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Abstract 

Fusarium usually implies plant pathogens. However, endophytic Fusarium and allied fungi, 

the non-pathogenic species, share equal importance due to their excellent biosynthetic capacity and 

wide range of biological activities. Rosa roxburghii is an economically important source of 

medicine and food. We have previously reported on the diversity and antimicrobial activity of 

endophytic fungi from this plant. Finding several Fusarium species that may represent new taxa 

requires further confirmation using multi-locus phylogenetic analyses combined with morphology. 

In this study, 60 related isolates were obtained and identified from healthy R. roxburghii. Eleven 

novel species and four new combinations are described and illustrated based on multi-gene 

phylogenetic analyses of Fusarium and thirteen allied genera and morphological comparisons. The 

new species described herein are Albonectria guizhouensis, Fusarium arbusti,  

F. caulendophyticum, F. caulicola, F. cili, F. qiannanense, F. radicigenum, F. rosae-roxburghii,  

F. rosendophyticum, F. rosiradicicola, and Neocosmospora liupanshuiensis, whereas N. 

gannanensis, N. passiflorae, N. populicola, and N. tumidisperma were introduced as new 

combinations. In addition, pathogenic and endophytic Fusarium and allied fungi associated with 

Rosaceae are summarized. The results of this study have important implications for accurately 

identifying Fusarium-linked fungi and developing potential applications for these endophytic fungi. 
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Introduction  

Fusarium was introduced by Link (1809) with distinctive canoe- or banana-shaped conidia. 

Since then, the taxonomic framework of the genus has been controversial. In particular, Gräfenhan 

et al. (2011) and Schroers et al. (2011) provided compelling phylogenetic evidence and introduced 

several genera in the basal Fusarium clade in Nectriaceae. However, Geiser et al. (2013) made 

opposite arguments for a broader definition of Fusarium to avoid introducing additional genera and 

excluding many agriculturally and medically relevant species. A few years later, OôDonnell et al. 

(2020) and Geiser et al. (2021) re-supported the broad Fusarium concept based on phylogenetic 

analyses of 19 genes. Subsequently, Crous et al. (2021) re-examined the fusarioid taxa of 

Nectriaceae based on multi-gene phylogenetic analyses and showed that the Wollenweber concept 

of Fusarium presently accounts for 20 segregated genera. It is also supposed that a broad 

circumscription of Fusarium is vague, without obvious synapomorphies, and does not include all 

genera in Nectriaceae with fusarium-like macroconidia (Crous et al. 2021). Recent studies have 
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shown that the genus Fusarium includes 18 recognized species complexes and one undefined 

species complex, F. nurragi (Wang et al. 2019, Crous et al. 2021, Han et al. 2023). 

Fusarium and allied fungi, a ubiquitous and cosmopolitan group, are known to be destructive, 

threatening plants, animals, human health, and food security (Schroers et al. 2011, OôDonnell et al. 

2013, Jian et al. 2022, Wang et al. 2022). However, just as every coin has two sides, endophytic 

Fusarium and allied fungi have been extensively used in a wide range of agriculture and medicine 

for strong bioactivities. Various endophytic Fusarium and allied fungi are used to develop bioactive 

compounds, such as F. equiseti, F. oxysporum, F. lateritium, F. proliferatum, F. redolens (Toghueo 

et al. 2020), Neocosmospora solani and Neocosmospora sp. (Chowdhury et al. 2017, Toghueo et al. 

2020, Klomchit et al. 2021), Albonectria rigidiuscula (Liu et al. 2016), Neonectria ramulariae 

(Shiono et al. 2012), Ilyonectria robusta (Ye et al. 2022), and Fusicolla violacea (Li et al. 2021). 

These bioactive natural products include anticancer agents vinblastine and vincristine (Kumar et al. 

2013), taxol (Elavarasi et al. 2012), rohitukine (Kumara et al. 2012); antimicrobial agents 

fusarithioamide A (Ibrahim et al. 2016), angularly prenylated indole alkaloids (Zhang et al. 2019), 

beauvericin (Zhang et al. 2016), and antioxidant agents exopolysaccharide (Mahapatra & Banerjee 

2013). In addition, endophytic Fusarium and allied fungi also exhibit antiviral, antiparasitic, 

immunosuppressant, immunomodulatory, antithrombotic, and biocontrol properties against 

nematodes (Toghueo et al. 2020). 

Rosa (Rosaceae) is a group of economically important horticultural plants, comprising about 

200 species, often used for ornamental, food, and medicine (Yan et al. 2018, Shameh et al. 2019). 

Several Rosa species have been demonstrated to be rich in endophytic fungi. Endophytic 

communities on R. multiflora and R. multiflora var. carnea investigated with high-throughput 

sequencing resulted in four fungal phyla, 17 classes, 43 orders, 86 families, 157 genera, and 208 

species (Zhao et al. 2018). Rosa hybrida colonized at least 24 genera with 30 possible endophytic 

culturable species (Heinz et al. 2018). Endophytic Fusarium and allied fungi from Rosa mainly 

reported Fusarium, Ilyonectria, and Thelonectria (Li et al. 2012, Menkis et al. 2014, Dasari et al. 

2015, Heinz et al. 2018, Grunewaldt-Stöcker et al. 2020, Zhang et al. 2021). In these reports, 

however, almost only molecular phylogeny was used for species identification. Moreover, some 

Fusarium and allied genera have not been identified at the species level, suggesting that many new 

taxa of Fusarium and allied fungi may occur in Rosa. 

In our previous studies, about 300 strains belonging to more than 100 species were isolated 

from R. roxburghii, an economically important source of medicine and food (Zhang et al. 2021, 

Zhang et al. 2022a). These findings suggest that several new endophytic Fusarium and allied 

species may be present in R. roxburghii and may have moderate to intense antimicrobial activity 

(Zhang et al. 2021). Therefore, this study aims to further isolate endophytic Fusarium and allied 

fungi from R. roxburghii and to combine phylogeny and morphology for identification. The results 

of this study will lay the foundation for developing bioactive natural products of endophytic 

Fusarium and allied fungi. 

 

Materials & Methods  

 

Sample collection and endophytic fungal isolation 

Healthy tissues of R. roxburghii, including the roots, stems, leaves, flowers, fruits, and seeds, 

were collected from three areas in Guizhou Province, China: Guiyang City (27Á4ǋ50ǌ N, 

106Á29ǋ50ǌ E), which is a natural environment; Liupanshui City (25Á52ǋ52ǌ N, 104Á33ǋ59ǌ E), and 

Qiannan District (26Á47ǋ4ǌ N, 107Á8ǋ37ǌ E), which are plantations. The collection dates were April 

22, 2020; August 4, 2020; and August 17, 2021, respectively.  

Endophytic fungi were isolated from R. roxburghii using a previously described method 

(Kumar et al. 2013). The tissues were rinsed thoroughly with running tap water, followed by 

washing with double-distilled water, air-drying, fragmenting into small pieces (5ï10 mm diam.), 

and transferring them to a clean bench. The tissue segments were surface sterilized using 75% 

ethanol for 1 min. Next, the segments were rinsed three times with sterile water. The tissues were 
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then immersed in 1% (w/v) aqueous sodium hypochlorite (NaOCl) for 1ï3 minutes, depending on 

the tissue type (roots 2 min, stems and seeds 3 min, and leaves, fruits, and flowers 1 min), after 

which they were washed three times with sterile distilled water. Finally, the tissue pieces were 

blotted dry on sterile filter paper, and the margins were trimmed. Fungal isolation was carried out 

using six different media: potato dextrose agar (PDA), oatmeal agar (OA), malt extract agar 

(MEA), Czapek Dox agar (CDA), water agar (WA), and synthetic low nutrient agar (SNA), all 

supplemented with streptomycin sulfate (0.5 g/L) to prevent bacterial contamination. All plates 

containing fungi were incubated in the dark at 28 °C for 3 to 7 days. Subsequently, the single 

hyphal tip was picked and subcultured on PDA plates until pure cultures were obtained. Surface 

sterilization was monitored using three previously described methods (Zhang et al. 2022a). 

The holotype specimens were deposited in the Herbarium of the Department of Plant 

Pathology, Agricultural College, Guizhou University (HGUP). Ex-type cultures were conserved in 

the Culture Collection of the Department of Plant Pathology, College of Agriculture, Guizhou 

University, China (GUCC), and the China General Microbiological Culture Collection Center 

(CGMCC). 

 

Morphological observations 

Cultures were incubated on PDA, OA, and SNA in the dark at 28 . After several days, 

colony diameters were measured, and colony characteristics were observed and recorded. 

Macroscopic morphology was examined under a digital microscope (VHX-7000, Keyence). After 

sporulation, micromorphological features were observed in 25% lactic acid under a Zeiss Axiolab 5 

light microscope equipped with an Axiocam 208 camera. 

 

DNA extraction, PCR amplification, and sequencing 

DNA of endophytic strains was extracted using the Fungal gDNA Isolation Kit (BW-

GD2416, Biomiga, China), following the manufacturerôs instructions, and the products were stored 

at -20 °C. Primers for polymerase chain reaction (PCR) were provided in Table 1. Generally, 

annealing at 55 °C for 35 cycles is sufficient for successful amplification. The conditions of rpb1 

need attention: 94 °C 90 s; 5 cycles of 94 °C 45 s, 58 °C 45 s, 72 °C 2 min; 5 cycles of 94 °C 45 s, 

57 °C 45 s, 72 °C 2 min; 35 cycles of 94 °C 45 s, 56 °C 45s, 72 °C 2 min; 72 °C 10 min; 10 °C 

soak (OôDonnell et al. 2010). Amplification products were sequenced by Sangon Biotech 

(Shanghai, China). 

 

Phylogenetic analyses 

All forward and reverse sequences were converted into consensus sequences using BioEdit v. 

7.0.9.0 (Hall 1999). All sequences generated in this study were submitted to GenBank. BLASTn 

searches were performed with ITS sequences to retrieve the closest matches from GenBank. 

Fusarium and allied genera were screened for further study. Recently published sequences have 

been included in phylogenetic analyses (Supplementary Tables 1, 2). For each locus, sequences 

were aligned using MAFFT (Katoh & Standley 2013), selecting the ñautoò strategy and normal 

alignment mode, and alignments were manually adjusted where necessary in BioEdit and 

concatenated in PhyloSuite v. 1.2.2 (Zhang et al. 2020a). Phylogenetic analyses were inferred using 

Maximum likelihood (ML) and Bayesian inference (BI) methods. The best-fit substitution models 

under the Bayesian Information Criteria (BIC) for ML analyses and the Akaike Information 

Criterion (AIC) for BI analyses were selected using ModelFinder (Kalyaanamoorthy et al. 2017). 

The ML analyses were inferred using IQ-TREE (Nguyen et al. 2014) under the edge-linked 

partition model for 100,000 ultrafast bootstraps (Minh et al. 2013). The BI analyses were done 

using MrBayes 3.2.6 (Ronquist et al. 2012) under a partition model (2 parallel runs, 10,000,000 

generations), in which the preliminary 25% of the sampled data were discarded as burn-in. 

MAFFT, ModelFinder, IQ-TREE, and MrBayes were integrated into PhyloSuite (Zhang et al. 

2020a). Trees were visualized with FigTree v.1.4.3 (Rambaut 2014). ML bootstrap support values 
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(BS) over 50% and Bayesian posterior probabilities (PP) over 0.90 (BS/PP) were displayed near the 

branches in Adobe Illustrator CC 2019. 

 

Table 1 Primers information of PCR amplification of Fusarium and allied fungi. 

 
Genes Primers (Direction) Sequence (5ǋï3ǋ) References 

ACT*  TRIACT1 (F) TGGCACCACACCTTCTACAATGA Samuels et al. (2006) 

TRIACT2 (R) TCTCCTTCTGCATACGGTCGGA 

ITS ITS5 (F1) GGAAGTAAAAGTCGTAACAAGG White et al. (1990) 

ITS4 (R2) TCCTCCGCTTATTGATATGC 

LSU LR0R (F) ACCCGCTGAACTTAAGC Vilgalys & Sun (1994) 

LR5 (R) ATCCTGAGGGAAACTTC Vilgalys & Hester (1990) 

SSU NS1 (F)* GTAGTCATATGCTTGTCTC Gargas & Taylor (1992) 

SR7 (R)* GTTCAACTACGAGCTTTTTAA 

acl1 230up (F) AGCCCGATCAGCTCATCAAG Gräfenhan et al. (2011) 

1220low (R) CCTGGCAGCAAGATCVAGGAAGT 

CaM CAL-228f (F) GAGTTCAAGGAGGCCTTCTCCC Carbone & Kohn (1999) 

CAL-2Rd (R) TGRTCNGCCTCDCGGATCATCTC Quaedvlieg et al. (2011) 

rpb1 Fa (F) CAYAARGARTCYATGATGGGWC OôDonnell et al. (2010) 

G2R (R) GTCATYTGDGTDGCDGGYTCDCC 

RPB1a (F)* CAYCCWGGYTTYATCAAGAA Castlebury et al. (2004) 

RPB1c (R)* CCNGCDATNTCRTTRTCCATRTA 

rpb2 RPB2-5f2 (F) GGGGWGAYCAGAAGAAGGC Reeb et al. (2004) 

fRPB2-7cr (R) CCCATRGCTTGYTTRCCCAT Liu et al. (1999) 

RPB2-7cf (F) ATGGGYAARCAAGCYATGGG 

RPB2-11aR (R) GCRTGGATCTTRTCRTCSACC 

tef1 EF-1 (F) ATGGGTAAGGARGACAAGAC OôDonnell et al. (1998) 

EF-2 (R) GGARGTACCAGTSATCATG 

EF-728 (F)* CATCGAGAAGTTCGAGAAGG Carbone & Kohn (1999) 

EF-1567 (R)* ACHGTRCCRATACCACCRAT 

tub2 T1 (F) AACATGCGTGAGATTGTAAGT OôDonnell & Cigelnik 

(1997) 

TUB4RD (R) CCRGAYTGRCCRAARACRAAGTTGTC Woudenberg et al. (2009) 

T2 (R)* TAGTGACCCTTGGCCCAGTTG OôDonnell & Cigelnik 

(1997) 
1F: Forward, 2R: Reverse; *only for Thelonectria in this study. 

 

Genealogical concordance phylogenetic species recognition analyses 

Fungal species that are phylogenetically related but ambiguous are often analyzed by 

performing a pairwise homoplasy index (PHI) test with the Genealogical Concordance 

Phylogenetic Species Recognition (GCPSR) model (Quaedvlieg et al. 2014, Sun et al. 2023). The 

PHI test was conducted in SplitsTree4 (v. 4.19.0) using LogDet transformation and split 

decomposition options to determine recombination level (Huson & Bryant 2006, Quaedvlieg et al. 

2014). If PHI is above the 0.05 threshold (p > 0.05), it indicates that no significant recombination is 

present in the dataset. 

 

Results 

 

Molecular phylogeny 

The genus-level phylogeny of Fusarium and allied fungi was investigated based on a 

combined dataset of ITS, LSU, rpb1, rpb2, and tef1 gene region, which consisted of 572 bp for ITS, 

840 bp for LSU, 1581 bp for rpb1, 897 bp for rpb2, and 819 bp for tef1. A total of 235 isolates 

were used for ML and BI analyses, and the resulting tree was rooted with Nectria cinnabarina 

(CBS 125165). For ML analysis, the best-fit models for ITS, LSU, rpb1, rpb2, and tef1 were 

GTR+F+I+G4, TIM2e+I+G4, TIM3e+R5, TIM3e+R5, and TIM3+F+R4, respectively. For BI 

analysis, the corresponding best-fit models were GTR+F+I+G4, GTR+F+I+G4, SYM+I+G4, 
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SYM+I+G4, and GTR+F+I+G4, respectively. The topology is consistent with the phylogeny 

proposed by Crous et al. (2021). The phylogeny showed that 60 isolates were distributed over seven 

Fusarium species complexes and four allied genera (Albonectria, Luteonectria, Neocosmospora, 

and Thelonectria) (Fig. 1). 

Phylogenetic analyses of several Fusarium species complexes and allied genera were 

conducted respectively using different datasets. The phylogenetic tree of the F. incarnatum-equiseti 

species complex was constructed by combining ITS, tef1, CaM, rpb1, and rpb2 sequence data from 

108 strains (Fig. 7), and the tree topology is similar to those in previous studies (Wang et al. 2022, 

Han et al. 2023). Following the description of Wang et al. (2022), a phylogenetic tree of the  

F. oxysporum species complex was generated in this study by combining CaM, rpb1, rpb2, tef1, 

and tub2 sequence data from 124 strains (Fig. 11), and similar phylogenetic results were observed. 

Also, the phylogenetic tree of the F. tricinctum species complex was obtained in this study by 

combining ITS, rpb1, rpb2, tef1, and tub2 sequence data from 59 strains (Fig. 17), and the topology 

of ML and BI trees was similar to that of Han et al. (2023). For the species-rich Neocosmospora,  

a phylogenetic tree was generated in this study combining acl1, CaM, ITS, LSU, rpb1, rpb2, and 

tef1 sequence data from 196 strains as previously described (Crous et al. 2021), and a similar 

topology was obtained (Fig. 21). Finally, a phylogenetic tree of Thelonectria was generated based 

on the previously described (Salgado-Salazar et al. 2016), combining ACT, ITS, LSU, rpb1, rpb2, 

SSU, tef1, and tub2 sequence data from 130 strains, which was topologically consistent with the 

previous ones (Fig. 27). 

As a result of phylogenetic analyses and morphological features, the 60 selected isolates were 

identified into 25 species, including 14 known species and 11 new species. Fusarium comprised the 

majority with 15 species, while Albonectria, Luteonectria, Neocosmospora, and Thelonectria had 

one or two species present. Notably, additional analyses revealed four new Neocosmospora 

combinations. 

 

Taxonomy 

 

Albonectria Rossman & Samuels  

Albonectria was described by Rossman et al. (1999), with A. rigidiuscula designated as the 

type species. The genus encompasses species with white to pale yellow ascomata that are 

associated with Fusarium anamorph (Lombard et al. 2015). According to Index Fungorum (2023), 

Albonectria currently comprises four species, namely A. albida, A. albosuccinea, A. rigidiuscula, 

and A. verrucosa, where A. albida was transferred to Luteonectria (Crous et al. 2021). Albonectria 

rigidiuscula can cause a variety of plant diseases such as cocoa green point gall (Vicente et al. 

2012), Magnolia denudata cancer (Wang et al. 2015), and apple rot (Lee et al. 2017), while 

endophytic A. rigidiuscula exhibited antimicrobial activity against Bacillus subtilis, Sclerotinia 

sclerotiorum, and Staphylococcus aureus (Liu et al. 2016). Two strains of endophytic Albonectria 

were isolated from R. roxburghii in this study (Fig. 1). 

 

Albonectria guizhouensis H. Zhang & Y.L. Jiang, sp. nov.           Fig. 2 

Index Fungorum number: IF900485; Facesoffungi numbers: FoF 14969 

Etymology ï Name refers to the location where the fungus was collected, Guizhou, China. 

Endophytic in roots of R. roxburghii in China. Sexual morph: not observed. Asexual morph: 

Sporodochia yellow, formed on SNA. Sporodochial conidiophores often reduced to single 

phialides. Sporodochial conidiogenous cells monophialidic or polyphialidic, cylindrical to 

subcylindrical, hyaline, smooth, thick-walled, straight to slightly curved, tapering towards the apex, 

periclinal thickening and collarette inconspicuous, 17ï71.5 × 5ï7 ɛm (av. = 51.5 Ĭ 6.1 ɛm, n = 10). 

Sporodochial macroconidia curved with parallel walls, apical cell curved to blunt; basal cell 

papillate, poorly developed to well-developed, foot-shaped, 5ï7-septate (mostly 7-septate), hyaline, 

smooth, thin-walled: 5-septate macroconidia 68.5ï77.5 × 5.5ï7 ɛm (av. = 73.6 Ĭ 6.2 ɛm, n = 30); 

6-septate macroconidia 68ï82 × 5.5ï7.5 ɛm (av. = 76 Ĭ 6.3 ɛm, n = 30); 7-septate macroconidia  
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Figure 1 ï Phylogenetic relationships of several species complexes in Fusarium and allied fungi. 

The phylogenetic tree was generated using the maximum likelihood (ML) method by combining 

ITS, LSU, rpb1, rpb2, and tef1 sequence data from 235 strains. The tree is rooted with Nectria 

cinnabarina (CBS 125165). ML bootstrap support values > 50% (BS) and Bayesian posterior 

probabilities > 0.90 (PP) are given near nodes (BS/PP). Strains isolated in this study are bold. New 

species and combinations are shown in bold blue and blue, respectively. T holotype or ex-type.  
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Figure 1 ï Continued. 
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Figure 1 ï Continued. 
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Figure 1 ï Continued. 

 

61.5ï89.5 × 5.5ï7.5 ɛm (av. = 80.1 Ĭ 6.4 ɛm, n = 30). Conidiophores on aerial mycelium 

unbranched, often reduced to single phialides. Aerial conidiogenous cells monophialidic, straight or 

slightly curved, cylindrical, 4ï34 × 1.5ï3.5 ɛm (av. = 17 Ĭ 2.2 ɛm, n = 10), hyaline, smooth- and 

thin-walled, periclinal thickening and collarette inconspicuous. Aerial microconidia forming small 

false heads on tips of phialides, hyaline, slightly rough-walled, thin-walled, straight, oblong, apex 

obtuse, base truncate, aseptate, 5ï13.5 × 2ï4 ɛm (av. = 8.4 Ĭ 2.8 ɛm, n = 30). Chlamydospores not 

observed. 

Culture characteristics ï Colonies on PDA attaining 52 mm diam. after 12 days in the dark at 

28 , flat, dense, light brown in the center, white toward the margin, aerial mycelium floccose, 

round, with irregular edge, aerial mycelia abundant, and reverse light brown. On OA attaining 52 

mm diam. after 12 days, buff to yellow, flat, margin entire, with concentric rings, abundant aerial 

mycelium, and reverse concolorous. On SNA attaining 52 mm diam. after 12 days, hyaline to pale 

grey, with sparse aerial mycelium, slightly reddish in the center, and reverse same color. Pigment 

and odor absent.  

Material examined ï China, Guizhou Province, Qiannan Districts, R. roxburghii Plantation, 

from healthy roots of R. roxburghii (Rosaceae), 26Á47ǋ4ǌ N, 107Á8ǋ37ǌ E, alt. 1322 m, 17 August 

2021, H. Zhang (HGUP198014, holotype), ex-type living culture: GUCC 198014.1 = 

CGMCC3.25472; other living culture: GUCC 198015.1. 

Notes ï Two strains (CGMCC3.25472 and GUCC 198015.1) isolated from R. roxburghii in 

this study, A. rigidiuscula (CBS 133754), and A. albosuccinea (NRRL 20459) clustered as a 

distinct clade (Fig. 1). Our collections are phylogenetically closer to A. rigidiuscula with high 

statistical support (BS = 99%, PP = 1.00), sharing 98.13% (471/480, no gaps) sequence similarity 

on ITS, 98.84% (425/430, no gaps) on LSU, 98.19% (761/775, one gap) on rpb1, 97.51% (783/803, 

no gaps) on rpb2, and 98.29% (518/527, one gap) on tef1. Other genes are missing for  

A. rigidiuscula. Morphologically, the two species differ in the shape of aerial conidiophores 

(unbranched in A. guizhouensis vs. branched in A. rigidiuscula), the number of septa and 

macroconidial dimensions (5ï7-septate, 5-septate 68.5ï77.5 × 5.5ï7 ɛm, 6-septate 68ï82 × 5.5ï7.5 

ɛm, 7-septate 61.5ï89.5 × 5.5ï7.5 ɛm in A. guizhouensis vs. 7ï10-septate, 55ï130 × 6ï10 ɛm in  

A. rigidiuscula), the size of aerial conidiogenous cells (4ï34 × 1.5ï3.5 ɛm, av. = 17 Ĭ 2.2 ɛm in  

A. guizhouensis vs. 28ï36 × 4ï5 ɛm in A. rigidiuscula), the aerial microconidial organization 
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(microconidia arranged in false heads in A. guizhouensis vs. microconidia formed in chains in  

A. rigidiuscula), and the number of microconidial septa (aseptate in A. guizhouensis vs. 0ï1-septate 

in A. rigidiuscula) (Rossman et al. 1999, Crous et al. 2021). Furthermore, the PHI test showed that 

there is no significant recombination (p = 1.0 > 0.05) between A. guizhouensis and its closely 

related taxa (Fig. 3). Thus, A. guizhouensis is introduced as a new species. 

 

 
 

Figure 2 ï Albonectria guizhouensis (ex-type culture CGMCC3.25472). AïF Colony on PDA, OA 

and SNA (A, C, and E from above; B, D, and F from below). G Sporodochia. HïI Aerial and 



                       2102 

sporodochial conidiophores and conidiogenous cells. J Microconidia. KïM Macroconidia. Scale 

bars: G = 500 ɛm, HïM = 10 ɛm. 

 

 
 

Figure 3 ï Results of the pairwise homoplasy index (PHI) test of new Albonectria species and their 

closely related species. New taxa are printed in bold blue. 

 

Fusarium Link 

Fusarium, typified by F. sambucinum, is diagnostically characterized as dark blue to black 

perithecia that produce clavate asci; asci bears ellipsoidal to cylindrical 1- to multiseptate 

ascospores; asexual morphs, conidiophores arising from aerial hyphae, mono- and/or polyphialides; 

conidiogenous cells produce micro- and macroconidia, sometimes mesoconidia or only 

macroconidia are produced in sporodochia, and chlamydospores form in hyphae (Crous et al. 

2021). Index Fungorum (2023) lists 1757 species names in Fusarium, while many species have 

been transferred to other genera. Many Fusarium species are responsible for causing disease in 

economically important plants, with about 80% of cultivated crops suffering from one or more 

Fusarium diseases (Wingfield et al. 2018). However, some endophytic Fusarium strains may 

benefit certain hosts (Hill et al. 2022). In the present study, 42 strains of endophytic Fusarium were 

isolated from R. roxburghii and identified as 15 species based on multigene phylogenetic analyses 

(Fig. 1). 

 

Fusarium arbusti H. Zhang & Y.L. Jiang, sp. nov.            Fig. 4 

Index Fungorum number: IF900494; Facesoffungi numbers: FoF 14970 

Etymology ï Name refers to the plantation from which the species was isolated. 

Endophytic in roots of R. roxburghii in China. Sexual morph not observed. Asexual morph: 

Sporodochia not observed. Conidiophores macronematous, arising from aerial hyphae, solitary, 

unbranched, often reduced into conidiogenous cells. Conidiogenous cells monophialidic, hyaline, 

lateral, subcylindrical, tapering towards the apex, straight or slightly curved, smooth to rough, thin-

walled, collarette and periclinal thickening inconspicuous, 1ï23.5 × 1ï3 ɛm (av. = 10.4 Ĭ 2.3 ɛm,  

n = 10). Microconidia solitary or forming false heads on tips of monophialides, sometimes 

produced directly on mycelium, hyaline, aseptate, oval to subcylindrical, straight to curved, ends 

obtuse, guttulate, 4.5ï15 × 1.5ï3 ɛm (av. = 7.7 Ĭ 2.4 ɛm, n = 30); Macroconidia slender with no 

significant curvature to slightly curved, slightly narrowing towards each end, apical cell blunt; basal 

cell obtuse, not foot-shaped, 0ï2-septate (mostly aseptate), hyaline, guttulate, thin- to thick-walled; 

aseptate macroconidia 16ï31.5 × 2ï4.5 ɛm (av. = 20.9 Ĭ 3.1 ɛm, n = 30); 1-septate macroconidia 

17.5ï26 × 3ï4.5 ɛm (av. = 23.3 Ĭ 3.7 ɛm, n = 30); 2-septate macroconidia 25ï37.5 × 2.5ï4.5 ɛm 

(av. = 28.1 Ĭ 3.2 ɛm, n = 30). Chlamydospores not observed. 

Culture characteristics ï Colonies on PDA attaining 55 mm diam. after 14 days in the dark at 

28 , white, round, raised, fluffy, cottony, irregular margin, colonies fertile, with abundant aerial 
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hyphae, and reverse white to pale pink. On OA attaining 50 mm diam. after 14 days, whitish to 

light pink, cottony, dense, margin irregular, aerial mycelia abundant, and reverse concolorous. On 

SNA attaining 50 mm diam. after 14 days, greyish white, flat, aerial mycelia sparse, margin entire, 

and reverse concolorous. Pigment and odor absent.  

 

 
 

Figure 4 ï Fusarium arbusti (ex-type culture CGMCC3.25473). AïF Colony on PDA, OA, and 

SNA (A, C, and E from above; B, D, and F from below). GïK Aerial conidiophores and 

conidiogenous cells. L Aerial microconidia and macroconidia. Scale bars: GïL = 10 ɛm. 

 

Material examined ï China, Guizhou Province, Liupanshui City, R. roxburghii Plantation, 

from healthy roots of R. roxburghii (Rosaceae), 25Á52ǋ52ǌ N, 104Á33ǋ59ǌ E, alt. 2047 m, 4 August 
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2020, H. Zhang (HGUP190154, holotype), ex-type living culture: GUCC 190154.1 = 

CGMCC3.25473; other living culture: GUCC 190154.2. 

 

 
 

Figure 5 ï Results of the pairwise homoplasy index (PHI) test of new Fusarium species and their 

closely related species. New taxa are printed in bold blue. 

 

Notes ï Phylogenetic analyses revealed that F. arbusti is located in a distinct clade with high 

statistical support (BS = 100%, PP = 1.00) but is closely related to F. commune (Fig. 1). The tef1 

sequence of F. arbusti shares 95.64% (504/527, 3 gaps) similarity to F. commune (ITS, LSU, rpb1, 

and rpb2 are missing for the ex-type F. commune). Morphologically, F. arbusti differs from  

F. commune in having different shapes of conidiogenous cells (monophialidic and subcylindrical in 

F. arbusti vs. mono- to polyphialidic and sub-fusiform in F. commune), microconidial organization 

(microconidia solitary, forming false heads, or produced directly on the mycelium in F. arbusti vs. 

solitary or 2ï3 microconidia arising from simple polyphialide in F. commune), shorter 

monophialides (up to 23.5 ɛm long in F. arbusti vs. up to 60 ɛm long in F. commune), 

macroconidial formations (from hyphae in F. arbusti vs. borne in sporodochia in F. commune), and 

macroconidial shapes (0ï2-septate, mostly aseptate in F. arbusti vs. 3-septate or 5-septate in  

F. commune; guttulate in F. arbusti vs. smooth in F. commune; slender with no significant 

curvature to slightly curved, apical cell blunt, basal cell obtuse, not foot-shaped in F. arbusti vs. 

typically fusiform with a slightly curved apical cell and a foot-shaped basal cell in F. commune). In 

addition, chlamydospores were not observed in F. arbusti, but are commonly observed in  
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F. commune (Skovgaard et al. 2003). As shown in Fig. 5a, the result of PHI test also showed that 

there is no obvious recombination (p = 0.5358 > 0.05) between F. arbusti and its closely related 

taxa. Therefore, we introduce F. arbusti as a new species. 

 

Fusarium heterosporum species complex 

 

Fusarium qiannanense H. Zhang & Y.L. Jiang, sp. nov.           Fig. 6 

Index Fungorum number: IF900486; Facesoffungi numbers: FoF 14971 

Etymology ï Name refers to the location where the fungus was collected, Qiannan Districts, 

Guizhou Province, China. 

Endophytic in roots of R. roxburghii in China. Sexual morph not observed. Asexual morph: 

Sporodochia light yellow, formed abundantly on SNA. Sporodochial conidiophores 2ï3 branched, 

bearing terminal whorls of 2ï4 monophialides. Sporodochial conidiogenous cells polyphialidic, 

cylindrical to subcylindrical, hyaline, smooth, thin-walled, straight to slightly curved, periclinal 

thickening inconspicuous, with slightly flared collarette, 14.5ï21 × 2ï3 ɛm (av. = 17.4 Ĭ 2.3 ɛm,  

n = 10). Sporodochial macroconidia moderately curved, sometimes with no significant curvature, 

slender, tapering towards the basal part, apical cell curved, elongated, and tapered; basal cell poorly 

developed to well-developed, foot-shaped, 0ï5-septate (mostly 3ï4-septate), hyaline, verrucae, 

thin-walled: aseptate macroconidia 15ï21.5 × 2ï3 ɛm (av. = 18.1 Ĭ 2.4 ɛm, n = 30); 1-septate 

macroconidia 21ï37 × 2ï3 ɛm (av. = 27.7 Ĭ 2.5 ɛm, n = 30); 2-septate macroconidia 27ï41.5 × 2ï

3 ɛm (av. = 37.1 Ĭ 2.7 ɛm, n = 30); 3-septate macroconidia 37ï48 × 2ï3 ɛm (av. = 42.9 Ĭ 2.5 ɛm, 

n = 30); 4-septate macroconidia 39ï49.5 × 2ï3 ɛm (av. = 45.5 Ĭ 2.5 ɛm, n = 30); 5-septate 

macroconidia 47ï55 × 2ï3 ɛm (av. = 51 Ĭ 2.6 ɛm, n = 30). Conidiophores on aerial mycelium 

unbranched, often reduced to conidiogenous cells. Aerial conidiogenous cells monophialidic, 5.5ï

18 × 1.5ï3 ɛm (av. = 11.3 Ĭ 2.4 ɛm, n = 10), hyaline, smooth- and thin-walled, with conspicuous 

periclinal thickening and inconspicuous collarettes. Aerial macroconidia straight to slightly curved, 

tapering towards the basal part, apical cell blunt to inconspicuously papillate, basal cell obtuse to 

poorly developed, foot-shaped, 1ï3-septate, hyaline, thin-walled, verrucae; 1-septate macroconidia 

12.5ï22.5 × 1.5ï3 ɛm (av. = 17.4 Ĭ 2.1 ɛm, n = 30); 2-septate macroconidia 19.5ï22 × 1.5ï2.5 ɛm 

(av. = 20.1 Ĭ 2.1 ɛm, n = 30); 3-septate macroconidia 17.5ï31 × 1.5ï3 ɛm (av. = 25.7 Ĭ 2.3 ɛm,  

n = 30). Microconidia and chlamydospores not observed. 

Culture characteristics ï Colonies on PDA attaining 52 mm diam. after 12 days in the dark at 

28 , off-white, raised, flocculent, round, with irregular edge, aerial mycelia abundant, and reverse 

off-white. On OA attaining 55 mm diam. after 12 days, grey, flat, margin entire, moderate aerial 

mycelium, and reverse grey. On SNA attaining 50 mm diam. after 12 days, white, with sparse to 

moderate aerial mycelium, slightly raised center, and reverse same color. Pigment and odor absent. 

Material examined ï China, Guizhou Province, Qiannan Districts, R. roxburghii Plantation, 

from healthy roots of R. roxburghii (Rosaceae), 26Á47ǋ4ǌ N, 107Á8ǋ37ǌ E, alt. 1322 m, 17 August 

2021, H. Zhang (HGUP198067, holotype), ex-type living culture: GUCC 198067.1 = 

CGMCC3.25477; other living culture: GUCC 198067.2. 

Notes ï Phylogenetically, F. qiannanense forms a sister clade to F. heterosporum with high 

statistical support (BS = 100%, PP = 1.00), belonging to a separate clade (Fig. 1). Fusarium 

qiannanense differs from F. heterosporum by having 97.66% (501/513, 3 gaps) similarity in ITS, 

96.11% (1506/1567, no gaps) similarity in rpb1, and 96.67% (872/902, no gaps) similarity in rpb2 

sequences. Other genes are missing for F. heterosporum except LSU. Morphologically, the two 

species are distinguished based on sporodochial conidiogenous cells (polyphialidic of  

F. qiannanense vs. monophialidic of F. heterosporum), the number of septa in sporodochial 

macroconidia (0ï5 septa of F. qiannanense vs. 3ï5 septa of F. heterosporum), and the length of 3-

septate sporodochial macroconidia (37ï48 ɛm, av. = 42.9 ɛm of F. qiannanense vs. 20ï30 ɛm of  

F. heterosporum). Additionally, distinct morphology was observed in the aerial macroconidia of  

F. qiannanense compared to its sporodochial macroconidia, while no significant differences were 

found in F. heterosporum (Leslie & Summerell 2006, Crous et al. 2021). Moreover, the PHI test on 
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F. qiannanense showed no significant recombination (p = 0.09463 > 0.05) between F. qiannanense 

and its closely related taxa as shown in Fig. 5b. Thus, F. qiannanense is introduced as a new 

species. 

 

 
 

Figure 6 ï Fusarium qiannanense (ex-type culture CGMCC3.25477). AïF Colony on PDA, OA, 

and SNA (A, C, and E from above; B, D, and F from below). G Sporodochia. HïI Sporodochial 

conidiophores and conidiogenous cells. J Aerial conidiophores and conidiogenous cells.  

K Sporodochial macroconidia. L Aerial macroconidia. Scale bars: G = 200 ɛm, H = 50 ɛm, IïL = 

10 ɛm. 
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Fusarium incarnatum-equiseti species complex 

 

Fusarium caulendophyticum H. Zhang & Y.L. Jiang, sp. nov.          Fig. 8 

Index Fungorum number: IF900487; Facesoffungi numbers: FoF 14972 

Etymology ï Name refers to endophytic fungi isolated from the stems. 

 

 
 

Figure 7 ï Phylogenetic relationships of Fusarium incarnatum-equiseti species complex. The 

phylogenetic tree was generated using the maximum likelihood (ML) method by combining ITS, 

tef1, CaM, rpb1, and rpb2 sequence data from 108 strains. The tree is rooted with F. tjaynera 
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(NRRL 66246) and F. aywerte (NRRL 25410). The ML bootstrap support values > 50% (BS) and 

Bayesian posterior probabilities > 0.90 (PP) are given near nodes (BS/PP). Strains isolated in this 

study are indicated in bold. The new species are in bold blue. T holotype or ex-type.  

 

 
 

Figure 7 ï Continued. 
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Figure 8 ï Fusarium caulendophyticum (ex-type culture CGMCC3.25474). AïF Colony on PDA, 

OA and SNA (A, C, and E from above; B, D, and F from below). GïJ Aerial conidiophores and 

conidiogenous cells. K Macroconidia. Scale bars: GïK = 10 ɛm. 

 

Endophytic in stems of R. roxburghii in China. Sexual morph not observed. Asexual morph: 

Sporodochia not observed. Conidiophores macronematous, irregularly laterally branched, bearing 

lateral and terminal monophialide or simple polyphialide. Conidiogenous cells monophialidic or 

polyphialidic, subcylindrical, straight or slightly curved, smooth or swollen and rough due to 

abundant conidiogenous loci, thin-walled, periclinal thickening and collarettes inconspicuous, 10ï

24 × 2ï3 ɛm (av. = 14.3 Ĭ 2.6 ɛm, n = 10). Macroconidia slender with no significant curvature to 
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curved with parallel walls, tapering towards the basal part, apical cell pointed to blunt; basal cell 

obtuse to papillate, not foot-shaped, 1ï5-septate (mostly 3-septate), hyaline, granular to guttulate, 

thin-walled; 1-septate macroconidia 10ï15.5 × 2ï3 ɛm (av. = 13.1 Ĭ 2.6 ɛm, n = 30); 2-septate 

macroconidia 13ï20.5 × 2ï3.5 ɛm (av. = 15.5 Ĭ 2.7 ɛm, n = 30); 3-septate macroconidia 16ï27 × 

2.5ï4 ɛm (av. = 22.1 Ĭ 3.3 ɛm, n = 30); 4-septate macroconidia 21.5ï33.5 × 2.5ï4.5 ɛm (av. = 28.5 

Ĭ 3.7 ɛm, n = 30); 5-septate macroconidia 28ï47 × 3.5ï4.5 ɛm (av. = 33.4 Ĭ 4 ɛm, n = 30). 

Microconidia and chlamydospores not observed. 

Culture characteristics ï Colonies on PDA attaining 50 mm diam. after 5 days in the dark at 

28 , whitish to light pink, round, raised, margin regular, with abundant aerial hyphae, and reverse 

whitish to light pink. On OA attaining 52 mm diam. after 5 days, white, cottony, margin regular, 

moderate aerial mycelium, and reverse concolorous. On SNA attaining 45 mm diam. after 5 days, 

greyish white, aerial mycelia sparse, undulate margin, and reverse concolorous. Pigment and odor 

absent.  

Material examined ï China, Guizhou Province, Guiyang City, natural environment, healthy 

stems of R. roxburghii (Rosaceae), 27Á4ǋ50ǌ N, 106Á29ǋ50ǌ E, alt. 1184 m, 22 April 2020, H. Zhang 

(HGUP191050, holotype), ex-type living culture: GUCC 191050.1 = CGMCC3.25474; other living 

culture: GUCC 191050.2. 

Notes ï Our collections (CGMCC3.25474 and GUCC 191050.2), F. citri, F. humuli, and  

F. fasciculatum form a distinct clade in the phylogeny, and F. caulendophyticum is sister to F. citri 

(ex-type CGMCC 3.19467) with high statistical support (BS = 100%, PP = 1.00) (Fig. 7). Fusarium 

caulendophyticum shows 98.88% (528/534, no gaps) CaM sequence similarity with F. citri, 

99.56% (457/459, 2 gaps) on ITS, 99.36% (1560/1570, 2 gaps) on rpb1, 98.57% (825/837, no gaps) 

on rpb2, and 96.70% (615/636, 2 gaps) on tef1. Other genes are missing for F. citri. 

Morphologically, both species produce only macroconidia. However, F. caulendophyticum is 

distinct from F. citri. Macroconidia of F. caulendophyticum were borne on aerial conidiogenous 

cells but borne on sporodochial conidiogenous cells in F. citri. In addition, they have different 

conidiophores (irregularly laterally branched, bearing lateral and terminal monophialide or simple 

polyphialide in F. caulendophyticum vs. verticillately branched and densely packed, mostly bearing 

apical whorls of three monophialides in F. citri), conidiogenous cells (smooth or swollen and rough 

due to abundant conidiogenous loci, 10ï24 × 2ï3 ɛm in F. caulendophyticum vs. smooth, 7.5ï11.5 

× 2ï4 ɛm in F. citri), apical cell (pointed to blunt in F. caulendophyticum vs. papillate to hooked in 

F. citri), basal cell (obtuse to papillate, not foot-shaped in F. caulendophyticum vs. foot-shaped in 

F. citri), number of macroconidial septa (1ï5 septa, mostly 3 septa in F. caulendophyticum vs. 3ï5 

septa in F. citri), and 3-septate macroconidial sizes (16ï27 × 2.5ï4 ɛm, av. = 22.1 Ĭ 3.3 ɛm in  

F. caulendophyticum vs. 25ï31 × 3.5ï5 ɛm, av. 28.9 Ĭ 4 ɛm in F. citri) (Wang et al. 2019). 

Furthermore, the PHI test on F. caulendophyticum indicated that there is no significant 

recombination (p = 0.8193 > 0.05) between F. caulendophyticum and its closely related taxa as 

defined in Fig. 5c. Thus, we introduce F. caulendophyticum as a new species. 

 

Fusarium caulicola H. Zhang & Y.L. Jiang, sp. nov.           Fig. 9 

Index Fungorum number: IF900488; Facesoffungi numbers: FoF 14973 

Etymology ï Name refers to stems, from which this fungus was isolated. 

Endophytic in stems of R. roxburghii in China. Sexual morph not observed. Asexual morph: 

Sporodochia not observed. Conidiophores macronematous, arising from aerial hyphae, solitary, 

unbranched or sparsely branched, bearing lateral and terminal monophialide or polyphialides. 

Conidiogenous cells monophialidic or polyphialidic, hyaline, terminal and lateral, subcylindrical to 

fusiform or tapering towards the apex and base, straight or slightly curved, smooth to rough, thin-

walled, without noticeable periclinal thickening, a minute apical collarette can be present, 6ï13 × 

2.5ï4 ɛm (av. = 9 Ĭ 3.2 ɛm, n = 10). Macroconidia slender with no significant curvature to curved 

with widest at the middle portion, narrowing towards each end, apical cell often pointed, sometimes 

blunt; basal cell obtuse to papillate, not foot-shaped or poorly developed, foot-shaped, 1ï4-septate 

(mostly 3-septate), hyaline, smooth, thin-walled; 1-septate macroconidia 14ï24.5 × 2ï3.5 ɛm (av. = 
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18.7 Ĭ 2.7 ɛm, n = 30); 2-septate macroconidia 16.5ï27 × 2ï3.5 ɛm (av. = 21 Ĭ 3 ɛm, n = 30); 3-

septate macroconidia 20ï39.5 × 2.5ï4 ɛm (av. = 30.1 Ĭ 3.2 ɛm, n = 30); 4-septate macroconidia 

28.5ï40.5 × 3ï5 ɛm (av. = 34.6 Ĭ 4.1 ɛm, n = 30). Microconidia and chlamydospores not observed. 

Culture characteristics ï Colonies on PDA attaining 45ï50 mm diam. after 5 days in the dark 

at 28 , white, round, raised, fringed edge, with abundant aerial hyphae, and reverse buff. On OA 

attaining 55 mm diam. after 5 days, grey, flocculent, margin regular, moderate aerial mycelium, 

and reverse grey. On SNA attaining 47 mm diam. after 5 days, greyish white, moderate aerial 

mycelium, and reverse concolorous. Pigment and odor absent. 

Material examined ï China, Guizhou Province, Guiyang City, natural environment, healthy 

stems of R. roxburghii (Rosaceae), 27Á4ǋ50ǌ N, 106Á29ǋ50ǌ E, alt. 1184 m, 22 April 2020, H. Zhang 

(HGUP191051, holotype), ex-type living culture: GUCC 191051.1 = CGMCC3.25475; other living 

culture: GUCC 191051.2. 

 

 
 

Figure 9 ï Fusarium caulicola (ex-type culture CGMCC3.25475). AïF Colony on PDA, OA, and 

SNA (A, C, and E from above; B, D, and F from below). GïK Aerial conidiophores and 

conidiogenous cells. L Macroconidia. Scale bars: GïL = 10 ɛm. 
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Notes ï Fusarium caulicola (CGMCC3.25475 and GUCC 191051.2) is closely related to  

F. ipomoeae (ex-type CGMCC 3.19496) in the phylogenetic tree (Fig. 7), with high statistical 

support (BS = 82%, PP = 1.00), sharing 99.55% (439/441, 2 gaps) sequence similarity on ITS, 

97.83% (1535/1569, one gap) on rpb1, and 98.58% (624/633, no gaps) on tef1. Although both 

species produce only macroconidia, F. caulicola is morphologically distinct from F. ipomoeae 

based on the different macroconidial formations (borne on aerial conidiogenous cells in  

F. caulicola vs. from sporodochial conidiogenous cells in F. ipomoeae), conidiophores (solitary, 

unbranched or sparsely branched, bearing lateral and terminal monophialide or polyphialides in  

F. caulicola vs. verticillately branched and densely packed, bearing apical whorls of 3ï5 

monophialides in F. ipomoeae), conidiogenous cells (subcylindrical to fusiform or tapering towards 

the apex and base, smooth to rough in F. caulicola vs. subulate to subcylindrical, smooth in  

F. ipomoeae), number of septa in macroconidia (F. caulicola 1ï4 septa, while 3ï5 septa in  

F. ipomoeae), macroconidial shapes (F. caulicola is straighter than F. ipomoeae), apical cell (often 

pointed, sometimes blunt in F. caulicola vs. hooked to tapering in F. ipomoeae), and basal cell 

(obtuse to papillate, not foot-shaped or poorly developed, foot-shaped in F. caulicola vs. foot-

shaped in F. ipomoeae) (Wang et al. 2019). Additionally, the PHI test showed that there is no 

significant recombination (p = 0.1948 > 0.05) between F. caulicola and its closely related taxa as 

shown in Fig. 5d. Therefore, we introduced F. caulicola as a novel species. 

 

Fusarium radicigenum H. Zhang & Y.L. Jiang, sp. nov.         Fig. 10 

Index Fungorum number: IF900489; Facesoffungi numbers: FoF 14974 

Etymology ï Name refers to endophytic fungi isolated from the roots. 

Endophytic in roots of R. roxburghii in China. Sexual morph not observed. Asexual morph: 

Sporodochia not observed. Conidiophores borne on aerial mycelia, unbranched, often reduced to 

conidiogenous cells. Aerial conidiogenous cells monophialidic, subulate to subcylindrical, straight 

to slightly curved, tapering towards both ends, smooth- and thin-walled, apex with inconspicuous 

periclinal thickening and minute collarette, 8.5ï11 × 2.5ï3.5 ɛm (av. = 9.4 Ĭ 3 ɛm, n = 10). Aerial 

microconidia sparse, hyaline, oblong with a truncate base, apex obtuse, smooth- and thin-walled, 

0ï1-septate, aseptate microconidia 10ï14 × 2ï3 ɛm (av. = 11.3 Ĭ 2.4 ɛm, n = 30); 1-septate 

microconidia 7.5ï18 × 2ï3.5 ɛm (av. = 12.7 Ĭ 2.6 ɛm, n = 30). Aerial macroconidia slightly 

curved to distinctly curved, 1ï5-septate, predominantly 3-septate, hyaline, smooth- and thick-

walled, narrowing towards each end, apical cell blunt to hooked, elongated; basal cell papillate to 

well-developed, foot-shaped, 1-septate macroconidia 12.5ï23.5 × 2ï3.5 ɛm (av. = 17.9 Ĭ 2.4 ɛm,  

n = 30); 2-septate macroconidia 16.5ï23.5 × 2ï3.5 ɛm (av. = 20.3 Ĭ 2.7 ɛm, n = 30); 3-septate 

macroconidia 17ï35 × 2ï3.5 ɛm (av. = 26.2 Ĭ 2.9 ɛm, n = 30); 4-septate macroconidia 26.5ï38 × 

2.5ï4 ɛm (av. = 32.2 Ĭ 3.3 ɛm, n = 30); 5-septate macroconidia 28.5ï44.5 × 2.5ï4 ɛm (av. = 36.6 

Ĭ 3.2 ɛm, n = 30). Chlamydospores spherical, subspherical to ellipsoid, lateral or intercalary, in 

pairs, chains, sometimes solitary, thick-walled, guttulate, 6.5ï14 ɛm (av. = 10.1 ɛm, n = 30) diam.  

Culture characteristics ï Colonies on PDA attaining 48 mm diam. after 5 days in the dark at 

28 , cottony, white, round, raised, margin irregular, with abundant aerial hyphae, colonies fertile, 

and reverse light orange. On OA attaining 46 mm diam. after 5 days, cottony, white, raised, dense, 

margin irregular, abundant aerial mycelium, and reverse light yellow. On SNA attaining 47ï52 mm 

diam. after 5 days, white, margin irregular, abundant aerial mycelium, and reverse concolorous. 

Pigment and odor absent. 

Material examined ï China, Guizhou Province, Qiannan Districts, R. roxburghii Plantation, 

from healthy roots of R. roxburghii (Rosaceae), 26Á47ǋ4ǌ N, 107Á8ǋ37ǌ E, alt. 1322 m, 17 August 

2021, H. Zhang (HGUP197221, holotype), ex-type living culture: GUCC 7221.1 = 

CGMCC3.25478; other living cultures: GUCC 197371.1 and GUCC 197425.1. 

Notes ï Fusarium radicigenum is phylogenetically closely related to F. lacertarum with high 

statistical support (BS = 98%, PP = 0.96) (Fig. 7), sharing 98.46% (576/585, no gaps) sequence 

similarity on CaM, 99.23% (1555/1567, no gaps) on rpb1, and 98.80% (494/500, no gaps) on tef1. 

The ITS is missing in F. lacertarum and rpb2 is missing in F. radicigenum. Morphologically,  
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F. radicigenum can be distinguished from F. lacertarum by different conidiophores  

(F. radicigenum unbranched, while branched or unbranched in F. lacertarum), longer 

conidiogenous cells (monophialidic, subulate to subcylindrical, 8.5ï11 × 2.5ï3.5 ɛm, av. = 9.4 Ĭ 3 

ɛm in F. radicigenum vs. rarely present, 2.5ï4.0 × 1.0ï1.5 ɛm or without short stalk in  

F. lacertarum), number of septa in conidia (1ï5 septa in F. radicigenum vs. 2ï4 septa in  

F. lacertarum), conidial shape (F. radicigenum is curvier than F. lacertarum), apical cell 

 

 
 

Figure 10 ï Fusarium radicigenum (ex-type culture CGMCC3.25478). AïF Colony on PDA, OA 

and SNA (A, C, and E from above; B, D, and F from below). GïI Aerial conidiophores and 

conidiogenous cells. J Chlamydospores. K Aerial microconidia. L Aerial macroconidia. Scale bars: 

GïL = 10 ɛm. 
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(blunt to hooked, elongated in F. radicigenum vs. pointed or slightly beaked in F. lacertarum), and 

conidial organization (conidia densely aggregated in F. radicigenum vs. conidia single or produced 

in groups of 3ï4 in F. lacertarum). Since Subrahmanyam (1983) did not distinguish between 

macro- and microconidia, it was not conducive to comparing conidia size. However, the longest 

conidia in F. radicigenum are significantly longer than those of F. lacertarum (up to 44.5 ɛm long 

in F. radicigenum vs. up to 30.8 ɛm long in F. lacertarum) (Subrahmanyam 1983). Moreover, the 

PHI test on F. radicigenum indicated that there is no significant recombination (p = 0.1948 > 0.05) 

between F. radicigenum and its closely related taxa as shown in Fig. 5d. Thus, we introduce  

F. radicigenum as a new species. 

 

Fusarium oxysporum species complex 

 

Fusarium cili H. Zhang & Y.L. Jiang, sp. nov.          Fig. 12 

Index Fungorum number: IF900490; Facesoffungi numbers: FoF 14975 

Etymology ï Name refers to the Chinese name ñCi Liò of host plant, R. roxburghii. 

Endophytic in roots of R. roxburghii in China. Sexual morph not observed. Asexual morph: 

Sporodochia not observed. Conidiophores macronematous, borne on aerial mycelia, hyaline, 

cylindrical to subcylindrical, straight, unbranched, short, often reduced to single conidiogenous 

cells. Conidiogenous cells monophialidic, formed directly from hyphae or terminal on 

conidiophores, cylindrical to subcylindrical, straight or slightly curved, smooth- and thin-walled, 

slightly tapering towards the apex and the base, with a distinct collarette and periclinal thickening; 

small phialides (produce microconidia) 5.5ï45 × 1.5ï2.5 ɛm (av. = 20.8 × 2.4 ɛm, n = 10); large 

phialides (produce mesoconidia) 13ï17 × 3ï4 ɛm (av. = 15.8 × 3.4 ɛm, n = 10). Microconidia 

single or forming false heads on tips of monophialides, obovoid to reniform conidia: hyaline, 

aseptate, smooth- and thin-walled, 4.5ï10 × 2ï3 ɛm (av. = 6.7 × 2.5 ɛm, n = 30), l: w = 1.9ï4.2 

(av. = 2.7, n = 30); oval to oblong with obtuse ends conidia: 6ï13 × 4.5ï6 ɛm (av. = 9 × 5 ɛm, n = 

30), l: w = 1.2ï2.9 (av. = 1.8, n = 30), minutely verruculose or irregularly rough-walled, thick-

walled, 0ï1-septate (mostly aseptate). Mesoconidia single, 1-septate, hyaline, oblong with obtuse 

ends, straight or slightly curved, basal cell not foot-shaped, minutely verruculose or slightly rough-

walled, thick-walled, 10ï22.5 × 3ï5 ɛm (av. = 15.7 × 3.5 ɛm, n = 30), l: w = 3.5ï5.6 (av. = 4.6, n = 

30). Chlamydospores solitary, terminal or intercalary, mostly subglobose, verruculose, hyaline, 

rough- and thick-walled, aseptate, 4ï14 ɛm diam. (av. = 8.6 ɛm, n = 30). Macroconidia not 

observed. 

Culture characteristics ï Colonies on PDA attaining 50 mm diam. after 5 days in the dark at 

28 , pink, round, fringed edge, aerial mycelia abundant, and reverse with a pale pink center. On 

OA attaining 50 mm diam. after 5 days, white to light pink, cottony, margin entire, and reverse 

light pink. On SNA attaining 52 mm diam. after 5 days, light grey, with sparse aerial mycelium, 

and reverse light grey. Pigment and odor absent. 

Material examined ï China, Guizhou Province, Guiyang City, natural environment, healthy 

roots of R. roxburghii (Rosaceae), 27Á4ǋ50ǌ N, 106Á29ǋ50ǌ E, alt. 1184 m, 22 April 2020, H. Zhang 

(HGUP190024, holotype), ex-type living culture: GUCC 190024.1 = CGMCC3.25476; other living 

culture: GUCC 190024.2. 

Notes ï Our collections (CGMCC3.25476 and GUCC 190024.2) are phylogenetically close 

to F. phialophorum (holotype InaCC F971), F. rosae-roxburghii (ex-type CGMCC3.25479, in this 

study), and F. odoratissimum (holotype InaCC F822). Evolutionarily, F. cili is significantly more 

closely related to F. phialophorum and F. rosae-roxburghii, forming a distinct clade, with moderate 

ML statistical support (BS = 77%) (Fig. 11). Fusarium cili is phylogenetically closest to  

F. phialophorum, sharing 98.96% (1429/1444, no gaps) sequence similarity on rpb1. Fusarium cili 

is morphologically quite distinct from F. phialophorum by having different macroconidial 

formations (borne on aerial conidiophores in F. cili vs. formed on sporodochia and on aerial 

conidiophores in F. phialophorum), conidial types (F. cili produces 1-septate mesoconidia, oblong 

with obtuse ends, straight or slightly curved, basal cell not foot-shaped, 10ï22.5 × 3ï5 ɛm, av. = 
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15.7 × 3.5 ɛm; while 2ï5-septate macroconidia, apical cells papillate, basal cells foot-shaped, 54ï

60 × 4ï5 ɛm in F. phialophorum), and microconidial shapes and sizes (obovoid to reniform 

microconidia, 4.5ï10 × 2ï3 ɛm, av. = 6.7 × 2.5 ɛm, and oval to oblong with obtuse ends 

microconidia, 6ï13 × 4.5ï6 ɛm,  

 

 
 

Figure 11 ï Phylogenetic relationships of Fusarium oxysporum species complex. The phylogenetic 

tree was generated using the maximum likelihood (ML) method by combining CaM, rpb1, rpb2, 

tef1, and tub2 sequence data from 124 strains. The tree is rooted with F. miscanthi (LC7503) and  

F. paranisikadoi (CGMCC 3.20826). The ML bootstrap support values > 50% (BS) and Bayesian 
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posterior probabilities > 0.90 (PP) are given near nodes (BS/PP). Strains isolated in this study are 

indicated in bold. The new species are in bold blue. T holotype or ex-type.  

 

 
 

Figure 11 ï Continued. 

 

av. = 9 × 5 ɛm in F. cili vs. ovoid to ellipsoid, 6ï24 × 3ï6 ɛm, av. = 12 Ĭ 5 ɛm in  

F. phialophorum) (Maryani et al. 2019). Fusarium cili is also phylogenetically close to F. rosae-

roxburghii, having 98.98% (1752/1770, 4 gaps) sequence similarity on rpb1. Morphologically,  

F. cili is also completely distinct from F. rosae-roxburghii by having different conidiogenous cells 

(distinct collarette and periclinal thickening in F. cili vs. minute periclinal thickening and 

inconspicuous collarettes in F. rosae-roxburghii), conidial types (F. cili produces 1-septate 

mesoconidia, oblong with obtuse ends, basal cell not foot-shaped, 10ï22.5 × 3ï5 ɛm, av. = 15.7 × 
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3.5 ɛm; while 1ï3-septate macroconidia, with a blunt apical cell, basal cell obtuse to papillate, 1- 

 

 
 

Figure 12 ï Fusarium cili  (ex-type culture CGMCC3.25476). AïF Colony on PDA, OA, and SNA 

(A, C, and E from above; B, D, and F from below). GïK Aerial conidiophores and conidiogenous 

cells. LïN Chlamydospores. OïP Microconidia. QïR Mesoconidia. Scale bars: GïR = 10 ɛm. 
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Figure 13 ï Results of the pairwise homoplasy index (PHI) test of new Fusarium species and their 

closely related species. New taxa are printed in bold blue. 

 

septate macroconidia 11.5ï19 × 2ï3 ɛm, 2-septate macroconidia 14ï22.5 × 2ï3 ɛm, 3-septate 

macroconidia 18.5ï26 × 2ï3 ɛm in F. rosae-roxburghii), microconidial formations (single or 

forming false heads in F. cili vs. single, forming false heads or borne in dry chains in F. rosae-

roxburghii), and microconidial shapes and sizes (obovoid to reniform microconidia, 4.5ï10 × 2ï3 

ɛm, av. = 6.7 × 2.5 ɛm, and oval to oblong with obtuse ends microconidia, 6ï13 × 4.5ï6 ɛm, av. = 

9 × 5 ɛm, minutely verruculose or irregularly rough-walled, thick-walled in F. cili; while oblong 

with a truncate base, smooth- and thin-walled, 0ï1-septate, aseptate microconidia 4ï21 × 2ï3.5 ɛm, 

1-septate microconidia 10ï15 × 2ï3 ɛm in F. rosae-roxburghii ). Overall, F. cili, F. phialophorum, 

and F. rosae-roxburghii are significantly different morphologically. As shown in Fig. 13a, the PHI 
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test on F. cili also showed that there is no significant recombination (p = 0.1587 > 0.05) between  

F. cili and its closely related taxa. Therefore, we introduce F. cili as a new species. 

 

Fusarium nirenbergiae L. Lombard & Crous, Persoonia 43: 29 (2018)       Fig. 14 

Index Fungorum number: IF826845 

 

 
 

Figure 14 ï Fusarium nirenbergiae (GUCC 197140.1). AïF Colony on PDA, OA and SNA (A, C, 

and E from above; B, D, and F from below). GïJ Aerial conidiophores and conidiogenous cells.  

K Chlamydospores. L Aerial microconidia. M Aerial macroconidia. Scale bars: GïM = 10 ɛm. 



                       2120 

Endophytic in roots of R. roxburghii in China. Sexual morph not observed. Asexual morph: 

Sporodochia not observed. Conidiophores borne on aerial mycelia, unbranched, often reduced to 

conidiogenous cells. Aerial conidiogenous cells monophialidic, subulate, cylindrical, 

subcylindrical, straight to slightly curved, tapering slightly towards the apex, smooth- and thin-

walled, with inconspicuous periclinal thickening and collarettes, 2.5ï19.5 × 1.5ï3 ɛm (av. = 11 Ĭ 

2.6 ɛm, n = 10). Aerial microconidia forming small false heads on tips of monophialides, hyaline, 

oblong with a truncate base, smooth- and thin-walled, 0ï1-septate (mostly aseptate), aseptate 

microconidia 5.5ï11 × 1.5ï2.5 ɛm (av. = 7.4 Ĭ 2.2 ɛm, n = 30); 1-septate microconidia 11.5ï20 × 

2ï3.5 ɛm (av. = 15.7 Ĭ 2.9 ɛm, n = 30). Aerial macroconidia borne on tips of conidiogenous cells 

on aerial conidiophores, almost straight or slightly curved, 2ï3-septate, predominantly 3-septate, 

hyaline, smooth- and thick-walled, with a blunt apical cell; basal cell obtuse to papillate, not foot-

shaped, 2-septate macroconidia 18ï23 × 2.5ï3.5 ɛm (av. = 21.1 Ĭ 2.9 ɛm, n = 30); 3-septate 

macroconidia 21ï36.5 × 2.5ï4 ɛm (av. = 28.9 Ĭ 3.1 ɛm, n = 30). Chlamydospores subglobose to 

ellipsoidal, lateral, terminal, or intercalary, solitary or in chains, thick-walled, guttulate, 5ï12.5 ɛm 

(av. = 7.6 ɛm, n = 30) diam. 

Culture characteristics ï Colonies on PDA attaining 40ï45 mm diam. after 5 days in the dark 

at 28 , white, raised, cottony, with irregular edge, aerial mycelia abundant, and reverse light 

orange. On OA attaining 48 mm diam. after 5 days, light pink, flat, flocculent, margin entire, 

moderate aerial mycelium, and reverse light pink. On SNA attaining 52 mm diam. after 5 days, off-

white, raised in center, with sparse to moderate aerial mycelium, and reverse grey. Pigment and 

odor absent.  

Material examined ï China, Guizhou Province, Qiannan Districts, R. roxburghii Plantation, 

from healthy roots of R. roxburghii (Rosaceae), 26Á47ǋ4ǌ N, 107Á8ǋ37ǌ E, alt. 1322 m, 17 August 

2021, H. Zhang, living cultures: GUCC 197140.1 and GUCC 197140.2. China, Guizhou Province, 

Guiyang City, natural environment, healthy roots of R. roxburghii (Rosaceae), 27Á4ǋ50ǌ N, 

106Á29ǋ50ǌ E, alt. 1184 m, 22 April 2020, H. Zhang, living culture: GUCC 190015.1. 

Notes ï In phylogeny, our collections, GUCC 197140.1, GUCC 197140.2, and GUCC 

190015.1, clustered with F. nirenbergiae (ex-type CBS 840.88), with high statistical support (BS = 

98%, PP = 1.00) (Fig. 11). The strain GUCC 197140.1 shares 99.54% (871/875, no gaps) rpb2 

sequence similarity with the ex-type of F. nirenbergiae, 99.78% (447/448, no gaps) on tef1, and 

100% (602/602) on CaM. The tub2 is missing in the strain GUCC 197140.1 and other genes are 

missing for ex-type. Minor differences can be seen in base pairs between our strains and the ex-

type. Morphologically, Our collections and the ex-type F. nirenbergiae exhibited similar 

conidiophores (borne on aerial mycelia, unbranched, bearing terminal monophialides, often reduced 

to single phialides), similar aerial conidiogenous cells (monophialide, subulate to subcylindrical, 

smooth- and thin-walled, periclinal thickening inconspicuous or absent), and similar aerial 

microconidia (forming small false heads on tips of monophialides, smooth- and thin-walled, 0ï1-

septate; aseptate microconidia 5.5ï11 × 1.5ï2.5 ɛm, av. = 7.4 Ĭ 2.2 ɛm in GUCC 197140.1 vs. 5ï

11 × 2ï4 µm, av. = 8 × 3 µm in CBS 840.88; 1-septate microconidia 11.5ï20 × 2ï3.5 ɛm, av. = 

15.7 × 2.9 ɛm in GUCC 197140.1 vs. 9ï15 × 2ï4 µm, av. = 12 × 3 µm in the ex-type) (Lombard et 

al. 2019). Therefore, we report our collections as new host records of F. nirenbergiae isolated from 

the roots of R. roxburghii. 

 

Fusarium rosae-roxburghii H. Zhang & Y.L. Jiang, sp. nov.        Fig. 15 

Index Fungorum number: IF900491; Facesoffungi numbers: FoF 14976 

Etymology ï Name refers to cultivated R. roxburghii, from which this fungus was isolated. 

Endophytic in roots of R. roxburghii in China. Sexual morph not observed. Asexual morph: 

Sporodochia not observed. Conidiophores borne on aerial mycelia, unbranched or sparsely 

branched, often reduced to conidiogenous cells. Aerial conidiogenous cells monophialidic, 

cylindrical to subcylindrical, straight, tapering towards the apex, smooth- and thin-walled, with 

minute periclinal thickening and inconspicuous collarettes, 3.5ï23.5 × 1.5ï2.5 ɛm (av. = 10.5 Ĭ 2 

ɛm, n = 10). Aerial microconidia forming small false heads on tips of monophialides or borne in 
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dry chains, hyaline, oblong with a truncate base, smooth- and thin-walled, 0ï1-septate (mostly 

aseptate), aseptate microconidia 4ï21 × 2ï3.5 ɛm (av. = 8.3 Ĭ 2.6 ɛm, n = 30); 1-septate 

microconidia 10ï15 × 2ï3 ɛm (av. = 11.9 Ĭ 2.3 ɛm, n = 30). Aerial macroconidia borne on tips of 

conidiogenous cells on aerial conidiophores, straight or slightly curved, 1ï3-septate, hyaline, rough,  

 

 
 

Figure 15 ï Fusarium rosae-roxburghii (ex-type culture CGMCC3.25479). AïF Colony on PDA, 

OA, and SNA (A, C, and E from above; B, D, and F from below). GïK Aerial conidiophores and 

conidiogenous cells. L Chlamydospores. M Aerial microconidia. N Aerial macroconidia. Scale 

bars: GïN = 10 ɛm. 
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thick-walled, with a blunt apical cell; basal cell obtuse to papillate, not foot-shaped, 1-septate 

macroconidia 11.5ï19 × 2ï3 ɛm (av. = 15.9 Ĭ 2.7 ɛm, n = 30); 2-septate macroconidia 14ï22.5 × 

2ï3 ɛm (av. = 18 Ĭ 2.7 ɛm, n = 30); 3-septate macroconidia 18.5ï26 × 2ï3 ɛm (av. = 21.5 Ĭ 2.9 

ɛm, n = 30). Chlamydospores spherical to subspherical, lateral, terminal, or intercalary, solitary, 

occasionally in chains, thick-walled, 5.5ï14.5 ɛm (av. = 9 ɛm, n = 30) diam. 

Culture characteristics ï Colonies on PDA attaining 52 mm diam. after 5 days in the dark at 

28 , colonies fertile, white, raised, cottony, round, with irregular edges, aerial mycelia abundant, 

and reverse light orange. On OA attaining 48 mm diam. after 5 days, light pink at center and white 

edges, raised, cottony, round, margin entire, abundant aerial mycelium, and reverse similar. On 

SNA attaining 52 mm diam. after 5 days, off-white, raised in center, with sparse to moderate aerial 

mycelium, and reverse similar. Pigment and odor absent.  

Material examined ï China, Guizhou Province, Liupanshui City, R. roxburghii Plantation, 

from healthy roots of R. roxburghii (Rosaceae), 25Á52ǋ52ǌ N, 104Á33ǋ59ǌ E, alt. 2047 m, 4 August 

2020, H. Zhang (HGUP190111, holotype), ex-type living culture: GUCC 190111.1 = 

CGMCC3.25479; other living culture: GUCC 190111.2. 

Notes ï In the phylogenetic tree, our collections (CGMCC3.25479 and GUCC 190111.2) are 

close to F. cili (ex-type CGMCC3.25476, in this study), F. phialophorum (holotype InaCC F971), 

and F. odoratissimum (holotype InaCC F822), forming an independent clade with high statistical 

support (BS = 100%, PP = 1.00) (Fig. 11). Fusarium rosae-roxburghii is phylogenetically closer to 

F. cili. Sequence similarities and morphological differences between F. rosae-roxburghii and F. cili 

are described in the notes of F. cili in this study. As shown in Fig. 13a, the PHI test on F. rosae-

roxburghii also indicated that there is no significant recombination (p = 0.1587 > 0.05) between  

F. rosae-roxburghii and its closely related taxa. Therefore, we introduce F. rosae-roxburghii as a 

new species. 

 

Fusarium sambucinum species complex 

 

Fusarium meridionale T. Aoki, Kistler, Geiser & OôDonnell, Fungal Genet. Biol. 41 (6): 618 

(2004)                Fig. 16 

Index Fungorum number: IF843474 

Endophytic in roots of R. roxburghii in China. Sexual morph not observed. Asexual morph: 

Sporodochia not observed. Conidiophores borne on aerial mycelia, macronematous, irregularly 

branched. Aerial conidiogenous cells polyphialidic, cylindrical, tapering towards the apex or flask-

shaped, straight or slightly curved, smooth- and thin-walled, periclinal thickening and collarettes 

inconspicuous, 8ï19 × 2ï3.5 ɛm (av. = 11.7 × 2.8 ɛm, n = 10). Macroconidia gradually curved, 

sometimes straight, tapering towards the basal part, apical cell blunt, widest at the middle portion; 

basal cell obtuse, not foot-shaped, 1ï5-septate (predominantly 3ï4-septate), hyaline, smooth to 

slightly rough, granular to guttulate; 1-septate macroconidia 9.5ï19 × 2.5ï3.5 ɛm (av. = 13.7 Ĭ 3 

ɛm, n = 30); 2-septate macroconidia 10ï18.5 × 2.5ï4 ɛm (av. = 16.3 Ĭ 3.2 ɛm, n = 30); 3-septate 

macroconidia 18.5ï32.5 × 2.5ï4 ɛm (av. = 24.3 Ĭ 3.5 ɛm, n = 30); 4-septate macroconidia 24.5ï

29.5 × 3ï4 ɛm (av. = 27 Ĭ 3.6 ɛm, n = 30); 5-septate macroconidia 26.5ï40.5 × 3.5ï4.5 ɛm (av. = 

32 Ĭ 3.7 ɛm, n = 30). Microconidia and chlamydospores not observed. 

Culture characteristics ï Colonies on PDA attaining 55 mm diam. after 5 days in the dark at 

28 , olivaceous beige, round, margin regular, with abundant aerial hyphae, and reverse 

concolorous. On OA attaining 50 mm diam. after 5 days, center pale olive-buff, periphery white, 

flat, margin regular, moderate aerial mycelium, and reverse concolorous. On SNA attaining 50 mm 

diam. after 5 days, greyish to greyish white, abundant aerial mycelia in center, raised, and reverse 

concolorous. Pigment and odor absent. 

Material examined ï China, Guizhou Province, Liupanshui City, R. roxburghii Plantation, 

from healthy roots of R. roxburghii (Rosaceae), 25Á52ǋ52ǌ N, 104Á33ǋ59ǌ E, alt. 2047 m, 4 August 

2020, H. Zhang, living cultures: GUCC 190050.1, GUCC 190105.1, and GUCC 190107.1. 
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Figure 16 ï Fusarium meridionale (GUCC 190050.1). AïF Colony on PDA, OA, and SNA (A, C, 

and E from above; B, D, and F from below). GïJ Aerial conidiophores and conidiogenous cells.  

K Macroconidia. Scale bars: GïK = 10 ɛm. 

 

Notes ï Phylogenetic analyses revealed that our collections, GUCC 190050.1, GUCC 

190105.1, and GUCC 190107.1, clustered with F. meridionale (ex-holotype NRRL 28436) in a 

clade with high statistical support of 100% BS and 1.00 PP (Fig. 1). The strain GUCC 190050.1 
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has 99.94% (1766/1767, no gaps) rpb1 sequence similarity with ex-holotype F. meridionale, 

99.83% (585/586, one gap) on tef1, and 100% (911/911) on rpb2. Other genes are missing for ex-

holotype NRRL 28436. Our collection is morphologically similar to the ex-holotype F. meridionale 

in having 5-septate macroconidia (average width: 3.7 ɛm in GUCC 190050.1 vs. < 4.5 ɛm in 

NRRL 28436) and gradually curved conidia. Additionally, the widest area of the conidia is in the 

middle, and the upper and lower half of the conidia are mostly symmetric (OôDonnell et al. 2004). 

Hence, we introduce our collections as a new host record of F. meridionale isolated from the 

healthy roots of R. roxburghii. 

 

 
 

Figure 17 ï Phylogenetic relationships of Fusarium tricinctum species complex. The phylogenetic 

tree was generated using the maximum likelihood (ML) method by combining ITS, rpb1, rpb2, 

tef1, and tub2 sequence data from 59 strains. The tree is rooted with F. nurragi (CBS 392.96). The 

ML bootstrap support values > 50 % (BS) and Bayesian posterior probabilities > 0.90 (PP) are 

given near nodes (BS/PP). Strains isolated in this study are indicated in bold. New species are in 

bold blue. T holotype or ex-type.  
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Fusarium tricinctum species complex 

 

Fusarium rosiradicicola H. Zhang & Y.L. Jiang, sp. nov.         Fig. 18 

Index Fungorum number: IF900492; Facesoffungi numbers: FoF 14977 

Etymology ï Name refers to the roots of R. roxburghii, from which the holotype of this 

fungus was isolated. 

Endophytic in roots and stems of R. roxburghii in China. Sexual morph not observed. 

Asexual morph: Sporodochia not observed. Conidiophores macronematous, arising from aerial 

hyphae, unbranched or sparsely branched, often reduced into conidiogenous cells. Aerial 

conidiogenous cells monophialidic or polyphialidic, sometimes enteroblastic, hyaline, arising 

laterally from hyphae, subcylindrical to bottle-shaped, straight to slightly curved, smooth- and 

thick-walled, apical collarettes and periclinal thickening inconspicuous or absent, 1.5ï35 × 1.5ï3.5 

ɛm (av. = 15.2 Ĭ 2.5 ɛm, n = 10). Aerial microconidia forming small false heads on tips of 

phialides, hyaline, smooth, thin-walled, 0ï1-septate, oblong, apex obtuse, base truncate, straight, 

aseptate microconidia 5.5ï18 × 2ï4 ɛm (av. = 10.8 Ĭ 2.8 ɛm, n = 30); 1-septate microconidia 14.5ï

24 × 2ï4 ɛm (av. = 19 Ĭ 3 ɛm, n = 30). Aerial macroconidia borne on tips of conidiogenous cells 

on aerial conidiophores, straight, sometimes distinctly curved, 2ï5-septate, predominantly 3-

septate, hyaline, smooth- and thick-walled, narrowing towards each end, apical cell blunt; basal cell 

obtuse, not foot-shaped, 2-septate macroconidia 16.5ï22.5 × 2ï3 ɛm (av. = 19.9 Ĭ 2.7 ɛm, n = 30); 

3-septate macroconidia 22ï34.5 × 2.5ï4.5 ɛm (av. = 28.7 Ĭ 3.6 ɛm, n = 30); 4-septate 

macroconidia 28.5ï41.5 × 3ï4.5 ɛm (av. = 35.1 Ĭ 3.9 ɛm, n = 30); 5-septate macroconidia 33.5ï44 

× 3.5ï4.5 ɛm (av. = 37.1 Ĭ 4.1 ɛm, n = 30). Chlamydospores not observed. 

Culture characteristics ï Colonies on PDA attaining 22ï28 mm diam. after 5 days in the dark 

at 28 , white, somewhat pale pink center, raised, cottony, irregular margin, with abundant aerial 

hyphae, and reverse light yellow. On OA attaining 50 mm diam. after 5 days, white, light yellow 

near the center, floccose, raised with entire edge, aerial mycelium moderate, and reverse 

concolorous. On SNA attaining 28ï32 mm diam. after 5 days, buff, raised, aerial mycelia sparse, 

with an irregular or slightly wavy margin, and reverse concolorous. Pigment and odor absent. 

Material examined ï China, Guizhou Province, Liupanshui City, R. roxburghii Plantation, 

from healthy roots and stems of R. roxburghii (Rosaceae), 25Á52ǋ52ǌ N, 104Á33ǋ59ǌ E, alt. 2047 m, 

4 August 2020, H. Zhang (HGUP 190168, holotype), ex-type living culture: GUCC 190168.1 = 

CGMCC3.25482; other living cultures: GUCC 190100.1, GUCC 191129.1, GUCC 190145.1, 

GUCC 191098.1, and GUCC 190194.1. China, Guizhou Province, Guiyang City, natural 

environment, healthy stems of R. roxburghii (Rosaceae), 27Á4ǋ50ǌ N, 106Á29ǋ50ǌ E, alt. 1184 m, 22 

April 2020, H. Zhang, living cultures: GUCC 191009.1 and GUCC 191073.1. 

Notes ï Although we are unable to find molecular data for the type species of F. avenaceum, 

we selected several strains of this species from Wang et al. (2022) for phylogenetic analyses in this 

study. Fusarium rosiradicola is phylogenetically sister to F. avenaceum with high statistical 

support (BS = 100%, PP = 1.00) (Fig. 17). Fusarium rosiradicola and F. avenaceum have similar 

conidiophores and conidiogenous cells (monophialides or polyphialides) (Crous et al. 2021). 

However, F. rosiradicola is distinct from F. avenaceum in having different macroconidial 

formations (from hyphae in F. rosiradicola vs. borne in sporodochia in F. avenaceum), 

macroconidial shapes (straight, sometimes distinctly curved, thick-walled, narrowing towards each 

end, apical cell blunt, basal cell obtuse, not foot-shaped in F. rosiradicola vs. straight to slightly 

curved, thin-walled, apical cell long and tapering to a point, may be bent, basal cell usually 

notched, sometimes foot-shaped in F. avenaceum), number of macroconidial septa (2ï5-septate, 

predominantly 3-septate in F. rosiradicola vs. usually 5-septate, but 3- and 4-septate may be 

observed in F. avenaceum), macroconidial sizes (3-septate macroconidia 22ï34.5 ɛm long in  

F. rosiradicola vs. 37ï50 ɛm long in F. avenaceum; 4-septate macroconidia 28.5ï41.5 ɛm long in 

F. rosiradicola vs. 51ï58 ɛm long in F. avenaceum; 5-septate macroconidia 33.5ï44 ɛm long in  

F. rosiradicola vs. 54ï63 ɛm long in F. avenaceum), and number of microconidial septa (0ï1-

septate in F. rosiradicola vs. 1ï2-septate in F. avenaceum) and their shapes (oblong in  
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F. rosiradicola vs. fusoid in F. avenaceum) (Wollenweber & Reinking 1935, Leslie & Summerell 

2006). In addition, the PHI test on F. rosiradicola indicated that there is no significant 

recombination (p = 0.7858 > 0.05) between F. rosiradicola and its closely related taxa as shown in 

Fig. 13b. Thus, we introduce F. rosiradicola as a new species. 

 

 
 

Figure 18 ï Fusarium rosiradicicola (ex-type culture CGMCC3.25482). AïF Colony on PDA, 

OA, and SNA (A, C, and E from above; B, D, and F from below). GïK Aerial conidiophores and 

conidiogenous cells. L Aerial microconidia. M Aerial macroconidia. Scale bars: GïH = 50 ɛm, Iï

M = 10 ɛm 
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Fusarium rosendophyticum H. Zhang & Y.L. Jiang, sp. nov.        Fig. 19 

Index Fungorum number: IF900493; Facesoffungi numbers: FoF 14978 

Etymology ï Name refers to endophytic fungi isolated from the R. roxburghii. 

 

 
 

Figure 19 ï Fusarium rosendophyticum (ex-type culture CGMCC3.25480). AïF Colony on PDA, 

OA, and SNA (A, C, and E from above; B, D, and F from below). GïJ Aerial conidiophores and 

conidiogenous cells. K Chlamydospores. LïM Aerial microconidia and macroconidia. Scale bars: 

GïM = 10 ɛm. 
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Endophytic in roots of R. roxburghii in China. Sexual morph not observed. Asexual morph: 

Sporodochia not observed. Conidiophores borne on aerial mycelia, unbranched or sparingly 

branched, often reduced to conidiogenous cells. Aerial conidiogenous cells monophialidic, 

cylindrical to subcylindrical, or as short lateral pegs, straight to slightly curved, tapering slightly 

towards the apex, smooth- and thin-walled, periclinal thickenings inconspicuous, collarettes absent 

to prominent, 1ï14.5 × 1ï3 ɛm (av. = 4.4 Ĭ 1.6 ɛm, n = 10). Aerial microconidia forming small 

false heads on tips of monophialides, hyaline, clavate to obclavate, apex obtuse, base truncate, 

straight, smooth- and thin-walled, aseptate, 4ï11.5 × 1ï2.5 ɛm (av. = 7.9 Ĭ 1.8 ɛm, n = 30). Aerial 

macroconidia borne on tips of conidiogenous cells on aerial conidiophores, slender with no 

significant curvature to curved with parallel walls, 1ï5-septate, predominantly 1ï3-septate, hyaline, 

smooth- and thin-walled, apical cell curved to blunt; basal cell papillate to poorly developed, foot-

shaped, 1-septate macroconidia 11ï22.5 × 1.5ï2.5 ɛm (av. = 15.4 Ĭ 2.2 ɛm, n = 30); 2-septate 

macroconidia 19ï33 × 2ï3 ɛm (av. = 22.2 Ĭ 2.3 ɛm, n = 30); 3-septate macroconidia 23ï29.5 × 2ï

3.5 ɛm (av. = 25.9 Ĭ 2.4 ɛm, n = 30); 4-septate macroconidia 34ï36 × 2ï3 ɛm (av. = 35.3 Ĭ 2.7 

ɛm, n = 30); 5-septate macroconidia 34ï36 × 2ï3 ɛm (av. = 34.9 Ĭ 2.8 ɛm, n = 30). 

Chlamydospores spherical, ellipsoidal to cylindrical, mostly in long chains, lateral, terminal, or 

intercalary, rough or smooth, thick-walled, 5.5ï11.5 × 23.5ï8 ɛm (av. = 7.4 Ĭ 5.1 ɛm, n = 30), l: w 

= 1ï3 (av. = 1.5, n = 30). 

Culture characteristics ï Colonies on PDA attaining 50 mm diam. after 5 days in the dark at 

28 , beige, flat, appressed, cottony, irregular concentric circles, undulate margin, moderate aerial 

mycelia, and reverse concolorous. On OA attaining 60 mm diam. after 5 days, grey, smooth, flat, 

round, margin entire, with sparse aerial hyphae, and reverse concolorous. On SNA attaining 50 mm 

diam. after 5 days, transparent, smooth, flat, round, with sparse aerial mycelium, and reverse 

concolorous. Pigment and odor absent.  

Material examined ï China, Guizhou Province, Liupanshui City, R. roxburghii Plantation, 

from healthy roots of R. roxburghii (Rosaceae), 25Á52ǋ52ǌ N, 104Á33ǋ59ǌ E, alt. 2047 m, 4 August 

2020, H. Zhang (HGUP 190163, holotype), ex-type living culture: GUCC 190163.1 = 

CGMCC3.25480; other living culture: GUCC 190163.2. 

Notes ï Phylogenetically, F. rosendophyticum belongs to the F. tricinctum species complex, 

and forms a separate branch with BS = 95% and PP = 1.00 statistical support (Fig. 17). This species 

is phylogenetically close to F. rosiradicicola (ex-type CGMCC3.25482 in this study), sharing 

99.62% (523/525, one gap) sequence similarity on ITS, 96.81% (1702/1758, no gaps) on rpb1, 

96.74% (919/950, no gaps) on rpb2, and 97.16% (513/528, no gaps) on tub2. The tef1 is missing in 

ex-type CGMCC3.25482. Morphologically, F. rosendophyticum differs from the latter in having 

different aerial conidiogenous cells (cylindrical to subcylindrical, or as short lateral pegs, thin-

walled, 1ï14.5 × 1ï3 ɛm, av. = 4.4 Ĭ 1.6 ɛm of F. rosendophyticum vs. subcylindrical to bottle-

shaped, thick-walled, 1.5ï35 × 1.5ï3.5 ɛm, av. = 15.2 Ĭ 2.5 ɛm of F. rosiradicicola), aerial 

microconidia (aseptate, 4ï11.5 × 1ï2.5 ɛm, av. = 7.9 Ĭ 1.8 ɛm of F. rosendophyticum vs. 0ï1-

septate, aseptate microconidia 5.5ï18 × 2ï4 ɛm, av. = 10.8 Ĭ 2.8 ɛm; 1-septate microconidia 14.5ï

24 × 2ï4 ɛm, av. = 19 Ĭ 3 ɛm of F. rosiradicicola), and aerial macroconidia (slender with no 

significant curvature to curved with parallel walls, 1ï5-septate, predominantly 1ï3-septate, thin-

walled, basal cell papillate to poorly developed, foot-shaped of F. rosendophyticum vs. straight, 

sometimes distinctly curved, 2ï5-septate, predominantly 3-septate, thick-walled, basal cell obtuse, 

not foot-shaped of F. rosiradicicola). The PHI test on F. rosendophyticum also showed no 

significant recombination (p = 0.7858 > 0.05) between F. rosendophyticum and its closely related 

taxa as shown in Fig. 13b. Thus, F. rosendophyticum is introduced as a new species. 

 

Luteonectria Sand.-Den., L. Lombard, Schroers & Rossman 

Luteonectria was introduced by Crous et al. (2021), with L. albida as the type species. 

Diagnostic morphological features of the genus are off-white to pale luteous perithecia that do not 

change color on KOH or lactic acid, formed on the well-developed stroma, asci clavate, ascospores 

fusiform, 3-septate, finely striate; asexual morphologies, conidiophores arising from aerial 
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mycelium, monophialides producing fusoid and multiseptate macroconidia, lacking micro- and 

mesoconidia, and chlamydospores. To date, only two species have been listed in Index Fungorum 

(2023), L. albida and L. nematophila. In this study, two strains of endophytic Luteonectria were 

isolated from R. roxburghii (Fig. 1). 

 

Luteonectria nematophila (Nirenberg & Hagedorn) Sand.-Den. & L. Lombard, Stud. Mycol. 98: 

60 (2021)               Fig. 20 

Index Fungorum number: IF838666 

Basionym: Fusarium nematophilum Nirenberg & Hagedorn, Nachrichtenbl. Deutsch. 

Pflanzenschutzdienstes 60: 214. 2008. 

Endophytic in roots of R. roxburghii in China. Sexual morph not observed. Asexual morph: 

Sporodochia not observed. Conidiophores macronematous, borne on aerial mycelia, hyaline, 

unbranched or sparingly branched, bearing lateral and terminal phialides, often reduced to 

conidiogenous cells. Aerial conidiogenous cells mono- to polyphialidic, formed directly from 

hyphae, hyaline, smooth, straight or slightly curved, cylindrical, with single or abundant 

conidiogenous loci, 10ï56 × 3ï4.5 ɛm (av. = 26.4 × 3.9 ɛm, n = 10). Aerial macroconidia straight 

to moderately curved, tapering towards the basal part, apical cell blunt and smaller than the 

adjacent cell; basal cell papillate to poorly developed, foot-shaped, 3-septate, hyaline, thin- and 

smooth-walled, 32ï48.5 × 4ï6 ɛm (av. = 41.9 × 5.4 ɛm, n = 30). Microconidia and 

chlamydospores not observed. 

Culture characteristics ï Colonies on PDA attaining 35ï38 mm diam. after 7 days in the dark 

at 28 , light yellow, round, slightly raised, margin regular, with abundant aerial mycelium, and 

reverse yellow. On OA attaining 38 mm diam. after 7 days, light olive, round, flat, appressed, 

flocculent, margin entire, with sparse aerial mycelium, and reverse light olive. On SNA attaining 34 

mm diam. after 7 days, white, raised with abundant aerial mycelium in center, flat with an entire 

edge, with sparse aerial mycelium, and reverse white. Pigment and odor absent.  

Material examined ï China, Guizhou Province, Guiyang City, natural environment, healthy 

roots of R. roxburghii (Rosaceae), 27Á4ǋ50ǌ N, 106Á29ǋ50ǌ E, alt. 1184 m, 22 April 2020, H. Zhang, 

living culture: GUCC 190041.1. China, Guizhou Province, Qiannan Districts, R. roxburghii 

Plantation, from healthy roots of R. roxburghii (Rosaceae), 26Á47ǋ4ǌ N, 107Á8ǋ37ǌ E, alt. 1322 m, 

17 August 2021, H. Zhang, living culture: GUCC 198542.1. 

Notes ï Our collections, GUCC 190041.1 and GUCC 198542.1, were phylogenetically 

similar to L. nematophila (ex-type NRRL 54600) as they clustered together with high statistical 

support (BS = 99%, PP = 1.00) (Fig. 1), sharing 100% (844/844) similarity for rpb1 and 100% 

(837/837) similarity for rpb2. Other genes are missing for the ex-type NRRL 54600. Our 

collections resemble the ex-type of L. nematophila (NRRL 54600) in having conidiophores (borne 

on aerial mycelia, simple, unbranched or sparingly branched, bearing lateral and terminal 

phialides), conidiogenous cells (mono- to polyphialidic, cylindrical; 10ï56 × 3ï4.5 ɛm in GUCC 

190041.1 vs. 8.9ï36 × 3.5ï4 µm in NRRL 54600), and macroconidia (fusiform, straight to 

moderately curved, tapering towards both ends; 3-septate, 32ï48.5 × 4ï6 ɛm in GUCC 190041.1 

vs. 29ï43 × 6.1ï8.2 µm in NRRL 54600) of similar morphologies. This study revealed that the 

morphology and phylogenetic identity of this isolate overlaps with L. nematophila; we therefore 

report our collections as a new host record isolated from the roots of R. roxburghii (Nirenberg & 

Hagedorn 2008). 

 

Neocosmospora E.F. Sm. 

Neocosmospora, typified by N. vasinfecta, is diagnostically characterized as asci saccate, 

clavate to cylindrical; ascospores globose to ellipsoidal, 0-1ïseptate, longitudinally striate, 

cerebriform or spinulose; asexual morphs producing micro- and macroconidia on aerial 

conidiophores with monophialides or only macroconidia in sporodochia (Crous et al. 2021). 

According to Index Fungorum (2023), a total of 141 epithets have been placed in Neocosmospora 

and more than 80 species have been accepted (Wijayawardene et al. 2022). Neocosmospora is 
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widely distributed, frequently found in soil, plant debris, living plant material, air, and water, and 

contains saprophytes, endophytes, pathogens, and opportunistic animal pathogens (Sandoval-Denis 

et al. 2019). In this study, ten Neocosmospora strains, including six species, were isolated from R. 

roxburghii (Fig. 21).  

 

 
 

Figure 20 ï Luteonectria nematophila (GUCC 190041.1). AïF Colony on PDA, OA and SNA (A, 

C, and E from above; B, D, and F from below). GïJ Aerial conidiophores and conidiogenous cells. 

K Macroconidia. Scale bars: GïK = 10 ɛm. 


