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Abstract 

Botryosphaeriaceae (Botryosphaeriales) encompasses numerous endophytic, saprobic, and plant 

pathogenic fungal species associated with a wide range of hosts. They are commonly associated with 

woody plants and are recognized as opportunistic fungal pathogens. In this study, five endophytic 

Botryosphaeriaceae species were isolated from epiphytic plants of Ficus pumila and Lemmapphyllum 

microphyllum (Le.) and identified using both morphology and phylogeny. Botryosphaeria dothidea, B. 

ramosa, Lasiodiplodia citricola, L. mahajangana, and L. theobromae were identified and described. 

Notably, Lasiodiplodia citricola and L. mahajangana were isolated for the first time from F. pumila, 

while Botryosphaeria dothidea, B. ramosa, L. citricola, L. mahajangana, and L. theobromae were 

isolated for the first time from Le. microphyllum. We also synonymize Botryosphaeria tenuispora as B. 

dothidea and Lasiodiplodia chonburiensis as L. mahajangana. The results of this study significantly 

contribute to our understanding of the fungal diversity in F. pumila and Le. microphyllum. In addition, 

our findings expand the knowledge regarding the diversity and distribution of Botryosphaeriaceae 

species in South China. 

 

Keywords – 6 new host records – Botryosphaeria – Ficus, Lasiodiplodia – Lemmaphyllum – leaf-

based endophytes.  

 

Introduction 

Guangdong, a coastal province located in South China, is characterized by distinct wet seasons 

(April-September) and dry seasons (October-March) (Wang et al. 2010), creating an ideal habitat for a 

wide range of tropical plant species. Epiphytic plants such as Ficus pumila (Moraceae), 

Lemmaphyllum microphyllum (Polypodiaceae) and Pyrrosia lingua (Pyrrosioideae) thrive in natural 

forests, urban gardens, and botanical gardens throughout the region. Notably, F. pumila and Le. 

microphyllum, with its exquisite forms and remarkable adaptability to the tropical climate, holds 
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tremendous aesthetic value (Datiles & Acevedo-Rodríguez 2014, Forster 2014). These plants exhibit 

no specific adaptations for soil accumulation and can grow in water-retaining mossy synusia or on tree 

cortices, even in the absence of humus (Datiles & Acevedo-Rodríguez 2014, Jang et al. 2020, 

Abeywickrama et al. 2023). Ficus pumila and Le. microphyllum have significant medicinal value (Starr 

et al. 2003, Datiles & Acevedo-Rodríguez 2014, Jang et al. 2020). Despite their ecological and 

economic importance, studies of microfungi associated with these two species remain scarce (Farr & 

Rossman 2024). Surprisingly, there are no fungal records on Le. microphyllum 

(https://fungi.ars.usda.gov/). While only some fungal records, including Aschersonia, Cercospora, 

Fusarium, Glomerella, Sphaeropsis, Rhizoctonia, Phakopsora, Phellinus, Pestalotiopsis and 

Phytophthora, have been reported on F. pumila (Farr & Rossman 2024). 

Currently, this family encompasses 22 genera (Hyde et al. 2020, Chethana et al. 2021, Wu et al. 

2021a, Rathnayaka et al. 2022, Wijayawardene et al. 2022). Botryosphaeriaceae species are distributed 

worldwide as endophytes, saprobes, and pathogens, especially on woody crops and forest plants (Yan 

et al. 2013, Tennakoon et al. 2016, De Silva et al. 2019, Dong et al. 2020, Santos et al. 2020, Douanla-

Meli et al. 2021). They colonize plant tissues asymptomatically as endophytes (Tennakoon et al. 2016, 

Santos et al. 2020); these fungi are often considered as an incubation period during which many 

Botryosphaeriaceae species transition into pathogens, causing leaf spots, fruit and root rot, dieback and 

cankers (Slippers & Wingfield 2007, Manawasinghe et al. 2016). 

Species of Botryosphaeriaceae have a broad host range and cosmopolitan distribution (Slippers 

& Wingfield 2007, Phillips et al. 2013, Zhang et al. 2016, Manawasinghe et al. 2022, Jayawardena et 

al. 2023). In particular, Lasiodiplodia is widely recognized for housing numerous phytopathogenic 

species that inflict yield losses on various tropical and temperate crops (Marques et al. 2013, Machado 

et al. 2014, Netto et al. 2014, Linaldeddu et al. 2015, Coutinho et al. 2017, De Silva et al. 2019, 

Rathnayaka et al. 2023). Likewise, Botryosphaeria species exhibit pathogenic, endophytic, and 

saprotrophic lifestyles across a wide range of hosts (Crous et al. 2006, Liu et al. 2012, Phillips et al. 

2013, Phillips et al. 2019). Several species within this genus are responsible for significant crop 

diseases worldwide, affecting mango fruits (B. fabicerciana causing stem-end rot) (Feng et al. 2023), 

apple fruits (B. kuwatsukai and B. dothidea causing apple ring rot) (Xu et al. 2015), and Eucalyptus 

plants (B. fusispora causing canker on the stem) (Li et al. 2018). 

This study aims to explore the diversity of endophytic fungi in Le. microphyllum and F. pumila. 

Herein, we have isolated and described five Botryosphaeriaceae species as novel host records. The 

results from this study will expand our current knowledge of microfungi associated with epiphytic 

plants in tropical regions. Furthermore, our results will provide a foundation for future research on the 

potential diseases of these two plants. 

 

Materials and methods 

 

Isolation and morphological characterization 

Healthy leaves of Lemmaphyllum microphyllum and Ficus pumila (Figure 1) were collected from 

Dinghu Mountain, Zhaoqing City, Guangdong Province, China (23°10′9″ N, 112°32′46″ E). Samples 

were taken into the laboratory using Ziplock bags containing sterile cotton to maintain the humidity. 

Healthy leaves were washed with running tap water to remove dirt and dust. Then, tissue isolation was 

performed according to the method of Senanayake et al. (2020). Leaves were cut into small pieces (5 

mm × 5 mm). These small pieces were soaked for 1 min in 70% ethanol solution, 1 min in 2.5% 

sodium hypochlorite (NaClO) solution, and finally washed three times with sterilized distilled water 

for 1 min each time. The sterilized tissue fragments were dried on sterile filter paper and then 

transferred to potato dextrose agar (PDA, 200 g/L Potato, 20 g/L Glucose and 20 g/L Agar). All PDA 

plates were cultured at a constant temperature of 25 ℃ for 2–4 days, and single hyphae were picked 

from the periphery of the grown colonies and inoculated on new PDA plates. After 2–3 times of 
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purification, pure cultures were obtained. All pure cultures from this study were deposited in the 

culture collection of Zhongkai University of Agriculture and Engineering (ZHKUCC), China. 

Herbarium materials (as dry cultures) were deposited in the herbarium of Zhongkai University of 

Agriculture and Engineering (MHZU), China. 

For morphological characterization, cultures grown on PDA and producing fruiting bodies were 

used. The mucilaginous mass was picked out under the Cnoptec sz650 stereomicroscope to make 

slides, and the spore morphology and structure were observed and recorded under the Nikon Eclipse 

80i microscope (Nikon, Japan). Conidial length, width and spore wall were measured for 30 conidia 

per isolate using TaroSoft® Image FrameWorks v0.9.7, and the mean values were calculated with their 

standard deviations (SDs). The pure cultures obtained in this study were grown on PDA for five days, 

the diameter of the cultures was measured, and the colony morphology was recorded with a Nikon 

D300s digital camera (Nikon, Japan). Colony colours (top and bottom) were described with reference 

to Rayner’s colour chart (Rayner 1970). 

 

 
 

Fig. 1 − a Sampling environment of Dinghu Mountain, b Lemmaphyllum microphyllum growing on 

rocks, c Ficus pumila growing on a longan tree. 
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DNA extraction and amplification 

For genomic DNA extraction, mycelia were scraped from one-week-old cultures grown on PDA. 

The total genomic DNA was extracted using MagPure Plant AS Kit (Magnetic bead hair plant DNA 

kit, China), following the manufacturer’s instructions. For molecular characterizations, three DNA 

regions: the nuclear ribosomal internal transcribed spacer (ITS), partial sequences of translation 

elongation factor 1-α (tef1-α), β-tubulin (tub2) were amplified using primer pairs ITS5/ITS4 (White et 

al. 1990), EF1-728F/EF-2 (O'Donnell & Cigelnik et al. 1998, Carbone et al. 1999) and Bt2a/Bt2b 

(Glass et al. 1995), respectively. 

The final PCR reaction volume of 25 μL consists of 12.5 μL of 2×Taq Master Mix (Dye Plus) 

(mixture of FastTaq TM DNA Polymerase, buffer, dNTP Mixture, and stabilizer) (Beijing Qingke 

Biological Technology Co., Ltd., Beijing, PR China), 8.5 μL of ddH2O, 1.5 μL of primers, and 1μL of 

template DNA. PCR reactions were performed in a C1000 Touch TM thermal cycler with the 

following amplification procedure: initial denaturation at 94 ℃ for 3 min, followed by 30 cycles 

consisting of denaturation at 94 ℃ for 30 s, annealing for 30 s and extension at 72 ℃ for 1 min, and a 

final extension at 72 ℃ for 10 min. The annealing temperature of ITS and tef1-α was 53 °C, and the 

annealing temperature of tub2 was 55 °C. After PCR amplification, a positive result XR+ (BIO-RAD, 

USA) was observed after 1% agarose gel electrophoresis under UV light using Gel DocTM XR 

Molecular Imager (Bio-Rad, USA). DNA sequencing was performed by Tianyi (Guangzhou, China) 

Co., Ltd. All sequence data generated in this study are deposited in the National Centre for 

Biotechnology Information (NCBI) GenBank (Table 1). 

 

Phylogenetic analysis 

Sequence chromatograms were examined using BioEdit version v.7.0.5.2 (Hall 1999), and low-

quality regions were trimmed before sequence alignment. All sequences generated in this study were 

analysed using BLASTn in the NCBI for initial species identification. Sequences of ex-type strains 

closely related to Botryosphaeriaceae isolates in this study were downloaded from NCBI and used for 

phylogenetic analysis (Table 1). Sequence chromatograms were examined using BioEdit version 

v.7.0.5.2 (Hall 1999), and low-quality regions were trimmed before sequence alignment. Sequence 

alignments of each of the ITS, tef1-α and tub2 loci were initially aligned by using MAFFT v.7 online 

services (http://mafft.cbrc.jp/alignment/server, accessed 20 March 2023) (Katoh et al. 2019). Then, the 

files were combined by BioEdit v.7.0.5.2 (Hall 1999). In the present study, maximum likelihood (ML) 

and Bayesian analysis were used for phylogenetic analyses. 

The ML analysis was performed using RAxML-HPC2 on XSEDE version 8.2.8 (San Diego 

Supercomputer Centre, CA, USA) (Stamatakis et al. 2008, Stamatakis et al. 2014) in the CIPRES 

Science Gateway platform (Miller et al. 2010) using GTR+GAMMA model of evolution. For the ML 

analysis, ambiguous regions in the alignment were excluded, and gaps were treated as missing data. 

Tree stability was evaluated with 1,000 bootstrap replications. The BI analysis was performed using 

the Markov Chain Monte Carlo method (MCMC) with Mr Bayes v. 3.2.7a (Huelsenbeck et al. 2001, 

Stamatakis et al. 2014). The MCMC analysis was conducted with four simultaneous Markov chains. 

The MCMC heated chain was set with a “temperature” value and run for 1,000,000 generations. Trees 

were sampled at every 100th generation. From the 10,000 trees obtained, the first 2000, representing 

the burn-in phase, were discarded. To calculate posterior probabilities, the remaining 8000 trees were 

used. The phylogenetic trees were shown in Fig Tree v. 1.4.3 and edited using Adobe Illustrator 2018. 
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Table 1 Taxa used in the phylogenetic analysis and their GenBank accession numbers. 
 

Species Strain no. Host Country GenBank accession numbers References 

ITS tef1-α tub2 

Botryosphaeria agaves CBS 133992* Agave sp. Thailand JX646791 JX646856 JX646841 Liu et al. (2012) 

B. agaves MFLUCC 10-0051 Agave sp. Thailand JX646790 JX646855 JX646840 Liu et al. (2012) 

B. auasmontanum CMW 25413* Pinus sp. Namibia KF766167 N/A N/A Slippers et al. (2013) 

B. corticis CBS 119047* Vaccinium corymbosum USA DQ299245 EU017539 EU673107 Phillips et al. (2013) 

B. corticis ATCC 22927 Vaccinium sp. USA DQ299247 EU673291 EU673108 Phillips et al. (2013) 

B. dothidea CBS 115476* Prunus sp. Switzerland AY236949 AY236898 AY236927 Slippers et al. (2004) 

B. dothidea CBS 110302 Vitis vinifera Portugal AY259092 AY573218 EU673106 Alves et al. (2004) 

B. dothidea ZHKUCC 23-0810 Lemmaphyllum microphyllum China OR366544 OR419753 OR419738 This study 

B. dothidea ZHKUCC 23-0811 Lemmaphyllum microphyllum China OR366545 OR419754 OR419739 This study 

B. dothidea ZHKUCC 23-0812 Lemmaphyllum microphyllum China OR366546 OR419755 OR419740 This study 

B. fabicerciana CBS 127193* Eucalyptus sp. China HQ332197 HQ332213 KF779068 Chen et al. (2011) 

B. fabicerciana CMW 27121 Eucalyptus sp. China HQ332198 HQ332214 KF779069 Chen et al. (2011) 

B. fujianensis CGMCC 3.19099* Vaccinium uliginosum China MH491973 MH491977 MH562330 Rui-Tian et al. (2021) 

B. fujianensis BJFUCC 180226-3 Vaccinium uliginosum China MW251380 MW251388 MW251379 Rui-Tian et al. (2021) 

B. fusispora MFLUCC 10-0098* Entada sp. Thailand JX646789 JX646854 JX646839 Liu et al. (2012) 

B. guttulata CGMCC3.20094* Unknown host China MT327839 MT331606 N/A Chen et al. (2020) 

B. guttulata GZCC 19-0188 Unknown host China MT327833 MT331601 N/A Chen et al. (2020) 

B. kuwatsukai CBS 135219* Malus domestica China KJ433388 KJ433410 N/A Xu et al. (2015) 

B. kuwatsukai LSP 5 Pyrus sp. China KJ433395 KJ433417 N/A Xu et al. (2015) 

B. dolichospermatii CGMCC 3.19096* Vaccinium uliginosum China MH491970 MH491974 MH562327 Rui-Tian et al. (2021) 

B. dolichospermatii CGMCC 3.19097 Vaccinium uliginosum China MH491971 MH491975 MH562328 Rui-Tian et al. (2021) 

B. minutispermatia GZCC 16-0013* Dead wood China KX447675 KX447678 N/A Ariyawansa et al. (2016)  

B. minutispermatia GZCC 16-0014 Dead wood China KX447676 KX447679 N/A Ariyawansa et al. (2016) 

B. osmanthuse GUCC 21433* GUCC 21433 China OL854215 OP650906 OP669376 Sun et al. (2022) 

B. osmanthuse GUCC 21433.1 Osmanthus fragrans China OL854216 OP650907 OP669377 Sun et al. (2022) 

B. osmanthuse GUCC 21433.2 Osmanthus fragrans China OL854217 OP650908 OP669378 Sun et al. (2022) 

B. pseudoramosa CERC 2001* Eucalyptus hybrid China KX277989 KX278094 KX278198 Li et al. (2018) 

B. pseudoramosa CERC 2983 Melastoma sanguineum China KX277992 KX278097 KX278201 Li et al. (2018) 

B. puerensis CSF6052* Eucalyptus urophylla China MT028569 MT028735 MT028901 Li et al. (2020) 

B. qingyuanensis CERC 2946* Eucalyptus hybrid China KX278000 KX278105 KX278209 Li et al. (2018) 

B. qingyuanensis CERC 2947 Eucalyptus hybrid China KX278001 KX278106 KX278210 Li et al. (2018) 

B. quercus MFLUCC 14-0459* Quercus sp. Italy KU848199 N/A N/A Wijayawardene et al. 

(2016) 

B. ramosa CBS 122069* Eucalyptus camaldulensis Australia EU144055 EU144070 KF766132 Pavlic et al. (2008) 

B. ramosa CGMCC 3.18004 Acacia sp. China KX197073 KX197093 KX197100 Zhou et al. (2017) 

B. ramosa ZHKUCC 23-0813 Lemmaphyllum microphyllum China OR366547 OR419756 OR419741 This study 

B. ramosa ZHKUCC 23-0814 Lemmaphyllum microphyllum China OR366548 OR419757 OR419742 This study 

B. rosaceae CGMCC 3.18007* Malus sp. China KX197074 KX197094 KX197101 Zhou et al. (2017) 

B. rosaceae CGMCC 3.18008 Amygdalus sp. China KX197075 KX197095 KX197102 Zhou et al. (2017) 
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Table 1 Continued. 

 
Species Strain no. Host Country GenBank accession numbers References 

ITS tef1-α tub2 

B. salicicola GUCC 21230* Salix China OL854218 OP669379 OP750032 Sun et al. (2022) 

B. salicicola GUCC 21230.1 Salix China OL854219 OP669380 OP750033 Sun et al. (2022) 

B. scharifii CBS 124703* Mangifera indica Iran JQ772020 JQ772057 N/A Abdollahzadeh et al. (2013) 

B. sinensia CGMCC 3.17722* Populus sp. China KT343255 N/A N/A Zhou et al. (2016) 

B. tenuispora MUCC 2900 Aucuba japonica Japan LC585276 LC585148 LC585172 Hattori et al. (2021) 

B. tenuispora MUCC 237* Leucothoe fontanesiana Japan LC585278 LC585150 LC585174 Hattori et al. (2021) 

B. wangensis CERC 2298* Cunninghamina deodara China KX278002 KX278107 KX278211 Li et al. (2018) 

B. wangensis CERC 2299 Cunninghamina deodara China KX278003 KX278108 KX278212 Li et al. (2018) 

Cophinforma 

atrovirens 

MFLUCC 11-0425* Eucalyptus sp. Thailand JX646800 JX646865 JX646848 Phillips et al. (2013) 

C. atrovirens MFLUCC 11-0655 Eucalyptus sp. Thailand JX646801 JX646866 JX646849 Phillips et al. (2013) 

Lasiodiplodia 

acaciae 

CBS 136434* Acacia sp. Indonesia MT587421 MT592133 MT592613 Zhang et al. (2021) 

L. aquilariae CGMCC 3.18471* Aquilaria crassna Laos KY783442 KY848600 N/A Wang et al. (2019) 

L. avicenniae CMW 41467* Avicennia marina South Africa KP860835 KP860680 KP860758 Osorio et al. (2016) 

L. avicenniae CBS 139670 Avicennia marina South Africa KU587957 KU587947 KU587868 Osorio et al. (2016) 

L. brasiliensis CMM 4015* Mangifera indica Brazil JX464063 JX464049 N/A Marques et al. (2013) 

L. brasiliensis CMM 4469 Anacardium occidentale Brazil KT325574 KT325580 N/A Netto et al. (2017) 

L. bruguierae CMW 41470* Bruguiera gymnorrhiza South Africa KP860832 KP860677 KP860755 Osorio et al. (2016) 

L. bruguierae CMW 42480 Bruguiera gymnorrhiza South Africa KP860834 KP860679 KP860757 Osorio et al. (2016) 

L. caatinguensis  CMM1325 Citrus sinensis Brazil KT154760 KT008006 KT154767 Coutinho et al. (2017) 

L. caatinguensis  IBL381 Spondias purpurea Brazil KT154757 KT154751 KT154764 Coutinho et al. (2017) 

L. chiangraiensis MFLUCC 21- 0003* Unknown host Thailand MW760854 MW815630 MW815628 Wu et al. (2021b) 

L. chiangraiensis GZCC 21- 0003 Unknown host Thailand MW760853 MW815629 MW815627 Wu et al. (2021b) 

L. chonburiensis MFLUCC 16- 0376* Pandanus sp. Thailand MH275066 MH412773 MH412742 Tibpromma et al. (2018) 

L. chonburiensis PSU-LST001 Hevea brasiliensis Thailand LC762193 LC762199 LC762205 Pornsuriya et al. (2023) 

L. chonburiensis PSU-LST002 Hevea brasiliensis Thailand LC762194 LC762200 LC762206 Pornsuriya et al. (2023) 

L. chonburiensis PSU-LST003 Hevea brasiliensis Thailand LC762195 LC762201 LC762207 Pornsuriya et al. (2023) 

L. cinnamomi CFCC 51997* Cinnamomum camphora China MG866028 MH236799 MH236797 Jiang et al. (2018) 

L. cinnamomi CFCC 51998 Cinnamomum camphora China MG866029 MH236800 MH236798 Jiang et al. (2018) 

L. citricola CBS 124707* Citrus sp. Iran GU945354 GU945340 KU887505 Abdollahzadeh et al. (2010) 

L. citricola CBS 124706 Citrus sp. Iran GU945353 GU945339 KU887504 Abdollahzadeh et al. (2010) 

L. citricola ZHKUCC 23-0815 Ficus pumila China OR366549 OR419758 OR419743 This study 

L. citricola ZHKUCC 23-0816 Ficus pumila China OR366550 OR419759 OR419744 This study 

L. citricola ZHKUCC 23-0817 Ficus pumila China OR366551 OR419760 OR419745 This study 

L. crassispora CBS 118741* Santalum album Australia DQ103550 DQ103557 KU887506 Burgess et al. (2006) 

L. crassispora CMW 13488 Eucalyptus urophylla Venezuela * DQ103552 DQ103559 KU887507 Burgess et al. (2006) 

L. curvata CGMCC 3.18456 Aquilaria crassna Laos KY783437 KY848596 KY848529 Wang et al. (2019) 

L. curvata CGMCC 3.18476 Aquilaria crassna Laos KY783443 KY848601 KY848532 Wang et al. (2019) 
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Table 1 Continued. 

 
Species Strain no. Host Country GenBank accession numbers References 

ITS tef1-α tub2 

L. euphorbiaceicola CMM 3609* Jatropha curcas Brazil KF234543 KF226689 KF254926 Machado et al. (2014)  

L. euphorbiaceicola CMW 33268 Adansonia sp. Senegal KU887131 KU887008 KU887430 Cruywagen et al. (2017) 

L. exigua BL184 Retama raetam Tunisia * KJ638318 KJ638337 N/A Linaldeddu et al. (2015) 

L. exigua CBS 137785 Retama raetam Tunisia * KJ638317 KJ638336 KU887509 Linaldeddu et al. (2015) 

L. gilanensis IRAN1523C* Citrus sp. Iran GU945351 GU945342 KU887511 Abdollahzadeh et al. (2010) 

L. gilanensis IRAN1501C Citrus sp. Iran GU945352 GU945341 KU887510 Abdollahzadeh et al. (2010) 

L. gonubiensis CMW 14077* Syzygium cordatum South Africa AY639595 DQ103566 DQ458860 Burgess et al. (2006) 

L. gonubiensis CMW 14078 Syzygium cordatum South Africa AY639594 DQ103567 EU673126 Burgess et al. (2006) 

L. gravistriata CMM 4564* Anacardium humile Brazil KT250949 KT250950 N/A Netto et al. (2017) 

L. gravistriata CMM 4565 Anacardium humile Brazil KT250947 KT266812 N/A Netto et al. (2017) 

L. hormozganensis IRAN1500C* Olea sp. Iran GU945355 GU945343 KU887515 Abdollahzadeh et al. (2010) 

L. hormozganensis IRAN1498C Mangifera indica Iran GU945356 GU945344 KU887514 Abdollahzadeh et al. (2010) 

L. iranensis IRAN1520C* Salvadora persica Iran GU945348 GU945336 KU887516 Abdollahzadeh et al. (2010) 

L. iranensis IRAN1502C Juglans sp. Iran GU945347 GU945335 KU887517 Abdollahzadeh et al. (2010) 

L. laeliocattleyae CBS 130992* Mangifera indica Egypt NR_120002 KU507454 KU887508 Ismail et al. (2012) 

L. laeliocattleyae BOT 29 Mangifera indica Egypt JN814401 JN814428 N/A Ismail et al. (2012) 

L. laosensis CGMCC 3.18464 Aquilaria crassna Laos KY783471 KY848609 KY848552 Wang et al. (2019) 

L. laosensis CGMCC 3.18473 Aquilaria crassna Laos KY783450 KY848603 KY848536 Wang et al. (2019) 

L. lignicola CBS 134112* Dead wood Thailand JX646797 KU887003 KT852958 Liu et al. (2012) 

L. lignicola CGMCC 3.18061* Woody branch China NR_152983 KX499927 KX500002 Dou et al. (2017) 

L. macrospora CMM 3833* Jatropha curcas Brazil NR_147349 KF226718 KF254941 Machado et al. (2014) 

L. mahajangana CMW 27801* Terminalia catappa Madagascar  FJ900595 FJ900641 FJ900630 Begoude et al. (2010) 

L. mahajangana CMW 27818 Terminalia catappa Madagascar  FJ900596 FJ900642 FJ900631 Begoude et al. (2010) 

L. mahajangana ZHKUCC 23-0820 Lemmaphyllum microphyllum China OR366554 OR419763 OR419748 This study 

L. mahajangana ZHKUCC 23-0821 Lemmaphyllum microphyllum China OR366555 OR419764 OR419749 This study 

L. mahajangana ZHKUCC 23-0822 Lemmaphyllum microphyllum China OR366556 OR419765 OR419750 This study 

L. mahajangana ZHKUCC 23-0823 Ficus pumila China OR366557 OR419766 OR419751 This study 

L. mahajangana ZHKUCC 23-0824 Ficus pumila China OR366558 OR419767 OR419752 This study 

L. margaritacea CBS 122519* Adansonia gibbosa Australia  EU144050 EU144065 KU887520 Pavlic et al. (2008) 

L. mediterranea CBS 137783* Quercus ilex Italy KJ638312 KJ638331 KU887521 Linaldeddu et al. (2015) 

L. mediterranea CBS 137784 Vitis vinifera Italy KJ638311 KJ638330 KU887522 Linaldeddu et al. (2015) 

L. microcondia CGMCC 3.18485* Aquilaria crassna Laos KY783441 KY848614 N/A Wang et al. (2019) 

L. parva CBS 456.78* Cassava-field soil Colombia EF622083 EF622063 KU887523 Alves et al. (2008) 

L. parva CBS 494.78 Cassava-field soil Colombia EF622084 EF622064 EU673114 Alves et al. (2008) 

L. plurivora STE-U 5803* Prunus salicina South Africa EF445362 EF445395 KP872421 Damm et al. (2007) 

L. plurivora CBS 121103 = STE-

U 4583 

Vitis vinifera South Africa AY343482 EF445396 KU887525 Damm et al. (2007) 

L. ponkanicola  CGMCC 3.20388 Citrus reticulata cultivar 

Ponkan 

China MW880685 MW884188 MW884214  Xiao et al. 2021 
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Table 1 Continued. 

 
Species Strain no. Host Country GenBank accession numbers References 

ITS tef1-α tub2  

L. pontae CMM 1277* Spondias purpurea Brazil KT151794 KT151791 KT151797 Coutinho et al. (2017) 

L. pyriformis CBS 121770 Acacia mellifera Namibia * EU101307 EU101352 KU887527 Cruywagen et al. (2017) 

L. pyriformis CBS 121771 Acacia mellifera Namibia * EU101308 EU101353 KU887528 Cruywagen et al. (2017) 

L. pseudotheobromae CBS 116459* Gmelina arborea Costa Rica EF622077 EF622057 EU673111 Alves et al. (2008) 

L. pseudotheobromae CBS 116460 Acacia mangium Costa Rica EF622078 EF622058 KU198428 Alves et al. (2008) 

L. rubropurpurea WAC 12535* Eucalyptus grandis Australia DQ103553 DQ103571 EU673136 Burgess et al. (2006) 

L. rubropurpurea WAC 12536 Eucalyptus grandis Australia DQ103554 DQ103572 KU887530 Burgess et al. (2006) 

L. subglobosa CMM3872* Jatropha curcas Brazil KF234558 KF226721 KF254942 Machado et al. (2014) 

L. subglobosa CMM 4046 Jatropha curcas Brazil KF234560 KF226723 KF254944 Machado et al. (2014) 

L. syzygii MFLUCC 19- 

0257* 

Syzygium samarangense Thailand MT990531 MW016943 MW014331 Meng et al. (2021) 

L. thailandica CBS 138760 Mangifera indica Thailand KJ193637 KJ193681 N/A Trakunyingcharoen et 

al. (2014) 

L. thailandica CBS 138653* Phyllanthus acidus Thailand KM006433 KM006464 N/A Trakunyingcharoen et 

al. (2014) 

L. theobromae CBS 164.96* Fruit along coral reef coast Papua New 

Guinea  

AY640255 AY640258 KU887532 Alves et al. (2008) 

L. theobromae CBS 111530 Leucospermum sp. USA EF622074 EF622054 KU887531 Alves et al. (2008) 

L. theobromae ZHKUCC 23-0818 Lemmaphyllum 

microphyllum 

China OR366552 OR419761 OR419746 This study 

L. theobromae ZHKUCC 23-0819 Lemmaphyllum 

microphyllum 

China OR366553 OR419762 OR419747 This study 

L. tropica CGMCC 3.18477* Aquilaria crassna Laos KY783454 KY848616 KY848540 Wang et al. (2019) 

L. vaccinii CGMCC 3.19022 Vaccinium uliginosum Linn China MH330318 MH330327 MH330324 Zhao et al. (2019) 

L. venezuelensis WAC12539* Acacia mangium Venezuela DQ103547 DQ103568 KU887533 Burgess et al. (2006) 

L. venezuelensis WAC12540 Acacia mangium Venezuela DQ103548 DQ103569 KU887534 Burgess et al. (2006) 

L. viticola CBS 128313* Vitis vinifera USA HQ288227 HQ288269 HQ288306 Urbez-Torres et al. 

(2012) 

L. viticola UCD 2604MO Vitis vinifera USA HQ288228 HQ288270 HQ288307 Urbez-Torres et al. 

(2012) 

L. vitis CBS 124060* Vitis vinifera Italy KX464148 KX464642 KX464917 Yang et al. (2017) 

Diplodia mutila CMW7060* Vitis vinifera Portugal NR_144906 MZ073947 MZ073931 Slippers et al. (2004) 

D. seriata CBS 112555* Vitis vinifera Portugal AY259094 AY573220 DQ458856 Alves et al. (2004) 

* Isolates represent ex-type. The isolates obtained in this study are boldfaced. 
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Results 

A total of fifteen endophyte isolates were obtained from F. pumila and Le. microphyllum. Based 

on initial species identification, five strains were identified as Botryosphaeria and ten strains as 

Lasiodiplodia. Following the multi-gene phylogenetic analysis, these isolates were further identified as 

Botryosphaeria dothidea, B. ramosa, and three Lasiodiplodia species, namely Lasiodiplodia citricola, 

L. theobromae and L. mahajangana. For each genus, an updated phylogenetic tree and specific 

morphological descriptions are given below. 

 

Taxonomy and Phylogeny 

 

Botryosphaeria Ces. & De Not., Comm. Soc. crittog. Ital. 1(fasc. 4): 211 (1863) 

For the taxonomic treatment of Botryosphaeria, we follow Phillips et al. (2013), and Zhang et al. 

(2021). Forty-eight strains are included in the combined gene analyses comprising 1191 characters 

after alignment (464 characters for ITS, 320 characters for tef1-α and 407 characters for tub2). 

Cophinforma atrovirens (MFLUCC 11-0425) and C. atrovirens (MFLUCC 11-0655) are used as the 

outgroup taxa (Zhang et al. 2021). The evolutionary model GTR+I+G was selected as the best-fit 

model for the ITS, tef1-α and tub2 gene regions. The tree topology of the Bayesian analysis was 

similar to the maximum likelihood analysis. The best RaxML tree with a final likelihood value of - 

2927.434826 is presented. The matrix had 260 distinct alignment patterns, with 14.25% undetermined 

characters or gaps. The phylogenetic tree resulting from the Bayesian analysis using the general time 

reversible model of DNA evolution (Rodríguez et al. 1990), including estimation of invariable sites 

and assuming a discrete gamma distribution with six rate categories (GTR+I+G), had a topology 

identical to the ML tree presented. In both analyses (ML and Bayesian) the clade of Botryosphaeria 

received 100 % Bootstrap support for ML and 1.00 value for BI.  

In the phylogenetic analysis of Botryosphaeria, five isolates obtained in this study clustered 

together with two known Botryosphaeria species: B. dothidea and B. ramosa. Species descriptions, 

notes and illustrations are given below. 

 

Botryosphaeria dothidea (Moug.) Ces. & De Not., Comm. Soc. crittog. Ital. 1(fasc. 4): 212 (1863). 

 Fig. 3 

Index Fungorum number: IF 183247; Facesoffungi number: FoF 03512.  

Basionym – Sphaeria dothidea Moug. In: Fries, Syst. Mycol. (Lundae) 2 (2): 423. 1823.  

Homotypic synonyms – Botryosphaeria auasmontanum F.J.J. van der Walt et al., Persoonia 33: 

162. 2014.  

 Botryosphaeria minutispermatia Ariyaw. et al., Phytotaxa 275: 40. 2016. 

Botryosphaeria quercus Wijayaw. et al., Fungal Diversity 77: 63. 2016. 

Botryosphaeria sinensis Y.P. Zhou & Y. Zhang ter (as ‘sinensia’), Phytotaxa 245: 45. 2016.  

Botryosphaeria wangensis G.Q. Li & S.F. Chen, Persoonia 40: 84. 2017.  

Botryosphaeria qinlingensis C.M. Tian & L.Y. Liang, Mycotaxon 134: 469. 2019. 

Botryosphaeria tenuispora Y. Hattori & C. Nakash, Mycobiology. 2021. 

Endophytic on Lemmaphyllum microphyllum leaves. Sexual morph: Not observed. Asexual 

morph: Conidiomata stromatic, pycnidial, produced on PDA in 7–9 weeks, surface, dark brown to 

bark brown, covered with dense mycelium, mostly unicellular, up to 2 mm in diameter, solitary, 

spherical, thick-walled, non-papillary, with a central ostiole. Conidiogenous cells 9.5–23.0 × 4.5–6.0 

μm (x̅ = 17.3 × 4.9 μm, n = 30), holoblastic, discrete, hyaline, cylindrical to lageniform, phialidic with 

periclinal thickening. Conidia 16.5–26.5 × 4.5–9.5 μm (x̅ = 20.3 × 6.2 μm, n = 30, l/w ratio = 3.3) 

hyaline, thin-walled, smooth with granular contents, unicellular, aseptate narrowly fusiform, base 

subtruncate to bluntly rounded. 
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Culture characteristics – Colonies on PDA have fluffy aerial mycelia with an uneven margin, 

with a medium-density pad of appressed mycelium, light grey to white, covering the dish after 5 d at 

25 °C in the dark.  

Known distribution – Cosmopolitan (Farr & Rossman 2024). 

Material examined – China, Guangdong Province, Zhaoqing City, Dinghu Mountain, on healthy 

leaves of Lemmaphyllum microphyllum (Polypodiaceae), November 8, 2022, Li Hua (MHKU 23-0110, 

dried culture), living cultures ZHKUCC 23-0810, ZHKUCC 23-0811, and ZHKUCC 23-0812. 

Notes – Based on the phylogenetic analysis of combined ITS, tef1-α and tub2 sequence data of 

Botryosphaeria species, our strain ZHKUCC 23-0810 clustered with the ex-type strain of B. dothidea 

(CBS 115.476) with 90% ML bootstrap support and 0.98 BYPP value (Figure 2). The base pair 

difference comparison of ITS, tef1-α and tub2 gene regions between our strain (ZHKUCC 23-0810) 

and ex-isotype strain of B. dothidea (CBS 115.476) reveals less than 1% difference and the two 

specimens share similar morphological characters confirming both strains are conspecific (Zhang et al. 

2021). In this study, we synonymized Botryosphaeria tenuispora under B. dothidea. The ex-type 

culture of B. dothidea (CBS 115.476) has the following nucleotide similarities with the sequences of 

the ex-type of B. tenuispora (MUCC 237): ITS: 495/498(99.40%), tef1-α: 267/267(100%) and tub2: 

363/363(100%). This is the first report of B. dothidea from Le. microphyllum. 

 

 
 

Fig. 2 − Phylogenetic tree generated by maximum likelihood analyses based on the combined ITS, 

tef1-α and tub2 sequence alignments of Botryosphaeria Bootstrap values for maximum likelihood 

equal to or greater than 75% and Bayesian posterior probabilities equal to or greater than 0.95 are 

placed above or below the branches, respectively. Ex-type strains are in bold with *. The newly 

generated sequences are indicated in red. 
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Fig. 3 − Botryosphaeria dothidea (ZHKUCC 23-0810, new host record). a−b Colony morphology on 

potato dextrose agar (PDA) after three days of growth at 25 °C showing above (a) and reverse (b). c 

Colony sporulating on PNA. d−e Conidiogenous cells with developing conidia. f−g Conidia. Scale 

bars: d−g = 10 μm. 

 

Botryosphaeria ramosa (Pavlic, T.I. Burgess & M.J. Wingf.) A.J.L. Phillips & A. Alves, in Phillips, 

Alves, Abdollahzadeh, Slippers, Wingfield, Groenewald & Crous, Stud. Mycol. 76: 77 (2013).     Fig. 4 

Index Fungorum number: IF 805458; Facesoffungi number: FoF 14430. 

Basionym – Fusicoccum ramosum Pavlic, T.I. Burgess & M.J. Wingf., Mycologia 100(6): 861 

(2008). 

Endophytic on leaves of Lemmaphyllum microphyllum. Sexual morph: Not observed. Asexual 

morph: Conidiomata stromatic, pycnidial, produced on PDA in 6–9 weeks, surface, dark brown to 

bark brown, covered with dense mycelium, mostly unicellular, up to 2 mm in diameter, solitary, 

spherical, thick-walled, non-papillary, with a central ostiole. Conidiogenous cells 7.0–10.5 × 3.5–5.5 

μm (x̅ = 9.1 × 4.4 μm, n = 30), holoblastic, discrete, hyaline, cylindrical to lageniform, phialidic with 

periclinal thickening. Conidia 8.0–12.0 × 5.0–6.5 μm (x̅ = 10.2 × 2.7 μm, n = 30, l/w ratio = 1.8) 

hyaline, thin-walled, smooth with granular contents, unicellular, aseptate ellipsoid to fusoid, base 

broadly rounded. 

Culture characteristics – Colonies on PDA have fluffy aerial mycelia with an irregular margin, 

with appressed moderately dense mycelial mat, smoke grey to olivaceous, covering the dish after 5 d at 

25 °C in the dark. 

Known distribution – Acacia sp. (Zhou et al. 2017), Corymbia citriodora (Zhou et al. 2017), 

Eucalyptus camaldulensis (Phillips et al. 2013), Eucalyptus sp. (Liu et al. 2018) and Melastoma 

sanguineum (Liu et al. 2018). 

Material examined – China, Guangdong Province, Zhaoqing City, Dinghu Mountain, on health 

leaves of Lemmaphyllum microphyllum (Polypodiaceae), November 8, 2022, Li Hua (MHKU 23-0111, 

dried culture), living culture ZHKUCC 23-0813, ZHKUCC 23-0814. 

Notes – In the phylogenetic analysis of the present study, our strain (ZHKUCC 23-0813), 

clustered with B. ramosa and B. pseudoramosa with 97% ML and 1.00 BYPP values (Figure 2). Zhang 

et al. (2021) reduced Botryosphaeria pseudoramosa to a synonym of B. ramose, which is also accepted 

in this study. The morphological characters, such as conidiogenous cells and conidial dimensions, 
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overlap, and they belong to the same species (Phillips et al. 2013). Base pair comparison of ITS, tef1-α 

and tub2 gene regions between our strain (ZHKUCC 23-0813) and reference strain of B. ramosa (CBS 

3.18004) reveals less than 1% difference (Zhou et al. 2017). Based on the above evidence, we 

confirmed our isolate as the first record of B. ramosa associated with Le. microphyllum. 
 

 

Fig. 4 − Botryosphaeria ramosa (ZHKUCC 23-0813, new host record). a−b Colony morphology on 

potato dextrose agar (PDA) after three days of growth at 25 °C showing above (a) and reverse (b). c 

Colony sporulating on PDA. d, f Conidiogenous cells with developing conidia. e Pycnidial wall. g 

Conidia. Scale bars: d−g = 10 μm. 

 

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

For the taxonomic treatment of Lasiodiplodia, we followed Zhang et al. (2021), Xia et al. (2022) 

and Pornsuriya et al. (2023). Ten isolates obtained in this study were morphologically resemblance to 

Lasiodiplodia species. The multi-gene phylogenetic tree consists of ITS, tef1-α and tub2 gene regions, 

Diplodia seriata (CBS 112.555) and D. mutila (CMW 7060) were used as outgroup taxa. Eighty-five 

strains were included in the combined gene analyses comprising 1271 characters after the alignment 

(521 characters for ITS, 340 characters for tef1-α and 410 characters for tub2). The tree topology of the 

maximum likelihood analysis is similar to the Bayesian analysis. The best RAxML tree with a final 

likelihood value of -5583.384196 is presented (Figure 5). Evolutionary models applied for all genes are 

GTR+I+G. The matrix had 393 distinct alignment patterns, with 15.35% of undetermined characters or 

gaps. The phylogenetic tree resulting from the Bayesian analysis using the general time reversible 

model of DNA evolution (Rodríguez et al. 1990), including estimation of invariable sites and assuming 

a discrete gamma distribution with six rate categories (GTR+I+G), had a topology identical to the ML 

tree presented. In both analyses (ML and Bayesian), the clade of Lasiodiplodia received 100 % for ML 

and 1.00 for BI support.  

In the phylogenetic analysis, isolates obtained in this study clustered with three known 

Lasiodiplodia species: Lasiodiplodia citricola, L. theobromae and L. mahajangana. Species 

descriptions, notes and illustrations are given below. 
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Fig. 5 − Phylogenetic tree generated by maximum likelihood analyses based on the combined ITS, 

tef1-α and tub2 sequence alignments of Lasiodiplodia. Bootstrap support values for ML greater than 

70% and BYPP greater than 0.95 are given near nodes, respectively. Diplodia mutila (CMW 7060) and 

D. seriata (CBS 112555) are used as the outgroup taxa. Ex-type strains are in bold or with *. The 

newly generated sequences are indicated in red. 
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Lasiodiplodia citricola Abdollahz., Javadi & A.J.L. Phillips, Persoonia 25: 4 (2010).       Fig. 6 

Index Fungorum number: IF 516777; Facesoffungi number: FoF 12944. 

Homotypic synonyms – Lasiodiplodia vaccinii Y. Zhang ter & L. Zhao, Pl. Dis. 103: 2046. 2019.  

 Lasiodiplodia mitidjana A. Alves et al., PLoS ONE 15 (5): e0232448 (8). 2020.  

Endophytic on leaves of Ficus pumila. Sexual morph: Not observed. Asexual morph: 

Conidiomata stromatic, pycnidial, produced on PDA within 6–8 weeks, superficial, light brown to bark 

brown, covered with dense mycelium, mostly uniloculate, up to 2 mm diam, solitary, globose, thick-

walled, non-papillate with a central ostiole. Conidiogenous cells 6.0–27.0 × 5.0–12.0 μm (x̅ = 19.0 × 

14.0 μm, n = 30), holoblastic, discrete, hyaline, smooth, thin-walled, cylindrical, proliferating 

percurrently with 1–2 annellations. Conidia 24.5–31.0 × 13.5–16 μm (x̅ = 27.5 × 14.5 μm, n = 30, l/w 

ratio = 1.9) initially hyaline, aseptate, ellipsoid to ovoid, with granular content, both ends broadly 

rounded, wall ≤ 2 μm, becoming pigmented, verruculose, ovoid, 1-septate with longitudinal striations. 

Culture characteristics – Colonies on PDA have early white, producing uniformly flattened dense 

mycelial mat, later becoming greyish to brownish at the margin and grey greenish to dark grey in the 

centre, entire edge, margin flat and cottony and centre slightly to strongly fluffy, covering the dish after 

3 d at 25 °C in the dark. 

Known distribution – Cosmopolitan (Farr & Rossman 2024). 

Material examined – China, Guangdong Province, Zhaoqing City, Dinghu Mountain, on health 

leaves of Ficus pumila (Moraceae), November 8, 2022, Li Hua (MHKU 23-0112, dried culture), living 

cultures ZHKUCC 23-0815, ZHKUCC 23-0816, and ZHKUCC 23-0817. 

Notes – In the phylogenetic analysis of this study, our strains (ZHKUCC 23-0815, ZHKUCC 23-

0816, and ZHKUCC 23-0817) and L. citricola (CBS 124707) clustered together with 96% ML value 

(Figure 5). The morphological characters, such as conidiogenous cells and conidial dimensions, are 

overlapping and they belong to the same species (Zhang et al. 2021). Base pair comparison of ITS, 

tef1-α and tub2 gene regions between our strain (ZHKUCC 23-0815) and this type strain of L. citricola 

(CBS 124707) revealed less than 1% difference (Abdollahzadeh et al. 2010). This is the first record of 

L. citricola species associated with Ficus pumila. 

 

 
 

Fig. 6 − Lasiodiplodia citricola (ZHKUCC 23-0815, new host record). a−b Colony morphology on 
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potato dextrose agar (PDA) after three days of growth at 25 °C showing above (a) and reverse (b). c 

Colony sporulating on PDA. d−e Conidiogenous cells with developing conidia. f−k Conidia. Scale 

bars: d−k = 10 μm.  

 

Lasiodiplodia theobromae (Pat.) Griffon & Maubl., Bull. Soc. mycol. Fr. 25: 57 (1909).  Fig. 7 

Index Fungorum number: IF 188476; Facesoffungi number: FoF00167 

Basionym – Botryodiplodia theobromae Pat., Bull. Soc. Mycol. France 8 (3): 136. 1892. 

Homotypic synonyms – Lasiodiplodia laosensis Y. Zhang ter & S. Lin, Mycol. Progr. 18: 691. 

2019.  

Endophytic on leaves of Lemmaphyllum microphyllum. Sexual morph: Not observed. Asexual 

morph: Conidiomata stromatic, pycnidial, produced on PDA within 6–8 weeks, uniloculate, dark 

brown to black, solitary, globose, thick-walled, papillate without a central ostiole. Conidiogenous cells 

8.5–27.5 × 6–17 μm (x̅ = 17.5 × 11.5 μm) hyaline, thin-walled, smooth, cylindrical, holoblastic, 

proliferating percurrently to form one or two annellations, or proliferating at the same level giving rise 

to periclinal thickenings. Conidia 23–30 × 11.5–18 μm (x̅ = 26.3 × 14.1 μm, n = 30, L/W = 1.8) sub-

ovoid to ellipsoid-ovoid, apex broadly rounded, tapering to truncate base, widest in middle to upper 

third, thick-walled, contents granular, initially hyaline and aseptate, remaining hyaline for a long time, 

finally becoming dark brown and one-septate but only after discharge from the pycnidia, with melanin 

deposits on the inner surface of the wall arranged longitudinally giving a striate appearance to the 

conidia. 

Culture characteristics – Colonies on PDA are initially white, producing a uniformly flattened 

mat of dense mycelium, which then darkened to brown from the center, flattened and cottony 

throughout the edges, and slightly to strongly fluffy in the center, covering the dish after four days at 

25 °C in the dark. 

 

 
 

Fig. 7 − Lasiodiplodia theobromae (ZHKUCC 23-0818, new host record). a−b Colony morphology on 

potato dextrose agar (PDA) after three days of growth at 25 °C showing above (a) and reverse (b). c 

Colony sporulating on PNA. d−e Conidiogenous cells with developing conidia. f−g Conidia. Scale 

bars: d−g = 10 μm. 
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Lasiodiplodia mahajangana Begoude, Jol. Roux & Slippers, in Begoude, Slippers, Wingfield & Roux, 

Mycol. Progr. 9(1): 110 (2010).  Fig. 8 

Index Fungorum number: IF 514012; Facesoffungi number: FoF 14045. 

Homotypic synonyms – Lasiodiplodia exigua Linald. et al., Fungal Diversity 71: 207. 2014. 

 Lasiodiplodia caatinguensis I.B.L. Cout., F.C. Freire, C.S. Lima & J.E. Cardoso, 2017 

 Lasiodiplodia pandanicola Tibpromma & K.D. Hyde, Fungal Diversity 93: 58. 2018. 

 Lasiodiplodia irregularis Y. Zhang ter & S. Lin, Mycol. Progr. 18: 690. 2019. 

 Lasiodiplodia curvata Y. Zhang ter & S. Lin, Mycol. Progr. 18: 689. 2019. 

 Lasiodiplodia macroconidia Y. Zhang ter & S. Lin (as ‘macroconidica’), Mycol. Progr. 

18: 692. 2019. 

 Lasiodiplodia chonburiensis Tibpromma & K.D. Hyde, 15: 961. 2023. 

 

Endophytic on Lemmaphyllum microphyllum leaves. Sexual morph: Not observed. Asexual 

morph: Conidiomata stromatic, pycnidial, produced on PDA within 6–8 weeks, covered with a very 

dark mycelial mat, initially immersed in the medium, isolated or aggregated; by the time they develop, 

they become superficial to the medium to produce soft mucilage that later becomes hard and black. 

Internally, the pycnidia are multi-loculated with a thick, dark granular wall. Conidiophores absent. 

Conidiogenous cells 7–27 × 4–13.5 μm (x̅ =16.2×9.5 μm, n = 30), hyaline, short, wrinkled, cylindrical, 

slightly swollen at the apex of their tips where holoblastic conidia are formed. Conidia 25.5–28.5 × 

12.5–14.5 μm (x̅ = 27.0 × 13.1 μm, n = 30, L/W = 2.0), aseptate hyaline, ellipsoid to ovoid when 

young, when ripe they remain the same size, brown, with 1-septum, the presence of longitudinal 

striations with dark, thick walls. 

Culture characteristics – Colonies on PDA have initially creamy white, producing a uniformly 

flattened mat of dense mycelium, which then darkened to grey-brown from the centre, flattened and 

cottony throughout the edges, and slightly to strongly fluffy in the centre, covering the dish after 5 d at 

25 °C in the dark. 

Known distribution – Cosmopolitan (Farr & Rossman 2024). 

Material examined – China, Guangdong Province, Zhaoqing City, Dinghu Mountain, on health 

leaves of Lemmaphyllum microphyllum (Polypodiaceae), November 8, 2022, Li Hua (MHKU 23-0114, 

dried culture), living cultures ZHKUCC 23-0820, ZHKUCC 23-0821, ZHKUCC 23-0822. 

Other materials examined – China, Guangdong Province, Zhaoqing City, Dinghu Mountain, on 

health leaves of Ficus pumila, November 8, 2022, Li Hua (MHKU 23-0115, dried culture), living 

culture ZHKUCC 23-0823, ZHKUCC 23-0824. 

Notes – Based on the phylogenetic analysis of combined ITS, tef1-α and tub2 sequence data of 

Lasiodiplodia species, our strains, ZHKUCC 23-0820 and ZHKUCC 23-0823, were clustered with the 

ex-type strain of L. mahajangana (CMW 27801) (Figure 5). The base pair comparison between these 

two strains showed 100% similarity in ITS and 98.8% similarity in the tef1-α gene region. The base 

pair comparison of ITS, tef1-α and tub2 gene regions between our strains (ZHKUCC 23-0820 and 

ZHKUCC 23-0823) and reference strain of L. mahajangana (CMW 27801) reveals less than a 1% 

difference (Begoude et al. 2010). Our strains shared similar morphological characters with the L. 

mahajangana (Begoude et al. 2010). Zhang et al. (2021) reduced six Lasiodiplodia species to L. 

mahajangana, which have straight or curved conidia (Zhang et al. 2021). The morphological 

characteristics, such as conidiogenous cells and conidial dimensions, are overlapping and they belong 

to the same species (Zhang et al. 2021).  
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In addition, Lasiodiplodia chonburiensis is synonymized under L. mahajangana in this study. 

The ex-type culture of L. mahajangana has the following nucleotide similarities with the sequences of 

the ex-type of L. chonburiensis. ITS: 461/461 (100%), in tef1-α: 248/252 (98.41%) and in tub2: 

390/392 (99.49%). This is the first time that L. mahajangana has been isolated from Le. microphyllum 

and F. pumila. 
 

 

Fig. 8 − Lasiodiplodia mahajangana (ZHKUCC 23-0820, new host record). a−b Colony morphology 

on potato dextrose agar (PDA) after three days of growth at 25 °C showing above (a) and reverse (b). c 

Colony sporulating on PNA. d, f Conidiogenous cells with developing conidia. e Pycnidia wall. g−h 

Conidia. Scale bars: d−h = 10 μm. 

 

Discussion 

This study illustrates five Botryosphaeriaceae species isolated from two epiphytic plants in 

Guangzhou, Guangdong Province, China. Botryosphaeria dothidea, B. ramosa, Lasiodiplodia 

citricola, L. theobromae and L. mahajangana are reported in this study as endophytes. Ficus pumila 

and Lemmapphyllum microphyllum are economically important plants. The overlapping leaves and 

stem of Ficus pumila create a tapestry of colour and texture on walls, fences, trellises, and other 

vertical structures, and the appearance is beautiful (Datiles & Acevedo-Rodríguez 2014). 

Lemmaphyllum microphyllum is medicinally important and used to treat rheumatoid arthritis, sores, 

and coughs (Zheng & Xing 2009, Jang et al. 2020). 

With the increase in the number of species in Botryosphaeriaceae in recent years, species 

identification using morphological data has become increasingly problematic (Slippers et al. 2017, 

Mohali-Castillo & Sari Ramon 2023). In this regard, Phillips et al. (2013) recommended that at least 

two loci (ITS and tef1-α) should be used for species identification in the Botryosphaeriaceae, while 

data for the tub2, rpb2 regions and other loci have subsequently been shown as useful to separate 

cryptic species (Li et al. 2018, Bhunjun et al. 2022). Lasiodiplodia is morphologically and 

phylogenetically a well-supported genus in Botryosphaeriaceae, but statistical support of inner 

branches is usually low. Reassessment of the species in Lasiodiplodia using more gene loci is needed 

to provide a stable phylogeny (Phillips et al. 2008, 2013, Abdollahzadeh et al. 2010, Liu et al. 2012). 
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Therefore, in the present study, we employed ITS, tef1-α and tub2 gene regions. 

Botryosphaeria dothidea, Lasiodiplodia citricola, L. theobromae and L. mahajangana are often 

reported as pathogens (Xu et al. 2015, Costanzo et al. 2022, Huda-Shakirah et al. 2022, Hyde et al. 

2023, Quimbita-Reyes et al. 2023). However, B. dothidea is known as a latent pathogen of global 

importance to woody plants (Marsberg et al. 2017, Mohali-Castillo & Sari Ramon 2023). Thus, it is 

important to find out whether they can be potential pathogens. By isolating the endophytic fungi, we 

can identify the opportunistic pathogens that may exist on the plant and provide important information 

on the protection of these plants. Furthermore, there is no previous research done on Lasiodiplodia and 

Botryosphaeria on F. pumila. Therefore, the five species isolated in this study could be the potential 

pathogens on these two plants, but this conjecture still needs further proof. In addition, these results 

will lead to a better understanding of the fungal diversity of these two plants. 
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