in various perennial 

crops, such as apples (Lee et al. 2017), cashew nuts (Matos et al. 2016), cocoa trees (Vicente et al. 

2012), and robusta coffee (Belan et al. 2018), causing root and stem rots, and vascular wilt on 

economically important crops worldwide (Navi & Yang 2016, Guarnaccia et al. 2019, Han et al. 

2023, Zakaria 2023). In addition, Fusarium-wilt causes major damage to annual crops such as 

solanaceous and grain crops. Ornamental plants consist of cut flowers, foliage, and a wide range of 

potted plants including woody ornamentals (Lecomte et al. 2016). Fusarium and allied genera have 

been reported causing various diseases such as wilts, rots and blights on over 30 ornamental plants 

genera, including Alocasia, Chrysanthemum, Gladiolus, Lilium and Tibouchina worldwide. These 

plants play an important role in aesthetic values and economic development in many countries, and 

thus, the ornamental plants industry has become a significant sector of modern agriculture. 

However, with the increasing global trade in ornamentals and the subsequent development of 

industry, various diseases, especially fungal infections, have become a growing threat to 

ornamental plant production (Hammond et al. 2023).  

Fusarioid species represent one of the major pathogen complexes on ornamental plants, 

leading to vascular wilt, crown and root rot (Lecomte et al. 2016, Zhang et al. 2021, 2022, Chen et 

al. 2023a). Fusarium species have been observed to thrive on various ornamental plants globally, 

leading to significant Fusarium wilt (Gullino et al. 2015, Srivastava et al. 2018, Chen et al. 2023a). 

He et al. (2021) reported that Rose (Rosa chinensis) vascular wilt was caused by N. brevis (as  

F. rosicola), stem and root rot on Alocasia longiloba by F. elaeidis (Zhang et al. 2021), and stem 

rot on Aglaonema modestum by F. aglaonematis and F. elaeidis (Zhang et al. 2022). Furthermore, 

Fusarium wilt on Tibouchina seecandra caused by F. grosmichelii was first reported by Chen et al. 

(2023a). Fusarioid species, especially Fusarium and Neocosmospora are prominent in orchid 

diseases worldwide (Srivastava et al. 2018). Srivastava (2014) reported that F. circinatum and  

F. poae are associated with Cymbidium and Dendrobium, and F. begonia from Miltonia and 

Dendrobium. In addition, F. oxysporum, F. fractiflexum, F. proliferatum (Chang et al. 1998, Swett 

& Uchida 2015), F. subglutinans, and N. solani (as F. solani, Lee et al. 2002, Chung et al. 2011) 
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have been reported from various orchid species. They have also been associated with dry and soft 

rot in ornamental Cactus (Cactaceae) and succulent species (Kamali-Sarvestani et al. (2022). 

Furthermore, Fusarium and Neocosmospora species have been associated with soilborne diseases 

on ornamental plants in Italy (Guarnaccia et al. 2019).  

China is the worldôs leading producer of ornamental plants, with South China being a major 

region for decorative plant production (Darras 2020). However, compared to the other 

economically important crops in Southern China, fewer studies have focused on the systematics of 

fungal pathogens of ornamental plants. This study aims to provide insight into the diversity of 

fusarioid species on ornamental plants in Southern China. From 2021 to 2023, diseased samples 

with leaf spots, root rot, stem rot and wilt were collected from 13 cities in Southern China. 

Fusarioid taxa were isolated, and identifications were made based on morphology and multi-locus 

phylogenetic analyses. Illustrations and notes are provided for all identified species, along with 

taxonomic descriptions. 

 

MATERIALS AND METHODS  

 

Sample collection and isolation 

From 2021 to 2023, diseased samples with typical symptoms of wilt, root rot, stem rot and 

leaf blight (Fig. 1) were collected in Southern China, including Guangdong, Yunnan, and Hunan 

provinces. Samples were collected and placed in Ziplock bags, photographs were taken, and 

relevant data (host, cultivar, and location) were recorded. Using the tissue isolation method, the 

putative pathogens were isolated following Senanayake et al. (2020) and Zhang et al. (2023b). 

Single spore and hyphal tip isolation methods were used to obtain axenic cultures. All living 

cultures obtained in this study were deposited in Zhongkai University of Agriculture and 

Engineering culture collection (ZHKUCC), and Fungarium materials (as dried cultures) were 

deposited in the Mycological Fungarium of Zhongkai University of Agriculture and Engineering 

(MHZU). 

 

Morphological characterisation  

Representative strains from each species were incubated on potato dextrose agar (PDA) for 

five days at 25 . Mycelium plugs (7 mm diam.) were taken from the edge, then subculture on 

fresh PDA and oatmeal agar (OA) at 25  (Crous et al. 2021). The colony diameters were 

measured after five and seven days, and the growth rates were calculated. Colony characteristics 

were observed and recorded. In addition, carnation leaf agar (CLA) and synthetic nutrient-poor agar 

(SNA) were used for micro-morphological characteristics analysis (Leslie & Summerell 2006, 

Crous et al. 2021). Representative strains were incubated on CLA/SNA at 25  under 12 h light/12 

h dark or in dark. After three or five days, the aerial microconidia and conidiogenous cells were 

observed and measured, and pictures were taken. After 1ï2 weeks, sporodochial conidia or aerial 

conidia, conidiogenous cells and chlamydospores were observed and recorded. All microscopic 

structures were observed using a compound microscope (Nikon Eclipse 80i, Tokyo, Japan) and 

measured by NIS-Elements BR version 3.2. Each structure was measured with at least 30 

replications. Taxonomic novelties were submitted to Index Fungorum (IF), and Facesoffungi (FoF) 

numbers were obtained as described by Jayasiri et al. (2015). 

 

DNA extraction and PCR amplification 

Mycelia were scrapped from five-day-old cultures grown on PDA. Genomic DNA was 

extracted using a DNA Extraction Kit (Aidlab Biotechnologies Co., Beijing, China). Six genomic 

loci, the internal transcribed spacer regions (ITS), calmodulin (CaM), RNA polymerase largest 

subunit  (rpb1), RNA polymerase largest subunit  (rpb2), translation elongation factor 1-alpha 

(tef1-Ŭ) and ɓ-tubulin (tub2) were amplified for Albonectria, Fusarium and Neocosmospora 

phylogenetic analysis (Sandoval-Denis et al. 2019, Crous et al. 2021, Yilmaz et al. 2021). The 

primer pairs and PCR amplification procedure for each locus followed relative references (Table 1). 
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The PCR products were visualized using agarose gel electrophoresis after staining with ethidium 

bromide and sequenced (Tianyi Huiyuan Science and Technology Corporation Ltd., Guangzhou, 

China). All sequence data generated in this study are deposited in NCBI GenBank (Supplementary 

Table 1). 

 

 
 

Figure 1 ï Field symptoms of diseased plants in this study. a Phalaenopsis aphrodite.  

b Hymenocallis littoralis. c Heptapleurum heptaphyllum. d Paphiopedilum sp. e Dendrobium 

nobile. f. Arrhenatherum elatius. g. Dendrobium nobile. h Lilium brownii. i Antirrhinum majus.  

j, k Spathiphyllum floribundum. l Chaenomeles sinensis. m. Cymbidium sp. n Zygocactus truncatus. 

oïp Strelitzia reginae.  
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Table 1 The loci used for phylogenetic analyses in this study. 

 

Locus Primer  Annealing 

temperature ( ) 

References 

ITS ITS4/ITS5 55 White (1990) 

CaM CL1/CL 2A 50 OôDonnell et al. (2000) 

tef1-Ŭ EF1H/EF2T 56 OôDonnell (2000) 

EF1/EF2 52 OôDonnell et al. (1998)  

tub2 T1/CYLTUB1R 52 OôDonnell & Cigelnik (1997), Crous et 

al. (2004) 

T1/T2 55 OôDonnell & Cigelnik (1997) 

rpb1 Fa/R8 59 (5 cycles) 58 (5) 

57 (35) 

Hofstetter et al. (2007), OôDonnell et 

al. (2010) 

F8/G2R OôDonnell et al. (2010) 

Fa/G2R Hofstetter et al. (2007), OôDonnell et 

al. (2010) 

rpb2 5f/7cr 53 Liu et al. (1999) 

5f2/7cr 52 Reeb et al. (2004), Liu et al. (1999) 

7cf/11ar 52 Liu et al. (1999) 

Abbreviations: ITS: internal transcribed spacer regions, CaM: calmodulin, tef1-Ŭ: translation 

elongation factor 1-alpha, tub2: ɓ-tubulin, rpb1: RNA polymerase largest subunit I, and rpb2: RNA 

polymerase largest subunit II.  

 

Phylogenetic analysis 

BioEdit v. 7.0.9.0. (Hall 1999) was employed to assure the sequence quality by checking the 

chromatograms. For the preliminary identification, tef1-Ŭ sequences were subjected to BLASTn v. 

2.15.0 searches in the NCBI database (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The BLASTn 

results of tef1-Ŭ identified our isolates belonging to Albonectria, Fusarium and Neocosmospora. 

Fusarium isolates were further categorised into four species complexes: The F. fujikuroi,  

F. nisikadoi, F. oxysporum, and F. tricinctum species complex. Required sequences were obtained 

from NCBI for the phylogenetic analysis by following Lombard et al. (2019), Crous et al. (2021), 

Sandoval-Denis et al. (2019), Yilmaz et al. (2021), Wang et al. (2022), Zeng & Zhuang (2023). 

MAFFT v. 7 was used to align all sequences (https://mafft.cbrc.jp/alignment/server/). The 

sequences were manually checked using BioEdit v. 7.0.5.2 (Hall 1999). 

In the phylogenetic analyses, six data sets were used following the most recent taxonomic 

treatments by Crous et al. (2021). For Albonectria, a combined tef1-Ŭ, rpb1, rpb2, and tub2 

sequence data set was used (Zhang et al. 2023a). For the Fusarium fujikuroi species complex 

combined dataset of tef1-Ŭ -rpb2-rpb1-tub2, for Fusarium oxysporum species complex datasets of 

tef1-Ŭ-CaM-rpb1-rpb2-tub2, for the Fusarium nisikadoi species complex concatenated dataset of 

rpb1-rpb2-tef1-Ŭ-tub2 and the Fusarium tricinctum species complex, tef1-Ŭ-rpb1-rpb2-tub2 were 

employed (Lombard et al. 2019, Sandoval-Denis et al. 2019, Crous et al. 2021, Wang et al. 2022).  

Phylogenetic analyses were performed on the CIPRES science gateway platform (Miller et al. 

2010) using the maximum likelihood (ML) method implemented in RAxML (Stamatakis et al. 

2008, Stamatakis 2014) and Bayesian posterior probability analysis (BYPP) in MrBayes v.3.2.7a 

(Ronquist & Huelsenbeck 2003). For the ML analysis, the nucleotide evolution model was GTR + 

GAMMA, and the analyses were carried out using RAxML-HPC2 on XSEDE (8.2.12) (Miller et al. 

2010) with 1000 nonparametric bootstrapping replicates. Using the XSEDE tool in CIPRESS, 

Bayesian inference (BI) was carried out in MrBayes v.3.2.7a (Ronquist & Huelsenbeck 2003). The 

evolution models were selected using the jModelTest2 on XSEDE in the CIPRES Gateway  

(Table 2). A million generations of MrBayes analyses were performed, with a tree sample every 

100 generations. Out of the 10,000 trees acquired, the initial 2000, which represented the burn-in 

stage, were discarded. The majority rule consensus tree's posterior probability was computed using 
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the remaining 8000 trees. Phylogenetic trees were edited in Adobe Illustrator and visualized using 

FigTree v1.4. 

 

Table 2 The evolution models used in the phylogenetic analysis of the present study. 

 
Gene ITS CaM rpb1 rpb2 tef1-Ŭ tub2 

Albonectria 

Number of number of characters ï ï 1775 1720 695 401 

Best Fitting Model ï ï SYM+I SYM+I+

G 

HKY+I  HKY  

F. fujikuroi species complex 

Number of number of characters ï ï 1552 1669 638 562 

Best Fitting Model ï ï GTR+I+

G 

GTR+I+

G 

GTR+I+

G 

GTR+G 

F. oxysporum species complex 

Number of number of characters ï 599 1451 861 619 538 

Best Fitting Model ï K80 SYM+G SYM+G HKY+G K80+G 

F. tricinctum species complex 

Number of number of characters ï ï 1603 1765 653 501 

Best Fitting Model ï ï SYM+G GTR+I+

G 

GTR+G K80+I 

F. nisikadoi species complex 

Number of number of characters ï ï 1581 1762 661 482 

Best Fitting Model ï ï SYM+G SYM+G HKY+G HKY 

Neocosmospora  

Number of number of characters 459 ï 1487 1609 646 - 

Best Fitting Model GTR+I+

G 

ï GTR+I+

G 

GTR+I+

G 

GTR+I+

G 

- 

 

RESULTS 

Seventy-seven fusarioid isolates were obtained from 25 ornamental plants. Based on the 

BLASTn results of tef1-Ŭ sequence data, 62 isolates were identified as Fusarium species and 

further classified into four Fusarium species complexes (Fusarium fujikuroi, Fusarium nisikadoi, 

Fusarium oxysporum, and Fusarium tricinctum species complexes), and 13 strains were identified 

as Neocosmospora species, while two isolates identified as Albonectria species. 

 

Phylogenetic analyses 

 

Phylogenetic analysis of Albonectria 

The phylogenetic tree of Albonectria was obtained using combined sequences of tef1-Ŭ, rpb1, 

rpb2, and tub2. The final alignment comprised seven Albonectria strains, including two isolates 

from this study and Setofusarium setosum (CBS 635.92) as an outgroup. The RAxML tree of 

Albonectria was similar in topology to the Bayesian posterior probability (BYPP) analysis. The 

final likelihood value of the ML tree was ï11040.173826 (Fig. 2). The matrix comprised 287 

distinct alignment patterns and 16.56% of undetermined characters or gaps. For the final tree, the 

estimated base frequencies were A = 0.242381, C = 0.271703, G = 0.250832, and T = 0.236605; 

substitution rates AC = 1.314947, AG = 3.649965, AT = 1.072620, CG = 0.903077, CT = 

8.881487, and GT = 1.000000; and gamma distribution shape parameter Ŭ = 1.396985. We have 

identified our two isolates as a new taxon as they diverged from existing Albonectria species.  

 

Phylogenetic analysis of Fusarium fujikuroi  species complex 

Based on concatenated sequences of tef1-Ŭ, rpb2, rpb1, and tub2, the phylogenetic analyses 

of the F. fujikuroi species complex was conducted. The final alignment comprised 243 Fusarium 
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strains, including 23 isolates from the present study and F. nirenbergiae (CBS 744.97) as the 

outgroup taxon. The best-scoring RAxML tree of the F. fujikuroi species complex is similar in 

topology to the Bayesian posterior probability (BYPP) analysis (Fig. 3). The final likelihood value 

of the ML tree was ī29401.274062 (Fig. 3). The matrix comprised 1727 distinct alignment 

patterns, and 25.32% of undetermined characters or gaps. For the final tree, the estimated base 

frequencies were A = 0.251914, C = 0.255916, G = 0.243865, and T = 0.248305; substitution rates 

AC = 1.370871, AG = 5.875861, AT = 1.070327, CG = 0.940005, CT = 10.641847, and GT = 

1.000000; and gamma distribution shape parameter Ŭ = 0.812903. Twenty-three isolates were 

grouped into seven clades of the Fusarium fujikuroi species complex, including three new species. 

 

 
 

Figure 2 ï Maximum likelihood tree of the Albonectria. The tree is rooted with Setofusarium 

setosum (CBS 635.92). The bootstrap support levels for ML and BYPP are shown at each node as 

ML/PP. Isolates from the current study are shown in red, and type strains are indicated in bold. The 

scale bar represents 0.04 nucleotide mutations per site. 

 

Phylogenetic analysis of Fusarium nisikadoi species complex 

Based on combined sequences of rpb1, rpb2, tef1-Ŭ and tub2, the phylogenetic analyses of 

Fusarium nisikadoi species complex was done. In total, 16 strains, including two of our isolates, 

and F. falsibabinda (LC 13610) and F. concolor (CBS 183.34) were used as the outgroup taxa. The 

best-scoring RAxML tree had a similar topology to the Bayesian posterior probability (BYPP) 

analysis (Fig. 4). The final likelihood value of the ML tree was ī11930.897532. The matrix 

comprised 484 distinct alignment patterns and 13.09% of undetermined characters or gaps. For the 

final tree, the estimated base frequencies were A = 0.258448, C = 0.257823, G = 0.238602, and T = 

0.245127; substitution rates AC = 1.243689, AG = 6.854921, AT = 1.074130, CG = 0.770855, CT 

= 6.284618, and GT = 1.000000; and gamma distribution shape parameter Ŭ = 5.680045. Our two 

isolates were identified as one new taxon of the F. nisikadoi species complex. 
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Figure 3 ï Maximum likelihood tree of the Fusarium fujikuroi species complex. The tree is rooted 

with F. nirenbergiae (CBS 744.97). The bootstrap support levels for ML and BYPP are shown at 
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each node as ML/PP. Isolates from the current study are shown in red, and type strains are indicated 

in bold. The scale bar = 0.009 nucleotide mutations per site. 

 

 
 

Figure 3 ï Continued. 

 

Phylogenetic analysis of Fusarium oxysporum species complex 

Based on combined sequences of tef1-Ŭ, CaM, rpb1, rpb2, and tub2, the phylogenetic trees of 

the Fusarium oxysporum species complex were generated. Thirty-three isolates from this study 

aligned with 117 Fusarium strains and F. udum (CBS 177.31) and F. foetens (CBS 120665) as 

outgroup species. The ML tree topology resembled that of the BYPP. Fig. 5 presents the best-

scoring RAxML tree, with a final probability value of -9717.185961. The matrix had 506 distinct 

alignment patterns, with 21.07% of undetermined characters or gaps. Estimated base frequencies 

were as follows: A = 0.252317, C = 0.260782, G = 0.238935, and T = 0.247966; substitution rates 

AC = 1.500955, AG = 3.255988, AT = 1.131824, CG = 0.944393, CT = 6.833629, and GT = 
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1.000000; and gamma distribution shape parameter Ŭ = 0.947343. Isolates from the present study 

clustered into nine clades in the F. oxysporum species complex. One clade clustered as independent 

lineages from other known species in the Fusarium oxysporum species complex. Based on the 

morphology and phylogenetic analyses, we identified nine species, including one undefined taxon 

from this F. oxysporum species complex. 

 

 
 

Figure 3 ï Continued. 

 

Phylogenetic analysis of Fusarium tricinctum species complex 

Combining sequencing data sets of tub2, rpb1, tef1-Ŭ, and rpb2 was used to generate the 

phylogenetic tree for the Fusarium tricinctum species complex. The final alignment comprised four 

isolates from the current study, with 58 Fusarium strains in total. As the outgroup taxon,  

F. concolor (NRRL 13994) was employed. The best-scoring RAxML tree of F. tricinctum species 

complex was similar in topology to the Bayesian posterior probability (BYPP) analysis (Fig. 6). 
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The final likelihood value of the ML tree was ï15451.034384 (Fig. 6). The matrix comprised 1059 

distinct alignment patterns, and 22.94% of undetermined characters or gaps. For the final tree, the 

estimated base frequencies were A = 0.249821, C = 0.253917, G = 0.247876, and T = 0.248386; 

substitution rates AC = 1.204128, AG = 3.825187, AT = 1.123248, CG = 0.648877, CT = 

8.480231, and GT = 1.000000; and gamma distribution shape parameter Ŭ = 0.782560. Four 

isolates from this study were identified as two species in the F. tricinctum species complex. 

 

 
 

Figure 4 ï Maximum likelihood tree of the Fusarium nisikadoi species complex. Fusarium 

falsibabinda (LC 13610) and F. concolor (CBS 183.34) were used as the outgroup taxa. Bootstrap 

support for ML and BYPP are shown at the nodes (ML/PP). Isolates of the type are bolded. The 

study's isolates are indicated in red. The scale bar = 0.02 nucleotide changes per site. 

 

Phylogenetic analysis of Neocosmospora 

Based on combined sequences of ITS, rpb1, rpb2, and tef1-Ŭ, the phylogenetic analyses of 

the Neocosmospora were generated. The final alignment comprised 146 Neocosmospora strains, 

including our 13 isolates and Geejayessia atrofusca (NRRL 22316) and G. cicatricum (CBS 

125552) as the outgroup taxa. The best scoring RAxML tree of Neocosmospora is similar in 

topology to the BYPP analysis (Fig. 7). The final likelihood value of the ML tree is ï37357.872710 

(Fig. 7). The matrix comprised 1863 distinct alignment patterns, and 21.78% of undetermined 

characters or gaps. For the final tree, the estimated base frequencies were A = 0.239989, C = 

0.281882, G = 0.255212, and T = 0.222918; substitution rates AC = 1.446812, AG = 5.122438, AT 

= 1.521063, CG = 1.256075, CT = 10.375131, and GT = 1.000000; and gamma distribution shape 

parameter Ŭ = 0.711838. Our 13 isolates clustered into five distinct clades. Based on morphology 

and phylogenetic analyses, two clades were identified as independent lineages from other known 

species of Neocosmospora, and three known species associated with ornamental plants from 

Southern China. 
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Figure 5 ï Maximum likelihood tree of the Fusarium oxysporum species complex. Fusarium udum 

(CBS 177.31) and F. foetens (CBS 120665) were used as the outgroup taxa. Bootstrap supports for 

ML and BYPP are shown at the nodes (ML/PP). Isolates of the ex-type are bolded. The isolates 

from the current study are indicated in red. 
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Figure 5 ï Continued. 
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Figure 5 ï Continued. 

 

Taxonomy 

 

Albonectria Rossman & Samuels, in Rossman, Samuels, Rogerson & Lowen, Stud. Mycol. 42: 105 

(1999) 

Albonectria was erected by Rossman et al. (1999) to accommodate species with white to pale 

yellow ascomata with fusarioid asexual morphs (Perera et al. 2023). Albonectria rigidiuscula (Berk. 

& Broome) Rossman & Samuels is the type species, and currently, four species, A. albosuccinea,  

A. guizhouense, A. rigidiuscula, and A. verrucosa are accepted (https://www.fusarium.org/). Herein, 

we introduce a novel Albonectria species associated with Schima superba from China. 

 

Albonectria schimae Y.X. Zhang, K.D. Hyde, C. Chen & Manawas., sp. nov.        Fig. 8 

Index Fungorum number: IF902561; Facesoffungi number: FoF16623 

Etymology ï Refers to the Schima superba, the host plant from which this fungus was 

collected. 

Asexual morph: Sporodochia orange, formed on CLA. Sporodochial conidiophores 

verticillately branched and densely packed, consisting of a short, smooth- and thin-walled stipe. 

Sporodochial conidiogenous cells cylindrical to subcylindrical, 15ï30 × 2ï5 µm (x← = 21 × 3 µm, n 

= 50); Sporodochial conidia curved, apical cell curved to blunt; basal cell foot-shaped, papillate, 

(3ï)5ï10 (ï16)-septate, rough thick-walled, off-white; 3-septate conidia: (36ï)40ï45 × 5ï6 µm  

(x← = 43 × 6 µm, n = 6); 4-septate conidia: 44ï60 (ï65) × 5ï7 µm (x← = 50 × 6 µm, n = 22); 5-septate 

conidia: (47ï)50ï80× 5ï8 µm (x← = 64 × 6 µm, n = 50); 6-septate conidia: 65ï90 (ï96) × 6ï8 µm  

(x← = 80 × 7 µm, n = 50); 7-septate conidia: 75ï90 × 5ï10 µm (x← = 82 × 8 µm, n = 50); 8-septate 

conidia: 75ï95× 7ï10 µm (x← = 86 × 8 µm, n = 50); 9-septate conidia: 80ï95 × 7ï9 µm (x← = 88 × 8 

µm, n = 50); 10-septate conidia: 90 × 8 µm (n = 1); 12-septate conidia: 87 × 8 µm (n = 1); 13-

septate conidia: 95 × 8 µm (n = 1); 15-septate conidia: 95 × 10 µm (n = 1); 16-septate conidia: 100 

× 9 µm (n = 1). Aerial conidiophores branched. Conidiogenous cells subcylindrical, long and 

slender smooth and thin-walled, monophialidic, 20ï45 × 2ï3 µm (x← = 31 ×3 µm, n = 50). Aerial 

microconidia in chains or false heads, obovate to ovoid, with or without flattened basal cells,  

0ï1-septate; aseptate conidia: 5ï10 × 3ï4 µm (x← = 7 × 3 µm, n = 50); 1-septate conidia: 11ï15 × 4ï

5 µm (x← = 13 × 4 µm, n = 8). Chlamydospores not observed. Sexual morph: not observed. 
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Figure 6 ï The best-scoring RAxML tree of the Fusarium tricinctum species complex. The tree is 

rooted with F. concolor (NRRL 13994). The bootstrap support values for ML and BYPP are 

displayed as ML/PP at each node. Type strains are given in bold, and isolates from this study are in 

red. 
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Figure 7 ï The best-scoring RAxML tree of the Neocosmospora. Geejayessia cicatricum (CBS 

125552) and G. atrofusca (NRRL 22316) are selected as outgroup taxa. The bootstrap support 

values for ML and BYPP are displayed as ML/PP at each node. Type isolates are marked with ñTò, 

epi-types are marked with ñETò, and neotypes are marked with ñNT. Isolations belonging to the 

current study are shown in red. 
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Figure 7 ï Continued. 
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Figure 7 ï Continued. 

 

Culture characteristics ï Colonial growth rate on PDA was 5 mm/d at 25 . Surface view: 

pale pink to rose coloured, floccose, filamentous margin. In reverse; dark rose-coloured in the 

centre. Sporodochia produced on CLA after 5 days. Colonial growth rate on OA was 3 mm/d  

at 25 . Colony surface yellow in the center, white at the margin, aerial mycelia flat, dense, and 

margin entire; reverse purple. 

Material examined ï China, Guangdong Province, Meizhou City, on a leaf of Schima superba 

(Theaceae), 5 October 2023, YX Zhang and LT Nie (MHZU 24-0440; holotype); ZHKUCC 24-

0768, ex-type; living culture, ZHKUCC 24-0769. 

Notes ï In the phylogenetic analysis of Albonectria species, two strains clustered in a lineage 

close to A. guizhouensis with 99% ML bootstrap support and 1.00 BYPP values (Fig. 2). Our 

strains differ from A. guizhouensis by developing more septa and the different size of macroconidia 

(3ï16 septa and 36ï100 × 5ï9 µm in A. schimae vs 5ï7 septa, 68ï90 × 5.5ï7.5 µm in  

A. guizhouensis, Zhang et al. 2023a). In addition, the nucleotide of A. schimae (ZHKUCC 24-0768) 

differs from A. guizhouensis (CBS 635.92) by 28.18% (113/401) variations in tub2. When we 

BLAST our sequence (ZHKUCC 24-0768) in NCBI GenBank, it showed 100ï98% query cover 

and 97.0ï99.5% similarities with fusariod species. However, the blast result of A. guizhouensis 

(CBS 635.92) (Zhang et al. 2023a) is similar to Colletotrichum bromeliacearum (LC0951), with 

29% query cover and 88.76% identity. All protein-coding gene (tef1-Ŭ, rpb1, rpb2, and tub2) data 

belonging to A. guizhouensis are not verified in NCBI GenBank. This questioned the taxonomic 

status of the A. guizhouensis. Based on this, we introduce our isolations of A. schimae as a new 

species, and we suggest that the taxonomic status of A. guizhouensis be evaluated. 

 

Fusarium Link., Mag. Gesell. naturf. Freunde, Berlin 3(1ï2): 10 (1809) 

This genus is typified by Fusarium sambucinum Fuckel (Hyde et al. 2023). It encompasses 

diverse species belonging to 20 lineages (Crous et al. 2021, https://www.fusarium.org/). Herein, we 

identified 19 Fusarium species, which are further classified into four species complexes: Fusarium 

fujikuroi species complex, Fusarium nisikadoi species complex, Fusarium oxysporum species 

complex and Fusarium tricinctum species complex.  
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Figure 8 ï Albonectria schimae (ZHKUCC 24-0768, ex-type). a 7-day-old PDA culture (surface, 

reverse). b 7-day-old OA culture (surface, reverse). c Sporodochia on CLA. dïe Sporodochial 

conidiophores, phialides. fïh Aerial conidiophores phialides. iïl Aerial conidial chains and false 

head. m Aerial microconidia. n Sporodochial conidia. Scale bars: 10 ɛm. 

 

Fusarium annulatum Bugnic., Rev. gén. Bot. 59: 13 (1952)         Fig. 9 

Index Fungorum number: IF297536; Facesoffungi number: FoF16723 

Asexual morph: Sporodochia light yellow, formed on SNA. Sporodochial conidiophores 

branched, verticillate, dense. Sporodochial conidiogenous cells subcylindrical, 10ï17(ï20) × (2ï

)3ï4 µm (x← = 14 × 3 µm, n = 50). Sporodochial conidia slender, apical cell curved, basal cell foot-

shaped, (1ï2)3ï6(ï7)-septate, hyaline; 1-septate conidia: 52ï61 × 4 µm (x← = 57 × 4 µm, n = 2); 2-

septate conidia: 59ï60 × 4 µm (x← = 60 × 4 µm, n = 2); 3-septate conidia: (40ï)43ï66(ï70) × 3ï4 
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µm (x← = 57 × 4 µm, n = 50); 4-septate conidia: (42ï)51ï72(ï75) × 3ï5 µm (x← = 60 × 4 µm, n = 50); 

5-septate conidia: 52ï74(ï81) × 3ï5 µm (x← = 64 × 4 µm, n = 50); 6-septate conidia: 58ï86 × 3ï5 

µm (x← = 69 × 4 µm, n = 50); 7-septate conidia: 64ï67 × 3ï4 µm (x← = 65 × 4 µm, n = 2). 

Conidiogenous cells subcylindrical, phialides or polyphialides, 6ï22 × 2ï4 µm (x← = 15 × 3 µm, n = 

50). Aerial microconidia in small false heads or chains, oval and obovoid, 0-septate conidia: 5ï10 × 

2ï4 µm (x← = 7 × 3 µm, n = 50). Chlamydospores not observed. Sexual morph: not observed. 

Culture characteristics ï Growth rate on PDA was 6 mm/d at 25 . Surface view: white, 

floccose with a filamentous margin. In reverse, white. On SNA, sporodochia produced after 60 

days. 

Material examined ï China, Guangdong Province, Zhongshan City, on the leaf of 

Dendrobium nobile (Orchidaceae), 17 October 2021, YX Zhang, JW Chen, C Chen, living culture, 

ZHKUCC 23-0925; Guangdong Province, Shaoguan City, on leaf of Phalaenopsis aphrodite 

(Orchidaceae), 17 July 2021, YX Zhang, living culture, ZHKUCC 23-0926; Hunan Province, 

Changsha City, on leaf of Rosa chinensis (Rosaceae), 7 October 2021, C. Chen, living culture, 

ZHKUCC 23-0927; Guangdong Province, Guangzhou City, on stem of Paliurus hemsleyanus 

(Rhamnaceae), 25 March 2021, YX Zhang, living culture, ZHKUCC 23-0928. 

 

 
 

Figure 9 ï Fusarium annulatum (ZHKUCC 23-0925). aïb 7-day-old PDA culture (surface, 

reverse). c Sporodochia on SNA. dïe Conidiophores and phialides on sporodochia. fïg Aerial 

microconidia produced in chains. hïj Aerial conidiophores phialides and polyphialides.  

k Sporodochial conidia. l Microconidia. Scale bars: 10 ɛm. 
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Notes ï In the phylogenetic analysis of the Fusarium fujikuroi species complex, four strains 

from the present study were clustered with F. annulatum (Fig. 3). Our strains are morphologically 

similar to F. annulatum (Bugnicourt 1952, Nelson et al. 1983, Yilmaz et al. 2021, Parra et al. 

2022). Based on morphology and phylogeny, we identified these isolates as F. annulatum. 

Fusarium annulatum has a wide host range, including Gossypium sp., Oryza sativa, Dianthus 

caryophyllus, Vanilla, and Gladiolus (Yilmaz et al. 2021) and this species is also reported as a soil 

fungus (Lombard et al. 2022). To our knowledge, this is the first report of F. annulatum isolated 

from Phalaenopsis aphrodite and Rosa chinensis worldwide. 

 

Fusarium anoectochili Y.X. Zhang, K.D. Hyde, C. Chen & Manawas., sp. nov.      Fig. 10 

Index Fungorum number: IF902562; Facesoffungi number: FoF16624 

Etymology ï Referring to the host of this fungus, Anoectochilus roxburghii. 

Asexual morph: Sporodochia orange, formed on CLA. Sporodochial conidiophores 

verticillately branched and densely packed, consisting of a short, smooth- and thin-walled stipe. 

Sporodochial conidiogenous cells subcylindrical, 11ï36 (ï39) × 3ï6 µm (x← = 24 × 5 µm, n = 50); 

Sporodochial conidia apical cell curved, basal cell foot-shaped, (1ï)3ï5 (ï6)-septate-septate; 1-

septate conidia: 44 × 4 µm (n = 1); 2-septate conidia: 26ï39 × 3ï5 µm (x← = 31 × 3 µm, n = 50); 3-

septate conidia: 31ï45 (ï48) × 4ï5 µm (x← = 38 × 4 µm, n = 50); 4-septate conidia: 37ï53 (ï56) × 

4ï5 µm (x← = 44 × 4 µm, n = 50); 5-septate conidia: 42ï57 × 4ï5 µm (x← = 49 × 4 µm, n = 50). 6-

septate conidia: 41ï52 × 4ï5 µm (x← = 47 × 4 µm, n = 3). Aerial conidiophores unbranched and 

often reduced to single phialides. Conidiogenous cells subcylindrical, molophialides, 7ï21(ï25) × 

2ï4 µm (x← = 13 × 3 µm, n = 50). Aerial microconidia in small false heads, obovoid, fusiform and 

oval, 0ï1-septate; 0-septate conidia: 5ï12 × 2ï4 µm (x← = 8 × 3 µm, n = 50); 1-septate conidia: 12ï

19 × 3ï4 µm (x← = 15 × 3 µm, n = 50). Chlamydospores not observed. Sexual morph: Not observed. 

Culture characteristics ï Colonial growth rate on PDA was 7 mm/d at 25 . Surface view: 

white, floccose, filamentous margin. In reverse, pink in the centre. Sporodochia produced on CLA 

after 30 days. Colonial growth rate on OA was 4 mm/d at 25 . Colony surface white, aerial 

mycelia raised, dense; reverse light yellow. 

Material examined ï China, Guangdong Province, Meizhou City, on a leaf of Anoectochilus 

roxburghii (Orchidaceae), 2 November 2021, Y.X. Zhang, J.Y. Lin (MHZU 24-0441; holotype); 

ZHKUCC 24-0770, ex-type; living culture, ZHKUCC 24-0771. 

Notes ï In the phylogenetic analysis of the Fusarium nisikadoi species complex (Fig. 4), our 

strains formed a single lineage with 100% ML bootstrap support and 1.00 BYPP values close to  

F. commune, F. gaditjirri  and F. lyarnte. Our strains (21ï52 × 2ï5 µm) differ from their related 

species by developing larger macroconidia than that of F. commune (24ï30 × 3.8ï4.1 µm) 

(Skovgaard et al. 2003), and smaller macroconidia than that of F. gaditjirri  (40ï70 × 3ï5 µm) 

(Phan et al. 2004) and F. lyarnte (45ï65 × 2ï5 µm) (Walsh et al. 2010). In addition, the nucleotide 

of F. anoectochili (ZHKUCC 24-0770) differs from F. commune (AAS 156) by 21.3% (336/1575) 

variations in rpb1, 3.06% (54/1762) variations in rpb2, and 4.51% (24/532) variations in tub2, 

differs from F. lyarnte (CBS 125536) by 7.63% (471616) variations in tef1-Ŭ, 3.35% (53/1581) 

variations in rpb1, and 4.48% (79/1762) variations in rpb2, differs from F. gaditjirri  (CBS 116011) 

by 4.76% (76/1597) variations in rpb2. Based on morphology, phylogeny, and sequence data, we 

introduce F. anoectochili as a new species in the Fusarium nisikadoi species complex. 

 

Fusarium avenaceum (Fr.) Sacc., Syll. fung. (Abellini) 4: 713 (1886)       Fig. 11 

Index Fungorum number: IF161610; Facesoffungi number: FoF16731 

Asexual morph: Sporodochia orange, formed on CLA. Sporodochial conidiophores 

branched, verticillate, dense. Sporodochial conidiogenous cells subcylindrical, 11ï36(ï39) × 3ï6 

µm (x← = 24 × 5 µm, n = 50); Sporodochial conidia apical cell curved, basal cell foot-shaped, (1ï)3ï

5(ï6)-septate-septate, hyaline; 1-septate conidia: 44 × 4 µm ( n = 1); 2-septate conidia: 26ï39 × 3ï5 

µm (x← = 31 × 3 µm, n = 50); 3-septate conidia: 31ï45(ï48) × 4ï5 µm (x← = 38 × 4 µm, n = 50); 4-

septate conidia: 37ï53 (ï56) × 4ï5 µm (x← = 44 × 4 µm, n = 50); 5-septate conidia: 42ï57 × 4ï5 µm 
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(x← = 49 × 4 µm, n = 50). 6-septate conidia: 41ï52 × 4ï5 µm (x← = 47 × 4 µm, n = 3). Conidiogenous 

cells subcylindrical, smooth and thin-walled, molophialides, 13ï32(ï34) × 2ï4 µm (x← = 21 × 3 µm, 

n = 50). Aerial microconidia in small false heads, obovoid, fusiform, obovoid and reniform, 0ï3-

septate; 0-septate conidia: 7ï15(ï17) × 3ï5 µm (x← = 12 × 3 µm, n = 50); 1-septate conidia: 14ï27 × 

2ï4 µm (x← = 19 × 3 µm, n = 50); 2-septate conidia: 19ï32 × 3ï4 µm (x← = 26 × 4 µm, n = 50); 3-

septate conidia: 24ï35 × 3ï4 µm (x← = 29 × 4 µm, n = 20). Chlamydospores subglobose to globose, 

intercalarily or terminally, singly or in pairs, 4ï15 × 4ï14 µm (x← = 9 × 9 µm, n = 50). Sexual 

morph: not observed. 

 

 
 

Figure 10 ï Fusarium anoectochili (ZHKUCC 24-0770, ex-type). a 7-day-old PDA culture 

(surface, reverse). b 7-day-old OA culture (surface, reverse). c Sporodochia on carnation leaves.  

dïe Conidiophores and phialides on sporodochia. fïh Aerial conidial false heads. iïk Aerial 

conidiophores phialides and polyphialides. l Sporodochial macroconidia. m Aerial microconidia. 

Scale bars: 10 ɛm. 

 

Culture characteristics ï Colonial growth rate on PDA was 6 mm/d at 25 . Surface view: 

brown with white margin, floccose. In reverse, brown in the centre. Sporodochia produced on CLA 

after 30 days. 
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Material examined ï China, Guangdong Province, Meizhou City, on a leaf of Hydrangea 

macrophylla (Hydrangeaceae), 3 June 2023, Y.X. Zhang, and J.Y. Lin; living cultures, ZHKUCC 

24-0774, and ZHKUCC 24-0775. 

Notes ï In the phylogenetic analysis of the Fusarium tricinctum species complex (Fig. 6), our 

strains clustered with F. avenaceum with 100% ML bootstrap support and 1.00 BYPP values. 

Morphologically, our strains share similarities to F. avenaceum (Leslie & Summerell 2006). Based 

on phylogeny and morphology, we introduce our isolates as F. avenaceum. Fusarium avenaceum is 

commonly recovered from soil (Leslie & Summerell 2006). This species is the causal organism of 

stem and stub rot of carnations and Eustoma grandiflorum, Allium giganteum bulb rot, head blight 

of wheat, and other diseases of broccoli, Douglas fir and lentils (Broadhurst 1990, Leslie & 

Summerell 2006, Zhang et al. 2016). To our knowledge, this is the first record of F. avenaceum 

isolated from Hydrangea macrophylla.  

 

 
 

Figure 11 ï Fusarium avenaceum (ZHKUCC 24-0774). aïb 7-day-old PDA culture (surface, 

reverse). c. Sporodochia on CLA. dïe Sporodochia conidiophores, phialides. f Aerial conidial false 

head. gïh Chlamydospores. iïk Aerial conidiophores phialides. l Sporodochial conidia. m Aerial 

microconidia. Scale bars: 10 ɛm. 
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Fusarium concentricum Nirenberg & OôDonnell, Mycologia 90(3): 442 (1998)      Fig. 12 

Index Fungorum number: IF444884; Facesoffungi number: FoF09423 

Asexual morph: Sporodochia light yellow, formed on CLA. Sporodochial conidiophores 

branched, verticillate, dense. Sporodochial conidiogenous cells subcylindrical, 11ï22 × 2ï4 µm (x← 

= 16 × 3 µm, n = 50). Sporodochial conidia apical cell curved, basal cell foot-shaped, (1ï2)3ï5(6)-

septate, 1-septate conidia: 33ï62 × 3ï4 µm (x← = 56 × 3 µm, n = 6); 2-septate conidia: 36ï58 × 3ï4 

µm (x← = 48 × 3 µm, n = 3); 3-septate conidia: 34ï57 × 3ï4 µm (x← = 46 × 4 µm, n = 50); 4-septate 

conidia: 43ï66 × 3ï4 µm (x← = 54 × 4 µm, n = 50); 5-septate conidia: 52ï71 × 3ï4 µm (x← = 61 × 4 

µm, n = 50); 6-septate conidia: 49ï65 × 4 µm (x← = 57 × 4 µm, n = 3). Conidiogenous cells 

subcylindrical, molophialides and polyphialides, (6ï)9ï26(ï28) × 2ï4 µm (x← = 17 × 3 µm, n = 50). 

Aerial microconidia in small false heads, fusiform and obovoid, 0ï1-septate; 0-septate conidia: 6ï

14 × 2ï4 µm (x← = 10 × 3 µm, n = 50); 1-septate conidia: (12ï)14ï24 × 3ï4 µm (x← = 10 × 3 µm, n = 

50). Chlamydospores not observed. Sexual morph: not observed. 

Culture characteristics ï Growth rate on PDA was 5 mm/d at 25 . Upper view: light purple, 

floccose, filamentous margin. In reverse; white. Sporodochia produced on CLA after 15 days. 

Material examined ï China, Guangdong Province, Shaoguan City, on a stem of 

Spathiphyllum floribundum (Araceae), 17 July 2021, YX Zhang, living culture ZHKUCC 23-0929; 

Guangdong Province, Zhaoqing City, on a stem of Bougainvillea glabra (Nyctaginaceae),  

14 November 2021, YX Zhang, living culture ZHKUCC 23-0930; Guangdong Province, Zhaoqing 

City, on a stem of Philodendron tatei (Araceae), 28 February 2021, C. Chen; living culture, 

ZHKUCC 23-0931. 

 

 
 

Figure 12 ï Fusarium concentricum (ZHKUCC 23-0930). aïb 7-day-old PDA culture (surface, 

reverse). c Sporodochia on CLA. dïe Sporodochia conidiophores, phialides. fïg Aerial conidial 
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false heads. hïj Aerial conidiophores phialides and polyphialides. k Sporodochial conidia. l Aerial 

microconidia. Scale bars: 10 ɛm. 

 

Notes ï In the phylogenetic analysis of the Fusarium fujikuroi species complex, three isolates 

from this study (ZHKUCC 23-0929, ZHKUCC 23-0930, ZHKUCC 23-0931) clustered with  

F. concentricum with 100% ML bootstrap support and 1.00 BYPP value (Fig. 3). Our strains and  

F. concentricum have overlapping morphological characteristics (Nirenberg & OôDonnell 1998) 

thus we identified our strains as F. concentricum. Fusarium concentricum was described from 

Musa sapientum (Nirenberg & OôDonnell 1998). This species is associated with a variety of host 

diseases, including pepper (Capsicum annuum) and banana (Musa sp.), Paris polyphylla, and maize 

(Hibiscus sabdariffa) (Wang et al. 2013, Abd Murad et al. 2017, Xiao et al. 2019, Du et al. 2020, 

Huda-Shakirah et al. 2020). To our knowledge, this is the first report of F. concentricum on 

Spathiphyllum floribundum, Bougainvillea glabra, and Philodendron tatei worldwide. 

 

Fusarium contaminatum L. Lombard & Crous, Persoonia 41: 20 (2018)       Fig. 13 

Index Fungorum number: IF826836; Facesoffungi number: FoF16732 

Asexual morph: Sporodochia orange, formed on CLA. Sporodochial conidiophores branched, 

verticillate, dense. Sporodochial conidiogenous cells subcylindrical, 9ï17(ï19) × 3ï5 µm (x← = 13 × 

4 µm, n = 50). Sporodochial conidia apical cell curved, basal cell foot-shaped, 3ï5-septate, 3-

septate conidia: 33ï48 × 4ï6 µm (x← = 39 × 5 µm, n = 50); 4-septate conidia: 36ï52(ï60) × 4ï5 µm 

(x← = 44 × 4 µm, n = 50); 5-septate conidia: 40ï53 × 4ï6 µm (x← = 46 × 5 µm, n = 50). 

Conidiogenous cells subulate to subcylindrical, molophialides, 3ï21 × 2ï4 µm (x← = 10 × 3 µm, n = 

50). Aerial microconidia in small false heads, oval to reniform, 0ï1(ï2)-septate; aseptate conidia: 

5ï15 × 2ï4(ï5) µm (x← = 8 × 3 µm, n = 50); 1-septate conidia: (9ï)11ï19 × 3ï5 µm (x← = 14 × 4 µm, 

n = 50); 2-septate conidia: 15ï21(ï26)× 3ï5(ï6) µm (x← = 18 × 5 µm, n = 16). Chlamydospores 

globose to subglobose, single or in chains, (6ï)8ï12 × 5ï10 µm (x← = 9 × 8 µm, n = 50). Sexual 

morph: not observed. 

Culture characteristics ï Growth rate on PDA was 6 mm/d at 25 . Surface view: light 

purple, floccose, filamentous margin. In reverse; purple and white at margin. On CLA, Orange 

sporodochia produced after 20 days. 

Material examined ï China, Guangdong Province, Guangzhou City, on the root of 

Anoectochilus roxburghii (Orchidaceae), 1 March 2022, ZB Zhuang, living culture ZHKUCC 23-

0904. China, Yunnan Province, Honghe Hani and Yi Autonomous Prefecture, on leaves of 

Zygocactus truncatus (Cactaceae), 2 November 2021, L. Li, and N. Mo; living cultures, ZHKUCC 

23-0888, ZHKUCC 23-0889, and ZHKUCC 23-0890. 

Notes ï In the phylogenetic analysis of the Fusarium oxysporum species complex, our strains 

clustered with F. contaminatum (Fig. 5). Our strains have larger 3-septate macroconidia (x← = 39 ×  

5 µm) than F. contaminatum (x← = 23 × 4 µm) and 4ï5-septate macroconidia as described by 

Lombard et al. (2019). However, considering the lack of significant morphological variations and 

phylogenetic placement, we identified our collection as F. contaminatum. Fusarium contaminatum 

was identified only from contaminated food products (Lombard et al. 2019). This is the first report 

of F. contaminatum associated with Anoectochilus roxburghii and Zygocactus truncatus. 

 

Fusarium curvatum L. Lombard & Crous, Persoonia 41: 21 (2018)       Fig. 14 

Index Fungorum number: IF826837; Facesoffungi number: FoF16733 

Asexual morph: Sporodochia orange, formed on CLA. Sporodochial conidiophores branched, 

verticillate, dense. Sporodochial conidiogenous cells subcylindrical, 10ï21 × 3ï4 µm (x← = 16 × 3 

µm, n = 50). Sporodochial conidia apical cell blunt to curved, basal cell blunt to foot-shaped, (0ï

)1ï5-septate, aseptate conidia: 25ï39(ï42)× 3ï5 µm (x← = 32 × 4 µm, n = 20); 1-septate conidia: 

29ï41 × 3ï5 µm (x← = 34 × 4 µm, n = 50); 2-septate conidia: 31ï36 × 4ï5 µm (x← = 33 × 4 µm, n = 

2); 3-septate conidia: 30ï41 × 4ï5 µm (x← = 36 × 4 µm, n = 50); 4-septate conidia: 35ï45 × 4ï5 µm 

(x← = 40 × 4 µm, n = 50); 5-septate conidia: (26ï)34ï48 × 4ï6 µm (x← = 41 × 4 µm, n = 50). 
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Conidiogenous cells subcylindrical, molophialides and polyphialides, 5ï23(ï25) × 2ï4 µm (x← = 12 

× 3 µm, n = 50). Aerial microconidia in small false heads, oval to reniform, 0ï2-septate; aseptate 

conidia: 5ï13 × 2ï4 µm (x← = 8 × 3 µm, n = 50); 1-septate conidia: 11ï17(ï20) × 3ï5 µm (x← = 14 × 

4 µm, n = 50); 2-septate conidia: 16ï20 × 4ï5 µm (x← = 18 × 4 µm, n = 6). Chlamydospores globose 

to subglobose, single or in clumps, 6ï11 × 6ï12 µm (x← = 8 × 8 µm, n = 50). Sexual morph: not 

observed. 

 

 
 

Figure 13 ï Fusarium contaminatum (ZHKUCC 23-0904). aïb 7-day-old PDA culture (surface, 

reverse). c Sporodochia on CLA. dïe Conidiophores and phialides on sporodochia. f Aerial 

conidial false head. gïh Chlamydospores. iïk Aerial conidiophores phialides. l Sporodochial 

conidia. m Aerial microconidia. Scale bars: 10 ɛm. 

 

Culture characteristics ï Growth rate on PDA was 7 mm/d at 25 . Surface view: white, 

sparse, filamentous margin. In reverse; white. Sporodochia produced on CLA after 40 days. 

Material examined ï China, Guangdong Province, Guangzhou City, on a leaf of Cymbidium 

sinense (Orchidaceae), 1 October 2021, Y.X. Zhang (living culture ZHKUCC 23-0912); 

Guangdong Province, Dongguan City, on a stem of Dendrobium sp. (Orchidaceae), 9 December 

2021, Y.X. Zhang, J.Y. Lin, C. Chen; living culture, ZHKUCC 23-0913. 

Notes ï The isolates, ZHKUCC 23-0912, and ZHKUCC 23-0913 obtained in the study were 

preliminarily identified as belonging to the Fusarium oxysporum species complex. In the 

phylogenetic analysis, these two strains clustered with F. curvatum with 93% in ML and 1.00 

BYPP value (Fig. 5). Morphologically, our strains differ from F. curvatum (Lombard et al. 2019) 
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by producing 0ï1-septate macroconidia while other characteristics are similar. Based on these facts, 

our isolates were identified as F. curvatum. To date, this species has been reported from 

Beaucarnea sp., Matthiola incana and Hedera helix (Lombard et al. 2019). Herein we report  

F. curvatum isolated from Dendrobium sp. for the first time. 

 

 
 

Figure 14 ï Fusarium curvatum (ZHKUCC 23-0912). aïb 7-day-old PDA culture (surface, 

reverse). c Sporodochia on CLA. dïe Sporodochia conidiophores, phialides. f Aerial conidial false 

head. gïh Chlamydospores. iïk Aerial conidiophores phialides. l Sporodochial conidia. m Aerial 

microconidia. Scale bars: 10 ɛm. 

 

Fusarium cymbidii Y.X. Zhang, K.D Hyde, C. Chen & Manawas., sp. nov.      Fig. 15 

Index Fungorum number: IF902563; Facesoffungi number: FoF16625 

Etymology ïReferring to the host of this fungus, Cymbidium sinense. 

Asexual morph: Sporodochia orange, formed on CLA. Sporodochial conidiophores 

verticillately branched and densely packed, consisting of a short, smooth- and thin-walled stipe. 

Sporodochial conidiogenous cells subcylindrical, 10ï16 × 2ï4 µm (x← = 13 × 3 µm, n = 50). 

Sporodochial conidia apical cell curved, basal cell foot-shaped, (0ï)1ï3(ï5)-septate, hyaline; 

aseptate conidia: 30ï38 × 3ï4 µm (x← = 34 × 3 µm, n = 2); 1-septate conidia: 21ï37(ï40) × 2ï4 µm 

(x← = 27 × 3 µm, n = 50); 2-septate conidia: 26ï39 × 3ï5 µm (x← = 31 × 3 µm, n = 50); 3-septate 

conidia: 37ï51(ï53) × 4ï5 µm (x← = 46 × 4 µm, n = 50); 4-septate conidia: 37ï42 × 4ï5 µm (x← = 39 

× 5 µm, n = 2); 5-septate conidia: 47ï57 × 4ï6 µm (x← = 50 × 4 µm, n = 3). Aerial conidiophores are 

unbranched and often reduced to single phialides. Conidiogenous cells subcylindrical, 
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monophialides and polyphialides, 3ï21(ï24) × 2ï4 µm (x← = 11 × 3 µm, n = 50). Aerial 

microconidia in small false heads, fusiform, reiform and obovoid, aseptate, (2ï)5ï15(ï17) × 2ï4 

µm (x← = 9 × 3 µm, n = 50). Chlamydospores not observed. Sexual morph: not observed. 

Culture characteristics ï Colonial growth rate on PDA was 5 mm/d at 25 . Surface view: 

light pink, floccose, filamentous margin. In reverse; pink in the centre. Sporodochia produced on 

CLA after 30 days. Colonial growth rate on OA was 4 mm/d at 25 . Colony surface yellow in the 

center, white at the margin, aerial mycelia flat, dense, and margin entire; reverse white. 

Material examined ï China, Guangdong Province, Meizhou City, on a leaf of Cymbidium 

sinense (Orchidaceae), 26 October 2021, YX Zhang, JY Lin (MHZU 23-0220; holotype); ex-type, 

ZHKUCC 23-0914; living cultures, ZHKUCC 23-0915 and ZHKUCC 23-0916. 

Notes ï In the phylogenetic analysis of the Fusarium fujikuroi species complex, three isolates 

from our study formed a lineage with 100% ML bootstrap support and 1.00 BYPP values close to 

F. ananatum and F. guttiforme (Fig. 3). Our strain produces (0ï)1ï3(ï5)-septate macroconidia 

from sporodochia, whereas F. ananatum only produces 1ï3-septate macroconidia on aerial 

mycelium (Jacobs et al. 2010) and macroconidia are absent in F. guttiforme (Nirenberg & 

OôDonnell 1998). Furthermore, macroconidia of our strains are larger (21ï51 × 2ï5 µm) than those 

of F. ananatum (16ï31 × 3ï6 µm) (Jacobs et al. 2010). Based on these variations, we introduce our 

isolates as new species in the Fusarium fujikuroi species complex. 

 

 
 

Figure 15 ï Fusarium cymbidii (ZHKUCC 23-0914, ex-type). a 7-day-old PDA culture (surface, 

reverse). b 7-day-old OA culture (surface, reverse). c Sporodochia on CLA. dïe Sporodochia 
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conidiophores, phialides. fïg Aerial conidial false heads. hïj Aerial conidiophores phialides and 

polyphialides. k Sporodochial conidia. l Microconidia. Scale bars = 10 ɛm. 

 

Fusarium dendranthematis Y.X. Zhang, K.D. Hyde, C. Chen & Manawas., sp. nov. 

Index Fungorum number: IF902565; Facesoffungi number: FoF16626 

Etymology ï Referring to the host of this fungus, Dendranthema morifolium. 

Asexual morph: Conidiophores: Not observed. Sporodochial conidiogenous cell: Not 

observed. Sporodochial conidia: Not observed. Aerial microconidia: Not observed. 

Chlamydospores single or in pairs, chained or fascicled, yellowish-brown, globose to subglobose, 

4ï15 × 4ï14 µm (x← = 9 × 9 µm, n = 50). Sexual morph: not observed. 

Culture characteristics ï Growth rate on PDA was 6 mm/d at 25 . Surface view: white, 

floccose, filamentous margin. In reverse; lemon yellow in the centre. Colonial growth rate on OA 

was 3 mm/d at 25 . Colony surface yellow in the center, white at the margin, aerial mycelia 

raised, dense, with an undulate margin; reverse white.  

Material examined ï China, Guangdong Province, Meizhou City, on a leaf of Dendranthema 

morifolium (Asteraceae), 15 May 2023, Y.X. Zhang, J.Y. Lin (MHZU 24-0442; holotype, dried 

culture); ZHKUCC 24-0772, ex-type; living culture, ZHKUCC 24-0773. 

Notes ï In the phylogenetic analysis of the Fusarium tricinctum species complex, two strains 

from this study were close to F. iranicum, F. petersiae and F. flocciferum with 100% ML bootstrap 

support and 1.00 BYPP values (Fig. 6). Our strains did not produce macroconidia and microconidia, 

which were observed in. F. iranicum, F. petersiae and F. flocciferum (Torbati et al. 2019, Crous et 

al. 2017, Gerlach & Nirenberg 1982) in any of the media which we were used in the present study. 

Therefore, the identification of these isolates was based on phylogenetic analyses and sequence 

comparisons.  We compared nucleotide differences between our strains (ZHKUCC 24-0772) and  

F. iranicum (CBS 143608), which is closely related to our strain in the phylogenetic analyses, in 

which they differ by 1.81% (9/496) variations in tef1-Ŭ, differs from F. petersiae (CBS 143231) by 

1.69% (11/650) variations in tef1-Ŭ, 1.47% (22/1500) variations in rpb1, and 5.20% (26/500) 

variations in tub2, differs from F. flocciferum (CBS 831.85) by 1.40% (22/1575) variations in rpb1. 

Based on phylogeny and sequence data we introduce F. dendranthematis as a new species in the 

Fusarium tricinctum species complex. 

 

Fusarium dendrobii Y.X. Zhang, K.D. Hyde L.T. Nie & Manawas., sp. nov.      Fig. 16 

Index Fungorum number: IF902566; Facesoffungi number: FoF16627 

Etymology ï Referring to the host of this fungus, Dendrboium sp. 

Asexual morph: Sporodochia not observed. Aerial conidiophores unbranched often reduced 

to single phialides. Conidiogenous cells subcylindrical, molophialides and polyphialides, 7ï29 × 2ï

4 µm (x← = 16 × 3 µm, n = 50). Aerial microconidia in small false heads, oval, fusiform, 0-septate 

conidia: 5ï16 × 2ï3 µm (x← = 9 × 3 µm, n = 50). Chlamydospores not observed. Sexual morph: Not 

observed. Sexual morph: not observed. 

Culture characteristics ï Colonial growth on PDA was 6 mm/d at 25 . Surface view: light 

purple, floccose, regular margin. In reverse; purple in the centre, white at the margin. Colonial 

growth rate on OA was 4 mm/d at 25 . Colony surface light amaranth in the center, aerial 

mycelia flat, with an undulate margin. Reverse light amaranth to white. 

Material examined ï China, Guangdong Province, Jieyang City, on a stem of Dendrboium sp. 

(Orchidaceae), 30 May 2023, YX Zhang, LT Nie (MHZU 24-0010, holotype); ZHKUCC 24-0047, 

ex-type; living culture, ZHKUCC 24-0048. 

Notes ï In the phylogenetic analysis of the Fusarium fujikuroi species complex, our isolates 

(ZHKUCC 24-0047 and ZHKUCC 24-0048) formed a sister clade to F. konzum and F. babinda, 

with 1.00 BYPP value (Fig. 3). Morphologically, F. dendrobii differs from its related species by the 

presence of sporodochia and macroconidia (absent in F. dendrobii) (Zeller et al. 2003, Summerell 

et al. 1995). In addition, F. dendrobii differs from F. konzum in the size and shape of microconidia 

(oval to fusiform, 5ï16 × 2ï3 µm in F. dendrobii vs oval, 7ï10 × 2ï5 µm; pyriform, 3ï6 × 3ï8; 
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napiform to globose, 5ï6 µm in diam in F. konzum) (Zeller et al. 2003). Based on these variations 

we introduce our strains as a new species. 

 

 
 

Figure 16 ï Fusarium dendrobii (ZHKUCC 24-0047, ex-type). a 7-day-old PDA culture (surface, 

reverse). b 7-day-old OA culture (surface, reverse). cïe Aerial conidial false heads. fïh Aerial 

conidiophores phialides. i Aerial microconidia. Scale bars = 10 ɛm. 

 

Fusarium duoseptatum Maryani, L. Lombard, Kema & Crous, Stud. Mycol. 92: 181 (2018) 

                Fig. 17 

Index Fungorum number: IF826804; Facesoffungi number: FoF16734 

Asexual morph: Sporodochia orange, formed on CLA. Sporodochial conidiophores branched, 

verticillate, dense. Sporodochial conidiogenous cells doliiform to subcylindrical, 8ï15 × 3ï5 µm (x← 

= 11 × 4 µm, n = 50). Sporodochial conidia apical cell curved, basal cell foot-shaped, (1ï2)3ï5(ï

6)-septate, 1-septate conidia: 32ï42 × 4ï5 µm (x← = 36 × 4 µm, n = 7); 2-septate conidia: 33ï39 × 

4ï5 µm (x← = 37 × 5 µm, n = 6); 3-septate conidia: 32ï46 × 3ï5 µm (x← = 38 × 4 µm, n = 50); 4-

septate conidia: 36ï54 × 4ï5 µm (x← = 44 × 4 µm, n = 50); 5-septate conidia: 36ï54 × 4ï5 µm (x← = 

44 × 4 µm, n = 50); 6-septate conidia: 37ï41 × 5 µm (x← = 39 × 5 µm, n = 3). Conidiogenous cells 

subulate to subcylindrical, molophialides, (3ï)6ï25 × 2ï4(ï5) µm (x← = 14 × 3 µm, n = 50). Aerial 

microconidia in small false heads, oval to reniform, 0ï2-septate; aseptate conidia: 7ï17 × 3ï4(ï5) 

µm (x← = 10 × 3 µm, n = 50); 1-septate conidia: 13ï20 × 3ï4(ï5) µm (x← = 16 × 4 µm, n = 50); 2-

septate conidia: 17ï29 × 4ï5 µm (x← = 20 × 4 µm, n = 11). Chlamydospores globose to subglobose, 

single or in pairs, 6ï11 × 5ï11 µm (x← = 8 × 8 µm, n = 50). Sexual morph: Not observed. 

Culture characteristics ï Colonial growth on PDA was 6 mm/d at 25 . Surface view: light 

purple, floccose, filamentous margin. In reverse; light pink. Sporodochia produced on CLA after 40 

days. 

Material examined ï China, Guangdong Province, Guangzhou City, on the root of Strelitzia 

reginae (Musaceae), 19 April 2021, YX Zhang, C Chen, SQ Ma, living cultures, ZHKUCC 23-

0911, ZHKUCC 23-0894, ZHKUCC 23-0895, and ZHKUCC 23-0896). 

Notes ï In the phylogenetic analysis of Fusarium oxysporum species complex, four isolates 

from this study clustered with F. duoseptatum with 0.97 in BYPP support (Fig. 5). Morphologically 

our strains are similar to F. duoseptatum (Maryani et al. 2019), except the of macroconidia of our 
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strain was smaller than F. duoseptatum (x← = 41 × 4 µm vs x← = 58 × 7 ɛm). Herein, we identified our 

strains from Strelitzia reginae as F. duoseptatum. Previously, this species has been isolated only 

from Musa sp. (Maryani et al. 2019, Wang et al. 2022). To our knowledge, this is the first report of 

F. duoseptatum from S. reginae. 

 

 
 

Figure 17 ï Fusarium duoseptatum (ZHKUCC 23-0911). aïb 7-day-old PDA culture (surface, 

reverse). c Sporodochia on CLA. dïe Sporodochia conidiophores, phialides. f Aerial conidial false 

head. gïh Chlamydospores. iïk Aerial conidiophores phialides. l Sporodochial conidia. m Aerial 

microconidia. Scale bars: 10 ɛm.  

 

Fusarium fujikuroi Nirenberg, Mitt. Biol. BundAnst. Ld- u. Forstw. 169: 32 (1976)             Fig. 18 

Index Fungorum number: IF314213; Facesoffungi number: FoF16735 

Asexual morph: Sporodochia off-white, formed on CLA. Sporodochial conidiophores 

branched, verticillate, dense. Sporodochial conidiogenous cells subcylindrical, 10ï23 × 3ï4 µm (x← 

= 14 × 3 µm, n = 50). Sporodochial conidia apical cell curved, basal cell foot-shaped, (1ï2)3ï5(ï

7)-septate, 1-septate conidia: 24ï65 × 2ï5 µm (x← = 32 × 3 µm, n = 50); 2-septate conidia: 41ï50 × 

3ï4 µm (x← = 45 × 4 µm, n = 50); 3-septate conidia: 38ï59 × 3ï4 µm (x← = 46 × 4 µm, n = 50); 4-

septate conidia: 42ï60(ï63)× 3ï5 µm (x← = 52 × 4 µm, n = 50); 5-septate conidia: 49ï66(ï69)× 3ï5 

µm (x← = 56 × 4 µm, n = 50); 6-septate conidia: 47ï54 × 3ï4 µm (x← = 50 × 4 µm, n = 3); 7-septate 

conidia: 58 × 4 µm(n = 1). Conidiogenous cells subcylindrical, molophialides, 6ï24 × 2ï4 µm (x← = 

12 × 3 µm, n = 50). Aerial microconidia in small false heads or chains, oval, aseptate; aseptate 
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conidia: 5ï19 × 2ï4 µm (x← = 9 × 3 µm, n = 50). Chlamydospores not observed. Sexual morph: not 

observed.  

Culture characteristics ï Colonial growth on PDA was 6 mm/d at 25 . Surface view: light 

yellow, white at the margin, floccose, filamentous margin. In reverse; yellow. On CLA, 

sporodochia produced after 25 days. 

Material examined ï China, Guangdong Province, Zhaoqing City, on a stem of Philodendron 

tatei (Araceae), 28 February 2022, C Chen, living culture ZHKUCC 23-0932, ZHKUCC 23-0933. 

Notes ï In the phylogenetic analysis of the Fusarium fujikuroi species complex, two isolates 

from this study clustered with the F. fujikuroi type species and other representative strains with 

100% ML bootstrap support and 1.00 BYPP value (Fig. 3) while sharing overlapping 

morphological characteristics with F. fujikuroi (Yilmaz et al. 2021). Thus, our isolates are 

identified as F. fujikuroi based on both morphology and phylogenetic placement. Fusarium 

fujikuroi was introduced from Oryza sativa (Yilmaz et al. 2021). This species has been described 

from a wide range of hosts, including economically important crops including Avena sativa, 

Bamboo sp., Echinochloa sp., Lilium sp., and Saccharum officinarum (Carter et al. 2008, Maryani 

et al. 2019, Yilmaz et al. 2021, Wang et al. 2022). This is the first report of F. fujikuroi isolated 

from Philodendron tatei. 

 

 
 

Figure 18 ï Fusarium fujikuroi (ZHKUCC 23-0932). aïb 7-day-old PDA culture (surface, 

reverse). c Sporodochia on CLA. dïe Conidiophores and phialides on sporodochia. f Aerial 

microconidia produced in chains. g Aerial conidial chain and false head. hïj Aerial conidiophores 

phialides. k Macroconidia. l Microconidia. Scale bars: 10 ɛm. 
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Fusarium grosmichelii Maryani, L. Lombard, Kema & Crous, in Maryani, et al., Stud. Mycol. 92: 

176 (2018)               Fig. 19 

Index Fungorum number: IF826803; Facesoffungi number: FoF16736 

Asexual morph: Sporodochia orange, formed on CLA. Sporodochial conidiophores branched, 

verticillate, dense. Sporodochial conidiogenous cells subulate to subcylindrical, 7ï15 × 3ï5 µm  

(x← = 12 × 4 µm, n = 50). Sporodochial conidia apical cell curved, basal cell foot-shaped, 3ï5-

septate, 3-septate conidia: 32ï47 × 3ï6 µm (x← = 38 × 5 µm, n = 50); 4-septate conidia: 35ï51 × 4ï5 

µm (x← = 42 × 5 µm, n = 50); 5-septate conidia: 41ï59 × 4ï5 µm (x← = 47 × 5 µm, n = 50). 

Conidiogenous cells subcylindrical, molophialides and polyphialides, 6ï20 × 2ï5 µm (x← = 12 × 3 

µm, n = 50). Aerial microconidia in small false heads, oval to reniform, 0ï1 septate; aseptate 

conidia: 5ï12 × 2ï4 µm (x← = 8 × 3 µm, n = 50); 1-septate conidia: 9ï16 × 3ï5 µm (x← = 12 × 4 µm, 

n = 50). Chlamydospores globose to subglobose, single or in pairs, 5ï12 × 5ï10 µm (x← = 8 × 8 µm, 

n = 50). Sexual morph: not observed. 

Culture characteristics ï Colonial growth on PDA was 6 mm/d at 25 . Surface view: white, 

floccose, filamentous margin. In reverse; pink in the centre. Sporodochia produced on CLA after 23 

days. 

Material examined ï China, Guangdong Province, Guangzhou City, on sheath of Strelitzia 

reginae (Musaceae), 19 April 2021, YX Zhang, C Chen, SQ Ma, living culture, ZHKUCC 23-

0909); Guangdong Province, Guangzhou City, on stem of Antirrhinum majus (Plantaginaceae),  

26 February 2022, JC Wang, R Li, and XD Zheng, living culture, ZHKUCC 23-0910. 

 

 
 

Figure 19 ï Fusarium grosmichelii (ZHKUCC 23-0910). aïb 7-day-old PDA culture (surface, 

reverse). c Sporodochia on CLA. dïe Sporodochia conidiophores, phialides. f Aerial conidial false 
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head. gïh Chlamydospores. iïk Aerial conidiophores phialides and polyphialides. l Sporodochial 

conidia. m. Aerial microconidia. Scale bars: 10 ɛm. 

 

Notes ï In the phylogenetic analysis of the Fusarium oxysporum species complex, two strains 

belonging to this study clustered with F. grosmichelii (Fig. 5). Morphologically, our strains are 

similar to the type description of F. grosmichelii by Maryani et al. (2019). Thus, we identified those 

as F. grosmichelii. This species has been found only in a few plant genera, including Musa, Oryza, 

Vigna and Tibouchina (Maryani et al. 2019, Wang et al. 2022, Shipman 2022, Rana et al. 2022, Ujat 

et al. 2021, Chen et al. 2023a). Therefore, Strelitzia reginae and Antirrhinum majus are the first 

reported new host records of F. grosmichelii. 

 

Fusarium guangdongense Y.X. Zhang, K.D. Hyde, L.T. Nie & Manawas., sp. nov.             Fig. 20 

Index Fungorum number: IF902567; FacesofFungi number: FoF15239 

Etymology ï The name refers to ñGuangdong Provinceò where the fungus was collected.  

Asexual morph: Sporodochia off-white, formed on CLA. Sporodochial conidiophores 

verticillately branched and densely packed, consisting of a short, smooth- and thin-walled stipe. 

Sporodochial conidiogenous cells subcylindrical, 10ï16 × 2ï4 µm (x← = 13 × 3 µm, n = 50). 

Sporodochial conidia slender, apical cell curved, basal cell foot-shaped, (1ï)3ï7(ï10)-septate, 

hyaline; 1-septate conidia: 70 × 4 µm (n = 1); 2-septate conidia: 70 × 4 µm (n = 1); 3-septate 

conidia: (32ï)34ï66 × 3ï5 µm (x← = 50 × 4 µm, n = 50); 4-septate conidia: 4ï75 × 3ï5 µm (x← = 63 × 

4 µm, n = 50); 5-septate conidia: 67ï96 × 3ï5 µm (x← = 78 × 4 µm, n = 50); 6-septate conidia: (65ï

)69ï101 × 3ï5 µm (x← = 84 × 4 µm, n = 50); 7-septate conidia: (68ï)70ï107 × 3ï5 µm (x← = 89 × 4 

µm, n = 50); 8-septate conidia: 67ï106(ï111) × 3ï5 µm (x← = 88 × 4 µm, n = 23); 9-septate conidia: 

(80ï)89ï101(ï120) × 4ï5 µm (x← = 95 × 4 µm, n = 7); 10-septate conidia: 94ï100 × 4ï5 µm (x← = 97 

× 4 µm, n = 2). Aerial conidiophores unbranched or rarely branched, often reduced to single 

phialides. Conidiogenous cells subcylindrical, phialides and polyphialides, (3ï)4ï22 × 2ï4 µm (x← = 

13 × 3 µm, n = 50). Aerial microconidia in small false heads, fusiform, and obovoid, 0ï1-septate; 

aseptate conidia: 6ï16 × 4ï4 µm (x← = 10 × 3 µm, n = 50); 1-septate conidia: 12ï20 × (3ï)4ï5 µm 

(x← = 16 × 4 µm, n = 50). Chlamydospores not observed. Sexual morph: not observed.  

Culture characteristics ï Colonial growth on PDA was 5 mm/d at 25 . Surface view: light 

purple to pink, floccose, regular margin. In reverse; purple in the centre, white margin. Sporodochia 

produced on CLA after 60 days. Colonial growth rate on OA was 4 mm/d at 25  per day. Colony 

surface purple in the center, white at the margin, aerial mycelia raised, dense; reverse purple in the 

center. 

Material examined ï China, Guangdong Province, Guangzhou City, on a stem of Cymbidium 

sp. (Orchidaceae), 17 October 2021, YX Zhang, JW Chen, C Chen (MHZU 23-0222, holotype); 

ZHKUCC 23-0920, ex-type; living culture ZHKUCC 23-0921; Guangdong Province, Zhongshan 

City, on leaf of Dendrobium nobile (Orchidaceae), 20 August 2021, YX Zhang, ZL Mai, C Chen, 

Jingwen Chen, living cultures, ZHKUCC 23-0917, ZHKUCC 23-0918, and ZHKUCC 23-0919; 

Guangdong Province, Foshan City, on leaf of Heptapleurum heptaphyllum (Araliaceae), 3 October 

2021, JY Lin, living cultures, ZHKUCC 23-0922, ZHKUCC 23-0923, and ZHKUCC 23-0924. 

Notes ï In the phylogenetic analysis of the Fusarium fujikuroi species complex, eight isolates 

formed a distinct clade which is closely related to F. sanyaense, F. mangiferae and F. proliferatum 

(Fig. 3). Our isolates differ from these closely related species by developing different numbers of 

septa of macroconidia and much larger macroconidia (1ï10)-septate, 34ï120 × 4ï6 µm in our 

strains vs (1ï4)-septate, 20ï61 × 2ï4 in F. proliferatum (Yilmaz et al. 2021) vs 3ï5-septate, 25.3ï

67.2 × 2.7ï5.1 in F. sanyaense (Han et al. 2023) vs 3ï5-septate, 43.1ï61.4 × 1.9ï3.4 in  

F. mangiferae (Britz et al. 2002). Based on the phylogenetic placement and morphological 

variations herein, we introduce F. guangdongense as a novel species. 

 

Fusarium menglaense Karun., Tibpromma & X.F. Liu, Mycosphere 14(1): 559 (2023)     Fig. 21 

Index Fungorum number: IF845347; Facesoffungi number: FoF13272 
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Asexual morph: Sporodochia off-white, formed on CLA. Sporodochial conidiophores 

branched, verticillate, dense. Sporodochial conidiogenous cells sub-cylindrical, 10ï16 × 2ï4 µm (x← 

= 13 × 3 µm, n = 50). Sporodochial conidia apical cell curved, basal cell foot-shaped, (0ï1)3ï5(ï

7)-septate, hyaline; aseptate conidia: (36ï)38ï47 × 4ï5 µm (x← = 42 × 3 µm, n = 13); 1-septate 

conidia: 39ï48 × 4ï5 µm (x← = 43 × 4 µm, n = 6); 2-septate conidia: 36ï50 × 4ï5 µm (x← = 42 × 5 

µm, n = 11); 3-septate conidia: 37ï48(ï50) × 4ï5 µm (x← = 42 × 4 µm, n = 50); 4-septate conidia: 

37ï49(ï51) × 4ï6 µm (x← = 43 × 5 µm, n = 50); 5-septate conidia: (39ï)41ï55 × 4ï5 µm (x← = 47 × 5 

µm, n = 50); 6-septate conidia: 41ï50 × 4ï5 µm (x← = 46 × 5 µm, n = 13); 7-septate conidia: 44ï4 × 

5 µm (x← = 46 × 5 µm, n = 2). Conidiogenous cells subcylindrical, molophialides, smooth and thin-

walled, (3ï)5ï23(ï27) × 2ï4 µm (x← = 14 × 3 µm, n = 50). Aerial microconidia in small false heads, 

reniform, fusiform and obovoid, 0ï1-septate; aseptate conidia: 6ï15 × 2ï4 µm (x← = 10 × 3 µm, n = 

50); 1-septate conidia: 9ï17 × 3ï4 µm (x← = 13 × 4 µm, n = 50). Chlamydospores globose to 

subglobose, single or in pairs, 7ï16 × 7ï15 µm (x← = 11 × 11 µm, n = 50). Sexual morph: not 

observed. 

Culture characteristics ï Growth rate on PDA was 5 mm/d at 25 . Surface view: light 

purple in the centre, floccose, filamentous margin. In reverse; purple in the centre, white at the 

margin. Sporodochia produced on CLA after 30 days. 

 

 
 

Figure 20 ï Fusarium guangdongense (ZHKUCC 23-0920, ex-type). a 7-day-old PDA culture 

(surface, reverse). b 7-day-old OA culture (surface, reverse). c Sporodochia on CLA.  

dïe Sporodochia conidiophores, phialides. fïg Aerial conidial false heads. hïj Aerial conidiophores 

phialides and polyphialides. k Sporodochial conidia. l Aerial microconidia. Scale bars: 10 ɛm. 
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Material examined ï China, Guangdong Province, Guangzhou City, on stem of Antirrhinum 

majus (Plantaginaceae), 26 February 2022, JC. Wang, R Li, XD Zheng, living cultures, ZHKUCC 

23-0897, ZHKUCC 23-0898, ZHKUCC 23-0899. 

Notes ï In the phylogenetic analysis of the Fusarium oxysporum species complex, our strains 

clustered with F. menglaense with 77% ML bootstrap support and 0.99 BYPP value (Fig. 5). Our 

strains share overlapping characters with F. menglaense, except macroconidia which were not 

observed in the type strain of F. menglaense (Liu et al. 2023). Therefore, we identified our strains 

as F. menglaense. To date, F. menglaense was identified only from Rhinolophus malayanus (Liu et 

al. 2023). Herein we report the first record of F. menglaense from Antirrhinum majus. 

 

 
 

Figure 21 ï Fusarium menglaense (ZHKUCC 23-0897). aïb 7-day-old PDA culture (surface, 

reverse). c Sporodochia on CLA. dïe Sporodochia conidiophores, phialides. f Aerial conidial false 

head. gïh Chlamydospores. iïk Aerial conidiophores phialides. l Sporodochial conidia. m Aerial 

microconidia. Scale bars: 10 ɛm. 

 

Fusarium nirenbergiae L. Lombard & Crous, Persoonia 41: 29 (2018)       Fig. 22 

Index Fungorum number: IF826845; Facesoffungi number: FoF13413 

Asexual morph: Sporodochia orange, formed on CLA. Sporodochial conidiophores branched, 

verticillate, dense. Sporodochial conidiogenous cells subulate to subcylindrical, 10ï18 × 3ï5 µm (x← 

= 13 × 4 µm, n = 50). Sporodochial conidia apical cell curved, basal cell foot-shaped, 3ï5-septate, 

3-septate conidia: (30ï)33ï44 × 4ï5 µm (x← = 38 × 4 µm, n = 50); 4-septate conidia: 36ï47 × 4ï5 
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µm (x← = 41 × 5 µm, n = 50); 5-septate conidia: 37ï49 × 3ï6 µm (x← = 43 × 5 µm, n = 50). 

Conidiogenous cells subcylindrical, molophialides, (5ï)8ï19 × 2ï5 µm (x← = 13 × 3 µm, n = 50). 

Aerial microconidia in small false heads, oval to reniform, 0ï2-septate; aseptate conidia: 6ï15 × 2ï

4 µm (x← = 9 × 3 µm, n = 50); 1-septate conidia: 11ï16 × 3ï4 µm (x← = 14 × 4 µm, n = 50); 2-septate 

conidia: 16ï23 × 4ï5 µm (x← = 18 × 4 µm, n = 6). Chlamydospores globose to subglobose, single or 

in pairs, 7ï13 × 6ï11 µm (x← = 9 × 8 µm, n = 50). Sexual morph: not observed. 

Culture characteristics ï Growth rate on PDA was 5 mm/d at 25 . Surface view: white, 

floccose, filamentous margin. In reverse; light orange in the centre. Sporodochia produced on CLA 

after 30 days. 

Material examined ï China, Guangdong Province, Guangzhou City, on petiole of Strelitzia 

reginae (Musaceae), 19 April 2021, YX Zhang, C Chen, SQ Ma, living culture, ZHKUCC 23-

0905; Guangdong Province, Zhaoqing City, on stem of Bougainvillea spectabilis (Nyctaginaceae), 

4 November 2021, YX Zhang, living culture, ZHKUCC 23-0906; Jiangxi Province, Yichun City, 

on bulb of Lilium brownii (Liliaceae), May 2022, Chunping You, living culture, ZHKUCC 23-

0907; Guangdong Province, Zhuhai City, on leaf of Hymenocallis littoralis (Amaryllidaceae),  

16 February 2022, YH Lin, living culture, ZHKUCC 23-0908. 

 

 
 

Figure 22 ï Fusarium nirenbergiae (ZHKUCC 23-0907). aïb 7-day-old PDA culture (surface, 

reverse). c Sporodochia on CLA. dïe Sporodochia conidiophores, phialides. f Aerial conidial false 

head. gïh Chlamydospores. iïk Aerial conidiophores phialides and polyphialides. l Sporodochial 

conidia. m Aerial microconidia. Scale bars: 10 ɛm. 
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Notes ï In the phylogenetic analysis of the Fusarium oxysporum species complex, four 

isolates from our study, grouped with F. nirenbergiae strains (Fig. 5), share overlapping 

morphological characteristics (Lombard et al. 2019). Therefore, herein, we identified our strains as 

F. nirenbergiae. Previous studies showed that this species was associated with Crocus sativus, 

Caryota sp., Dianthus caryophyllus, Musa sp., Passiflora edulis, Secale cereale, and Setaria sp. 

(Lombard et al. 2019, Wang et al. 2022, Mirghasempour et al. 2022). To our knowledge, this is the 

first report of F. nirenbergiae from Strelitzia reginae, Bougainvillea spectabilis and Hymenocallis 

littoralis. 

 

Fusarium odoratissimum Maryani, L. Lombard, Kema & Crous, Stud. Mycol. 92: 159 (2018) 

                Fig. 23 

Index Fungorum number: IF826800; Facesoffungi number: FoF16737 

Asexual morph: Sporodochia yellow, formed on CLA. Sporodochial conidiophores branched, 

verticillate, dense. Sporodochial conidiogenous cells subcylindrical, 10ï20(ï23) × 2ï5 µm (x← = 13 

× 3 µm, n = 50). Sporodochial conidia falcate, curved and slender, apical cell curved, basal cell 

foot-shaped, (1ï)3ï5-septate, hyaline; 1-septate conidia: 30ï40 × 3ï4 µm (x← = 36 × 4 µm, n = 3); 

2-septate conidia: 24ï37 × 4ï5 µm (x← = 36 × 4 µm, n = 2); 3-septate conidia: 32ï45 × 4ï5 µm (x← = 

38 × 4 µm, n = 50); 4-septate conidia: 37ï50 × 4ï5 µm (x← = 42 × 4 µm, n = 50); 5-septate conidia: 

43ï50 × 3ï4 µm (x← = 46 × 4 µm, n = 50). Conidiogenous cells subcylindrical, molophialides6ï27 × 

2ï4 µm (x← = 13 × 3 µm, n = 50). Aerial microconidia in small false heads, oval, fusiform, obovoid 

and reniform, aseptate, 5ï10(ï13) × 3ï4 µm (x← = 7 × 3 µm, n = 50). Chlamydospores single or in 

pairs, globose to subglobose, 13ï15 × 12ï15 µm (x← = 13 × 13 µm, n = 50). Sexual morph: not 

observed. 

Culture characteristics ï Growth rate on PDA was 7 mm/d at 25 . Surface view: white, 

floccose, irregular margin. In reverse; white. Sporodochia produced on CLA after 30 days. 

Material examined ï China, Guangdong Province, Guangzhou City, on a stem of Callistemon 

rigidus (Myrtaceae Juss.), 28 December 2022, LT Nie, YH Lin (MHZU 24-0012, holotype, dried 

culture); ZHKUCC 24-0051, ex-type; living culture, ZHKUCC 24-0052. 

Notes ï In the phylogenetic analysis of the Fusarium oxysporum species complex, two 

isolates from the present study formed a sister clade with F. rosae-roxburghii and F. odoratissimum, 

with 88% ML bootstrap support and 0.99 BYPP value (Fig. 5). Morphologically, our isolates differ 

from its closely related species by macroconidial size (24ï45 × 4ï5 µm in F. callistemonis vs 11.5ï

26 × 2ï3 ɛm in F. rosae-roxburghii vs 59ï75 × 6ï8 ɛm in F. odoratissimum). In addition, 

microconidia of these three species also differ, being 5ï10 × 3ï4 ɛm in F. callistemonis, 8ï16 × 6 

ɛm in F. rosae-roxburghii and 4ï21 × 2ï3.5 ɛm in F. odoratissimum (Maryani et al. 2019, Zhang et 

al. 2023a). However, in pairwise nucleotide comparisons among the three species, they share 

differences of less than 1.0% in all gene regions. Based on fewer variations and overlapping 

morphology, we introduce our isolates as F. odoratissimum and reduce F. rosae-roxburghii to 

synonymy with F. odoratissimum. Fusarium odoratissimum has been identified only from Musa 

spp. and Albizzia julibrissin (Lombard et al. 2019). This is the first report of F. odoratissimum from 

Callistemon rigidus. 

 

Fusarium temperatum Scaufl. & Munaut, Mycologia 103(3): 593 (2011)       Fig. 24 

Index Fungorum number: IF518089; Facesoffungi number: FoF16738 

Asexual morph: Sporodochia orange, formed on CLA. Sporodochial conidiophores branched, 

verticillate, dense. Sporodochial conidiogenous cells subcylindrical, (5ï)9ï23(ï25) × 3ï5 µm (x← = 

15 × 4 µm, n = 50). Sporodochial conidia apical cell curved to hooked, basal cell foot-shaped, 

(1)3ï5(ï7)-septate, 1-septate conidia: 52 × 5 µm(n = 1); 3-septate conidia: (41ï)46ï59 × 4ï6 µm (x← 

= 51 × 4 µm, n = 50); 4-septate conidia: 44ï70 × 4ï6 µm (x← = 56 × 5 µm, n = 50); 5-septate 

conidia: (44ï)47ï67 × 4ï6 µm (x← = 57 × 5 µm, n = 50); 6-septate conidia: (40ï)42ï59(ï61)× 3ï5 

µm (x← = 50 × 4 µm, n = 25); 7-septate conidia: 50ï56 × 5ï6 µm (x← = 53 × 4 µm, n = 5). 

Conidiogenous cells subcylindrical, phialides and polyphialides, 4ï23(ï25) × 2ï4 µm (x← = 14 × 3 
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µm, n = 50). Aerial conidia in small false, oval to fusiform, 0ï1(2)-septate; aseptate conidia: 5ï14 

× 2ï4 µm (x← = 9 × 3 µm, n = 50); 1-septate conidia: 14ï21 × 3ï4 µm (x← = 16 × 4 µm, n = 50);  

2-septate conidia: 14ï23 × 4ï6 µm (x← = 19 × 5 µm, n = 23). Chlamydospores not observed. Sexual 

morph: not observed. 

 

 
 

Figure 23 ï Fusarium odoratissimum (ZHKUCC 24-00051). aïb 7-day-old PDA culture (surface, 

reverse). c Sporodochia on CLA. dïe Sporodochia conidiophores, phialides. f Aerial conidial false 

head. gïh Chlamydospores. iïk Aerial conidiophores phialides. l Sporodochial conidia. m Aerial 

microconidia. Scale bars: 10 ɛm. 

 

Culture characteristics ï Growth rate on PDA was 7 mm/d at 25 . Surface view: light 

purple, floccose, regular margin. In reverse; light pink in the centre. Sporodochia produced on CLA 

after 7 days. 

Material examined ï China, Yunnan Province, Honghe Hani and Yi Autonomous Prefecture, 

on the root of Campanula medium (Campanulaceae), 2 November 2021, L Li, N Mo, living culture, 

ZHKUCC 23-0934. 

Notes ï In the phylogenetic analysis of the Fusarium fujikuroi species complex, isolates from 

the present study clustered together with F. temperatum with 98% ML bootstrap support and 1.00 

BYPP value (Fig. 3). Apart from the larger macroconidia than F. temperatum (Scauflaire et al. 

2011) our isolates share overlapping morphological characteristics that are similar to  
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F. temperatum. Therefore, based on phylogenetic placement and morphology, we identified our 

isolates as F. temperatum. This species is a major pathogen on Zea mays, causing maize ear rot 

(Scauflaire et al. 2011). Fusarium temperatum also has been isolated from humans (Yilmaz et al. 

2021). However, this is the first record of F. temperatum isolated from Campanula medium. 

 

 
 

Figure 24 ï Fusarium temperatum (ZHKUCC 23-0934). aïb 7-day-old PDA culture (surface, 

reverse). c Sporodochia on CLA. dïe Sporodochia conidiophores, phialides. fïg Aerial conidial 

false heads. hïj Aerial conidiophores phialides and polyphialides. k Sporodochial conidia. l Aerial 

microconidia. Scale bars: 10 ɛm. 

 

Fusarium triseptatum L. Lombard & Crous, Persoonia 41: 34 (2018)       Fig. 25 

Index Fungorum number: IF826847; Facesoffungi number: FoF16739 

Asexual morph: Sporodochia orange, formed on SNA. Sporodochial conidiophores branched, 

verticillate, dense. Sporodochial conidiogenous cells subcylindrical, 8ï20 × 3ï5 µm (x← = 13 × 4 

µm, n = 50). Sporodochial conidia slender, apical cell curved, basal cell foot-shaped, (1ï2ï)3ï5-

septate, hyaline; 1-septate conidia: 49ï57 × 4ï5(ï6) µm (x← = 53 × 4 µm, n = 2); 2-septate conidia: 

52 × 5 µm (n = 1); 3-septate conidia: 37ï53(ï55) × 4ï5 µm (x← = 45 × 3 µm, n = 50); 4-septate 

conidia: (41ï)44ï60(ï62) × 4ï5(ï6) µm (x← = 51 × 4 µm, n = 50); 5-septate conidia: 46ï60(ï62) × 

3ï5 µm (x← = 54× 5 µm, n = 50). Conidiogenous cells subcylindrical, molophialides, 3ï20(ï22) × 2ï

4 µm (x← = 11 × 3 µm, n = 50). Aerial microconidia in small false, oval to reiform, 0ï1-septate; 

aseptate conidia: 5ï13(ï17) × 3ï4 µm (x← = 8 × 3 µm, n = 50); 1-septate conidia: 12ï17 × 3ï5 µm 
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(x← = 15 × 3 µm, n = 50). Chlamydospores globose to subglobose, single or in pairs, 7ï11 × 7ï11 

µm (x← = 9 × 9 µm, n = 50). Sexual morph: not observed. 

Culture characteristics ï Growth rate on PDA was 6 mm/d at 25 . Surface view: white, 

floccose, filamentous margin. In reverse; colony light pink in the centre. Sporodochia produced 

after 30 days on SNA. 

Material examined ï China, Guangdong Province, Guangzhou City, on stem of Aglaonema 

commutatum (Araceae), 1 November 2021, Lin Li, and Na Mo, living culture ZHKUCC 23-0900, 

ZHKUCC 23-0901, ZHKUCC 23-0902; Guangdong Province, Guangzhou City, on sheath of 

Strelitzia reginae (Musaceae), 1 November 2021, Y.X. Zhang, C. Chen, and S.Q. Ma, living 

culture, ZHKUCC 23-0903. 

Notes ï In the phylogenetic analysis of the Fusarium oxysporum species complex, four 

strains in this study (ZHKUCC 23-0900, ZHKUCC 23-0901, ZHKUCC 23-0902, ZHKUCC 23-

0903) clustered with the F. triseptatum ex-type strain and other representative strains (Fig. 5). 

Except the Macroconidia of our strains are larger than F. triseptatum, other characteristics are 

similar to the type description (Lombard et al. 2019). Therefore, our strains are identified as  

F. triseptatum. This species can cause the blight of Gossypium hirsutum and Ipomoea batatas and is 

also found in Sago starch and humans (Lombard et al. 2019). However, this is the first report of  

F. triseptatum from Aglaonema commutatum and Strelitzia reginae. 

 

 
 

Figure 25 ï Fusarium triseptatum (ZHKUCC 23-0900). aïb 7-day-old PDA culture (surface, 

reverse). c Sporodochia on SNA. dïe Sporodochia conidiophores, phialides. f Aerial conidial false 

head. gïh Chlamydospores. iïk Aerial conidiophores phialides. l Sporodochial conidia. m Aerial 

microconidia. Scale bars: 10 ɛm. 
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Fusarium sp.               Fig. 26 

Asexual morph: Sporodochia not observed. Conidiophores borne on aerial mycelia. Aerial 

macroconidia straight to falcate, apical cells bluntly rounded to curved, papillate, basal cells no 

significant foot-shaped, 1ï3-septate, hyaline, 1-septate conidia: 13ï22 × 2ï3 µm (x← = 18 × 3 µm,  

n = 50); 2-septate conidia: 16ï25 × 2ï3 µm (x← = 20 × 3 µm, n = 50); 3-septate conidia: 19ï36 × 2ï

3 µm (x← = 26 × 3 µm, n = 50). Aerial microconidia in small false heads, reniform to subclavate, 0ï

1-septate, aseptate conidia: 8ï18(ï21) × 4ï5 µm (x← = 12 × 4 µm, n = 50), 1-septate conidia: 11ï

27(ï29) × 2ï6 µm (x← = 18 × 4 µm, n = 50). Chlamydospores globose to subglobose, formed 

intercalarily or terminally, singly or in pairs, 7ï10 × 7ï10 µm (x← = 9 × 9 µm, n = 50). Sexual 

morph: not observed. 

Culture characteristics ï Colonial growth on PDA was 7 mm/d at 25 . Surface view: white, 

cottony, irregular margins. In reverse; colony light pink in the centre. Colonial growth rate on OA 

was 7 mm/d at 25 . Colony surface white in the center, aerial mycelia raised, dense, with an 

undulate margin; reverse white. 

Material examined ï China, Guangdong Province, Guangzhou City, on a stem of Cordyline 

fruticosa (Asparagaceae), 28 December 2022, LT Nie, YH Lin (MHZU 24-0011, dried culture); 

living cultures ZHKUCC 24-0049, ZHKUCC 24-0050. 

Notes ï In the phylogenetic analysis of the Fusarium oxysporum species complex, five 

isolates from this study developed a distinct lineage with 99% ML bootstrap support and 1.00 

BYPP value (Fig. 5). Phylogenetically, these isolates have a close relationship with F. cili,  

F. phialophorum, F. rosae-roxburghii and F. odoratissimum. Even though these isolates clustered 

separately, when we compared the nucleotide variations within the F. cili, F. phialophorum,  

F. rosae-roxburghii and F. odoratissimum cluster, it showed fewer variations. Moreover, it is 

difficult to delineate F. cili, F. phialophorum, and F. odoratissimum with these approaches. 

Therefore, treat our two isolates as Fusarium sp. Future studies are necessary to understand the 

relationship among F. cili, F. phialophorum, and F. odoratissimum together with our isolates. 

 

 
 

Figure 26 ï Fusarium sp. (ZHKUCC 24-0049). a 7-day-old PDA culture (surface, reverse).  

b 7-day-old OA culture (surface, reverse). c Aerial conidial false head. dïe Chlamydospores.  

fïh Aerial conidiophores phialides. i Aerial macroconidia. j Aerial microconidia. Scale bars: 10 

ɛm. 
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Neocosmospora E.F. Sm., Bull. U.S. Department of Agriculture 17: 45 (1899) 

Neocosmospora species were previously known as Fusarium solani species complex (FSSC; 

OôDonnell 2000) and assigned to a sect. Martiella (Wollenweber 1913). For the taxonomic 

treatment, Sandoval-Denis et al. (2019), Crous et al. (2021), Wijayawardene et al. (2022) and 

Perera et al. (2023) were followed. 

 

Neocosmospora guangdongensis Y.X. Zhang, K.D. Hyde, C. Chen & Manawas., sp. nov.  

                Fig. 27 

Index Fungorum number: IF902568; FacesofFungi number: FoF16628 

Etymology ï The name refers to ñGuangdong Provinceò, where the fungus was collected. 

Asexual morph: Sporodochia white, formed on CLA. Sporodochial conidiophores irregularly 

branched and densely packed, consisting of a short, smooth- and thin-walled stipe. Sporodochial 

conidiogenous cells subcylindrical, 11ï21(ï23) × 3ï5 µm (x← = 16 × 4 µm, n = 50). Sporodochial 

conidia apical cell blunt, basal cell foot-shaped, (3ï)4ï6(ï8)-septate; 3-septate conidia: 36 × 5 µm; 

4-septate conidia: (44ï)50ï69(ï72) × 5ï8 µm (x← = 61 × 6 µm, n = 50); 5-septate conidia: 57ï73 × 

6ï8 µm (x← = 66 × 7 µm, n = 50); 6-septate conidia: 62ï68 × 5ï7 µm (x← = 68 × 7 µm, n = 50); 7-

septate conidia: 63ï76 × 6ï8 µm (x← = 70 × 7 µm, n = 31); 8-septate conidia: 69 × 6 µm. Aerial 

conidiophores bearing terminal or lateral phialides. Conidiogenous cells subcylindrical, 15ï89 × 2ï

6 µm (x← = 53 × 3 µm, n = 50). Aerial microconidia in small false heads, oval, reniform, and 

fusiform, 0ï1-septate; aseptate conidia: 5ï20 × 2ï5 µm (x← = 9 × 4 µm, n = 50); 1-septate conidia: 

13ï21 × 4ï6 µm (x← = 16 × 5 µm, n = 50). Chlamydospores not observed. Sexual morph: not 

observed. 

Culture characteristics ï Colonial growth rate on PDA was 5 mm/d at 25 . Surface view: 

white, floccose, regular margin. In reverse; white. Sporodochia produced on CLA after 30 days. 

Colonial growth rate on OA was 4 mm/d at 25 . Colony surface white, aerial mycelia raised, 

dense, and margin entire; reverse light orange in the center. 

Material examined ï China, Guangdong Province, Zhaoqing City, on a stem of 

Paphiopedilum sp. (Orchidaceae), 4 November. 2021, YX Zhang (MHZU 23-0225, holotype); 

ZHKUCC 23-0938, ex-type; living cultures, ZHKUCC 23-0939, and ZHKUCC 23-0940. 

Notes ï In the phylogenetic analysis of Neocosmospora (Fig. 7), our strains developed a 

distinct clade with 100% ML bootstrap support and 1.00 BYPP values which is closely related to N. 

maoershanica, N. paraeumartii, N. oblonga and N. longissima. The microconidia of our isolates 

were larger than N. maoershanica (Zeng & Zhuang 2023) and N. longissima (Sandoval-Denis et al. 

2019) (5ï21 × 2ï6 µm, x← = 12.5 × 4.5 µm vs. 3ï13 × 2ï4 µm vs 5ï13 × 2ï5 µm, x← = 7 × 3 µm).  

In addition, macroconidia were not observed in N. maoershanica and N. oblonga (Sandoval-Denis 

et al. 2019). Our strains are identified as a new species based on morphological and phylogenetic 

results. 

 

Neocosmospora keratoplastica (Geiser, OôDonnell, D.P.G. Short & Ning Zhang) Sand. -Den. & 

Crous, Persoonia 41: 120 (2017)            Fig. 28 

Index Fungorum number: IF822900; Facesoffungi number: FoF16740 

Asexual morph: Sporodochia yellow, formed on CLA. Sporodochial conidiophores branched, 

verticillate, dense. Sporodochial conidiogenous cells subcylindrical, 13ï20 × 3ï5 µm (x← = 16 × 4 

µm, n = 50). Sporodochial conidia apical cell blunt, basal cell blunt to foot-shaped, (0ï)1ï4(ï5)-

septate, 0-septate conidia: (23ï)25ï35× 4ï6 µm (x← = 30 × 6 µm, n = 11); 1-septate conidia: (17ï

)20ï38(ï40)× 4ï6 µm (x← = 27 × 5 µm, n = 50); 2-septate conidia: 22ï35 × 4ï7 µm (x← = 29 × 5 µm, 

n = 50); 3-septate conidia: 29ï39 × 5ï7 µm (x← = 34 × 6 µm, n = 50); 4-septate conidia: (24ï)33ï

42(ï44)× 5ï7 µm (x← = 36 × 6 µm, n = 50); 5-septate conidia: 28ï39 × 5ï7 µm (x← = 35 × 6 µm, n = 

6). Conidiogenous cells subcylindrical, 35ï73 × 2ï4 µm (x← = 49 × 3 µm, n = 50). Aerial 

microconidia in small false heads, oval, ellipsoidal to subcylindrical, 0ï1-septate; aseptate conidia: 

8ï16 × 3ï5(ï6) µm (x← = 12 × 4 µm, n = 50); 1-septate conidia: 14ï22 × 4ï6 µm (x← = 18 × 5 µm,  
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n = 50). Chlamydospores globose to subglobose, single or in pairs, 7ï11 × 6ï10 µm (x← = 9 × 8 µm, 

n = 50). Sexual morph: not observed. 

 

 
 

Figure 27 ï Neocosmospora guangdongensis (ZHKUCC 23-0938, ex-type). a 7-day-old PDA 

culture (surface, reverse). b 7-day-old OA culture (surface, reverse). c. Sporodochia on CLA.  

dïe Sporodochia conidiophores, phialides. fïg Aerial conidial false heads. hïj Aerial conidiophores 

phialides. k Sporodochial conidia. l. Aerial microconidia. Scale bars: 10 ɛm. 

 

Culture characteristics ï Colonial growth rate on PDA was 4 mm/d at 25 . Surface view; 

white, floccose, regular margin. In reverse; white. On SNA, sporodochia produced after 25 days. 

Material examined ï China, Guangdong Province, Guangzhou City, on stem of Strelitzia 

reginae (Musaceae), 19 April 2022, YX Zhang, C. Chen, SQ Ma, living cultures, ZHKUCC 23-

0941, ZHKUCC 23-0942, and ZHKUCC 23-0943. 

Notes ï In the phylogenetic analysis, three isolates from our study clustered with 

Neocosmospora keratoplastica with 100% ML bootstrap support and 0.99 BYPP value (Fig. 7). 

The sporodochial conidia of our isolates are smaller with N. keratoplastica, and other 

morphological characteristics are similar to those of the original description of N. keratoplastica 

(Sandoval-Denis & Crous 2018). Based on this evidence, isolates from this study are identified as 

N. keratoplastica. This species is a well-known pathogen of animal infections and human corneal 

infections (Short et al. 2013, Fernando et al. 2015). It is also occasionally found in plant material 

and soil (Chehri et al. 2015, Shaffer et al. 2017, Gonzalez et al. 2020). This is the first report of  

N. keratoplastica from Strelitzia reginae worldwide. 
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Figure 28 ï Neocosmospora keratoplastica (ZHKUCC 23-0941). aïb 7-day-old PDA culture 

(surface, reverse). c Sporodochia on SNA. dïe Sporodochia conidiophores, phialides. f Aerial 

conidial false heads. gïh Chlamydospores. iïk Aerial conidiophores phialides. l Sporodochial 

conidia. m Aerial microconidia. Scale bars: 10 ɛm. 

 

Neocosmospora paphiopedili Y.X. Zhang, K.D. Hyde, C. Chen & Manawas., sp. nov. 

                Fig. 29 

Index Fungorum number: IF902571; Facesoffungi number: FoF16629 

Etymology ï Referring to the host of this fungus, Paphiopedilum sp. 

Sexual morph: Perithecia orange to dark-red, globose, papillate, superficial, solitary, or 

gregarious. Asci subcylindrical, 68ï82 × 4ï7 µm (x← = 75 × 6 µm, n = 19). Ascospores obliquely 

uniseriate or irregularly biseriate at apex of asci, ellipsoidal to subfusiform, 1-septate, 10ï12 × 4ï5 

µm (x← = 10 × 5 µm, n = 50), yellow brown to golden yellow, thick-walled. Asexual morph: 

Sporodochia not observed. Conidiophores arising from aerial mycelia. Aerial macroconidia, apical 

cell blunt, basal cell foot-shaped, (1ï)3ï4(ï5)-septate; 1-septate conidia: 24ï26 × 5 µm (x← = 25 × 5 

µm, n = 2); 2-septate conidia: 32ï35 × 5ï6 µm (x← = 34 × 5 µm, n = 4); 3-septate conidia: 33ï50 × 

4ï6 µm (x← = 42 × 6 µm, n = 50); 4-septate conidia: 40ï54 (ï58) × 5ï7 µm (x← = 49 × 6 µm, n = 50); 

5-septate conidia: (42ï) 47ï59 × 5ï7 µm (x← = 51 × 6 µm, n = 15). Conidiophores unbranched, 

simple, bearing terminal single phialides. Conidiogenous cells subcylindrical, smooth and slender, 

21ï74 × 2ï5 µm (x← = 51 × 4 µm, n = 50). Aerial microconidia in small false heads, fusoid and 

obovoid, 0ï1-septate; aseptate conidia: 7ï18 × 3ï6 µm (x← = 13 × 4 µm, n = 50); 1-septate conidia: 
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16ï25(ï29) × 4ï6 µm (x← = 20 × 5 µm, n = 50). Chlamydospores globose to subglobose, single, in 

pairs or clusters, 6ï12 × 5ï10 µm (x← = 8 × 7 µm, n = 50). Sexual morph: not observed. 

Culture characteristics ï Growth rate on PDA was 6 mm/d at 25 . Surface view: white, 

regular margin. In reverse; white. On CLA, perithecia produced after 30 days. Colonial growth rate 

on OA was 3 mm/d at 25 . Colony surface white, aerial mycelia raised, dense; reverse white. 

Material examined ï China, Guangdong Province, Zhongshan City, on stem of 

Paphiopedilum sp. (Orchidaceae), 20 Aug. 2021, YX Zhang, ZL Mai, C. Chen, JW Chen (MHZU 

23-0224, holotype); ZHKUCC 23-0935, ex-type; Guangdong Province, Shaoguan City, on stem of 

Spathiphyllum floribundum (Araceae), 17 Jul. 2021, YX Zhang, living cultures, ZHKUCC 23-0936, 

and ZHKUCC 23-0937. 

 

 
 

Figure 29 ï Neocosmospora paphiopedili (ZHKUCC 23-0935, ex-type). a 7-day-old PDA culture 

(surface, reverse). b 7-day-old OA culture (surface, reverse). c Perithecia. d Peridium cells.  

eïf Section through a perithecium. g Asci. hïi Ascospores. j Aerial conidial false head.  

kïl Chlamydospores. mïn Aerial conidiophores phialides. o Aerial macroconidia. p Aerial 

microconidia. Scale bars: e = 50 ɛm, fïp = 10 ɛm. 
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Notes ï In the phylogenetic analysis of Neocosmospora three isolates from the present study 

formed a single lineage with 100% ML bootstrap support and 1.00 BYPP values which is close to 

N. solani (Fig. 7). The macroconidia of our strains (33ï54 × 4ï7 µm) slightly differ from N. solani 

(36ï48 × 4.5ï6 µm) (Schroers et al. 2016). The nucleotide differences between N. paphiopedili 

(ZHKUCC 23-0935) and N. solani (CBS 101018T) are 1.83% (24/1312) in rpb1, 2.52% (43/1704) 

in rpb2 and 1.68% (12/714) in tef1-Ŭ. Based on morphological and molecular data and according to 

the guidelines of Jayawardena et al. (2021), the strains in this study are identified as new species. 

 

Neocosmospora pseudensiformis Samuels, Mycologia 103(6): 1323 (2011)      Fig. 30 

Index Fungorum number: IF519838; Facesoffungi number: FoF16741 

Asexual morph: Sporodochia off-white, formed on CLA. Sporodochial conidiophores 

branched, irregular, dense. Sporodochial conidiogenous cells subcylindrical, 11ï24(ï26) × 3ï5 µm 

(x← = 17 × 4 µm, n = 50). Sporodochial conidia apical cell blunt and slightly curved, basal cell foot-

shaped, (4ï)5ï7(ï9)-septate, 4-septate conidia: 48ï63 × 6ï7 µm (x← = 54 × 6 µm, n = 5); 5-septate 

conidia: (50ï)54ï71(ï73)× 6ï8 µm (x← = 61 × 7 µm, n = 50); 6-septate conidia: 60ï75 × 6ï9 µm (x← 

= 68 × 7 µm, n = 50); 7-septate conidia: (61ï)63ï82 × 6ï8 µm (x← = 71 × 7 µm, n = 50); 8-septate 

conidia: (66ï)70ï82 × 3ï5 µm (x← = 76 × 7 µm, n = 15); 9-septate conidia: 91 × 7ï8 µm (x← = 91 × 8 

µm, n = 2). Conidiogenous cells subcylindrical, (14ï)29ï66(ï69) × 3ï4 µm (x← = 45 × 3 µm, n = 

50). Aerial microconidia in small false heads, oval to subcylindrical, 0ï1-septate; aseptate conidia: 

8ï20(ï22) × 3ï5 µm (x← = 12 × 4 µm, n = 50); 1-septate conidia: 14ï22 × (3ï)4ï5 µm (x← = 17 × 5 

µm, n = 50). Chlamydospores globose to subglobose, single or in pairs, 4ï12 × 5ï10 µm (x← = 7 × 7 

µm, n = 50). Sexual morph: not observed. 

Culture characteristics ï Growth rate; 4 mm per day on PDA at 25 . Upper view; white, 

orange in the centre, aerial mycelia sparse, and regular margin. In reverse; white, orange in the 

centre. On CLA, sporodochia produced after 30 days. 

Material examined ï China, Guangdong Province, Zhongshan City, on a stem of 

Chaenomeles sinensis (Rosaceae), 22 October 2021, Y.X. Zhang, living culture, ZHKUCC 23-

0947. 

Notes ï In the phylogenetic analysis of the present study, one strain from our isolates 

clustered with Neocosmospora pseudensiformis with 100% ML bootstrap support and 1.00 BYPP 

value (Fig. 7). Our collection is morphologically similar to those of N. pseudensiformis (Nalim et 

al. 2011), and thus we identified our isolate as N. pseudensiformis. To date, the only reported host 

for this species is Cocos nucifera (Sandoval-Denis et al. 2019). Herein we first report N. 

pseudensiformis from Chaenomeles sinensis. 

 

Neocosmospora solani (Mart.) L. Lombard & Crous, Stud. Mycol. 80: 228 (2015)                Fig. 31 

Index Fungorum number: IF810964; Facesoffungi number: FoF14358 

Asexual morph: Sporodochia off -white, formed on CLA. Sporodochial conidiophores 

branched, irregular, dense. Sporodochial conidiogenous cells subcylindrical, 21ï38(ï42) × 6ï8 µm 

(x← = 30 × 7 µm, n = 50). Sporodochial conidia apical cell blunt, basal cell foot-shaped, 1ï3-septate, 

1-septate conidia: 23ï32(ï35) × 4ï7 µm (x← = 28 × 5 µm, n = 16); 2-septate conidia: 26ï33 × 5ï6 

µm (x← = 29 × 6 µm, n = 11); 3-septate conidia: 29ï40 × 5ï7 µm (x← = 35 × 6 µm, n = 50). 

Conidiogenous cells subcylindrical, (4ï)6ï80(ï90) × 2ï5 µm (x← = 23 × 4 µm, n = 50). Aerial 

microconidia in small false heads, oval, reniform, ellipsoidal to subcylindrica, 0ï1-septate; aseptate 

conidia: 8ï17(ï22) × 4ï6 µm (x← = 13 × 5 µm, n = 22); 1-septate conidia: 6ï25× 3ï6 µm (x← = 17 × 5 

µm, n = 50). Chlamydospores subglobose to globose, single, in pairs or clumps, 5ï10 × 4ï12 µm (x← 

= 7 × 8 µm, n = 50). Sexual morph: not observed. 

Culture characteristics ï Growth rate on PDA was 4 mm/d at 25 . Surface view; white, 

floccose, regular margin. In reverse; white. Sporodochia produced on CLA after 20 days. 

Material examined ï China, Guangdong Province, Guangzhou City, on a sheath of Strelitzia 

reginae (Musaceae), 19 April 2022, YX Zhang, C Chen, SQ Ma, living cultures, ZHKUCC 23-
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0944, and ZHKUCC 23-0945; Jiangxi Province, Yichun City, on a bulb of Lilium brownii 

(Liliaceae), 7 May 2022, Chunping You, living culture, ZHKUCC 23-0946. 

Notes ï Three isolates from this study grouped with Neocosmospora solani with 94% ML 

bootstrap support and 0.85 BYPP value (Fig. 7). Our isolates are similar to N. solani (Schroers et 

al. 2016), and thus, we identify this taxon as N. solani. 

 

 
 

Figure 30 ï Neocosmospora pseudensiformis (ZHKUCC 23-0947). aïb 7-day-old PDA culture 

(surface, reverse). c Sporodochia on CLA. dïe Sporodochia conidiophores, phialides. f Aerial 

conidial false head. gïh Chlamydospores. iïk Aerial conidiophores phialides. l Sporodochial 

conidia. m Aerial microconidia. Scale bars: 10 ɛm. 

 

DISCUSSION 

Correct species identification is important in plant pathology, particularly for early detection 

and disease control (Jayawardena et al. 2021, Manawasinghe et al. 2021, Chen et al. 2023b). Thus, 

pathogen identification and classification are crucial for developing a control strategy. Currently, 

species identification in mycology mostly relies on molecular phylogeny, supplemented by 

morphology. However, defining what is a species in the most cryptic and specious genera is still 

challenging (Manawasinghe et al. 2021, Bhunjun et al. 2022). In the present study, based on 

molecular phylogeny and morphology, 24 species with one undetermined isolate belonging to 

Albonectria, Fusarium, and Neocosmospora were isolated and identified from various ornamental 

plants from Southern China. Our study enhances the current understanding of the species richness 

of these three genera in the ornamental plant industry. A total of 18 Fusarium species with one 


