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Abstract. Sukarno N, Mursidawati S, Listiyowati S, Nugraha NH, Fadillah WN, Waite M. 2023. Root associated Fusarium solani 
Species Complex (FSSC) in epiphytic and terrestrial orchids. Biodiversitas 24: 2577-2586. Members of the Fusarium solani Species 
Complex (FSSC) are ecologically diverse, covering human and plant pathogens, saprobes, and endophytic fungi of economically 
important plants. The role of FSSC on tropical orchids, however, has received little attention. This research aimed to isolate and identify 
the FSSC found as endophytes in roots of the epiphytic orchids Cymbidium finlaysonianum Lindl. and Vanda tricolor Lindl., and the 

terrestrial orchids Calanthe triplicata (Willemet) Ames and Phaius tankervilleae (Banks) Blume. Fungal isolation was obtained from 
peloton structures within the root. Fungal identification was done using combined morphological and molecular characteristics using 
ITS rDNA sequences. Four isolates of Fusarium were identified based on morphological characteristics. The BLAST analysis showed 
that all the isolates were in the Fusarium solani Species Complex (FSSC). Further phylogenetic relationship analysis indicated that all 
the FSSC isolates belonged to FSSC5 lineage or Fusarium solani sensu stricto, which is nested in FSSC clade 3 as a subgroup. The 
fungi F. solani sensu stricto V2 and CF34 were isolated from the epiphytic orchids, and F. solani sensu stricto C5 and P44 were isolated 
from the terrestrial orchids. It is interesting that the FSSC5 isolated from the epiphytic orchids form different groups than those of the 
terrestrial orchids. This is the first report showing the tropical orchids are the host of the FSSC5 as endophytes and this broadens the 

known host range and ecological behavior of the FSSC5. 
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INTRODUCTION  

Fusarium is a large genus of fungi in the Ascomycota 

(Nectriaceae, Hypocreales). Based on molecular phylogenetic 
relationships, the genus Fusarium consists of 20 species 

complexes, one of which is the Fusarium solani Species 

Complex (FSSC) (O’Donnell et al. 2015; Al-Hatmi et al. 

2018). The FSSC contains more than 60 phylogenetic species 

(O’Donnell et al. 2015; Coleman 2016; Schroers et al. 2016; 

Crous et al. 2021). Molecular phylogenetic relationships 

analysis shows that the FSSC consists of three distinct 

subgroups: clades 1, 2, and 3 (Al-Hatmi et al. 2018). The 

largest clade of FSSC is clade 3. Most FSSC living in soils, 

in humans as pathogens, and in plants as endophytes and 

pathogens are members of FSSC clade 3 (Al-Hatmi et al. 
2018). This clade consists of the most common and diverse 

groups, containing all seven mating populations defined by 

Matuo and Snyder (1973) and all human pathogen 

phylogenetic lineages (Chehri 2014; Chitrampalam and 

Nelson 2016). The FSSC has recently been segregated into 

a separate genus Neocosmospora (Lombard et al. 2015), 

with newer work further detailing the phylogenetic and 

morphological characters distinguishing it from the genus 

Fusarium (Sandoval-Denis et al. 2019; Crous et al. 2021). 

However, O’Donnell et al. (2020), and Geiser et al. (2013, 

2021) argue for maintaining the FSSC within the genus 

Fusarium to maintain continuity with existing literature in 

a wide variety of fields, such as plant pathology and human 

medicine. In this study, the name F. solani species complex 
is used but acknowledge that the case for recognizing it as 

the separate genus Neocosmospora is strong.  

Indonesia is one of the world’s largest archipelagos and 

home to more than 5000 species, or one-third of all known 

orchids in the world. Many orchids are economically, 

medicinally, and ethnobotanically important in Indonesia, 

such as the epiphytic orchids Vanda tricolor Lindl. and 

Cymbidium finlaysonianum Lindl., and the terrestrial 

orchids Phaius tankervilleae (Banks) Blume and Calanthe 

triplicata (Willemet) Ames. V. tricolor is widely spread in 

Southeast Asia, including in Java and Bali (Handoyo 
2012). This orchid has ornamental value by having white 

petals with brown, red, or purplish-red spots and a red, 

purple, or purplish-red labellum. Some species of Vanda 

have medicinal uses. The root and leaves of V. parviflora 

are used to cure nerve disorders, rheumatic conditions, and 

as an antidote for scorpion stings. The flower of V. spathulata 

is used for asthma (Hossain 2011). C. finlaysonianum 

ranges throughout Southeast Asia, including Indonesia. 

This orchid has long inflorescences from a pseudobulb with 

yellow or brown petals. C. finlaysonianum has been 

reported to be used for curing ear infections (Teoh 2019). 
P. tankervilleae is a terrestrial orchid that has ornamental 
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and medicinal uses. This orchid has purplish-brown petals with 

a pink labellum (Devadas et al. 2019). The pseudobulb, 

roots and leaves are used as a natural dye, while the tubers 

are used for curing arm and leg swellings (Kanwal 2014; 

Buragohain et al. 2016). Calanthe triplicata is a terrestrial 

orchid with relatively slow growth. The orchid has white 

flowers with the base of the labellum yellow or purple 

(Kurzweil 2010) and is used as an ornamental plant. All 

parts of this orchid have medicinal value. The roots are 

used for curing arm swelling and diarrhea, and the flowers 
for reducing headaches and stomachaches (De et al. 2015).  

As a consequence of their seeds in very small size, 

orchid seeds lack sufficient nutrition to support the growth 

and development of the embryo during germination (Jiang 

et al. 2019; Lawrie et al. 2021). Therefore, the seeds 

depend on mycorrhizal or endophytic fungi for germination 

(Vujanovic et al. 2000; Smith and Read 2008; Pant et al. 

2017; Duffy et al. 2019). The fungi provide mineral 

nutrition and plant growth regulators such as auxin, 

cytokinin, and gibberellin. There is much less known about 

the orchid seed and fungi relationship amongst tropical 
species than amongst temperate species (Rasmussen et al. 

2015; McCormick et al. 2018).  

The fungal partners commonly reported with orchid 

roots are Rhizoctonia-like fungi (Ding et al. 2014; Meng et 

al. 2019). However, non-Rhizoctonia-like fungi such as 

Fusarium oxysporum have also been reported in orchid 

roots as mycorrhizal fungi (Jiang et al. 2019) while 

Fusarium sp. reported as endophytic fungi (Vujanovic et al. 

2000). However, research on fungi belonging to FSSC as 

fungal partners is still rare. Despite its richness in orchid 

diversity, only a few attempts have been made to isolate 
endophytic and mycorrhizal fungi from terrestrial native 

Indonesian orchids (Suryantini et al. 2015; Agustini et al. 

2016; Sufaati et al. 2016; Mahfut 2021). There are a few 

reports of Fusarium as endophytes in orchids from China, 

Madagascar, and Southern Ecuador (Tan et al. 2012; 

Zettler et al. 2017; Salazar et al. 2020; Sarsaiya et al. 

2020), but none of these reported finding the FSSC. The 

main objective of this research was to isolate and analyze 

the FSSC associates in the roots of V. tricolor, C. 

finlaysonianum, P. tankervilleae, and C. triplicata. The 

information gained from this study will contribute to 

understanding FSSC and the sustainable cultivation and 
conservation of these orchids. 

MATERIALS AND METHODS 

Fungal isolation 

Fungal isolation was conducted on the roots of V. 

tricolor, C. finlaysonianum, P. tankervilleae, and C. 

triplicata (Figure 1). The orchids from the collection of the 

Bogor Botanical Garden, Indonesia were used in this study. 

The orchid had been grown in the garden for seven years 

since their collection from the wild. Fungal isolation 

followed the method reported by Fujimori et al. (2019) 

with modification. The roots of each species of orchid were 
carefully cleaned of soil and organic debris. The roots then 

washed with sterile distilled water and blotted on sterile 

filter paper. The roots were cut into five pieces of 1 cm 

lengths, soaked in 1.5% sodium hypochlorite for 10 min, 

rinsed with sterile distilled water three times, and blotted 

on sterile filter paper for about 1 h to dry the sample. The 

roots were sliced longitudinally and observed for pelotons. 

The inner parts of the roots containing pelotons were 

collected and spread in three spots on a Petri dish 

containing a Fungal Isolation Medium (FIM) for 15 

replicates (Alghamdi 2019). The plates were incubated at 
25°C for seven days. Each emerging colony was purified 

by transferring the hyphal tip onto Potato Dextrose Agar 

(PDA) plates to obtain pure cultures. 

Fungal identification 

Morphological identification 

Morphological identification was done by following 

Burgess et al. (1994) and Short et al. (2013). Colony 

morphology and microscopic characteristics of the isolates 

were observed on culture grown on PDA at 25°C for 10-14 

days. The colony characteristics such as growth rate, colour 

of the surface, underside, and pigmentation of the colony 
were observed. The colour was determined using the 

Methuen handbook of colour (Kornerup and Wanscher 

1987). Colony diameter of the fungal growth was measured 

on the culture grown on PDA at 25°C daily for seven days. 

Microscopic features such as hyphal characteristics, shape, 

and size of macroconidia, presence or absence of 

microconidia, shape, and size of microconidia, 

conidiogenous cell bearing microconidia, and size and 

characteristics of chlamydospores were also measured.  

 

 

    
 
Figure 1. Habitus of the orchid species used for fungal isolation. A. Cymbidium finlaysonianum, B. Vanda tricolor, C. Calanthe 
triplicata, D. Phaius tankervilleae. These orchids are in the collection of the Bogor Botanical Garden, Indonesia 

A B C D 
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Molecular identification 

Molecular identification was carried out using fungal 

Internal Transcribed Spacer ribosomal DNA (ITS rDNA) 

sequences. The fungi were grown on cellophane membrane 

on PDA medium for 7-14 days of incubation. The fungal 

DNA genome was obtained by using DNA extraction 

method with Cetyltrimethylammonium Bromide (CTAB) 

buffer lysis solution and ethanol precipitation described by 

Fadillah et al. (2021). The sequences were obtained by 

PCR amplification of fungal DNA genome using ITS1F 
(forward) and ITS4 (reverse) primers (White et al. 1990) 

with PCR conditions as follows: pre-denaturation at 95°C 

for 10 min, 35 cycles of denaturation at 95°C, annealing at 

55°C, and elongation at 72°C for 1 min each, followed by 

post elongation at 72°C for 10 min. Successfully amplified 

PCR products were sent to 1st BASE Laboratories (Seri 

Kembangan, Malaysia) for sequencing. 

Chromatograms of the generated DNA sequences were 

checked for their quality by analyzing the sharpness of the peaks 

using SeqTrace 0.9.0 to assure sequence quality (Stucky 2012). 

The consensus sequences were then submitted to Basic Local 
Alignment Search Tool nucleotides (BLASTn) on the 

National Center for Biotechnology Information (NCBI) website 

for homology analysis (https://blast.ncbi.nlm.nih.gov/Blast.cgi). 

The homologous sequences obtained from BLAST were then 

aligned and analyzed in MEGA 6 (Tamura et al. 2013).  

Phylogenetics analysis 

Fungal datasets of ITS rDNA sequences were used for 

the phylogenetic tree analysis in MEGA 6 (Tamura et al. 

2013) and inferred using the Neighbour-Joining method. 

The datasets used to ascertain the isolates obtained belong 

to which group among FSSC clade 3. The datasets are 
obtained from NCBI as also being used by Migheli et al. 

(2010), Chehri (2014), Chehri et al. (2015) and Al-Hatmi et 

al. (2018). The optimal tree was drawn with the percentage 

of the bootstrap test of 1000 replicates shown next to the 

branches. The tree is drawn to scale, with branch lengths in 

the same units as those of the evolutionary distances used 

to infer the phylogenetic tree. The evolutionary distances 

were computed using the p-distance method. Fusarium 

oxysporum as a member of Fusarium oxysporum Species 

Complex (FOSC) used as an outgroup (Geiser et al. 2021). 

RESULTS AND DISCUSSION 

Fungal isolation and morphological identification 

A total of four different isolates of Fusarium were 

obtained from the roots of the four species of orchid, C. 
finlaysonianum, V. tricolor, C. triplicata, and P. tankervilleae. 

The colony and micromorphological characteristics of all 

four isolates obtained in this study were observed (Figure 

2; Figure 3; Figure 4; Figure 5; Table 1). All four isolates 

produced septate hyphae and aerial mycelium, with whitish 

cream to light purplish pigmentation on PDA. Only one of the 

four isolates, Fusarium sp. CF34, produced dark pigmentation 

on the underside of the colony. The Fusarium sp. CF34 

isolated from C. finlaysonianum formed dark brown 

pigmentation in the center of the colony underside. All four 

isolates formed fusoid macroconidia with the dorsal (upper) 
side more curve than the ventral side, as is typical of the 

genus Fusarium. The septa number of the macroconidia 

varied between 2 to 5. The size of the macroconidia also 

varied. The Fusarium sp. C5 had a shorter range of 

macroconidia lengths compared to the other three Fusarium 

isolates. In addition, all isolated fungi also formed abundant 

microconidia arising from long phialide-like structures. 

The microconidia were oval to cylindrical, hyaline, with 

and without one septum, and formed one to two cells. The 

Fusarium sp. V2 had a shorter range of microconidia 

lengths compared to the other three Fusarium isolates. All 

four isolates produced aerial mycelium and chlamydospores. 
The chlamydospores were hyaline to slightly grey (Table 

1). Sexual structures were not observed in this study.  

 
 

 

Figure 2. Colony and microscopic structures of Fusarium solani CF34 isolated from Cymbidium finlaysonianum grown on PDA, the 
microscopic structures observed at 10 days after inoculation. (A-B) Top and underside view of Fusarium solani CF34 colonies, a. 

Hyphal anastomosis, b. Macroconidium, c. Microconidium, d. Chlamydospore. Scale bars are 1 cm (A-B) and 20 µm (C-E) 

A B C 

D E 
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Figure 3. Colony and microscopic structures of Fusarium solani V2 isolated from Vanda tricolor grown on PDA, the microscopic 

structures observed at 10 days after inoculation. (A-B) Top and underside view of Fusarium solani V2 colonies, a. Hyphal anastomosis, 
b. Phialide, c. Macroconidium, d. Microconidium, e. Chlamydospore. Scale bars are 1 cm (A-B) and 20 µm (C-F) 

 

 
Table 1. Colony and microscopic characteristics of FSSC strains isolated from roots of Cymbidium finlaysonianum, Vanda tricolor, 
Calanthe triplicata, and Phaius tankervilleae 
 

Characters  Fusarium sp. CF34 Fusarium sp. V2 Fusarium sp. C5 Fusarium sp. P44 

Pigmentation on PDA  Purplish pink  Whitish cream  Purplish cream  Light pink  
Colony Top view Colony light purplish 

cream with white 
colour in the center of 
colony, cottony 

Colony whitish cream 
with white colour in the 
center, lightly cottony 
and distinct radial 
hyphal growth 

Colony white purplish 
cream, thick velvety 

Colony light cream, 
velvety 

 

 
 

Underside Purplish light brown 

with dark brown in the 
center of colony 

Whitish cream Cream Light pinkish brown 

Mycelium   Septate, hyaline, 
smooth with diameter 
2.57-5.8 µm 

Septate, hyaline, smooth 
with diameter 2.31-5.55 
µm. 

Septate, hyaline, 
smooth with diameter 
1.7-4.16 µm 

Septate, hyaline, 
smooth with diameter 
1.42-4.15 µm 

Aerial mycelium   Present Present Present Present 
Macroconidia Shape Fusoid with dorsal 

(upper) side more 

curved than ventral, 
basal cell barely 
notched, blunt apical 
cell, hyaline, septate,  
4-5 cells 

Fusoid with dorsal 
(upper) side more 

curved than ventral, 
basal cell barely 
notched, blunt apical 
cell, hyaline, septate,  
3-6 cells 

Fusoid with dorsal 
(upper) side more 

curved than ventral, 
basal cell barely 
notched, blunt apical 
cell, hyaline, septate, 3-
6 cells 

Fusoid with dorsal 
(upper) side more 

curved than ventral, 
basal cell barely 
notched, blunt apical 
cell, hyaline, septate, 
3-6 cells 

 Septa 3-4 2-5 2-5 2-4 
  Length (µm) 22.69-46.29 24.76-46.22 29.08-45.71 26.42-44.85 
  Width (µm) Basal 2.17-3.78;  

middle 4.36-6.41; 

apical 2.25-3.81 

Basal 2.29-4.23;  
middle 5.12-7.59; apical 

2.29-5.65 

Basal 2.49-4.50; middle 
4.83-6.90; apical 2.84-

5.30 

Basal 2.06-4.06;  
middle 4.41-6.91; 

apical 2.31-4.27 
Microconidia Shape  Oval to cylindrical, 

hyaline 
Oval, hyaline Oval to cylindrical, 

hyaline 
Oval to cylindrical, 
hyaline 

 Septa 0-1 0-1 0-1 0-1 
 Length (µm) 11.58-18.38 15.66-23.98 13.34-26.29 10.88-22.04 
 Width (µm) 3.25-6.18 4.24-8.03 4.42-8.47 3.47-6.32 
Chlamydospore Shape and 

colour 
Globose, intercalary 
and terminal, hyaline 

to slightly grey 

Globose to oval, 
intercalary and terminal, 

hyaline to slightly grey 

Globose to oval, 
intercalary and terminal, 

hyaline 

Globose, intercalary 
and terminal, slightly 

brownish grey 
 Size (µm) 5.26-9.99 x  

5.79-9.99 
6.28-12.07 x  
7.25-13.62 

6.70-9.95 x  
6.99-9.99 

6.17-9.90 x  
6.36-12.14 

Host  Cymbidium 
finlaysonianum 

Vanda tricolor  Calanthe triplicata Phaius tankervilleae 

A B C 

D E F 
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All four Fusarium isolates were categorized as fast-

growing fungi with the Fusarium sp. V2 grew slower 

compared to the other three isolates. The three isolates reached 

9 cm growth diameter in 5 days after inoculation, except the 

Fusarium sp. V2 (Table 2). Based on morphological features 

described by Burgess et al. (1994) and Short et al. (2013), all 

four isolates obtained in this study were identified as Fusarium 

based on the observed morphological characteristics. 

Molecular analysis of Fusarium isolates 

A single band of DNA fragments of approximately 650 
bp was successfully amplified for the ITS1-5.8S-ITS2 

region of rDNA for all four Fusarium isolates obtained in 

this study. All four isolate sequences were analyzed for 

their homology determination using BLASTn 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). The results of 

BLAST analysis showed that all four isolates have close 

similarity with F. solani with query coverage of 99 to 

100%, 0.0 E-value, and 99 to 100% identity (Table 3). 

Since F. solani was a species complex, therefore further 

analysis was conducted by constructing a phylogenetic tree 

using sequences of FSSC strains available in GenBank. 

The molecular phylogenetic relationship among the 

strains indicated that all four F. solani obtained in this 

study belong to the FSSC group (Figure 6). The FSSC 

group consists of 3 clades: clade 1, clade 2, and clade 3. 

The F. solani obtained in this research belong to FSSC 

clade 3 and clustered further into FSSC5, which is known 

as F. solani sensu stricto. The four isolates formed 3 

different groups within FSSC5. The F. solani C5 isolated 
from C. triplicata is in the same group with F. solani P44 

isolated from P. tankervilleae, both hosts are terrestrial 

orchids. The F. solani C5 differed by only several base pair 

from F. solani P44, therefore they considered to form a 

single group (Figure 6). In contrast, the F. solani V2 and F. 

solani CF34 that were isolated from the epiphytic orchids 

V. tricolor and C. finlaysonianum were in a separate group 

from the isolates derived from terrestrial orchids (Figure 6). 

Furthermore, the F. solani V2 and the F. solani CF34 were 

in separate subgroups. 
 

 

 
Table 3. Results of BLAST analysis of Fusarium spp. isolated from roots of Cymbidium finlaysonianum, Vanda tricolor, Calanthe 
triplicata, and Phaius tankervilleae 

 

Isolate 
IPB Culture 

Collection Code 

Assigned accession 

number 
BLAST result 

Query 

(%) 
Similarity 

index (%) 

BLAST result 

accession 

number 
Fusarium CF34 IPBCC 21.1527 OP204856 Fusarium solani CBS 101018 99 98.23 NR 154227.1 
Fusarium V2 IPBCC 21.1529 OP204902 Fusarium solani CBS 140079 100 99.89 NR 163531.1 
Fusarium C5 IPBCC 21.1530 OP204992 Fusarium solani CBS 140079 100 98.82 NR 163531.1 
Fusarium P44 IPBCC 21.1538 OP216264 Fusarium solani CBS 140079 100 99.89 NR 163531.1 
 
 

 

 
 
Figure 4. Colony and microscopic structures of Fusarium solani C5 isolated from Calanthe triplicata grown on PDA, the microscopic 
structures observed at 10 days after inoculation. (A-B) Top and underside view of Fusarium solani C5 colonies, a. Hyphal anastomosis, 
b. Phialide bearing microconidium, c. Macroconidium, d. Microconidium, e. Chlamydospore. Scale bars are 1 cm (A-B) and 20 µm (C-
F) 
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Figure 5. Colony and microscopic structures of Fusarium solani P44 isolated from Phaius tankervilleae grown on PDA, the 
microscopic structures observed at 10 days after inoculation. (A-B) Top and underside view of Fusarium solani P44 colonies, a. 
Phialide, b. Phialide bearing macroconidium, c. Macroconidium, d. Microconidium, e. Chlamydospore. Scale bars are 1 cm (A-B) and 
20 µm (C-F) 
 

 
 
Table 2. Colony growth diameter of four Fusarium isolates 
derived from four orchid species grown on PDA for 5 days 
  

Fungal isolate Host 
Colony 

diameter (cm) 
Fusarium CF34 Cymbidium finlaysonianum  9.0 ± 0.0a 
Fusarium V2 Vanda tricolor  8.5 ± 0.09b 
Fusarium C5 Calanthe triplicate 9.0 ± 0.0a 
Fusarium P44 Phaius tankervilleae 9.0 ± 0.0a 
Note: Values of colony diameter are means of five replications 
and standard errors. Values followed by the same letter are not 
significantly different in DMRT. The growth of most colonies had 

reached the diameter of the plate (9 cm) used in day 5 
 

Discussion 

The growth of orchids is dependent on endophytic or 
mycorrhizal fungi. The level of orchid dependency on the 

fungal partner is varies among species (Suetsugu and 

Matsubayashi 2021). The dependency of achlorophyllous 

orchids on the fungi is absolute because they lack 

photosynthetic tissue (Suetsugu et al. 2022). While 

chlorophyllous orchids are not fully reliant on fungal partners 

for carbon and other nutrients after their leaves and roots 

developed (Smith and Read 2008; Jiang et al. 2019). Once 

the symbiotic connection is established, the fungus will widen 

its role in the orchid’s further growth and development, 

particularly in providing resistance to biotic and abiotic 

stress from the environment (Otero et al. 2013). Orchid 
species also vary in how much they depend on one or a few 

specific fungal partners or if they can more flexibly associate 

with many different fungal species (Suarez and Kottke 

2016; Xing et al. 2019; Lespiaucq et al. 2021). Thus, the 

orchids are able to colonize a wider spectrum of habitats. 

FSSC is an extremely diverse assemblage of fungi with 

respect to hosts, substrate, pathogenicity, geographic 

distribution, morphological characteristics such as presence 

or absence of microconidia, macroconidia characteristics, 

ascospore size as well as homo-and heterothallic sexual 

stages (Schroers et al. 2016). So far, the sexual cycle of the 
FSSC is only known for about one-third of the total taxa. 

As endophytes, members of the FSSC have been isolated 

from various plants in Indonesia, including from orchids. 

The fungus has been isolated from rhizomes of turmeric 

(Curcuma longa Linn.) (Septiana et al. 2017), roots of 

ginger (Zingiber officinale Roscoe) (Ginting et al. 2013), 

leaves of Asiatic pennywort (Centella asiatica L.) (Sukarno 

et al. 2021) and roots of the orchid P. tankervilleae (Sufaati 

et al. 2016). However, the phylogenetic entities of these 

Indonesian FSSC isolates, particularly those isolated from 

tropical orchids, have yet to be described.  
Four FSSC isolates were obtained in this research from 

two epiphytic orchids, C. finlaysonianum and V. tricolor, 

and two terrestrial orchids, C. triplicata and P. 

tankervilleae. The morphological characteristics of all four 

isolates matched F. solani (Zakaria et al. 2009; Chehri et 

al. 2015). They had microconidia arising from long 

phialide-like structures and had fusoid macroconidia with 

the dorsal (upper) side more curved than the ventral, basal 

cells barely notched and blunt apical cells, and produced 

chlamydospores. The macroconidia shape’s characteristics 

are in agreement with that of the FSSC5 strain reported 

from Malaysia, which was isolated from Echinochloa 
colonum (Chehri et al. 2015). Interestingly, the 

macroconidia characteristics obtained in this study are 

similar to those reported from temperate regions rather than 

to the macroconidia from tropical strains. The 

macroconidia of tropical strains commonly tend to be 

narrower and longer, with a more distinct basal cell than 

those of temperate isolates (Burgess et al. 1994). The long 

phialides observed in this study and the formation of 

chlamydospores are typical characteristics of F. solani.  

A B C 

D E F 
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Figure 6. Phylogenetic analysis of Fusarium solani Species Complex (FSSC) based on ITS rDNA sequences. Statistical support values 
(≥50%) are shown at nodes and presented as bootstrap values performed with 1000 replication. Fusarium oxysporum CBS 143607 used 
as an outgroup 
 
 

The results of BLASTn analysis using DNA sequences 

from ITS rDNA also indicates that all isolates are F. solani 

(Table 3). Results of the phylogenetic analysis showed that 

the four endophytic F. solani obtained from the orchids in 

this research are in FSSC5 (F. solani sensu stricto). The 

phylogenetic tree shows that two isolates, F. solani C5 and 

P44 (Figure 6), which were isolated from terrestrial orchids 

from Central Java, Indonesia, are closely related to 

endophytic Fusarium sp. strain UCCC2014002 and 

UCCC2014003 isolated from terrestrial P. tankervilleae 
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orchids growing in Papua, Indonesia (Sufaati et al. 2016). 

This suggests that the relationship between these FSSC5 

strains and terrestrial orchid is important over a broad 

geographic range.  

The FSSC5 have been reported as general saprobes and 

plant pathogens of diverse hosts, but surprisingly they have 

also been found in orchids as endophytic fungi. Thus, an 

important result of this research is to increase the number 

of known orchid species serving as hosts of FSSC5 and 

this, in turn, suggests a broader role of FSSC5 in orchid 
ecology. 

There is a report of orchid mycorrhiza formed by F. 

oxysporum, but none from FSSC5 so far. The four orchids 

used in this study are not rare species. Therefore, the fungal 

partners of these orchids are likely common fungi. Rare 

orchids usually form symbiotic relationships with rare 

fungi (Batty et al. 2002). Both chlorophyllous and 

achlorophyllous orchids are highly dependent on 

mutualistic symbiosis with fungi to form Orchid 

Mycorrhiza (OM), at least during their early development. 

However, study on orchid-fungal relationship, either 
endophyte or mycorrhiza, is scarce in comparison with the 

study on orchid diversity (Zettler et al. 2017). The study of 

OM has so far concentrated on Rhizoctonia-like fungi 

(Jaquemyn et al. 2017). Non-Rhizoctonia fungi have also 

been found as true mycobionts in chlorophyllous orchids 

such as Cymbidium spp. (Li et al. 2016) and Arundina 

graminifolia (Meng et al. 2019), Vanda cristata (Chand et 

al. 2020), and Cremastra variabilis (Yagame et al. 2021). 

Therefore, research on non-Rhizoctonia orchid-associated 

fungi such as FSSC needs to be encouraged. It is likely that 

the diversity and role of non-Rhizoctonia fungi are much 
underestimated because of taxonomic and geographical 

bias in orchid mycobiont research so far (Jaquemyn et al. 

2017). This research suggests that tropical orchids have a 

wider array of mycobionts in addition to Rhizoctonia-like 

fungi. 

Application of sensitive and accurate molecular 

techniques was needed to identify the FSSC5 strains as the 

fungal endophytes of the orchids in this study because 

many important fungal taxa in the species complex share 

morphological characteristics. Accuracy is important in 

understanding fungal-orchid interaction in natural habitats. 

The orchid’s dependency on suitable mycobionts for 
growth and development means that the conservation of the 

orchids also depends on the conservation of the fungi in 

appropriate habitats. Mapping of Indonesia’s native orchids 

and their mycobionts is needed for the conservation, 

cultivation, and utilization of both organisms, the 

mycobionts, and orchids. Indonesia’s great diversity of 

orchids deserves further exploration over the coming years. 

In this research, the FSSC in the roots of two tropical 

epiphytic orchids, C. finlaysonianum and V. tricolor, and 

two terrestrial orchids, C. triplicata and P. tankervilleae 

were analyzed. As has been demonstrated in this paper that 
the orchids studied are the hosts of FSSC5, identified as F. 

solani sensu stricto. This is the first report showing the 

tropical orchids are the host of the FSSC5 as endophytes 

and this broadens the known host range and ecological 

behavior of the FSSC5. Fusarium deserve further 

investigation since some member of the genus were 

recorded to have potential physiological and ecological 

advantage as endophytic fungi in orchids. 
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