
Romanian Journal for Plant Protection, Vol. XV, 2022 

ISSN 2248 – 129X; ISSN-L 2248 – 129X 
 

24 
 

ENDOPHYTIC FUNGAL COMMUNITY OF ALIEN Nicotiana glauca  

IN TENERIFE, CANARY ISLANDS 
 

Guacimara Espinel*, Cristina Gimenez, Raimundo Cabrera 
 

CIPEV Group, Department of Botany, Ecology and Plant Physiology, Biology Section, 

Faculty of Science, Universidad de La Laguna, P.O. box 456, La Laguna, Tenerife, Spain, 

38200 

 
*correspondence address 
*E-mail: gespinel@ull.edu.es 

Doi http://www.doi.org/10.54574/RJPP.15.03 

 
Abstract: Nicotiana glauca it is naturally distributed throughout South America. It was introduced in North 

America, Europe, Africa, Asia and Oceania and arrived to the Canary Islands as an ornamental plant, where has 

been invading altered soils. Endophytic fungi are known to produce active compounds that provide protection to 

their host against diseases and attack of herbivores, these microorganisms being an interesting source of novel 

molecules. So far, the endophytic fungal communities of Nicotiana have not been studied in the Canary Islands. 

The goal of this study is to evaluate the diversity of the fungal endophytes community associated with Nicotiana 

glauca. A total of 36 fungal species were isolated from roots, stems and leaves of plants collected in three 

locations from Tenerife Island - San Miguel de Abona, Fasnia and Puerto de la Cruz. The highest species 

richness values were found in leaves and stems (Margalef index = 3.33 and 3.36, respectively) versus roots 

(Margalef index = 2.52). Simpson's index complements the results of the Margalef index, indicating a fungal 

community with a high dominance value in roots (D = 0.65) due to the presence of multiple Fusarium species. 

Fungal community in Fasnia had the highest value of species richness (Margalef index = 3.69 versus 2.17 and 

2.27 for San Miguel de Abona and Puerto de la Cruz, respectively). Results indicate fungal specificity to organ 

and location with 13 genera isolated from a single location and organ, among which rare species like Collariella 

and Gelasinospora. In this study was detected and isolated for the first time in Canary Islands the fungal species 

Collariella hilkhuijsenii which is of importance for the ecology of this genus scarcely known. Special attention 

should be offered to the presence of Fusarium, which possibly relates to the alkaloid production ability of both, 

the plant and the fungal strains.  
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INTRODUCTION 

 

Nicotiana glauca it is a sempervirens shrub (Sanz-Elorza et al., 2005; Silva et al., 

2008) with a natural distribution throughout South America. However, it was introduced in 

North America, Europe, Africa, Asia and Oceania and arrived to the Canary Islands as an 

ornamental plant. It has ruderal behaviour, therefore invading all altered places. It is common 

on borders of roads and highways, as well as in the bed of ravines. It also grows near crops 

and in house gardens (Silva et al., 2008). In the Canary Islands it was introduced as 

ornamental in the 1930s. The consequences of invasive species on ecosystems are accentuated 

when it comes to endemic flora. Invasive species are considered a real issue in different 
ecosystems as they compete and interfere with endemic flora, which determines changes in 

the plant communities and functions of ecosystems. Endophytic fungi are microorganisms 

that live intracellularly in all plant organs without causing disease (Strobel & Long, 1998) for 

which multiple definitions have been proposed (Cosoveanu & Cabrera, 2019)   

Studies show the high abilities of endophytic fungi to produce bioactive compounds 

and protect their host against pathogens and pest, being a source of new molecules (Strobel & 

Daisy, 2003). Nicotiana is a plant genus that possess antibiotic, anti-inflammatory, antifungal 

and insecticidal properties. Chemical profiles of N. glauca have revealed alkaloides like 
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nicotine, isinicotine, and anabasine, highly used as insecticides. So far, the endophytic fungal 

community of Nicotiana has not been studied in the Canary Islands. 

The objective of this study was to evaluate the diversity of the fungal endophytes 

community associated with Nicotiana glauca. 

 

MATERIAL AND METHODS 

 

Plants Sampling. Plants samples were collected in three locations from Tenerife 

Island, Canary Islands -San Miguel de Abona, Fasnia and Puerto de la Cruz. Only plants 

without disease symptoms or insects attack were sampled. For each plant, stems, leaves and 

roots were cut, labelled and maintained in zip-lock bags at 4-5°C, until processed, within 24 

hours from the recollection.  

 

 

Figure 1. Map with the recollection points of the N. glauca plant samples in Tenerife 

 

Fungal Endophytes Isolation. Plant fragments were superficially sterilized to avoid 

growth of epiphytic. Standard classical procedure for fungal endophytes was employed 

(Cosoveanu et al., 2018). Briefly, plates incubated with the plant segments were incubated at 

25°C in the dark for 5-10 days and observed daily for fungal growth. When fungal outgrowth 

from the plant tissues occurred, observations on emerged fungi were made. Only the fungi 

with different morphological characteristics were subcultured. Eventually, when an endophyte 

was acquired in pure culture it was preserved in Czapek medium, at 5 °C and in glycerol 20% 

in deionized H2O at -32°C and silica gel at 5°C. 

Morphological Identification To analyse the fungal diversity, each replicate of the 

distinct stem fragments was noted. Prior to taxonomic identification, a preliminary 

classification was made to avoid the selection of identical strains arising from the same plant 

individual, separating isolates into morphotypes (Cosoveanu & Cabrera, 2018). Observations 

targeted characteristics related to the colony and medium as: colony shape, texture and colour; 

exudates, medium colour and growth rate. For the microscopic observations mounting slides 

with tween 20 + ethanol + sodium hydroxide were used. Molecular identification of the 

fungal strains was performed using ITS1 (5′-TCCGTAGGTGAACCTGCGG-3′) and ITS4 

(5′-TCCTCCGCTTATTGATATGC-3′) primer pair to amplify the 5.8S rDNA and the two 

internal transcribed spacers ITS1 and ITS2 (Rottstock et al., 2014) 
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Endophytic fungal communities characterization For the diversity of endophytic fungi, 

the Margalef index and Simpson’s dominance index were used. Margalef index measures 

species richness while Shannon index measures evenness of the community sometimes called 

index of dominance. The Margalef index was calculated using formula d = (S-1)/ln N, where 

S is the number of species (OTUs) and N is the number of individuals in the sample. 

Simpson’s index of diversity was calculated according to the formula D=1-∑[ni(ni-1)/N(N-

1)], where ni is the number of individuals belonging to i species and N is the total number of 

individuals. For the diversity indices, PAST software version 3.15 was used (copyright 

Hammer & Harper, Natural History Museum, University of Oslo, Norway)  

 

RESULTS AND DISCUSSION 

 

A total of 36 fungal species were isolated (Table 1). 

 
Table 1. Endophytic fungal species isolated from N. glauca within three locations and organs. 

Genus Species Organ Location 

Alternaria Alternaria alstroemeriae Stem Fasnia 

Aspergillus Aspergillus aflatoxiformans Stem Pto de la Cruz 

Aspergillus Aspergillus micronesiensis Roots San Miguel de Abona 

Aspergillus Aspergillus ochraceus Roots San Miguel de Abona 

Aspergillus Aspergillus tabacinus Leaves Pto de la Cruz 

Aspergillus Aspergillus pulvericola Leaves Pto de la Cruz 

Botryotrichum Botryotrichum verrucosum Leaves Fasnia 

Canariomyces Canariomyces notabilis Leaves Fasnia 

Chaetomium Chaetomium subglobosum Leaves Fasnia 

Chaetomium Chaetomium subglobosum Stem San Miguel de Abona 

Chaetomium Chaetomium hexagonosporum Leaves Pto de la Cruz 

Cladosporium Cladosporium endophyticum Leaves Pto de la Cruz 

Collariella Collariella hilkhuijsenii Leaves Fasnia 

Cunninghamella Cunninghamella gigacellularis Roots San Miguel de Abona 

Curvularia Curvularia coatesiae Roots San Miguel de Abona 

Dothiorella Dothiorella iberica Stem Fasnia 

Dydimella Didymella keratinophila Roots San Miguel de Abona 

Fusarium Fusarium falsiforme Roots San Miguel de Abona 

Fusarium Fusarium foetens Roots San Miguel de Abona 

Fusarium Fusarium foetens Roots San Miguel de Abona 

Fusarium Fusarium foetens Stem Fasnia 

Fusarium Fusarium hainanense  Roots San Miguel de Abona 

Fusarium Fusarium longifundum Stem San Miguel de Abona 

Fusarium Fusarium oxysporum Roots Fasnia 

Fusarium Fusarium oxysporum Roots Fasnia 

Fusarium Fusarium tonkinense Roots San Miguel de Abona 

Fusarium Fusarium tonkinense Roots Fasnia 

Gelasinospora Gelasinospora saitoi Stem Fasnia 

Kabatiella Kabatiella bupleuri Stem Fasnia 

Paraconiothyrium Paraconiothyrium estuarinum Leaves Pto de la Cruz 

Penicillium Penicillium crustosum Stem San Miguel de Abona 

Penicillium Penicillium murcianum Roots Fasnia 

Penicillium Penicillium olsonii Leaves Pto de la Cruz 

Stagonosporopsis Stagonosporopsis lupini Roots San Miguel de Abona 

Stemphylium Stemphylium botryosum Leaves Pto de la Cruz 

Stemphylium Stemphylium botryosum Leaves Fasnia 

 

 

https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2494463
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The highest species richness values were found in leaves and stems (Margalef index = 

3.33 and 3.36, respectively) versus roots (Margalef index = 2.52) (Figure 1). Fungal 

community in Fasnia had the highest value of species richness (Margalef index = 3.69 versus 

2.17 and 2.27 for San Miguel de Abona and Puerto de la Cruz, respectively). There is a major 

difference between the ecosystems of the selected locations, with Fasnia being at the highest 

elevation (489 m) compared to Abona and Puerto de la Cruz which are below 200 m. It was 

previously observed (Rottstock et al., 2014; Li et al., 2022) that a higher diversity of plants in 

the area may influence in a higher diversity of the fungi inside one of the plant species. All 

plants were indeed collected from the borders of roads but a distinction should be made 

between the areas. In Fasnia, the collection site is in a rural area with multiple local and 

endemic plant species both perennial and annual co-habiting with human civilization whereas 

Puerto de la Cruz is a dense urban area surrounded by banana crops and Abona is the most 

arid site in an industrial area, with abandoned fields.  

 
Figure. 1 Margalef index data for endophytic fungi species isolated from Nicotiana glauca roots, stem 

and leaves in all three locations (Loc 1 -San Miguel de Abona, Loc 2 - Puerto de la Cruz, 3 - Fasnia). 

 

Simpson's index complements the results of the Margalef index, indicating a fungal 

community with a high dominance value in roots (D = 0.65) due to the presence of multiple 

Fusarium species (Figure 2). 

 
Figure 2. Plotted values of Simpson index of diversity representing endophytic fungi species isolated 

from Nicotiana glauca roots, stem and leaves in all three locations (Loc 1 - San Miguel de Abona, Loc 

2 - Puerto de la Cruz, 3 - Fasnia). 

 

Of 18 fungal genera isolated, only three were obtained from all organs, namely 

Fusarium, Aspergillus and Penicillium (Figure 3). It is noteworthy to mention that 13 genera 

were present in a single location and organ. Majorly, fungal genera were restricted to one or 

two locations with 70 and 26%, respectively. Only Fusarium, Aspergillus, Penicillium, 
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Chaetomium and Stemphyllium were isolated from two locations. In Fasnia, the most arid 

location of the sampled ones, were found most of the genera. 

 

 
Figure 3. Frequency of endophytic 18 fungal genera (different species) isolated from N. glauca 

expressed in percentage across three locations (Loc 1 – San Miguel de Abona, Loc 2 -Puerto de la 

Cruz, 3 - Fasnia) and organs. Endophytic fungi genera: 2 -Fusarium, 3 -Didymella, 4 -Aspergillus, 5 -

Penicillium, 6 -Cladosporium, 7 -Chaetomium, 8 -Stemphylium, 9 -Alternaria, 10 -Paraconiothyrium, 

11 -Gelasinospora, 12 -Dothiorella, 13 -Kabatiella, 14 -Collariella, 15 -Canariomyces, 16 -

Botryotrichum, 17-Curvularia, 18 -Stagonosporopsis, 19- Cunninghamella. 

 

Of the seven endophytic fungal genera isolated from Fasnia only, six of them are 

considered relatively rare. For instance, Gelasinospora, a pyrophytic fungus, closely related 

to Neurospora and Sordaria, has been previously isolated from macro-charcoal in Gran 

Canaria (Ravazzi et al., 2021), animal dung (Piasai & Sudsanguan, 2018), bird dung 

(Dowding, 1933), trees like Ulex and Chamecyparis, Quercus ilex (Collado et al., 1999) or 

Styphnolobium japonicum (Yu et al., 2021) and dwarf shrub in the polar semi-desert area 

(Fisher et al., 1995). Collariella hilkhuissenii closely related to Chaetomium (same family 

Chaetomiaceae) was first isolated from dutch soil (Wei Wang, 2017) and other closely related 

species were found in fresh water samples  (Nguyen et al., 2019), crops of shrubs like Rosa 

rosburghii (Zhang et al., 2021), insects  (Aghyl et al., 2020) and fennel seeds in Rajasthan 

(Dwivedi et. al., 2008). Closely related to the latter but not so scarcely present in the fungal 

studies, Botryotrichum was isolated from cucurbit plants (Huang et al., 2020), Rhizophora 

mangrove trees (Zhou & Xu, 2018), lianas (Bagchi & Banerjee, 2014), orchids like Cattleya 

species (Lizarazo-Medina et al., 2014), wheat rhizosphere in Iraq (Minati & Mohammed-

Ameen, 2020), Eucalyptus spp. in Uruguay (Simeto et al., 2005) and cacao (Schmidt, 2012). 

In the same family, Chaetomiaceae, transferred recently (Wang et al., 2019) Canariomyces is 

closely related to thielavia-like species mostly found in arid and saline zones. Canariomyces 

notabilis was first isolated from litter of Phoenix canariensis in the Canary Islands as the 

name shows (Von Arx et al, 1984; Zhang et al., 2021).  Species of the genus were found to 

determine rot in mangos (Rottstock et al., 2014; Sudrama et al., 2020) and others are 

medically important infective species (Wang, 2022). Yet the innocuous state has been 

documented in dessert soil (Wang et al., 2019), water habitats in Iraq (Abdullah & Dossary, 

2014) and Cedrus atlantica in Algeria (Cherak et al., 2021). 

More and more studies document the hypothesis of host-specificity, even in the same 
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environments (Yu et al, 2021), naming among proposed genera Gelasinospora, Sordaria and 

Thielavia. Host species-specificity has been questioned and proposed and documented in 

endemic Artemisia thuscula (Cosoveanu & Cabrera, 2018), Mediterranean oaks (Moricca et 

al., 2012), tomato cultivars (Dastogeer et al., 2018) and grassland forbs) (Wearn et al., 2012) 

and also a pattern of community similarity associated with host genotypes of Australian 

Nicotiana species (Dastogeer et al., 2018). 

By far only one study regarded endophytic fungal communities of Nicotiana glauca in 

Egipt (El-Metwally et al., 2021) and fungal identities are majorly different than in our study 

with only Alternaria and Chaetomium in common. In our study was detected and isolated for 

the first time in Canary Islands the fungal species Collariella hilkhuijsenii which is of 

importance for the ecology of this genus scarcely known.  

 

CONCLUSIONS 

 

These preliminary results indicate the need to further study the diversity of endophytic 

fungi of Nicotiana glauca, with special attention to the presence of Fusarium, which possibly 

relates to the alkaloid production ability of both, the plant and the fungal strains. Nonetheless, 

special attention should be offered to rare species like Collariella and Gelasinospora.  

 

ACKNOWLEDGEMENTS 

 
This study has been partially funded by the MAC2/1.1a/231 QUARENTAGRI project. The authors 

are thankful to Andreea Cosoveanu (Universidad de La Laguna) for polishing the manuscript and 

useful ideas.  

 

REFERENCES 

 
ABDULLAH, H.A.-S., Al-DOSSARY M.N. (2014). Fungi from submerged plant debris in aquatic 

habitats in Iraq. International Journal of Biodiversity and Conservation, 6, 6, 468-487. 

doi.org/10.5897/IJBC2013.0657. 

AGHYL, H., MEHRABI-KOUSHKI, M., ESFANDIARI, M. (2020). Chaetomium iranicum and 

Collariella capillicompacta spp. noy and notes to new hosts of Amesia species in Iran. Sydowia, 73, 

21-30. 

BAGECHI, B., BANERJEE, D. (2014). Endophytic Fungal Diversity and Their Comparison in Two 

Woody Climbers, from Few Regions of West Medinipur District, West Bengal, India. International 

Journal of Innovative Science Engineering and Technology, 1, 7, 10. 

CHERAK, I., SI BACHIR, A., CHERAK, L., GHAZI, C., LOUCIF, L., SELLAMI, M. (2021). 

Diversity and distribution patterns of endophytic mycoflora of Atlas cedar (Cedrus atlantica Manetti) 

needles in Belezma biosphere reserve (Batna, Algeria). Biodiversity Journal, 12, 3, 573-583.  

doi.org/10.31396/Biodiv.Jour.2021.12.3.573.583. 

COLLADO, J., PLATAS, G., GONZÁLEZ, I., PELÁEZ, F.  (1999). Geographical and seasonal 

influences on the distribution of fungal endophytes in Quercus ilex. New Phytologist, 144, 3, 525-532. 

doi.org/10.1046/j.1469-8137.1999.00533.x. 

COSOVEANU, A., CABRERA, R. (2018). Endophytic Fungi in Species of Artemisia. Journal of 

Fungi, 4, 2, 53. doi.org/10.3390/jof4020053. 

COSOVEANU, A, RODRIGUEZ SABINA S., CABRERA, R. (2018). Fungi as Endophytes in 

Artemisia thuscula: Juxtaposed Elements of Diversity and Phylogeny. Journal of Fungi, 4, 1, 17. 

doi.org/10.3390/jof4010017. 

COSOVEANU, A., CABRERA, R. (2019). Endophytes from creatures to biomachines. Bucureşti, Ars 

Docendi, 112p, ISBN 978-606-998-088-0.  



Romanian Journal for Plant Protection, Vol. XV, 2022 

ISSN 2248 – 129X; ISSN-L 2248 – 129X 
 

30 
 

DASTOGEER, K.M.G., LI, H., SIVASITHAMPARAM, K., JONES, M.G.K., WYLIE, S.J. (2018). 

Host Specificity of Endophytic Mycobiota of Wild Nicotiana Plants from Arid Regions of Northern 

Australia. Microbial Ecology, 75, 1, 74-87. doi.org/10.1007/s00248-017-1020-0. 

DOWDING, E.S. (1933). Gelasinospora, a new genus of pyrenomycetes with pitted spores. Canadian 

Journal of Research, 9, 3, 294-305. doi.org/10.1139/cjr33-087. 

DWIVEDI, M., KAILASH, A., AGRAWAL M. (2008). Fungi associated with fennel seeds grown in 

Rajasthan and their phytopathological effects. Journal of Phytological Research, 95-100. 

EL-METWALLY, M.M., EISA A.M. AL-MEKAWEI A., MAHMOUD S. (2021). Fungal endophytes 

of some medicinal plant growing in northwestern coast of Egypt: Isolation, identification and two-way 

clustering analysis of its antimicrobial activity. preprint in Review. doi.org/10.21203/rs.3.rs-

828514/v1. 

FISHER, P.J., GRAF, F., PETRINI, L.E., SUTTON,B.C., WOOKEY, P.A. (1995). Fungal endophytes 

of Dryas octopetala from a high arctic polar semidesert and from the Swiss Alps.  Mycologia, 87, 3, 

319-323. doi.org/10.1080/00275514.1995.12026536. 

HUANG, L.Q., NIU, Y.C., SU, L., DENG, H., LYU, H. (2020). The potential of endophytic fungi 

isolated from cucurbit plants for biocontrol of soilborne fungal diseases of cucumber. Microbiological 

Research, 231, 126369. doi.org/10.1016/j.micres.2019.126369. 

LI, Z., LIU, X., ZHANG, M., XING, F.  (2022). Plant Diversity and Fungal Richness Regulate the 

Changes in Soil Multifunctionality in a Semi-Arid Grassland. Biology, 11, 6, 870. 

doi.org/10.3390/biology11060870. 

LIZARAZO-MEDINA, P.X., MENDOZA-SALAZAR, M.M., GUTIÉRREZ-GALLO, A.I. (2014). 

Diversidad de la micobiota endófita de Cattleya percivaliana y Cattleya trianaei cultivadas en 

invernadero, p. 13. 

MINATI, M.H., MOHAMMED-AMEEN, M.K. (2020). Fungal Diversity of Winter Wheat Parts, Seed 

and Field Soil in Iraq, Basra Province. IOP Conference Series: Materials Science and Engineering, 

928, 6, 062004. doi.org/10.1088/1757-899X/928/6/062004. 

MORICCA, S., GINETTI, B., RAGAZZI, A. (2012). Species- and organ-specificity in endophytes 

colonizing healthy and declining Mediterranean oaks. Phytopathologia Mediterranea, 51, 3, 587-598. 

NGUYEN, T.T.T., LEE, S.H., JEON, S.J. (2019). First Records of Rare Ascomycete Fungi, 

Acrostalagmus luteoalbus, Bartalinia robillardoides, and Collariella carteri from Freshwater Samples 

in Korea. Mycobiology, 47, 1, 1-11. doi.org/10.1080/12298093.2018.1550894. 

PIASAI, O., SUDSANGUAN, M. (2018). Morphological study of Gelasinospora from dung and 

antagonistic effect against plant pathogenic fungi in vitro. Agriculture and Natural Resources, 52, 5, 

407-411. doi.org/10.1016/j.anres.2018.11.003. 

RAVAZZI, C., MARIANI, M., CRIADO, C., GAROZZO, L., NARANJO-CIGALA, A., PEREZ-

TORRADO, F. J., DE NASCIMENTO, L.  (2021). The influence of natural fire and cultural practices 

on island ecosystems: Insights from a 4,800 year record from Gran Canaria, Canary Islands. Journal of 

Biogeography, 48, 2, 276-290. doi.org/10.1111/jbi.13995. 

ROTTSTOCK, T., JOSHI, J., KUMMER, V., FISCHER, M. (2014). Higher plant diversity promotes 

higher diversity of fungal pathogens, while it decreases pathogen infection per plant. Ecology, 95, 7, 

1907-1917. doi.org/10.1890/13-2317.1. 

SANZ-ELORZA, M., DANA, E.D., SOBRINO, E. (2005). Aproximación al listado de plantas 

vasculares alóctonas invasoras reales y potenciales en las islas Canarias’, p. 12. 

SCHMIDT, C. (2012). Diversity and distribution patterns of foliar fungal endophytes in Theobroma 

cacao in Central Sulawesi and interactions between endophytes and host plant. Georg-August-

University Göttingen. doi.org/10.53846/goediss-1954. 

SILVA, L., OJEDA LAND, E., RODRÍGUEZ LUENGO, J.L. (2008). Flora e fauna terrestre invasora 

na Macaronésia: top 100 nos Açores, Madeira y Canarias = Flora y fauna terrestre invasora en la 

Macaronesia : top 100 en Azores, Madeira y Canarias = Invasive terrestrial flora & fauna of 

Macaronesia : top 100 in Azores, Madeira and Canaries. Ponta Delgada: Agência Regional da Energia 

e Ambiente da Região Autónoma dos Açores. 546p. 978-989-95910-1-1. 

 



Romanian Journal for Plant Protection, Vol. XV, 2022 

ISSN 2248 – 129X; ISSN-L 2248 – 129X 
 

31 
 

SIMETO, S., ALONSO, R., TISCORNIA, S., BETTUCCI L. (2005). Fungal community of 

Eucalyptus globulus and Eucalyptus maidenii stems in Uruguay. Sydowia, 57, 2, 246-258. 

STROBEL, G., DAISY, B. (2003). Bioprospecting for microbial endophytes and their natural 

products. Microbiology and molecular biology reviews : MMBR, 67, 4, 491-502. 

STROBEL, G., LONG, D.M. (1998). Specifics association of fungal endophyte with plants hosts 

represents a large untapped area of discovery. Endophytic Microbes Embody Pharmaceutical 

Potential, 64. 

SUDRAMA, I.M., SUNITI, N.I.W., DARMIATI, D.N.N. (2020). Use of Exophytic Microbial on the 

Control of Fruit Rot Disease of Mango (Lesiodiplodia theobromae). International Journal of Current 

Microbiology and Applied Sciences, 9, 4, 845-854. doi.org/10.20546/ijcmas.2020.904.102. 

VON ARX, J.A. DREYFUSS M., MÜLLER E. (1984). A revaluation of Chaetomium and the 

Chaetomiaceae.  Persoonia - Molecular Phylogeny and Evolution of Fungi, 12, 2, 169 - 179. ISSN 

1878-9080. 

WANG, X.W., BAI, F.Y., BENSCH K., MEIJER, M., SUN, B.D., HAN, Y.F. (2019). Phylogenetic 

re-evaluation of Thielavia with the introduction of a new family Podosporaceae. Studies in Mycology, 

93, 1, 155-252. doi.org/10.1016/j.simyco.2019.08.002. 

WANG, X.W., HAN, P.J., BAI, F.Y., LUO, A., BENSCH, K., MEIJER, M.B.K., HAN, D.Y. (2022). 

Taxonomy, phylogeny and identification of Chaetomiaceae with emphasis on thermophilic species. 

Studies in Mycology, 101, 121-243. doi: 10.3114/sim.2022.101.03.  

WEARN, J.A., SUTTON, B.C., MORLEY, N.J., GANGE, A.C. (2012). Species and organ specificity 

of fungal endophytes in herbaceous grassland plants: Species and organ specificity of fungal 

endophytes. Journal of Ecology, 100, 5, 1085-1092. doi: 10.1111/j.1365-2745.2012.01997.x 

WEI WANG, X. (2017). Collariella hilkhuujsenii. Fungal planet, 715, 3, 463. 

YU, Z., DING, H., SHEN, K., BU, F. (2021). Foliar endophytes in trees varying greatly in age. 

European Journal of Plant Pathology, 160, 2, 375-384. doi.org/10.1007/s10658-021-02250-7. 

ZHANG, H., WEI, T.P., LI, L.Z., LUO, M.Y., JIA, W.Y., ZENG, Y., JIANG, Y.L., TAO, G.C.  

(2021). Multigene Phylogeny, Diversity and Antimicrobial Potential of Endophytic Sordariomycetes 

From Rosa roxburghii. Frontiers in Microbiology, 12, 755919. doi.org/10.3389/fmicb.2021.755919. 

ZHOU, J., XU, J. (2018). Chemistry and Biodiversity of Rhizophora-Derived Endophytic Fungi, in S. 

Sharma (ed.) Mangrove Ecosystem Ecology and Function. InTech. doi.org/10.5772/intechopen.76573. 

 


