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Abstract 

Background:  Tropical orchids need more study with respect to their mycorrhizal associations. For researchers in 
distant countries who aspire to study these orchids augmenting their conservation, the great distances involved, 
coupled with limited funds, pose formidable challenges. These challenges are sometimes exacerbated by political 
unrest, delays in securing permits, unexpected hardships, and the risk that the biological samples collected (e.g., roots 
harboring mycorrhizal fungi) will not survive long-distance transport.

Results:  We describe a protocol for the collection and transport of root samples from Madagascar orchids to labs 
in the United Kingdom (Kew) and the United States (Illinois) where Rhizoctonia-like fungi were subsequently iso-
lated. Three separate trips were made spanning 4 years (2012–2015), with emphasis on the collection of roots from 
epiphytic, lithophytic, and terrestrial orchids inhabiting the Itremo Massif of the Central Highlands. Collectively, the 
trips to Madagascar resulted in the isolation of all major groups of Rhizoctonia-like fungi (Ceratobasidium, Tulasnella, 
Sebacina) from all three orchid growth forms (terrestrials, epiphytes and lithophytes). Sampling of terrestrial and epi-
phytes during the rainy season (January) yielded best results.

Conclusions:  Our study demonstrates that peloton-forming fungi in root samples can retain viability up to 3 weeks 
after collection.
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Background
Orchids have the unparalleled distinction of being the 
most diverse plant family on earth, but also the most 
vulnerable to extinction (Swarts and Dixon 2009; Mer-
ritt et  al. 2014). Part of their vulnerability stems from 
the family’s susceptibility to acute changes in their envi-
ronment exacerbated by climate change, as well as their 
extreme dependence on pollinators and mycorrhizal 
fungi to complete their life cycles. Of the approximately 

25,000 species of orchids worldwide (Dressler 1993; 
Cribb et  al. 2003), about two-thirds are represented by 
epiphytes and lithophytes (Swarts and Dixon 2009), the 
majority of which are confined to tropical latitudes in 
areas prone to deforestation. The remaining one-third 
consist of terrestrials, many of which occupy cooler 
temperate zones that are undergoing rapid warming. 
Collectively, orchids face a conservation crisis of epic 
proportions, and understanding their biotic and abiotic 
needs is crucial to their survival.

Mycorrhizal fungi are needed by orchids as a carbon 
source to initiate germination of their dust-like seeds 
(Rasmussen 1995). Most of these fungi fall under the 
category of basidiomycetes in the Rhizoctonia complex 
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(Currah et al. 1997)—a group that persists mostly as free-
living saprophytes (Moore-Landecker 1996), but also 
pathogens, microparasites, and orchid symbionts (Swarts 
and Dixon 2017). Unlike other mycorrhizal associations 
throughout the plant kingdom, orchids exploit their 
fungi as a food source (mycotrophy) while providing no 
substantial benefits in return (Rasmussen and Rasmus-
sen 2009). At maturity, terrestrial and epiphytic orchids 
alike are thought to maintain a lifelong association with 
fungi, at least to some extent, providing these plants with 
‘trophic versatility’, i.e., a dual mechanism that utilizes 
both photosynthesis and mycotrophy. The importance of 
mycorrhizal fungi, therefore, spans the life of the orchid, 
and conserving these unique plants requires that we 
also understand and conserve their fungal associates. To 
effectively do so, we must understand how orchids inter-
act with fungi in the natural setting, particularly at the 
germination site, exemplified by recent studies (e.g., Jac-
quemyn et al. 2014; McCormick et al. 2012; Swarts et al. 
2010). Mycorrhizal fungi must also be isolated from liv-
ing orchid tissues, identified, screened for their ability to 
germinate seeds in vitro verifying their functionality, and 
safeguarded in cryopreservation.

During the past 30+  years, much has been published 
on orchid endophytes recovered from temperate terres-
trials (e.g., Currah et al. 1987; Warcup 1981; Zelmer et al. 
1996), and more recently the tropical epiphytes (e.g., 
Pereira et  al. 2003; Nontachaiyapoom et  al. 2010; Chen 
et al. 2012; Hoang et al. 2017), but the lithophytes remain 
in need of more study. The length of time that fungi can 
remain viable in orchid tissues from field collection to 
the lab is also unclear. Swarts and Dixon (2017) recom-
mended that peloton extraction take place the same day 
of root collection, and indeed many studies have adopted 
this protocol (e.g., Aggarwal et  al. 2012; Chutima et  al. 
2011; Otero et al. 2002; Pereira et al. 2005), as it is gen-
erally assumed that fungal pelotons lose their viability 
shortly after root detachment. Suárez et  al. (2006), for 
example, reported that hyphae in Andean orchid tissues 
lose viability even after one night of storage in the labora-
tory regardless of chilling. Nevertheless, samples may be 
processed 3–4  days after collection if necessary (Swarts 
and Dixon 2017), or longer in some cases. Zettler et  al. 
2011, for example, recovered orchid endophytes from 
root samples that were collected 1-week prior. Similarly, 
Richardson et al. (1993) had success in isolating a diverse 
assemblage of Rhizoctonia-like fungi from epiphytes in 
Costa Rica up to 3 weeks after collection.

In Madagascar, where 90% of the island’s 1000 orchid 
species are endemic (Tyson 2000), deforestation on a 
massive scale has resulted in patches of fragmented 
orchid populations that persist from year to year with 
little natural regeneration (Whitman et  al. 2011). Many 

orchid species in Madagascar and elsewhere are in dire 
need of study to keep pace with projected extinction 
rates this century. For researchers in distant countries 
who aspire to study these orchids for conservation pur-
poses, the great distances involved, coupled with limited 
funds, pose formidable challenges. These challenges are 
often exacerbated by political unrest, delays in securing 
permits, unexpected hardships, and the risk that the bio-
logical samples collected (e.g., roots harboring mycor-
rhizal fungi) will not survive long-distance transport. As 
this study has shown, endophytes of orchids persist in 
root samples at least 3 weeks after they are collected in 
the field, as Richardson et al. (1993) reported earlier for 
epiphytes collected in Costa Rica.

In 2012, we were presented with a unique opportu-
nity to collect and study endophytes of rare orchids 
native to the Itremo Massif Protected Area in the Central 
Highlands of Madagascar—one of the top five biologi-
cally diverse “hotspots” (Tyson 2000). Our primary goal 
was to isolate, identify, and safeguard Rhizoctonia-like 
fungi to facilitate orchid conservation in the region (e.g., 
symbiotic germination). The orchids targeted included 
endemic species (e.g., Angraecum protensum, Fig.  1), 
epiphytes (e.g., Bulbophyllum, Polystachya), terrestri-
als (e.g., Cynorkis flexuosa, Fig. 2), and lithophytes (e.g., 
Angraecum, Aerangis). One prevailing concern, how-
ever, was the great distances between our two labs and 
the Indian Ocean country (Illinois  =  15,300  km, Lon-
don  =  9000  km), namely if orchid endophytes would 
remain viable in living tissues during lengthy, long-dis-
tance transport over rugged terrain and by air.

In this paper, we describe our protocol for the collec-
tion and long-distance transport of orchid root samples 
from Madagascar to labs in the United Kingdom (Kew) 
and the United States (Illinois) leading to isolation and 
provisional identification of the endophytes. The goal of 
this paper is to provide other researchers with a workable 
framework for recovering Rhizoctonia-like fungi from 
aged (2–3 week-old) tissue samples acquired from terres-
trial, epiphytic, and lithophytic orchids in remote areas.

Methods
Permits
Logistic and taxonomic support for this joint study 
between Royal Botanic Gardens Kew (Kew) and Illinois 
College was facilitated by Kew Madagascar Conserva-
tion Centre (KMCC) and Parc Botanique et Zoologique 
de Tsimbazaza (PBZT). During the 5-year project, 
more than 40 taxa spanning 24 genera were selected for 
study involving collection and movement of live mate-
rial (roots, seeds) from Madagascar to labs in the United 
Kingdom (UK) and the United States (USA). Root sam-
ples were shared between the two partners to ensure 
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that live material could be processed in a timely man-
ner leading to the isolation of Rhizoctonia-like fungi 
from root pelotons. To facilitate the legal collection and 
international transport of orchid material from Mada-
gascar to the UK (Kew) and USA (Illinois), a CITES 
permit was obtained which allowed three tubes, each 
containing seedlings and mature roots per species, to 
be collected. The rarity of plants in the wild necessitated 
further restrictions, namely that collections be limited to 
three each of juvenile and mature plants. Depending on 
the species and its availability, 1–5 roots per specimen 
were collected. These were accompanied by a phytosani-
tary certificate which was secured prior to departure 
from Madagascar. The CITES permit and phytosanitary 
certificate were delivered by the Direction Generale des 
Forets (DGF Nanisana Antananarivo) and Service de la 
Quarantaine et de I’Inspection Nanisana, respectively. 
For import of root samples into the USA, an additional 

permit (PPQ 526) was obtained from the US Department 
of Agriculture (USDA), as the US Government regards 
all orchid endophytes in the Rhizoctonia complex to be 
plant pathogens. Samples entering the UK were accom-
panied by a Phytosanitary Certificate issued in Madagas-
car, and a UK Letter of Authority.

Dates and study sites in Madagascar
Three separate trips to Madagascar took place spanning 
4  years (2012–2015), with emphasis on the collection 
of roots from mature plants and spontaneous seedlings 
of lithophytes, epiphytes and terrestrials inhabiting the 
Itremo Massif Protected Area of the Central Highlands. 
The first two trips (June 2012, April/May 2013) were 
planned after the rainy season (December to March) in 
an effort to collect spontaneous seedlings on orchid-rich 
substrates that may have germinated under the wetter 

Fig. 1  (Left)—Angraecum protensum—one of several lithophytic 
orchids endemic to the Itremo Massif of the Central Highlands in 
Madagascar, shown in flower during the dry season (June 2012). The 
long nectar spur is visible to the lower left, and two young roots are 
seen on the lower right

Fig. 2  (Right)—The terrestrial orchid, Cynorkis flexuosa, shown 
against the backdrop of open rocky grassland of the Itremo Massif. 
There are ca 135 species of Cynorkis species in Madagascar alone. The 
lateral branch roots on this specimen were detached and transported 
to labs in the United States (Illinois) and United Kingdom (Kew) for 
fungal isolation
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conditions. The third trip (January 2015) took place dur-
ing the rainy season to isolate additional fungal strains 
that may have been inactive during the previous two 
trips.

Collection and long‑distance transport
The collection procedure reported by Yokoya et al. (2015) 
was employed for all three trips to Madagascar, and is 
summarized below. During the first trip, roots of mature 
orchids (=  those that achieved anthesis or large enough 
to do so) were primarily targeted for collection to docu-
ment the location of fungal pelotons in roots, and to iso-
late fungi in pure culture via hyphal tips. In the two trips 
that followed, emphasis was placed on collecting roots 
of seedlings and mature plants alike. Seedlings (= small-
est leaf bearing stage,  <  2  cm in length) and juveniles 
(plants > 2 cm in length, no anthesis) were provisionally 
identified on site by KMCC staff (Rajaovelona and Gar-
diner 2016) using subtle morphological features (e.g., 
presence of pseudobulbs) as well as proximity to mature 
plants on or near the same substrate. The identities of 
the seedlings were later confirmed by DNA analysis fol-
lowing the procedures described by Yokoya et al. (2015). 
To maximize our chances for isolating viable pelotons, 
younger-appearing roots were collected whenever pos-
sible. For epiphytic and lithophytic orchids, these roots 
appeared translucent to white in color, often with slight 
greenish pigmentation near the apex (Figs. 1 and 3). For 
terrestrials, roots that exhibited orange-yellowish patches 
of color were selected, as well as seedlings in close prox-
imity to mature plants (Fig. 4). After detachment in the 
field, each root was placed over a small, pre-moistened 
cotton ball within pre-sterilized glass vial with screw cap 
(Fig. 5). To permit gas exchange leading up to departure 
from Madagascar (7–10  days after collection), the caps placed on each vial were not securely tightened. The vials 

were then placed within a 50 ml capacity centrifuge tube 
with screw cap (VWR International, LLC, Radnor, PA, 
USA). Tubes were then stored vertically within an insu-
lated handbag for transport from field to shelter. Care 
was taken to keep the handbag out of direct sunlight so 
that the root samples would remain as cool as possible 
(15–25 °C).  

For terrestrial orchids, the root collection procedure 
differed slightly in that soil containing intact root sys-
tems (root ball) was also collected. This permitted the 
roots to remain in a semi-natural (moist) state lead-
ing up to departure from Madagascar. A trowel or small 
shovel was used to gently excavate the soil around indi-
vidual plants, and to lift the root ball with minimal dis-
turbance to the brittle root systems. Each root ball was 
then placed into its own separate plastic bag, and the 
bags were then carefully packed into an insulated hand-
bag for transport. A wet bath towel was then placed 

Fig. 3  (Bottom)—Actively-growing root tip of a lithophytic Angrae-
cum species. Note the green pigmented tip, and root growth on 
bare rock substrate devoid of visible organic debris, often typical of 
lithophytes of the Itremo Massif

Fig. 4  (Left) A strap leaf of the terrestrial orchid, Cynorkis gibbosa, 
showing characteristic mottled pigmentation, rooted in moss on a 
granite outcrop/seepage slope on the Itremo Massif. Small seedlings 
are shown at the lower left, presumably from the same species. Seed-
ling stages are often detected in close proximity to mature plants 
sharing the same substrate
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through the zip to facilitate wicking and evaporation to 
the outside air serving to cool the inside of the bag. Upon 
arrival at the KMCC base in Antananarivo, 2–7 days after 
field collection, root samples and root balls were placed 
into a refrigerator (ca. 6  °C). Approximately 24 h before 
departure from the country, roots of terrestrial orchids 
were carefully lifted from soil and rinsed off with UV-
irradiated and/or bottled water to remove organic debris 
to comply with US and UK important regulations. Lat-
eral branch roots were detached and placed over a pre-
moistened cotton ball in a pre-sterilized glass vial (8 ml 
capacity). The screw cap was then tightened firmly and 
wrapped with a strip of Parafilm “M” (Pechiney Plastic 
Packaging, Menasha, WI, USA. Caps on glass vials con-
taining roots of lithophytes and epiphytes were also tight-
ened and wrapped with Parafilm “M” at that same time 
(ca. 24 h prior to departure by air). All sealed glass vials 
were then housed in 50  ml plastic (shatter-proof) cen-
trifuge vials which were also firmly tightened and sealed 

with Parafilm “M”. Vials were re-packed into insulated 
handbags and transported back to labs in the USA and 
UK as cabin luggage to ensure that samples were main-
tained at ambient temperature during the duration of 
each flight.

Fungal isolation and provisional identification
Immediately upon arrival into the UK and USA, within 
24 and 48  h after departure from Madagascar, respec-
tively, all root samples were placed in refrigeration 
(4–6 °C) for a period lasting 1–2 weeks. Fungi were iso-
lated from root cortical regions using the method by Zet-
tler et al. (2003), but our procedure differed in that Fungal 
Isolation Medium (FIM) substituted for Modified Melin-
Norkrans’ agar (MMN). Clumps of macerated cortical 
cells containing pelotons were immersed in FIM contain-
ing streptomycin sulfate [(10 ml/l of stock solution = 1 g 
dissolved in 70  ml); Clements and Ellyard 1979] and 
incubated at ambient temperature until actively-growing 
hyphae could be observed under a dissection microscope 
(typically 1–4 days). Hyphal tips from cortical cells and/
or pelotons were then subcultured to Potato Dextrose 
Agar (PDA, Difco™, Becton, Dickinson and Co., Sparks, 
MD, USA) using a sterile scalpel. Provisional identifica-
tion of Rhizoctonia-like fungi to genus level (Ceratoba-
sidium, Sebacina, Tulasnella) reported herein was based 
on cultural descriptions reported by Currah et al. (1997).

Results
Rhizoctonia‑like fungi from Madagascar samples
Pelotons were observed in mature roots in half of the 
lithophytes, half of the epiphytes, and both terrestrials 
(Table 1). Most of the pelotons were observed in the apex 
of the roots, in the 1–5 cm region from the tip (Table 1). 
Four of the seven lithophytic Angraecum species har-
bored pelotons (A. calceolus, A. longicalcar, A. magdale-
nae, A. rutenbergianum; Table 1). Once plated on agar, all 
pelotons yielded common conidial fungi (Fusarium sp., 
Trichoderma sp.), and none resulted in isolates that were 
assignable to the Rhizoctonia complex.

Following the second trip to Madagascar (April–May 
2013), root samples returned to Illinois yielded Rhizoc-
tonia-like fungi in two of the nine epiphytes (Aerangis 
sp., Polystachya concreta), both of which were seedlings 
(Table 2). Of the 14 terrestrial taxa sampled, roots from 
six species yielded endophytes assignable to the Rhizocto-
nia complex (Benthamia rostratum, Cynorkis purpurea, 
Eulophia macra, Graphorkis concolor, Habenaria ambos-
itrana, and Tylostigma nigrescens), but none were recov-
ered from the seven lithophytes (Table  2). Collectively, 
less than half (40%) of the roots of terrestrial orchids 
spanning all three growth stages (seedlings, juveniles, 
mature plants) yielded Rhizoctonia-like fungi, and 20% 

Fig. 5  (Right) A pre-sterilized glass sampling vial containing root seg-
ments of a terrestrial orchid. The screw cap lid remained untightened 
to permit gas exchange leading up to air transport out of Madagas-
car. Each glass vial was placed into a plastic, shatterproof centrifuge 
vial during transport from Madagascar to the lab
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for the epiphytes (Table 2). Seedlings of C. purpurea har-
bored the most diverse assemblage of orchid endophytes 
with of all three major genera being represented in the 
samples (Ceratobasidium, Tulasnella, Sebacina).

Following the third and final trip to Madagascar coin-
ciding with the rainy season (January 2015), a greater 
number of Rhizoctonia-like fungi were recovered from 
root samples collected 2–3 weeks prior, including a lith-
ophyte, Eulophia sp. (Table 3). Among the six epiphytic 
taxa sampled, seedlings from Aerangis and Polystachya 
yielded Ceratobasidium and Tulasnella strains, respec-
tively (Table  3). The majority of fungal isolates were 
acquired from terrestrials, in particular Cynorkis species 
(Table 3).

Discussion
As to why none of the samples from the first trip yielded 
Rhizoctonia-like fungi is perplexing, but might be attrib-
uted, in part, to the time of year of the collecting. For 
example, sampling during the first trip took place in June, 
whereas the second took place earlier in the year (April/
May) closer to the end of the rainy season. Thus, it is con-
ceivable that the samples collected in June were devoid 
of Rhizoctonia-like fungi because of drier conditions. The 
two subsequent trips that ensued yielded endophytes 
assignable to all three major genera of orchid mycorrhizal 
fungi (Ceratobasidium, Tulasnella, Sebacina). For roots 

of epiphytic and lithophytic orchids, placing detached 
roots into pre-sterilized vials that remain unsealed pos-
sibly served to allow gas exchange (oxygen) for roots and 
endophytes alike. Moist sterile cotton balls within the 
vials also may have maintained higher relative humidity 
levels needed for root and fungus longevity. For terres-
trial orchids, keeping roots intact within the moist soil/
root ball may have contributed to the high number of 
Rhizoctonia-like fungi acquired from the samples. Plac-
ing the vials in an insulated bag during field work, and 
temporary storage in refrigeration whenever possible, 
may have also benefited endophyte survival by maintain-
ing cooler temperatures, slowing down metabolic rates in 
living cells.

Root colonization by endophytic fungi is thought to be 
influenced by two important factors—the growing sea-
son, and the growth stage of the plant (Swarts and Dixon 
2017). For temperate terrestrial orchids, Harvais and 
Raitsakas (1975) and Warcup (1973) found that the most 
effective fungi for the purposes of seed germination were 
acquired earlier in the growing season. Huynh et al. (2004) 
reported that fungi isolated from pelotons in early growth 
stages were most effective at facilitating seed germination. 
A prevailing concern we had for collecting smaller roots of 
seedlings and juvenile stages during the dry season (April/
May 2013) was dehydration of the samples given their 
high surface-to-volume ratio. This potential problem was 

Table 1  Peloton location by  root region for  orchid samples acquired in the Itremo Massif within the Central Highlands 
of Madagascar during the first of three trips (June 2012, dry season)

Numbers 1–10 reflect the distance (in cm) from the root tip (e.g., 1 terminal end of actively-growing tip, 2 second cm region from root tip), and n the number of roots 
harboring pelotons/number of roots collected

Growth habit Orchid species n 1 2 3 4 5 6 7 8 9 10

Lithophytic Angraecum calceolus 2/2 X X X

Angraecum longicalcar 1/3 X

Angraecum magdalenae 1/2 X

Angraecum obesum 0/1 – – – – – – – – – –

Angraecum protensum 0/1 – – – – – – – – – –

Angraecum sororium 0/2 – – – – – – – – – –

Angraecum rutenbergianum 1/1 X X

Jumellea ibityana 0/2 – – – – – – – – – –

Epiphytic Bulbophyllum sp. 3/3 X X X

Bulbophyllum bicoloratum 0/2 – – – – – – – – – –

Jumellea sp. 1/4 X

Jumellea arborescens 0/2 – – – – – – – – – –

Jumellea intricata 1/2 X

Polystachya sp. 0/1 – – – – – – – – – –

Polystachya cultriformis 1/2 X

Polystachya fusiformis 0/1 – – – – – – – – – –

Terrestrial Cynorkis sp. 1/1 X

Eulophia sp. 1/2 X
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apparently avoided by the addition of a moist (sterile) cot-
ton ball placed inside the vial with the sample, as several 
of Rhizoctonia-like isolates were later recovered. Some 
of these isolates were later tested for their ability to ger-
minate seeds in vitro, with positive results. For example, 
one of the six strains of Sebacina, isolated from a P. con-
creta seedling, was most effective among 14 endophytes 

tested at inducing rapid in vitro seedling development of 
C. purpurea in symbiotic germination studies that ensued 
(Rafter et  al. 2016). In another experiment, seeds of H. 
ambositrana and T. nigrescens, yielded leaf-bearing seed-
lings in vitro, 49 days after inoculation with Sebacina and 
Tulasnella endophytes acquired from seedlings of the 
same species, respectively (A. Wood, unpub. data).

Table 2  A summary of the frequency of Rhizoctonia-like fungi acquired from roots of orchids inhabiting the Itremo Mas-
sif of the Central Highlands of Madagascar during April–May 2013 (dry season)

Fungal genera listed represent provisional identifications carried out at the time of isolation, based on cultural characteristics described by Currah et al. (1997). 
Growth habit reflects the substrate where the individual orchid was actually rooted at the time of collection. Collection sites: 1 exposed rocks, occasional tapia trees, 2 
exposed marble outcrop, 3 exposed rocks, sandy stream bed, gnarled small trees, 4 open grassland, moist soil, occasional rocks, 5 reduced forest (canopy ca. 20 m), 6 
exposed ridges, montane vegetation, 7 dense shaded forest, downhill stream. With one exception (2), all sites were within 5 km of one another

Terrestrial seedlings = 3/3, epiphytic seedlings = 2/10, lithophytic seedlings = 0/5

Terrestrial juveniles = 1/2, epiphytic juveniles = NA, lithophytic juveniles = NA

Terrestrial mature = 2/10, epiphytic mature = NA, lithophytic mature = 0/3

Total terrestrial = 6/15 (40%), total epiphytic = 2/10 (20%), total lithophytic = 0/8 (0%)

Growth habit Orchid Site Sample Fungus (# strains)

Lithophytic Angraecum coutrixii 1, 3 Seedling None

Angraecum longicalcar 2 Mature None

Angraecum magdalenae 3 Seedling None

Angraecum protensum 1 Seedling
Mature

None
None

Angraecum rutenbergianum 1 Seedling None

Angraecum sororium 3 Seedling None

Oeceoclades sp. 2 Mature None

Epiphytic Aerangis sp. 7 Seedling Ceratobasidium (3)

Aerangus citrata 5 Seedling None

Angraecum sp. 5 Seedling None

Angraecum protensum 1 Seedling None

Angraecum rutenbergianum 3 Seedling None

Bulbophyllum sp. 3 Seedling None

Jumellea denisfolliata 5 Seedling None

Polystachya concreta 1 Seedling 1
Seedling 2

None
Tulasnella (7), Sebacina (6)

Polystachya culturiformis 7 Seedling None

Terrestrial Benthamia sp. 1 Mature None

Benthamia glaberrima 3 Mature None

Benthamia rostratum 4 Juvenile Tulasnella (1)

Calanthe sp. 7 Mature None

Cynorkis gibbosa 7 Mature None

Cynorkis purpurea 7 Seedling Ceratobasidium (7)
Tulasnella (3), Sebacina (1)

Disa incarnata 3 Mature None

Eulophia macra 2 Mature Tulasnella callospora (1)

Graphorkis concolor 7 Mature Ceratobasidium (1)

Habenaria sp. 1 Mature None

Habenaria ambositrana 1 Juvenile None

3 Seedling Tulasnella (4), sebacina (1)

Satyrium trinerve 4 Mature None

Tylostigma sp. 4 Mature None

Tylostigma nigrescens 4 Seedling Tulasnella (5)
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To what extent mature epiphytic orchids harbor and 
utilize Rhizoctonia-like fungi in Madagascar needs fur-
ther study. Due to permit restrictions, only a select few 
taxa could be collected the third and final year of the 
study, and the decision was made to target orchid tis-
sues that were most likely to harbor Rhizoctonia-like 
fungi, namely seedlings. Roots collected from the lone 
mature epiphyte (Bulbophyllum baronii) were devoid 
of pelotons, and therefore no endophytes were isolated 
(Table 3). For future work on the Itremo Massif and the 
Central Highlands in general, we recommend that roots 
of mature epiphytes be collected during the rainy season 
(January). For epiphytic orchids occupying Madagascar’s 
eastern and northern forests where rainfall is more plen-
tiful throughout the year (> 2000 mm annually; Cribb and 
Hermans 2009), time of collection may be less critical, as 
higher moisture levels would be expected to favor fungal 
activity. To our knowledge, no studies have been reported 
that document Rhizoctonia-like fungi from Orchidaceae 
inhabiting the NE portion of the island. Given Madagas-
car’s considerable biodiversity, securing fungi from both 
areas and comparing the orchid mycoflora between the 
two regions seems like a logical next step.

Table 3  A summary of  the frequency of  Rhizoctonia-like 
fungi acquired from roots of orchids inhabiting the Itremo 
Massif of the Central Highlands of Madagascar during Jan-
uary 2015 (rainy season)

Growth habit Orchid Site Sample # Strains 
and fungus

Lithophytic Eulophia sp. 1 1 Seedling None

Eulophia sp. 1 1 Mature Tulasnella (1)

Jumellea 
densifolia

2 Seedling None

Epiphytic Aerangis sp. 1 5 Seedling Ceratobasidium 
(10)

Angraecum 
sp. 1

2 Seedling, 
juvenile

None

Angraecum 
sp. 3

6 Mature None

Aeranthes sp. 1 6 Juvenile, 
mature

None

Bulbophyllum 
baronii

2 Mature None

Polystachya 
sp. 1

6 Seedling Tulasnella (4)

Polystachya 
concreta

3 Seedling None

Terrestrial Angraecum 
sp. 2

2 Mature None

Benthamia 
sp. 1

3 Mature None

Calanthe 
sylvatica

5 Mature None

Cynorkis sp. 1 3 Mature Ceratobasidium 
(2)

Cynorkis sp. 1 4 Mature Tulasnella, 
sebacina (2)

Cynorkis sp. 1 7 Mature None

Cynorkis  
fastigiata

4 Mature Ceratobasidium 
(1)

Cynorkis  
fastigiata

6 Mature Tulasnella (3)

Cynorkis  
flexuosa

1 Mature None

Cynorkis  
flexuosa

1 Seedling Tulasnella (2)

Cynorkis  
gibbosa

4 Mature Tulasnella (4)

Cynorkis  
gibbosa

4 Juvenile None

Cynorkis  
gibbosa

7 Seedling None

Cynorkis 
uniflora

3 Seedling Ceratobasidium 
(1)

Cynorkis 
uniflora

3 Mature None

Cynorkis 
uniflora

7 Mature None

Disa sp. 1 4 Mature None

Eulophia sp. 1 1 Seedling None

Table 3  continued

Growth habit Orchid Site Sample # Strains 
and fungus

Eulophia 
plataginea

1 Juvenile None

Habenaria sp.1 1 Juvenile, 
mature

None

Habenaria sp. 2 2 Seedling Tulasnella (1)

Habenaria sp. 2 4 Mature Tulasnella (1)

Jumellea sp. 1 Mature None

Liparis sp. 1 5 Seedling Tulasnella (1)

Polystachya 
sp. 1

2 Mature None

Satyrium sp. 5 Seedling Tulasnella (1)

Satyrium 
trinerve

3 Mature None

Satyrium 
trinerve

4 Seedling Tulasnella (4)

Fungal genera listed represent provisional identifications carried out at the time 
of isolation, based on cultural characteristics described by Currah et al. (1997). 
Growth habit reflects the substrate where the individual orchid was actually 
rooted at the time of collection. Collection sites: 1 abandoned mine, rocky 
grassland, 2 tapia forest, 3 seepage slope, 4 grassland, seepage slope, 5 forest 
preserve, 6 forest, 7 rocky elevated grassland

Terrestrial seedlings = 6/8, epiphytic seedlings = 2/4, lithophytic 
seedlings = 0/2

Terrestrial juveniles = 0/3, epiphytic juveniles = 0/2, lithophytic juveniles = NA

Terrestrial mature = 6/18, epiphytic mature = 1/4, lithophytic mature = 1/1

Total terrestrial = 12/29 (41%), total epiphytic = 3/10 (30%), total 
lithophytic = 1/3 (33%)
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As a group, roots of mature lithophytic orchids yielded 
relatively few Rhizoctonia-like fungi with one excep-
tion (Tulasnella from Eulophia sp. 1, Table  3). Mature 
roots from six lithophytes collected the first year har-
bored pelotons primarily in the first 4  cm of the root 
tip (Table  1), yet these pelotons yielded conidial sapro-
phytes (Fusarium, Trichoderma), not typical genera in 
the Rhizoctonia complex. As to why this occurred is puz-
zling and deserves further inquiry. It is conceivable that 
roots of these lithophytes were subjected to rapid dehy-
dration given their dry placement on sun-exposed rocks 
with little or no associated (moist) organic debris (Fig. 3). 
Thus, the pelotons we observed in the tissues may have 
been formed by Rhizoctonia-like fungi during the rainy 
season, but quickly dried out before the pelotons could 
be completely  digested by the orchid (lysis). Opportun-
istic saprophytes may then have gained entry as sec-
ondary invaders, which may explain why we isolated 
Fusarium in the present study, as well as slow-growing, 
dark-pigmented endophytes (Toxicocladosporium, Clad-
ophialophora, Lophiostoma) recovered in samples at 
Kew (Yokoya et al. 2015). Studies are needed to explore 
the true nature of the peloton-forming, non-Rhizoctonia 
fungi to determine if these endophytes are potentially 
harmful and/or benign inhabitants, or if they serve a 
physiological purpose.

Moisture availability (retention) linked with seasonality 
may also explain why more Rhizoctonia-like fungi were 
isolated from epiphytes compared to lithophytes. For 
example, roots of many of the epiphytes we sampled were 
tightly affixed to crevices of tree bark often in association 
with lichens and mosses. All three of these substrates 
would be expected to retain water more effectively than 
bare rock alone, and could also serve as a carbon source 
for associated fungi, including the Rhizoctonia-like fungi 
present within the orchid. Members of Ceratobasidium, 
in particular, are known to produce polyphenoloxidases 
that are involved with lignin breakdown (Rasmussen 
1995), and this may explain why roots of some epiphytes, 
namely Aerangis, harbored mostly Ceratobasidium 
(Tables 2 and 3). Thus, the utilization of Ceratobasidium 
strains may afford epiphytes like Aerangis with an addi-
tional source of organic carbon, and therefore a selective 
advantage for life in the canopy. For lithophytes, utiliza-
tion of Ceratobasidium at an early (protocorm) stage of 
development may be critical to life on the rocks in pock-
ets where organic debris and moisture accumulate.

Conclusions
Despite the distance, rugged terrain, and length of time 
between field collection and transport to the laboratory, 
roots of epiphytic, lithophytic and terrestrial orchids 

yielded all major groups of fungi in the Rhizoctonia com-
plex (Ceratobasidium, Tulasnella, Sebacina). These fungi 
were present in roots of seedlings, juveniles and mature 
plants, especially terrestrials. Despite their small size, 
root pieces from seedlings stages of epiphytes (e.g., P. 
concreta) yielded fungi with our method despite being 
detached in the field 3 weeks prior. In cases where pelo-
ton extraction cannot be accomplished in a timely man-
ner (1–4 days of collection), our study demonstrates that 
samples retain viability up to 3 weeks after collection.
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