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Abstract  

Exotic orchids are prized for their remarkable beauty and high commercial value in local and 

global horticulture. Orchid mycorrhizal associations are crucial in orchid seed germination and 

overall survival of the mature orchid plants. Limited attention has been given to the orchid 

mycorrhizal associations in the exotic orchids, and this is the first recorded attempt in Sri Lanka to 

investigate the diversity, distribution, quantitative and molecular analysis of orchid mycorrhizal 

fungi (OMF) in aerial roots of the three most common exotic orchid species, Dendrobium 

bigibbum, Oncidium sphacelatum, and Arachnis flos-aeris in Sri Lankan home gardens across wet, 

intermediate, and dry climatic zones. The presence of pelotons and the colonization rate (CR) 

revealed significant variation among orchid species and climatic zones, while distinct species-

specific morphologies of pelotons remain notably consistent across all climatic zones. A total of 

228 root segments were cultured, yielding 107 fungal colonies, from which 10 isolates were 

selected based on key hyphal characteristics of OMF. The first hit of NCBI BLAST analysis 

identified all isolates as Ascomycete fungi, which are the Epicoccum sorghinum (100%), 

Phomopsis sp. (100%), Diaporthe phaseolorum (99.82%), Diaporthe perseae (99.64%), Diaporthe 

sp. (99.45%), Colletotrichum siamense (100%), Colletotrichum truncatum (99.62%), 

Colletotrichum sp. (99.64%), and Curvularia geniculata (99.46%) that live symbiotically within 

orchid roots as endophytes. From several root cultures, Fusarium sp., now considered an OMF, was 

isolated and identified based on morphological features. The presence of pelotons and the CR 

serves as strong evidence of active mycorrhizal associations in aerial roots, supporting future 

culture-independent identification approaches. These findings highlight the important role of OMF 

and associated endophytic fungi in supporting the survival and adaptation in the home garden 

Current Research in Environmental & Applied Mycology (Journal of Fungal Biology) 

16(1): 276–295 (2026) ISSN 2229-2225 

www.creamjournal.org Article  

Doi 10.5943/cream/16/1/13 
 

 

http://www.creamjournal.org/


    277 

 

systems. Furthermore, the successful isolation and identification of beneficial fungal endophytes 

provide valuable opportunities to develop improved orchid propagation strategies, including 

seedling flask inoculation with selected OMF and the use of OMF-enriched substrates, reducing 

reliance on chemical fertilizers while promoting sustainable, cost effective and eco-friendly orchid 

cultivation practices. 

 

Keywords – Climatic zone – Colonization rate – Monilioid cells – Orchid mycorrhizal fungi – 

Pelotons  

 

Introduction  

Orchids are herbaceous, perennial, monocot plants that belong to the order Asparagales and 

the family Orchidaceae (Dressler 1994), which comprises 750 genera and approximately 27,000 

species worldwide (Liu et al. 2024). Sri Lanka is one of the major biodiversity hotspots (Bandara  

et al. 2024), which consists of diversified plants belonging to the family Orchidaceae. Orchids in 

Sri Lanka can be divided into three types as endemic, native, and exotic. Exotic orchids are non-

native species introduced primarily for ornamental purposes and commercial cultivation due to 

their aesthetic appeal, longevity, and economic value (Atapattu et al. 2023, Chamara et al. 2024). 

This high demand has fuelled the growth of the orchid trade through micropropagation techniques, 

which sometimes pose problems when produced in laboratories and after introduction into the 

natural environment during the acclimatization period (Pithiya et al. 2022).  

Sexual reproduction in orchids occurs via seeds, while asexual reproduction occurs via 

vegetative propagation (Batygina et al. 2003). Orchid seeds are dust-like, tiny structures (Hadley & 

Williamson 1971, Jiang et al. 2019), and due to that, the embryo of orchid seeds contains very few 

nutrient reserves, such as lipids and proteins, and a small amount of starch within the endosperm 

(Rasmussen 1990, Xi et al. 2020). In all naturally growing orchids, an external nutrient supply is 

needed to meet their nutrient requirements for seed germination (Zettler & Corey 2018). More 

interestingly, mycorrhizal fungal species can provide nutrients, including carbon, nitrogen, 

phosphorus, water, and vitamins (Hijner & Arditti 1973), minerals, thiamine, and lactic acid that 

promote the seed germination and seedling development of orchids (Smith 1967, Leake 1994, Jiang 

et al. 2019) and as well as provide nutrients to mature plants when they grow in nutrient-limited 

environments, via forming a unique symbiotic relationship (Chen et al. 2011). Therefore, the 

symbiotic relationship established between the orchid roots and compatible fungal species capable 

of cohabiting within orchid roots is known as orchid mycorrhizal fungi (OMF) (Shamsudin et al. 

2024).  

The formation of mycelial mass, known as pelotons in the cortical region of the orchid roots, 

is one of the key features of OMF (Xi et al. 2020), and the presence of pelotons is considered a 

primary sign of the establishment of orchid mycorrhizal colonization within the roots (Pujasatria  

et al. 2024). Different OMFs play distinct roles in various growth stages of the orchid plant (Xi  

et al. 2020). Pelotons provide a very extensive nutrient transfer area between the host plant and the 

compatible fungal partner (Hadley & Williamson 1971). Formation of pelotons and providing 

carbon by digesting the pelotons are unique characteristic features of OMF that distinguish it from 

arbuscular mycorrhizal fungi (AMF), because in AMF, the plant provides carbon to the fungal 

partner (Zettler & Corey 2018). 

For this study, we consider the three most common exotic orchid species: Dendrobium 

bigibbum Lindl, Oncidium sphacelatum Lindl, and Arachnis flos-aeris (L.) Rchb.f., which are 

frequently found in home gardens across the country, spanning all three main climatic zones: wet, 

intermediate, and dry, when grown in a compatible host plant, may vary according to 

environmental conditions (McCormick et al. 2018). While the significance of OMF in terrestrial 

orchids has been extensively studied, the aerial roots of mature exotic orchids have received little 

attention. Therefore, only aerial roots were used for this study, although Dendrobium bigibbum is 

an epiphytic orchid, while Arachnis flos-aeris is a ground-dwelling orchid, and Oncidium 

sphacelatum is an epiphytic or lithophytic orchid.  
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Aerial roots in orchids play a crucial role in absorbing atmospheric moisture and nutrients 

(Hauber et al. 2020), and they are often exposed to nutrient-limited environments, suggesting a 

high likelihood of establishing OMF within orchid roots to facilitate nutrient supply to the host 

plant. Therefore, this study investigates the availability of OMF, the diversity of pelotons among 

three orchid species across three climatic zones, the quantification of peloton colonization rate (CR) 

through colonization index (CI), and the molecular identification of OMF that dwell within aerial 

roots of mature, photosynthetic exotic orchid species in Sri Lanka. Quantitative assessment of OMF 

colonization efficiency in orchid roots facilitates accurate comparisons of colonization levels across 

varying environmental conditions in Sri Lanka. 

Though OMF can infect at any stage of the orchid plant (Zettler & Corey 2018), tissue-

culturally produced orchid plants can also be infected in the later stages of the plant. In Sri Lanka, 

no prior research has been conducted to identify OMF in aerial roots of orchid plants. And globally, 

very little research has been conducted on this topic because most studies on OMF have focused on 

its presence at the seedling or protocorm stage, as OMF plays a crucial role in orchid germination 

and early development. Furthermore, studies have predominantly investigated OMF in endemic 

orchids, with little attention given to exotic orchids grown in home garden systems. Investigating 

OMF in the aerial roots of exotic orchids grown under different climatic conditions compared to 

their native habitats helps us understand how these three orchid species establish symbiotic 

relationships in non-native environments. Mycorrhizal dependency is the most effective method for 

propagating orchids (Xi et al. 2020). As Liu et al. (2010) suggested, a clear understanding of OMF 

in exotic orchids can overcome the problems associated with tissue culture and seed culture 

techniques, thereby improving horticultural practices by providing an eco-friendly alternative to 

synthetic fertilisers and enhancing sustainable orchid cultivation. In practical terms, these insights 

can help cultivators reduce fertilizer costs and improve plant survival rates, making orchid 

cultivation more cost-effective and sustainable for home gardeners and commercial growers alike. 

 

Materials & Methods  

 

Sample collection 

Aerial roots of Dendrobium bigibbum, Oncidium sphacelatum, and Arachnis flos-aeris, were 

collected from 12 different locations in Sri Lanka, covering wet, intermediate, and dry zones from 

November 2024 to February 2025 (Fig. 1). From the wet zone, root samples were collected from 

Colombo, Gampaha, Kalutara, and Kandy; from the intermediate zone, from Chilaw, Kurunegala, 

Matale, and Polgahawela. To cover the dry zone, roots were collected from Anuradhapura, 

Baticaloa, Embilipitiya, and Polonnaruwa. For each location, samples were collected from two sub-

locations, and then composite samples were prepared for each location. Four to five aerial roots 

were collected from each plant for both peloton quantification and OMF isolation. When collecting, 

young, actively growing roots, 2 cm to 3 cm long, that lacked any signs of disease were collected. 

The roots were rinsed with running water for 20 minutes (Jiang et al. 2019), followed by gentle 

hand scrubbing to remove soil, debris, or other particles (Zettler & Corey 2018). For one orchid 

species, two root samples from each location were used for the isolation of OMF, and another four 

root samples from each location were used for the quantification of pelotons.  

The aerial roots from Oncidium sphacelatum and Dendrobium bigibbum were covered by a 

wet tissue and kept in zip-lock bags (Di Pardo et al. 2015, Zettler & Corey 2018), while root 

samples from Arachnis flos-aeris were blotted dry and then covered with dry tissues to prevent the 

root tips from bacterial contamination, and then kept in zip-lock bags until transfer to the laboratory 

for isolation of OMF. After being transported to the laboratory, all the root samples were stored 

(4°C) in refrigerators as quickly as possible until they were used for the isolation. The isolation 

process was done within 24-36 hours after root sample collection. Roots collected for peloton 

quantification were kept in a pre-prepared FAA (formalin: 70% acetic acid: alcohol: 5:5:90) 

solution (Phillips & Hayman 1970) until used for quantification.  
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Fig. 1 – Locations of the root sample collection. 

 

Investigating the availability, diversity, and distribution pattern of orchid mycorrhizal 

colonization 

 

Staining pelotons with Trypan blue 

Root samples fixed in FAA were used for the staining process (Phillips & Hayman 1970). 

Initially, root samples fixed in FAA were washed with sterile distilled water (Jyothsna et al. 2024). 

Then the samples were placed in 10% KOH (Di Pardo et al. 2015) and heated to 90°C for 15-30 

minutes in a water bath (Koske & Gemma 1989). After being removed from 10% KOH, samples 

were rinsed with sterile distilled water (Kormanik & McGraw 1982). Then, the samples were 

bleached with 3% H2O2 for 10 minutes at room temperature, and the excess H2O2 was removed by 

thoroughly rinsing the roots in distilled water. To retain the dye, roots were acidified with 1% HCl 

for 1 minute (Koske & Gemma 1989). To stain the roots, a stain was prepared by mixing 0.05% 

Trypan blue and Lactoglycerol in a 1:1 ratio (Di Pardo et al. 2015, Kalamulla et al. 2022) and 

heating it to 75°C (Koske & Gemma 1989). The root samples were then placed in the preheated 

stain for 5 minutes. Finally, the stained root samples were subjected to a pre-prepared de-staining 

solution, which was prepared by mixing lactic acid, glycerol, and deionised water in a 1:1:1 ratio to 

remove excess dye (Kiheri et al. 2017). 
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Investigating the diversity and the distribution pattern of pelotons across three climatic zones 

Stained root samples prepared for the peloton quantification were used to investigate the 

diversity and the distribution pattern of pelotons. Several morphological features, including the 

shape and size of the pelotons, interactions with endophytic fungi that form mycorrhizal fungi 

within the pelotons, as well as differences in the distribution patterns of pelotons among three 

orchid species across three climatic zones, were observed.  

 

Quantification of pelotons 

The colonization rate (CR) was calculated using a modified version of the method described 

by McGonigle (1990) for arbuscular mycorrhizal plants, as adapted by Pujasatria et al. (2024). A 

root segment was considered mycorrhizal if at least one peloton was observed in any slice, 

irrespective of the peloton quantity (Chamara et al. 2024). Initially, stained orchid roots were 

mounted in glycerin on a microscopic slide and covered with a coverslip. Quantification of 

pelotons was performed at low power on the OPTIKA ITALY graticule microscope. For 

quantification of pelotons, each root piece was divided into five 1 mm longitudinal segments, 

arranged next to each other, to ensure a detailed, standardized colonization analysis. Each 1 mm 

longitudinal segment was further divided horizontally into four subsegments, with the vascular 

bundle occupying the middle part (left and right sides of the vascular bundle). Then, each 1 mm 

segment was divided into 4 subsegments across the width of the root via three imaginary vertical 

lines. The level of cortical colonization within each segment is defined as 0 (no OMF colonization 

on both sides), 0.25 (¼ of the segment), 0.5 (if any 2/4 of the segment), 0.75 (¾ of the segment), and 

1 (both sides are colonised). Four roots from each location were analysed, and for each root, five 

consecutive 1 mm segments were quantified. The final colonization rate (CR) was calculated from 

the colonization index (CI) using equations (1) and (2). 

 

 

(1) 

 

(2) 

 

Where I is a positive integer ranging from 0 to 4; ni/4 represents the number of segments 

colonized at a specific colonization level; and N represents the total number of segments in one 

root. The colonization rate is calculated as the arithmetic mean of CI values across all roots 

(Pujasatria et al. 2024).  

Thin root samples, which were taken from Dendrobium bigibbum and Oncidium sphacelatum 

were used without making longitudinal sections, but due to the thickness of the roots, thin 

longitudinal root sections were prepared for Arachnis flos-aeris. Finally, the CR differences among 

the three climatic zones were investigated.   

 

Isolation of orchid mycorrhizal fungi (OMF) 

 

Surface sterilization of roots 

Root samples were subjected to a multi-step surface sterilization process. Initially, root 

samples were immersed in 75% ethanol for 90 seconds (Jiang et al. 2019), followed by treatment 

with 3% NaOCl solution for 3 minutes (Chen et al. 2011) and then 70% Clorox (NaOCl) solution 

for 20–30 seconds, and finally, rinsed in sterile distilled water 5 times (Jiang et al. 2019). To assess 

the effectiveness of the sterilization process and confirm the absence of fungal or bacterial 

contamination from the sterilization agents, 0.1 mL of final rinsing water was poured onto PDA 

plates, incubated at room temperature for 3–5 days, and observed for any microbial growth. 
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Culturing orchid root segments for isolation of orchid mycorrhizal fungi (OMF) 

Each surface-sterilized root was cut into four, 3-5 mm pieces beginning at the tip (Hoang  

et al. 2016), in an aseptic manner, and four pieces of root from each root sample were plated on 

potato dextrose agar (PDA, HiMedia-India) containing 50 mg/ L Tetracycline. For each Petri dish, 

15 mL of the agar medium was applied to maintain uniformity in the data. Then the Petri plates 

were incubated for 3-7 days at 25°C in the dark (Zhu et al. 2008) until mycelia emerged from the 

edges of the root pieces. All the fungal colonies that emerged from root pieces were cultured. After 

seven days of culturing, all fungal colonies were subcultured three to four times to get pure cultures 

by placing a mycelial plug cut from the outermost edge of the colony. All isolates were cultured in 

standard 9 cm diameter Petri dishes under identical laboratory conditions. ½ PDA slants were 

prepared to store isolated fungal samples and stored in the refrigerator at 4°C. 

 

Morphological identification of orchid mycorrhizal fungi 

Mainly, some of the specific Rhizoctonia-like features that OMF shows were observed. These 

features include colony morphology, hyphal characteristics, and the hyphal branching patterns. 

Under colony morphology, colour and nature of the upper mycelia, colour of the reverse side of the 

culture plate, formation of concentric rings, and colour of the concentric rings were observed. 

Monilioid cell formation, septation of the hyphae, specifically the presence of constriction at the 

branching point, and the right-angled branching were observed under the hyphal characteristics. In 

addition to these features, sclerotia formation was also observed. Even though many Rhizoctonia-

like fungi produce sterile mycelia (Chamara et al. 2024), this was reconsidered following new 

findings: spore-producing non-Rhizoctonia-like fungi, such as Fusarium oxysporum, are involved 

in nutrient supply during seed germination in orchids. 

To summarise our morphological findings and provide quantitative context, growth rates of 

the fungal cultures were determined on PDA by measuring the colony diameter in two 

perpendicular directions every 24 hours for eight days. The colony diameter included the initial 

inoculum (3 mm), and measurements were carried out in triplicate.  

 

Molecular identification of orchid mycorrhizal fungi  

 

DNA extraction and quantification 

Genomic DNA of the fungal strains was extracted using the modified Sodium Dodecyl 

Sulphate (SDS) method (Ferdinandez et al. 2021). Approximately 1 g of mycelia from 7- to 10-

day-old cultures was scraped from pure OMF colonies; the mycelia were ground in 700 μL of SDS 

DNA extraction buffer using a sterile mortar and pestle until a homogeneous suspension was 

formed. Then that homogeneous suspension was transferred to a sterile 1.5 mL microcentrifuge 

tube and incubated at 56°C for 1 hour using an AccublockTM digital dry bath. For every 15 minutes, 

microcentrifuge tubes were removed from the water bath and shaken vigorously. After 1 hour, 500 

μL of a freshly prepared chloroform-isoamyl alcohol mixture (24:1) was added to each tube, and 

the tubes were shaken thoroughly until a milky suspension formed, then centrifuged in a 

MiniSpin® plus mini microcentrifuge for 15 minutes at 13,000 rpm. After centrifugation, three 

layers were formed, and only the supernatant was transferred to a new microcentrifuge tube in 

hundred increments (approximately 300 μL-400 μL). Then, to precipitate DNA, ice-cold 100% 

isopropanol (0.6volume of the supernatant) was added to each microcentrifuge tube, and the 

suspension was again centrifuged at 13000 rpm for 2 minutes. A pellet of DNA was formed at the 

bottom of the micro centrifuge tube, and the supernatant was poured off. Then, 200 μL of ice-cold 

70% ethanol was added, and the sample was centrifuged for 2 minutes at 13,000 rpm. Supernatant 

was discarded by using a micropipette tip without disturbing the DNA pellet, and the resulting 

DNA pellet was air-dried. To store genomic DNA, the air-dried DNA pellet was dissolved in 50μL 

sterile molecular-grade water and stored at −20°C. 

DNA quantification was performed using JenwayTM Genova Nano microvolume 

spectrophotometer (Brand-JenwayTM 83070-02). The concentration of DNA samples was assessed 
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by spectrophotometry at 260 nm, and the results were expressed in ng/μL. Purity of DNA was 

estimated by the absorbance ratio of A260/A280 and the absorbance ratio of A260/A230. For 

samples with a DNA concentration exceeding 300 ng/μL, dilution with molecular-grade water was 

performed to obtain a 20 μL DNA solution at 300 ng/μL. Raw DNA was used for samples with a 

DNA concentration lower than 300 ng/μL. 

 

PCR amplification, gel electrophoresis, and sequencing 

The ITS (Internal Transcribed Spacer) region of nuclear ribosomal DNA was amplified using 

ITS1 (5ʹ-TCCGTAGGTGAACCTGCGG-3ʹ) and ITS4 (5ʹ-TCCTCCGCTTATTGATATGC-3ʹ) 

primer pairs to amplify specifically the ITS1-5.8S-ITS4 region (White et al. 1990, Jiang et al. 2019, 

Tian et al. 2022), using an automated thermal cycler (Labnet MultiGene™ OptiMax Thermal 

Cycler). Amplification was performed in a PCR tube with a 25 μL reaction volume, consisting of 

12.5 μL PCR buffer, 1 μL reverse primer (ITS4), 1 μL forward primer (ITS1), 9.5 μL molecular-

grade water, and 1 μL DNA. Initial denaturation was performed for 3 minutes at 95°C (Manamgoda 

et al. 2012, Ferdinandez et al. 2021), followed by 30 cycles of 30 seconds of denaturation at 94°C, 

30 seconds of primer annealing at 52°C, 1 minute of extension at 72°C, and a 10-minute extension 

at 72°C (Ferdinandez et al. 2021). Go Taq® Green Master Mix, a premixed, ready-to-use solution 

containing bacterially derived Taq DNA polymerase, dNTPs, MgCl2, and reaction buffers, was 

used as the master mix for PCR.  

Then, agarose gel electrophoresis was performed using the EDGETM Integrated 

Electrophoresis System to visualise PCR products in a 2% gel, and 3 μL of ethidium bromide (EB) 

was added to the gel to facilitate visualisation of nucleic acid bands under the UV light. A 100-bp 

DNA ladder (Ferdinandez et al. 2021) was used for DNA fragment size determination on gel 

electrophoresis. Molecular-grade water was used as the negative control, and a DNA sample that 

previously gave clear bands after gel electrophoresis was used as the positive control. The gel was 

run for 45 minutes, then observed under a UV illuminator. Finally, the amplified PCR products 

were purified and sequenced using Sanger DNA sequencing from Macrogen (Seoul, Korea). The 

sequencing results were assembled in BioEdit Sequence Alignment Editor to create contigs, and the 

preliminary identification of the isolates was performed using NCBI BLAST. 

 

Statistical Analysis 

Statistical analysis of peloton quantification was done using Minitab 20.4 statistical software. 

To assess the variation in CR of OMF among different orchid species and across three climatic 

zones, a non-parametric Kruskal-Wallis test was performed. 

 

Results 

 

Investigating the availability, diversity, and distribution pattern of OMF colonization in 

aerial roots 

 

Availability and distribution pattern of pelotons within aerial roots 

In the colonized roots, the pelotons were limited only to the cortical region of the orchid root, 

and the pelotons appeared as loose coils and were surrounded by a membrane-like structure (Fig. 

2). In both Dendrobium bigibbum and Arachnis flosaerias, nearly every cortical cell in the 

examined root sections was colonised by OMF with well-developed pelotons. But Oncidium 

sphacelatum exhibited a lower frequency of peloton containing cortical cells in the root cortex. 

The distribution of pelotons was varied among the three orchid species. Dendrobium 

bigibbum showed the highest colonization at the root tip, but it was not observed in the other two 

species. In many root samples, a lower number of pelotons were observed when moving away from 

the root tip, and many of them appeared to be newly forming pelotons. Notably, the absence of 

pelotons was observed in the root samples collected from the intermediate zone compared to the 

wet and dry zones. This feature was observed in most of the root samples collected from the 
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intermediate zone. In most of the root samples examined, an extensive spread of fungal hyphae that 

are non-pelotonic endophytic hyphae was observed across large areas of the cortical region. 

Specifically, in regions where endophytic hyphal proliferation was prominent, pelotons were 

absent. In some root segments, neither pelotons nor endophytic hyphal spreading were observed.  

 

 
 

Fig. 2 – Morphology of pelotons produced within orchid aerial roots (A Oncidium sphacelatum.  

B Dendrobium bigibbum. C Arachnis flos-aeris) 

 

Species-specific and climatic zone-specific diversity of pelotons 

The morphology of pelotons within the cortex of the orchid root showed species-specific 

characteristics (Fig. 3). 

 

 
 

Fig. 3 – Microscopic images of pelotons produced within three orchid species under various 

magnifications [A Arachns flos-aeris. D Dendrobium bigibbum. O Oncidium sphacelatum. L Low 

power (×4). M Mid power (×10). H High power (×40)]. 

 

In Oncidium sphacelatum, the dark blue globular structure inside the cortical cells resembles 

pelotons. A square-shaped membrane that encloses the peloton was observed, and the membrane 

has extended up to the margins of the cortical cells that contain the peloton. Pelotons were globular 

in shape, and some pelotons appeared more dispersed while others were tightly packed within the 

cells. Variation in the size and shape of cortical cells was observed within the same species and 

across different climatic zones. Normal cortical cells, which did not consist of pelotons, were 

rectangular, while cortical cells that enclosed the pelotons were square-shaped. The size of the 

pelotons in Oncidium sphacelatum ranges from 42 µm to 48 µm when observed under high-power 
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microscopy.  

Compactly arranged, dense, globular pelotons were observed in the cortical cells of Arachnis 

flos-aeris. A difference in the shape and size of the OMF colonized and OMF non-colonized 

cortical cells was not observed. No clear membrane enclosing the pelotons was observed, as in 

Oncidium sphacelatum. The size of the pelotons in Arachnis flos-aeris ranges from 18 μm to 22 µm 

when observed under high-power microscopy. In Dendrobium bigibbum, the morphology of the 

pelotons was quite different from that of the other two species. The pelotons of Dendrobium 

bigibbum showed a coiled nature. Hyphal distribution within the membrane that encloses the 

peloton appeared, and the margin that surrounds the pelotons was irregular in shape. The size of the 

pelotons in Dendrobium bigibbum ranges from 15 μm to 24 µm when observed under high-power 

microscopy. Pelotons in the root tip were smaller than the pelotons in the region 1 mm to 2 mm 

away from the root tip. 

Specifically, a unique and consistent morphological feature of pelotons was observed across 

three orchid species in three climatic zones (Fig. 4).  

 

 
 

Fig. 4 – Stained orchid root samples under high power microscopy, showing morphologies of the 

pelotons in three orchid species collected from three locations covering three climatic zones  

 (A Arachnis floa-aeris. D Dendrobium bigibbum. O Oncidium sphacelatum. d. Dry zone,  

i Intermediate zone. w Wet zone). 

 

Quantification of pelotons 

A clear difference in the CR of OMF within the roots of three epiphytic orchid species from 

three climatic zones was observed (Fig. 5). In the wet zone, the highest CR was exhibited by 

Dendrobium bigibbum, among the three orchid species, whereas Oncidium sphacelatum recorded 

the lowest CR. Although no significant difference was observed between the CRs of Dendrobium 

bigibbum and Arachnis flos-aeris (P≥0.05), the difference between Dendrobium bigibbum and 

Oncidium sphacelatum was statistically significant (P<0.05), indicating a notable species-specific 

variation. Interestingly, the CR of Arachnis flos-aeris was not significantly different from 

Oncidium sphacelatum (P≥0.05).  

In the intermediate zone and the dry zone, Arachnis flos-aeris demonstrated the highest CR, 

while Oncidium sphacelatum once again recorded the lowest. Statistically significant differences 

were observed between Arachnis flos-aeris and both Oncidium sphacelatum and Dendrobium 
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bigibbum (P<0.05). However, the CR of Oncidium sphacelatum and Dendrobium bigibbum were 

not significantly different (P≥0.05). In the dry zone, Arachnis flos-aeris, maintained the highest 

CR, followed by Dendrobium bigibbum, while Oncidium sphacelatum consistently recorded the 

lowest CR across all three climatic zones. There were no statistically significant differences in CR 

observed among the three orchid species in the dry zone. 

 

 
 

Fig. 5 – Colonization rate (CR) percentage of three orchid species across three climatic zones in Sri 

Lanka 

 

Isolation of OMF 

 

Hyphal and colony characteristics of isolated fungal colonies 

From a total of 288 root segments placed on PDA, 107 fungal colonies were isolated during 

the study. A subset of colonies was selected based on their near-similarity to OMF, as they 

exhibited key morphological features of traditionally known OMF (monilioid cell formation, right-

angled branching patterns with constrictions at branching points, and colony coloration resembling 

known OMF), when observed under the light microscope. Therefore, a total of ten fungal isolates 

were obtained from root samples of three selected exotic orchid species (Fig. 6)  

The majority of the fungal isolates were obtained from the wet zone, and other isolates were 

obtained from the dry zone. Specifically, no isolate was obtained from the intermediate zone. In the 

wet zone, most of the fungal isolates were obtained from Gampaha, and in the dry zone, most of the 

fungal isolates were obtained from Batticaloa. Preliminary morphological observations, including 

hyphal characteristics - specifically the formation of monilioid cells, a right-angled branching 

pattern, constriction at the branching point, and colony color of the isolates revealed similarities to 

known OMF. 

Among the three exotic orchid species, Oncidium sphacelatum demonstrated the highest 

tendency to yield fungal isolates with near similarities to OMF because five out of the ten isolates 

were obtained from Oncidium sphacelatum. Three out of ten samples were obtained from 

Dendrobium bigibbum, while only one isolate was obtained from Arachnis flos-aeris. 
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Fig. 6 – Top and bottom views of the pure cultures of the ten fungal isolates (I Isolate. T Top view 

of the plate. B Bottom view of the plate). 

 

The isolated fungal colonies exhibited different colony morphologies. In most of the colonies, 

the colour appeared as white when the colony was young, and with maturity, the colour of the 

colony turned into yellow or brown. Concentric rings were observed in some fungal colonies 

(Table 1). 
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Table 1 Colony characteristics of the fungal isolates having OMF characteristics. 

 

Isolate 

no: 

Upper view of the 

colony  

Color of the 

young colony 

Colour of the 

mature colony 

Presence 

of 

concentric 

rings 

Colony 

diameter of 

a 7-day-old 

culture 

(cm) 

Isolate 1 Dense and fluffy white Pinkish white + 5.10 

Isolate 2 Flattened and 

cottony mycelia 

White to light 

grey 

Olivaceous to 

dark grey 

+ 6.20 

Isolate 3 Dense, cottony, and 

fluffy 

White to pale 

grey 

Pinkish to 

salmon 

+ 4.80 

Isolate 4 Floccose or cottony 

mycelia 

Cotton white Off white + 8.30 (6-day-

old culture) 

Isolate 5 Fluffy and slightly 

raised 

White to off 

white 

Cream color - 8.40 

Isolate 6 Velvetty or cottony 

mycelia 

White Pale pink to 

white 

- 6.30 

Isolate 7 Velvetty or cottony 

mycelia 

Light yellow 

to cream 

Cottony white + 5.60 

Isolate 8 Velvetty or crusty White to pale 

grey 

Greyish, pale 

brown 

- 5.70 

Isolate 9 Dense and fluffy Cottony white Cottony white - 6.50 

Isolate 10 Crusty mycelia White Off white - 5.90 

 

In addition to colony characteristics, some key hyphal characteristics of the typical OMF, 

mainly the right-angled branching pattern, monilioid cell formation, and the constriction at the 

branching point, were also observed from the isolated fungal isolates in Table 2 and Fig. 7. 

 

Table 2 Hyphal characteristics used to differentiate selected fungal isolates having typical OMF 

features from other endophytic fungi isolated from orchid roots. 

 

Isolate no: Right-angled 

branching 

Cells resemble 

Monilioid cells 

Constriction at the 

branching point 

Formation 

of sclerotia 

Isolate 1 - + - - 

Isolate 2 + - - - 

Isolate 3 - + - - 

Isolate 4 - + + - 

Isolate 5 + + - - 

Isolate 6 - + - - 

Isolate 7 - - + + (Black) 

Isolate 8 - + + - 

Isolate 9 - + + - 

Isolate 10 + + + - 
 

Growth parameters of the isolated fungal colonies 

In all isolated fungal colonies, growth parameters were observed, and the highest growth rate was 

exhibited by isolate 04, while the lowest growth rate was exhibited by isolate 07 (Table 3 and Fig. 

8). 
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Fig. 7 – Hyphal characteristics of suspected fungal isolates that were stained by lactophenol cotton 

blue under high power of light microscopy (I Isolate) 

 

Table 3 Observed growth parameters of the fungal isolates. (Average hyphal width and the hyphal 

length were measured at high-power microscopy 

 

Isolate no: Average growth rate 

(mm/day) 

Average hyphal width 

(mm) 

Average hyphal 

length (mm) 

Isolate 1 5.75 ± 0.16 2.99 ± 0.02 17.46 ± 0.17 

Isolate 2 7.50 ± 0.19 8.68 ± 0.04 21.47 ± 0.25 

Isolate 3 5.00 ± 0.27 4.68 ± 1.08 16.41 ± 0.13 

Isolate 4 12.00 ± 0.27 0.50 ± 0.01 35.68 ± 0.24 

Isolate 5 11.00 ± 0.46 2.77 ± 0.03 21.45 ± 0.05 

Isolate 6 8.19 ± 0.16 2.81 ± 0.01 11.82 ± 0.17 

Isolate 7 4.63 ± 0.18 5.25 ± 0.04 24.28 ± 0.14 

Isolate 8 8.00 ± 0.33 1.30 ± 0.01 28.01 ± 0.18 

Isolate 9 7.75 ± 0.25 2.75 ± 0.02 26.87 ± 0.13 

Isolate 10 5.94 ± 0.24 4.00 ± 0.01 20.23 ± 0.21 

 

Table 4 Results of DNA sequencing of the suspected OMF isolates, with the sequence identity and 

the corresponding GenBank accession numbers. Sequencing data confirm the taxonomic affiliation 

of the isolates via NCBI BLAST analysis. 

 

Isolate no: GenBank match (ITS-5.8s) Phylum 

 Genus Species/Strain Identity Accession 

no: 

Isolate 1 Epicoccum Epicoccum sorghinum 100% MN420978 Ascomycota 

Isolate 2 Curvularia Curvularia geniculata 99.46% OL584341 Ascomycota 

Isolate 3 Epicoccum Epicoccum sorghinum 100% MN420978 Ascomycota 

Isolate 4 Diaporthe Diaporthe phaseolorum 99.82% OQ076524 Ascomycota 

Isolate 5 Phomopsis Phomopsis sp. 100% GU066702 Ascomycota 

Isolate 6 Colletotrichum Colletotrichum sp. 99.64% PQ222591 Ascomycota 

Isolate 7 Colletotrichum Colletotrichum truncatum 99.62% OQ772232 Ascomycota 

Isolate 8 Diaporthe Diaporthe perseae 99.64% MK333969 Ascomycota 

Isolate 9 Colletotrichum Colletotrichum siamense 100% MN125050 Ascomycota 

Isolate 10 Diaporthe Diaporthe sp. 99.45% FJ037739 Ascomycota 
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The isolated endophytic fungi showed no clear difference in distribution across climatic 

zones, although certain species were repeatedly associated with specific orchid hosts (Table 5). 

 

 
 

Fig. 8 – Average growth rates of the ten fungal isolates cultured under identical laboratory 

conditions. 

 

Molecular identification of isolated fungal samples 

The 5.8S region of the internal transcribed spacer (ITS) of nuclear ribosomal DNA was 

sequenced from all 10 isolates to perform molecular identification using NCBI BLAST analysis 

(Table 4). 

 

Table 5 Details of identified fungal isolates with corresponding orchid species and respective 

climatic zone. 

 

Isolate no: Orchid species Climatic zone Identified fungal species 

Isolate 01 Oncidium sphacelatum Wet zone Epicoccum sorghinum 

Isolate 02 Oncidium sphacelatum Wet zone Curvularia geniculata 

Isolate 03 Oncidium sphacelatum Wet zone Epicoccum sorghinum 

Isolate 04 Oncidium sphacelatum Wet zone Diaporthe phaseolorum 

Isolate 05 Oncidium sphacelatum Wet zone Phomopsis sp. 

Isolate 06 Dendrobium bigibbum Wet zone Colletotrichum sp. 

Isolate 07 Dendrobium bigibbum Dry zone Colletotrichum truncatum 

Isolate 08 Dendrobium bigibbum Dry zone Diaporthe perseae 

Isolate 09 Dendrobium bigibbum Dry zone Colletotrichum siamense 

Isolate 10 Arachnis flos-aeris Dry zone Diaporthe sp. 

 

From the root samples of Arachnis flos-aeris, Fusarium sp., now considered OMF, was 

isolated. To identify Fusarium sp., several hyphal and colony morphological features were used. 

Those colonies were white to greyish violet with white, floccose aerial mycelia. Long, straight to 

falcate microconidia were observed under light microscopy. 
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Discussion 

Contrary to the assertions by Zettler & Corey (2018) and Hossain (2019) that there is an 

absence of pelotons in the aerial roots of orchids, this research revealed the presence of pelotons 

observed within the cortical cells in the aerial roots of mature exotic orchid plants under the light 

microscope. Therefore, this study represents the first recorded attempt in Sri Lanka to identify, 

characterise, and quantify OMF and their associations with other endophytic fungi in three exotic 

orchid species commonly found in home gardens across distinct climatic zones: wet, intermediate, 

and dry. Pelotons within the cortical cells are normally enclosed by a membrane-like structure 

analogous to the plasma membrane but lacking the adenylate cyclase activity, consistent with the 

ultrastructural description of Beyrle et al. (1995). During peloton development, the plasma 

membrane invaginates around the OMF hyphae to envelop them and separate them from the plant 

cytoplasm, forming a symbiotic interface between the plant and the fungus. This symbiotic 

interface likely facilitates nutrient exchange between the plant and fungus, as previously reported, 

and contains both plant- and fungus-derived materials (Beyrle et al. 1995). Therefore, aerial roots 

of these orchids can serve as active sites of symbiotic nutrient exchange between plants and their 

fungal partners. 

The distribution of pelotons varied among the three orchid species. The highest colonization 

at the root tip of Dendrobium bigibbum, unlike in the other two species, suggests that it may have a 

higher affinity for early-stage OMF colonization at this site. Reduced colonization of pelotons at 

the root tip of Oncidium sphacelatum and Arachnis flos-aeris may reflect selective fungal 

compatibility or the differences in the root anatomy that influence mycorrhizal establishment. The 

absence of pelotons in most root samples collected from the intermediate zone, compared to the wet 

and dry zones, may be due to the creation of stress conditions by fluctuating moisture levels and 

wider temperature variations in the intermediate zone, which limit mycorrhizal colonization. Even 

though young root samples were selected for this study, the possibility of insufficient time for 

peloton formation can be ruled out, because the study done by Hadley & Williamson (1971) has 

mentioned that the colonization via epidermal hairs occurs within 10-16 hours of OMF contact, and 

the first peloton forms within 20−36 hours. Therefore, the timeframe would have been adequate for 

peloton formation to occur if the symbiotic interaction had been successfully established.  

The extensive spread of non-pelotonic endophytic fungal hyphae across large areas of the 

cortical region, and specifically the absence of pelotons in regions where hyphal proliferation was 

prominent, suggests a possible inhibitory role of certain endophytic fungi on peloton formation 

through competitive exclusion or biochemical interference. This is because some endophytic fungi 

can produce antimicrobial compounds (Nazir et al. 2024) or alter the biochemical pathways of the 

OMF, thereby suppressing the formation of pelotons in the root cortical region. 

Environmental conditions, such as climate, determine the success and density of mycorrhizal 

symbiosis (Chauhan & Attri 2024, Sandoya-Sa՛nchez et al. 2025). In contrast to terrestrial orchids, 

very little is known about the diversity and biogeography of the mycorrhizal fungi associated with 

epiphytic orchid roots (Li et al. 2021). A very limited number of studies have been conducted 

globally on the impact of climatic conditions on the colonization of the peloton by Oncidium 

sphacelatum, Dendrobium bigibbum, and Arachnis flos-aeris. The climatic zone was a significant 

determinant of OMF colonization in all three orchid species. The highest mean CRs across all three 

species were observed in the wet zone, suggesting that humid, moist conditions enhance 

mycorrhizal interactions. According to Rasmussen (1995) and Izuddin et al. (2019), fungal 

establishment and mycelial development are particularly dependent on moisture conditions, and the 

highest colonization occurs in the wetter months.  

Temperature and moisture are closely related to the active peloton formation, as well as the 

richness and presence of OMF vary according to the precipitation levels (Zettler & Corey 2018). 

According to Bertolini et al. (2014), during the wet season, epiphytic orchid roots were observed to 

have more fresh pelotons than in the dry season. In contrast, the lowest mean CR of pelotons in the 

intermediate zone suggests that the wet and dry climatic conditions are more favourable for peloton 

colonization within aerial roots, possibly due to its transitional climate in the intermediate zone, 
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which may support fungal growth seasonally or sporadically, depending on microhabitat variation. 

High peloton colonization in the dry zone exhibited colonization by stress-tolerant or stress-

resilient OMF, which may facilitate a strong symbiotic relationship within the cortex.  

In recent years, single-peloton isolation rather than root culture isolation has been widely 

used for OMF isolation (Zettler & Corey 2018), because root culture methods may introduce 

significant culture bias due to rapidly growing endophytic fungi often outcompeting slow-growing 

OMF on artificial culture media. However, for this study, it was not preferred due to the lack of 

more sterile laboratory environments. Therefore, in this study, root culture isolation revealed a 

diverse assemblage of endophytic fungi but no typical culturable known OMF, as many OMF 

remain unculturable under standard laboratory conditions. Oncidium sphacelatum hosted four 

fungal taxa as Epicoccum sorghinum, Diaporthe phaseolorum, Phomopsis sp., and Curvularia 

geniculata, with Epicoccum sorghinum being the most frequent. Dendrobium bigibbum yielded two 

fungal genera, Colletotrichum and Diaporthe, with Colletotrichum occurring in both wet and dry 

zones, indicating possible host presence and the adaptability of this fungal genus to Dendrobium 

bigibbum, and reflecting environmental filtering or microclimate influence on fungal community 

composition. Arachnis flos-aeris produced only one isolate: Diaporthe sp. from the dry zone. Many 

of these fungi have previously been reported as orchid endophytes and, in some cases, have 

demonstrated involvement of Colletotrichum sp. and Epicoccum nigrum (Chen et al. 2011), and 

Fusarium sp. (Jiang et al. 2019) in orchid seed germination, involvement of Diaporthe spp. in 

orchid seedling growth (Lee & Yeung et al. 2018), as well as there is evidence to prove the 

biosynthesis of the Indole acetic acid (IAA), which is a plant growth hormone in orchid plants by 

the Colletotrichum gloeosporioides (Robinson et al. 1998). Some Fusarium sp. isolated from 

Dendrobium sp. exhibit antimicrobial activity against Bacillus cereus and Staphylococcus aureus 

(Chua et al. 2022). Studies done by Jiang et al. (2019) and Xing et al. (2010) have proved that 

Fusarium oxysporum promotes the vegetative growth of orchid plants and produces pelotons within 

the cortical cells similar to those of other already known OMF. Interestingly, there is previous 

evidence of these identified fungi as endophytic within orchid roots, without a confirmed function.  

Despite visible pelotons under microscopy, no OMF were successfully cultured. This 

outcome is consistent with observations reported in many previous studies. For example, in 

Alderton-Moss (2024), 630 pelotons and 120 cross sections from 16 plants were plated, and only 

15 fungi were cultured, all of which were endophytic. One likely explanation is the non-

culturability of most OMF under standard conditions. Normally, OMF are slow growers, and 

therefore quickly growing endophytic fungi likely outcompete and dominate culture plates. And 

another important fact is that OMF colonization of aerial roots may be minimal or localized due to 

the absence of direct contact with substrate-rich habitats, where these fungi typically reside. Even 

under microscopic examination, pelotons can be seen, but the embedded fungi may be either non-

viable or not actively growing. These challenges highlight the limitations of purely culture-based 

approaches to isolate OMF, and therefore, it is very important to use culture-independent methods, 

such as Next Generation Sequencing (NGS), to identify all OMF within the root, including 

unculturable fungi. Additionally, the use of antibiotics in culture media may suppress the growth of 

OMF. Some OMF, like Moniliopsis sp. (Zettler & Corey 2018), and the fungi belong to the genera 

Epulorhiza and Ceratorhiza (Zhu et al. 2008), do not grow when antibiotics are present in the 

culture media due to endophytic bacteria that promote the growth of Moniliopsis sp., Epulorhiza 

sp., and Ceratorhiza sp., and interestingly, some species of Epulorhiza sp. could grow without 

bacteria when they are in a pure culture. The diverse yet difficult to culture mycorrhizal 

associations revealed in this study broaden the understanding of orchid fungal symbiosis and 

underscore the hidden diversity of fungi associated with exotic orchids. This knowledge provides 

an important framework for future conservation and horticultural strategies in Sri Lanka, 

facilitating the preservation of orchid diversity and the advancement of sustainable orchid 

cultivation. 
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Conclusion 

The results of this study establish baseline data on orchid mycorrhizal fungi (OMF) 

colonization in the aerial roots of exotic orchids in Sri Lanka. The detection of pelotons in aerial 

roots facilitated the isolation of OMF. For the first time in Sri Lanka, peloton colonization rate 

(CR) was quantified, revealing significant variation in OMF associations based on orchid species 

and climatic conditions. The highest CR occurred in the wet zone, indicating that these 

environmental conditions favor successful OMF colonization. Morphological characteristics of 

pelotons, such as size, shape, and distribution within the root cortex, differed notably among orchid 

species. However, these features remained consistent across the three climatic zones, with the 

coefficient of variation for each feature below 5%. These results demonstrate that both 

environmental factors and host orchid species influence the effectiveness of OMF peloton 

colonization within orchid roots. The observed species-specific variation in OMF colonization 

indicates a dynamic interaction shaped by the co-evolution of orchids and their fungal partners. 

These patterns suggest the potential for specialized symbiotic relationships, in which orchids may 

have adapted to recruit specific fungal strains that enhance survival in diverse microhabitats. 

Understanding these interactions situates the findings within broader ecological concepts of niche 

adaptation and the evolutionary processes underlying plant-fungal mutualisms.  

Molecular identification indicated that the isolated samples, which exhibited some hyphal and 

colony characteristics similar to typical OMF, were endophytic fungi associated with orchid aerial 

roots rather than true OMF. This finding suggests that, although pelotons were observed 

microscopically, the actual mycorrhizal fungi responsible for colonization may not be culturable 

using conventional isolation methods. To comprehensively characterize the fungal community, 

including both true OMF forming pelotons and non-culturable OMF, future research should employ 

high-throughput sequencing techniques, such as next-generation sequencing (NGS), to enable 

culture-independent profiling of the root-associated fungal microbiome. A deeper understanding of 

the association between OMF and orchid plants can support sustainable orchid cultivation, improve 

propagation practices, and underscore the ecological significance of fungal symbionts in exotic 

orchids. Given that the highest colonization rates were observed in the wet zone, nursery managers 

and horticulturists may optimize substrate and watering practices accordingly. For instance, the use 

of bark- and sphagnum-based substrates that retain higher moisture while ensuring adequate 

aeration around roots is recommended. More frequent mist irrigation of aerial roots, while avoiding 

waterlogging, can simulate wet-zone microclimates and promote OMF colonization. These targeted 

adjustments provide practical strategies for enhancing orchid health across diverse cultivation 

environments.  
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