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A B S T R A C T 

This is the first study that reports symbiosis in Cattleya, aiming to isolate and identify 

mycorrhizal fungi capable of promoting the germination of this orchid and to 

evaluate the development of symbiotically propagated individuals. We compared 

seed germination percentage, growth index, and morphometric variables of seedlings 

propagated symbiotically in oatmeal agar (OMA) medium with individuals that were 

non-symbiotically propagated in Murashige and Skoog (MS) medium. Fungi isolates 

were identified by phylogenetic analysis and eight of the nine isolates that were 

efficient in C. intermedia propagation were identified as Tulasnella amonilioides. 

The mycobiont improved C. intermedia seed germination and plant development 

when compared with OMA medium without fungi (negative control). Seedlings 

propagated by symbiotic culture with T. amonilioides produced more leaves and 

longer roots, while shoot height and the number of roots were lower than for 

seedlings propagated in MS medium with the addition of activated charcoal. The 

fresh mass of seedlings propagated by symbiotic and symbiotic techniques was equal, 

except when seedlings were grown in MS without activated charcoal. T. amonilioides 

enhance the in vitro propagation of C. intermedia and provide plants that facilitate 

symbiotic processes in reintroduction environments. 

Keywords: Epiphytic orchid, Epulorhiza sp., orchid conservation, phylogenetic 

analysis, symbiosis. 

 

Introduction 

Orchids produce small seeds that lack 

nutritional content for germination and the initial 

development of the seedlings (Arditti, 1967). In 

nature, such seeds are infected by hyphae of 

mycorrhizal fungi that grow inside the parenchyma 

cells forming pelotons, intracellular structures that 

characterize the orchid-fungus interaction 

(Peterson, Massicotte & Melville, 2004). These 

plants associate with diverse fungal taxa, including 

nonmycorrhizal endophytic fungi as well as 

mycorrhizal fungi (Selosse, 2014; Novotná et al., 

2018), generally members of Atractiellomycetes, 

Ceratobasidiaceae, Serendipitaceae and 

Tulasnellaceae (Suárez et al., 2006; Cevallos et al., 

2017; Herrera et al., 2017; Zettler & Dvorak, 

2021). 

Degradation and nutrient consumption of 

pelotons provide the energy for protocorm 

development, which is considered a heterotrophic 

stage of the orchid’s life cycle (Rasmussen, 1995). 

This strategy is denominated mycoheterotrophy, 
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and the plants may retain the mutualistic 

relationship as a dynamic process during adulthood 

(Merckx, 2013). In this stage, the mycorrhizal 

fungi can be found mainly inside root cortical cells 

performing an important role in nutrient supply 

(Cameron et al., 2007, 2008), as a source of energy 

supplementary to photosynthesis (mixotrophy or 

partial mycoheterotrophy), and as an inoculum for 

seeds that can be dispersed by the mother plant 

(Rasmussen, 1995; Pereira et al., 2005).  

Most epiphytic orchids are easily in vitro 

propagated using complex culture media composed 

of inorganic salts and sucrose, which provide the 

nutritional conditions for seed germination and 

plant development (Arditti, 1992; Knudson, 1921; 

Otero & Bayman, 2009). However, symbiotic 

germination is an important tool for epiphytic 

orchid species propagation for conservation 

purposes (Zettler et al., 2013; Meng et al., 2019). 

The establishment of mycotrophy under laboratory 

conditions (Zettler, 1997) allows a better 

understanding of the relationships between orchids 

and fungi (Zettler et al., 1999). Symbiosis and 

orchid germination occur by inoculation in 

oatmeal-agar medium (OMA-Dixon, 1987), which 

acts as a complex carbon source for fungus 

nutrition. Symbiosis may induce faster germination 

and a higher growth index in non-epiphytic 

orchids, making protocorms stronger, more robust, 

and resistant to infections (Brundrett et al., 2003; 

Guimarães et al., 2013; Jiang et al., 2015; Pereira 

et al., 2015; Alomía et al., 2017; Durán-López et 

al., 2019).  

Over the last two decades, studies have 

appeared about symbiotic cultivation of rupicolous 

and epiphytic species (Otero, Bayman & 

Ackerman, 2005; Otero et al., 2007; Zettler, 

Poulter & McDonald, 2007; Aggarwal et al., 2012; 

Sathiyadash et al., 2014; Decruse et al., 2018), 

including Brazilian orchids from the Atlantic 

Forest (see Freitas et al., 2020; Bazzicalupo et al., 

2021). However, most of them focused on the 

taxonomy, cultivation, and isolation stages of 

fungi, and on the initial stages of orchid 

development (protocorm and plant with the first 

leaves and roots) (Pereira et al., 2003; 2005; 2009; 

2014; Freitas et al., 2020; Bazzicalupo et al., 2021). 

Cattleya intermedia Graham is one of the 

97 species of Cattleya Lindl. that is endemic to 

Brazil (van den Berg, 2020). The species has high 

genetic variability and is one of the most variable 

of the genus considering flower color and shape 

(Machado Neto & Vieira, 2011). The multi-

flowered inflorescences start being produced 

precociously, within three years after sowing 

(Fowlie, 1977; Withner, 1988), and due to these 

desirable characteristics for breeding and trading, 

the species has been used in interspecific and 

intergeneric hybridization worldwide 

(OrchidRoots, 2022). Cattleya intermedia is a 

threatened species due to direct and indirect 

anthropogenic pressures, such as loss of suitable 

habitat, irregular collection for ornamental 

purposes, and introduction of exotic herbivores to 

its habitats (Endres Júnior et al., 2015; Menini Neto 

et al., 2013). As result, this species is classified in 

the Vulnerable (VU) category on the national red 

list. Remnant populations of this epiphytic species 

have been declining, with more than 30% being 

lost in the last 50 years (Menini Neto et al., 2013).  

In vitro culture is an important tool for C. 

intermedia propagation, and this species can 

develop well in a symbiotic MS medium 

(Murashige & Skoog, 1962; Sasamori et al., 2015). 

However, as the maintenance of orchids in restored 

habitats requires the presence of an appropriate 

fungus for plant recruitment (Zettler, 1997), the 

reintroduction of individuals obtained by a 

symbiotic process can favor the establishment of 

new populations since these plants can serve as 

inoculum source for the infection of seeds (Stewart 

& Zettler, 2002).  

Knowledge about the relationship between 

C. intermedia and mycorrhizal fungi in nature and 

even under controlled conditions is lacking. Thus, 

to isolate and identify mycorrhizal fungi capable of 

promoting germination of C. intermedia, as well as 

to evaluate the development of symbiotically 

propagated individuals, we (1) isolated fungal 

strains from plant roots of a wild population in 

South Brazil; (2) performed a phylogenetic 

analysis of the fungal isolates; and (3) evaluated 

seed germination and plant growth with the 

isolated mycorrhizal fungi. 

 

Material and Methods 

Study site and plant source 

The roots of C. intermedia were collected 

in the Henrique Luís Roessler Area of Relevant 

Ecological Interest (29°41'S, 51°06'W, alt. 16.4 m), 

a municipal conservation unit inserted in the urban 

matrix of the municipality of Novo Hamburgo in 

the state of Rio Grande do Sul (RS) Brazil. The 

conservation unit encompasses an area of 51.4 ha, 

composed of grasslands, wetlands, and a portion of 

secondary forest, in an area of transition between 

the Pampa and Atlantic Forest phytogeographic 

domains (IBGE & MMA, 2004). The isolation of 

endophytic fungi from C. intermedia roots and in 

vitro seed germination evaluation was conducted at 

the Laboratory of Plant Biotechnology at Feevale 

University in Novo Hamburgo, RS. 

 

Fungal isolation and culture 
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Roots were collected in September 2017 

from seven mature specimens of C. intermedia that 

were growing on arboreal phorophytes located in 

an area of secondary forest (Figure 1A). A 30 cm 

root sample was collected from each plant and 

immediately taken to the laboratory, where its 

extremities (segments of 2 cm) were washed with 

tap water. The samples were then surface sterilized 

in a laminar flow chamber for 1 min in 70% ethanol 

and 6 min in 2% NaClO solution followed by three 

rinses in sterile distilled water. The root segments 

were cut manually in the transverse direction in 

sterile dishes under a stereomicroscope (Labomed 

CZM4) to observe fungal pelotons, whose presence 

was confirmed by observation under 400x 

magnification (Olympus CX4 microscope; Figure 

1B). The cortical layer from 10 cross-sections of 

each root segment was removed with a scalpel and 

transferred to two Petri dishes (9 cm diameter) 

containing potato dextrose agar (PDA) medium. 

Thus, the sampling effort was as follows: root 

sample from each of the seven plants x two 

segments of each root x ten transverse sections 

distributed in two dishes with PDA, for a total of 

140 cuts containing pelotons. Dishes were 

incubated in the dark at 25ºC for a few days until 

fungal hyphae could be observed growing from the 

pelotons (Sharma et al., 2003). Pure cultures were 

obtained by excising hyphal tips with a sterile 

scalpel, transferring them to dishes with PDA, and 

incubating them under the same conditions. 

 

 
Figure 1. (A) Flowering individual of Cattleya intermedia in situ on an arboreal phorophyte; (B) degraded (dp) 

and intact (ip) pelotons observed in cortical cells of C. intermedia root; (C) obtained isolate growing in potato 

dextrose agar (PDA) in a 9 cm diameter Petri dish; (D) plants of C. intermedia after 91 days growing in oatmeal 

agar (OMA); and (E) transversal cut of a protocorm with pelotons at the basal region. Font: Endres Júnior et 

al. (2023). 
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Fungal molecular characterization: DNA 

extraction, amplification, and sequencing 

Molecular analysis was performed in the 

Laboratory of Mycology at the Federal University 

of Rio Grande do Sul, Porto Alegre, RS. A portion 

of mycelium was excised from the pure cultures of 

each of the nine isolates and DNA was extracted by 

the CTAB method, according to Góes-Neto, 

Loguercio-Leite & Guerrero (2005). The primer 

pair ITS8F-ITS6R (Dentinger Margaritescu & 

Moncalvo, 2010) was used to amplify the nuclear 

rDNA internal transcribed spacer region, ITS1-

5.8S-ITS2 (ITS). Polymerase chain reaction (PCR) 

was performed with a total volume of 40 μL, 

containing 20 μL of 2X PCR Taq MasterMix 

(Applied Biological Material, Vancouver, 

Canada), 0.8 μL of primer (10 pM), 1 to 2 μL of 

DNA, and q.s. sterile distilled water. All PCR 

products were purified with PEG 20% [Poly 

(ethylene glycol) 8,000 plus NaCl 2.5M] and 

sequenced by Macrogen (Geumcheon-gu, Korea). 

 

Fungal molecular characterization: phylogenetic 

analysis 

Sequences were assembled and manually 

corrected with Geneious 9 (Kearse et al., 2012), 

then automatically aligned with MAFFT 7 (Katoh 

& Standley, 2013) under the “auto” mode strategy. 

When necessary, the alignment was manually 

adjusted with MEGA 7 (Kumar, Stecher & 

Tamura, 2016). Ambiguously aligned regions with 

high proportions of gaps were manually excluded. 

Single-gene phylogenetic analyses were carried out 

with ITS sequences. Two data sets were used. One 

of them (1) was more inclusive and exploratory to 

comprehend the diversity available in the group 

and to cover the heterogeneity previously reported 

for ribosomal DNA of the genus Tulasnella 

(Moncalvo et al., 2006; Cruz et al., 2014).  

First, through the Basic Local Alignment 

Search Tool (BLAST) 

(http://blast.ncbi.nlm.nih.gov), using the 

Somewhat Similar Sequences (blastn) option under 

Program Selection, the 100 closest specimens to 

each one of the sequences found in this study were 

obtained. In addition, searches of GenBank 

database with the following keywords were carried 

out: “(Epulorhiza) AND 5.8s”, “(Tulasnella) AND 

5.8s”, and “(Tulasnellaceae) AND 5.8s.” All 

recovered sequences were downloaded as “.gb” 

files and a final “.xlsx” file was built with 

“Merging_gbfiles_to_xlsx.py” script, which was 

implemented in Python and is available at 

https://github.com/genivaldo-alves-

silva/Phyloroom (Endres Júnior et al., 2022). 

Based on closely related species and other 

supported clades (considering the Maximum 

likelihood tree) from the abovementioned data set 

(Endres Júnior et al., 2022), representative 

specimens of the recovered clades were selected 

for the second (2) data set (Table 1). 

Alignment data are available in Endres-

Júnior et al. (2022). All sequences are available at 

GenBank. We designated Ceratorhiza sp. 

(Ceratobasidiaceae, Cantharellales) and 

Serendipita vermifera (Sebacinaceae, Sebacinales) 

as outgroup taxa, according to Gónzalez et al. 

(2016) and Moncalvo et al. (2006). 

All phylogenetic analyses were performed 

online at CIPRES Science Gateway (Miller Pfeiffer 

& Schwartz, 2011). We analyzed both data sets 

using Maximum likelihood (ML), and Bayesian 

inference (BI) for the second data set (2). 

Maximum likelihood analysis was carried out in 

RAxML 8.2.9 (Stamatakis, 2014). We provided a 

partition file to force RAxML software to search 

for a separate evolution model for each data set. To 

assess the reliability of the nodes, we computed 

rapid bootstrapping replicates under the same 

model, allowing the program to halt bootstrapping 

automatically by the majority rule extended 

(MRE)-based boot-stopping criterion (Pattengale 

et al., 2009). Bootstrap (BS) values above 80 were 

considered significant (high support) and above 70 

were considered moderately supported. 

Bayesian inference was performed with 

Mr. Bayes v. 3.2.6 (Ronquist et al., 2012), with the 

evolutionary model for BI being estimated using 

the Akaike Information Criterion (AIC) for each 

partition, as implemented in MrModeltest 2.3 

(Nylander, 2004). The best fitting model identified 

was General Time Reversible + Proportion 

Invariant + Gamma (GTR + I + G). We set two 

independent runs, each with four simultaneous 

chains for 50,000,000 generations, sampling trees 

at every 100th generation. The convergence 

diagnostic was calculated every 10,000th 

generation, and its critical value was set to stop the 

analysis automatically when the standard deviation 

of the split frequencies reached the value defined 

by the stopval command (stoprule = yes, stopval = 

0.01). The first 25% of trees from each run were 

discarded as burn-in and the 50% majority-rule tree 

with branch lengths and posterior probabilities 

(BPP) was calculated from the remaining trees. A 

BPP value above 0.99 was considered significant 

(high support) and above 0.95 was considered 

moderately supported. 
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Table 1. Summary of specimens included in molecular analyses. New sequences generated in this study are 

marked in bold. Font: Endres Júnior et al. (2023). 

Species Genbank Voucher Location Host Reference 
Tulasnella albida KC152379 K(M)120788 United Kingdom N/A* Cruz et al. (2014) 

Tulasnella albida AY373294 N/A N/A N/A 
McCormick et al. 

(2004) 

Tulasnella amonilioides JF907599 Brass Brazil Brassavola tuberculata 
Almeida, Van den 

Berg & Góes-Neto 

(2014) 

Tulasnella amonilioides JF907600 3S Brazil Encyclia dichroma 
Almeida, Van den 

Berg & Góes-Neto 

(2014) 

Tulasnella amonilioides JF907601 09ghy Brazil Encyclia ghillanyi 
Almeida, Van den 

Berg & Góes-Neto 

(2014) 

Tulasnella amonilioides MZ156778      DEJ10 Brazil C. intermedia This study 

Tulasnella amonilioides MZ156780      DEJ13 Brazil C. intermedia This study 

Tulasnella amonilioides MZ156781      DEJ15 Brazil C. intermedia This study 

Tulasnella amonilioides MZ156782      DEJ16 Brazil C. intermedia This study 

Tulasnella amonilioides MZ156776      DEJ03 Brazil C. intermedia This study 

Tulasnella amonilioides MZ156777      DEJ07 Brazil C. intermedia This study 

Tulasnella amonilioides MZ156779      DEJ11 Brazil C. intermedia This study 

Tulasnella amonilioides MZ156783      DEJ17 Brazil C. intermedia This study 

Tulasnella anaticula EU218891 UAMH 5428 Canada N/A Taylor et al. (2008) 

Tulasnella asymmetrica DQ388047 MAFF P305808 N/A Thelymitra epipactoides Suárez et al. (2006) 

Tulasnella asymmetrica DQ388048 MAFF P305809 N/A Thelymitra epipactoides Suárez et al. (2006) 

Tulasnella asymmetrica MH134553 N/A Australia Thelymitra epipactoides Reiter et al. (2018) 

Tulasnella asymmetrica KC152348 MAFF305808 Australia root of terrestrial orchid Cruz et al. (2014) 

Tulasnella asymmetrica KC152355 MAFF305809 Australia root of terrestrial orchid Cruz et al. (2014) 

Tulasnella asymmetrica MH134555 N/A Australia Thelymitra epipactoides Reiter et al. (2018) 

Tulasnella bifrons AY373290 N/A N/A N/A 
McCormick et al. 

(2004) 

Tulasnella calospora HQ833210 N/A N/A N/A unpublished 

Tulasnella calospora JQ713577 N/A China Eria coronaria unpublished 

Tulasnella calospora EF393621 N/A China Cymbidium floribundum unpublished 

Tulasnella calospora EU218888 N/A N/A N/A Taylor et al. (2008) 

Tulasnella calospora GU166421 N/A N/A N/A 
Nontachaiyapoom, 

Sasirat & Manoch 

(2010) 

Tulasnella cf. albida KC152378 K(M)118140 United Kingdom N/A Cruz et al. (2014) 

Tulasnella cf. pinicola KC152363 DC309 Germany N/A Cruz et al. (2014) 

Tulasnella cf. pinicola KC152357 DC309 Germany N/A Cruz et al. (2014) 

Tulasnella 

cumulopuntioides 
LC175322 N/A Japan Spiranthes sinensis Fujimori et al. (2019) 

Tulasnella 

cumulopuntioides 
LC175326 N/A Japan Spiranthes sinensis Fujimori et al. (2019) 

Tulasnella 

cumulopuntioides T** 
NR 160570 N/A Japan Spiranthes sinensis Fujimori et al. (2019) 

Tulasnella danica AY373297 N/A N/A N/A 
McCormick et al. 

(2004) 

Tulasnella deliquescens LC175331 N/A Japan Spiranthes sinensis Fujimori et al. (2019) 

Tulasnella deliquescens LC175332 N/A Japan Spiranthes sinensis Fujimori et al. (2019) 

Tulasnella deliquescens LC175333 N/A Japan Spiranthes sinensis Fujimori et al. (2019) 

Tulasnella dendritica LC175307 N/A Japan Spiranthes sinensis Fujimori et al. (2019) 

Tulasnella dendritica LC175311 N/A Japan Spiranthes sinensis Fujimori et al. (2019) 

Tulasnella dendritica T NR 160569 N/A Japan Spiranthes sinensis Fujimori et al. (2019) 

Tulasnella eichleriana AY373292 N/A N/A N/A 
McCormick et al. 

(2004) 

Tulasnella eichleriana KC152381 K(M)143600 United Kingdom N/A Cruz et al. (2014) 

Tulasnella ellipsoidea LC175313 N/A Japan Spiranthes sinensis Fujimori et al. (2019) 

Tulasnella ellipsoidea LC175318 N/A Japan Spiranthes sinensis Fujimori et al. (2019) 

Tulasnella epiphytica JF907598 AERO 3.2 Brazil N/A 
Almeida, Van den 

Berg & Góes-Neto 

(2014) 

Tulasnella irregularis EU218889 N/A N/A N/A Taylor et al. (2008) 

Tulasnella irregularis GU166413 N/A N/A N/A 
Nontachaiyapoom, 

Sasirat & Manoch 

(2010) 

Tulasnella irregularis T NR 160166 CBS 574.83 Australia N/A Vu et al. (2019) 

Tulasnella pruinosa AY373295 N/A N/A N/A 
McCormick et al. 

(2004) 

Tulasnella pruinosa DQ457642 DAOM 17641 N/A N/A Matheny et al. (2006) 

Tulasnella sp. MZ156775 DEJ01 Brazil C. intermedia This study 

Tulasnella sp. KC152440 FO24380a Germany N/A Cruz et al. (2014) 

Tulasnella sp. KC152383 FO24462a Germany N/A Cruz et al. (2014) 

Tulasnella sp. JN015192 BB0002 2 A N/A terrestrial orchid unpublished 
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Tulasnella sp. KP056306 N/A Norway Goodyera repens Liebel et al. (2015) 

Tulasnella sp. EF176486 Kings Park D46 Australia Disa bracteata 
Bonnardeaux et al. 

(2007) 

Tulasnella sp. JQ713574 N/A China Ascocentrum himalaicum unpublished 

Tulasnella sp. JQ713595 N/A China Dendrobium williamsonii unpublished 

Tulasnella sp. KC152374 FO35532 Germany N/A Cruz et al. (2014) 

Tulasnella sp. KC152370 FO35532 Germany N/A Cruz et al. (2014) 

Tulasnella sp. KP050605 HD-2014 China Dendrobium officinale unpublished 

Tulasnella sp. KC928352 mara51 Brazil Encyclia ghillanyi unpublished 

Tulasnella sp. KC928353 mara52 Brazil Encyclia ghillanyi unpublished 

Tulasnella sp. KC928360 tiro23 Brazil Encyclia ghillanyi unpublished 

Tulasnella sp. KC928365 tiro29 Brazil Encyclia ghillanyi unpublished 

Tulasnella sp. KC928366 mara13 Brazil Encyclia ghillanyi unpublished 

Tulasnella sp. KC928375 Serrnova12 Brazil Encyclia ghillanyi unpublished 

Tulasnella sp. KC928384 Serrap11 Brazil Encyclia ghillanyi unpublished 

Tulasnella sp. KC928385 Serrap12 Brazil Encyclia ghillanyi unpublished 

Tulasnella sp. KC928386 Serrap21 Brazil Encyclia ghillanyi unpublished 

Tulasnella sp. KC928387 Serrap22 Brazil Encyclia ghillanyi unpublished 

Tulasnella sp. KC928388 Serrap23 Brazil Encyclia ghillanyi unpublished 

Tulasnella sp. KC928389 Serrap31 Brazil Encyclia ghillanyi unpublished 

Tulasnella sp. AJ313438 N/A Singapore Dendrobium crumenatum Ma et al. (2003) 

Tulasnella sphagneti KY445922 N/A Australia Chiloglottis turfosa Linde et al. (2017) 

Tulasnella sphagneti KY095117 N/A Australia Chiloglottis aff. valida Linde et al. (2017) 

Tulasnella tomaculum KC152380 K(M)123675 United Kingdom N/A Cruz et al. (2014) 

Tulasnella tomaculum AY373296 N/A N/A N/A 
McCormick et al. 

(2004) 

Tulasnella violea KC152437 N/A Germany N/A Cruz et al. (2014) 

Tulasnella violea KC152415 N/A Ecuador N/A Cruz et al. (2014) 

Tulasnella violea KC152435 N/A Germany N/A Cruz et al. (2014) 

Tulasnella violea AY373293 N/A N/A N/A 
McCormick et al. 

(2004) 

Tulasnella violea DQ457643 FCUG 125 N/A N/A Matheny et al. (2006) 

Tulasnella violea AY373303 N/A N/A N/A 
McCormick et al. 

(2004) 

Tulasnellacea JX138572 16 MB-2012 Australia Microtis media Sommer et al. (2012) 

uncultured fungus AB506858 N/A Japan Cymbidium goeringii 
Ogura-Tsujita et al. 

(2012) 

uncultured Tulasnella HM802323 RW12 New Zealand Nematoceras trilobum Watkins (2012) 

uncultured Tulasnella FJ788862 N/A N/A Pterygodium catholicum Waterman et al. (2011) 

uncultured Tulasnella AY192451 N/A N/A 
rhizoid of Cryptothallus 

mirabilis 
Bidartondo et al. 

(2003) 

uncultured Tulasnella AY192452 N/A N/A 
thallus of Cryptothallus 

mirabilis 
Bidartondo et al. 

(2003) 

uncultured Tulasnella MH064467 N/A N/A Encyclia tampensis unpublished 

uncultured Tulasnellaceae KX387592 N/A China Cymbidium bicolor Downing (2016) 

uncultured Tulasnellaceae KC243936 N/A Czech Republic Gymnadenia conopsea Těšitelová et al. (2013) 

uncultured Tulasnellaceae KC243944 N/A Czech Republic Gymnadenia conopsea Těšitelová et al. (2013) 

uncultured Tulasnellaceae KC243957 N/A Czech Republic Gymnadenia conopsea Těšitelová et al. (2013) 

uncultured Tulasnellaceae KC243956 N/A Czech Republic Gymnadenia densiflora Těšitelová et al. (2013) 

uncultured Tulasnellaceae KC243950 N/A Czech Republic Gymnadenia conopsea Těšitelová et al. (2013) 

uncultured Tulasnellaceae KJ188451 N/A Czech Republic Neottia cordata Těšitelová et al. (2015) 

uncultured Tulasnellaceae KX587478 N/A China Dendrobium nobile unpublished 

uncultured Tulasnellaceae MH005882 N/A N/A epiphytic orchid Xing et al. (2019) 

Outgroup      

Ceratorhiza sp. JX456554 OB1.2G Brazil Oncidium barbaceniae Pereira et al. (2014) 

Ceratorhiza sp. JX456555 OB1.3H Brazil Oncidium barbaceniae Pereira et al. (2014) 

Ceratorhiza sp. HQ127084 N/A N/A N/A Pereira et al. (2011) 

Serendipita vermifera DQ983815 MAFF305837 Australia Caladenia dilatata 
Deshmukh et al. 

(2006) 

Serendipita vermifera AF202728 CBS 572.83 Australia N/A Taylor et al. (2003) 

Tulasnella eremophila KJ701188 MA-Fungi 88007 Morocco Euphorbia officinarum Crous et al. (2015) 

* N/A = Not available; **T = Type-specimen.

 

Seed collection and sowing 

Mature fruits of C. intermedia were 

collected in January 2018 from wild individuals of 

the same population from which the root samples 

were collected. The fruits were surface-sterilized, 

and seeds were accessed (Sasamori et al., 2015). 

About 200 mg of seeds were immersed in 50 mL 

of sterile distilled water under constant agitation 

and 1 mL of the suspension with the seeds was 

pipetted onto 9-cm Petri dishes containing 20 mL 

of OMA culture medium (oatmeal 4 g L-1, agar 10 

g L-1, distilled water, pH 5.6; Dixon, 1987; Pereira 

et al., 2015). The OMA medium of each Petri dish 

was inoculated with a 1 cm3 block of PDA medium 

containing fungal mycelium obtained from the 

borders of the colonies of the nine isolates. Four 

replicates were inoculated with each isolate. Four 

Petri dishes containing the same volume of 

modified MS medium (50% of the original 

formulation of macronutrient salts, 30 g L-1 of 
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sucrose, 4 g L-1 of Phytagel™, and pH 5.7; 

according to Sasamori et al. (2015) were used as a 

positive control. Four uninoculated dishes with 

OMA medium were used as a negative control. The 

dishes were sealed with PVC film and kept in a 

growth chamber at 26 ± 1°C, under a 12:12 

light:dark photoperiod, with 100 μmol m-2 s-1 

irradiance. 

Seed germination and plant development 

 Germination and plant development were 

observed weekly. Contaminated dishes were 

discarded, and the formation of structures that 

characterize the stages of orchid development, such 

as rhizoids, promeristem, leaves, and roots, was 

observed (Sharma et al., 2003). Thirteen weeks (91 

days) after sowing, the dishes were removed from 

incubation (Figure 1D). Seed germination and 

plant development were evaluated under a 

dissecting microscope. Seeds were considered 

viable when containing a distinct, rounded, and 

hyaline embryo (Sharma et al., 2003; Stewart & 

Kane, 2006; Guimarães et al., 2013). Viability 

percentage (Vp) was estimated by the formula: 

Vp=(Nvs x 100)/Nts where Nvs is the number of 

viable seeds, and Nts is the total number of seeds 

in a dish. Development was scored based on 

specific literature (Pereira et al., 2015; Durán-

López et al., 2019) with some modifications, 

according to differences that C. intermedia 

presents when compared to other species. Plant 

development stages were determined on a 0 to 5 

scale: stage 0 = no germination; stage 1 = testa 

rupture by enlargement of the embryo (i.e., 

germination); stage 2 = production of rhizoids; 

stage 3 = appearance of promeristem, multiple 

rhizoids; stage 4 = appearance of the first true leaf 

(for this study, from this stage on, the plants are 

defined as seedlings); and stage 5 = formation of a 

second true leaf and root system. Germination 

percentage (Gp) was calculated as Gp= (NGi x 

100)/Nvs where NGi is the number of germinated 

individuals (stage 1 through 5), and Nvs is the 

number of viable seeds. The growth index was 

estimated based on Otero, Bayman & Ackerman 

(2005), by the formula: GI = 

(N1+N2x2+N3x3+N4x4+N5x5)/(N0+N1+N2+N3

+N4+N5) where N0 is the number of seeds in stage 

0, N1 is the number of plants in stage 1, and so on. 

After seed germination and growth index 

evaluation, the presence of mycorrhizal fungi in C. 

intermedia tissues was confirmed by microscope 

examination (Olympus CX4) of hand-made 

longitudinal sections of the plants, which were 

stained with toluidine blue (Figure 1E). Stage 4 and 

5 individuals were selected and transferred to 

flasks (volume of 200 mL) containing 30 mL of the 

same medium used for germination for further 

growth (OMA and MS). MS medium was prepared 

with and without 10 g L-1 of active charcoal. After 

90 days, the seedlings were again transferred to 

flasks containing a fresh culture medium, and the 

MS medium was prepared to contain 100% of the 

macronutrient salts and 60 g L-1 of sucrose 

(Sasamori et al., 2015). Each flask received five 

seedlings and nine replicates were prepared, for a 

total of 45 individuals per fungal isolate in OMA 

and MS media.  

Seedlings were kept for six additional 

months, totaling one year in vitro under the same 

conditions of light intensity and temperature as in 

the initial stage of culturing. Thus, seedlings were 

removed from the flasks and washed under running 

tap water. Shoot height, length of the longest root, 

number of leaves, number of roots, and fresh mass 

were determined for each plant by using a 

pachymeter and a high-precision balance, 

according to methods described by Sasamori et al. 

(2015). Seedling survival was observed in each 

treatment and its percentage was estimated based 

on the total number of plants at the beginning of the 

experiment. The presence of mycorrhizal fungi was 

again confirmed by microscope examination of 

transversal sections of the roots, which were 

stained as mentioned above. 

 

Statistical analyses 

Data normality was tested with the 

Shapiro-Wilk test. Differences in germination 

percentage and growth index were tested for 

significance by ANOVA using SPSS v25 (SPSS 

Inc., Chicago, IL, USA). Comparisons between the 

morphometric variables of seedlings propagated 

with different fungi isolates and MS control were 

performed by the Kruskal-Wallis’s test followed 

by the Student-Newman-Keuls test with BioEstat 

software, version 5.3. The significance was set at 

5% for all analyses. 

 

Results 

Fungal isolation and culture 

Fungi growth and isolation with PDA were 

successful. Of the 140 root cross-sections 

inoculated, 69 (49.3%) presented hyphae 

development in the cortex. After the morphological 

analysis, we selected 14 isolates (10% of the initial 

number) for the previous evaluation of 

germination, which resulted in the selection of nine 

isolates (6.4% of the initial number) used in 

phylogenetic and plant propagation analyses. The 

isolates showed colonies with slow culture growth, 

cream to pale cream color, absent or scattered 

aerial hyphae, clotted to flat aspects, and 

submerged colony margins. However, we did not 
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observe the production of monilioid cells in the 

cultures. 

 

Fungal phylogenetic characterization 

We obtained the ITS sequences of the nine 

isolates efficient in vitro C. intermedia seed 

germination and development (Table 1). BLAST 

and Genbank-based searches resulted in a data set 

of 3494-specimens (data set 1), and the final DNA 

sequence alignment was 2053 bp long. The best-

scoring ML tree (data not shown) from data set 1 

was manually verified and specimens of supported 

clades and those closely related to the specimens 

studied here were selected. For data set 2, the final 

alignment was 1192 bp long with 105 specimens. 

In the Bayesian analysis, after 900,000 generations, 

the runs converged to stable likelihood values (-lnL 

= 16990.14, 16992.81). A 50% majority-rule 

consensus tree was computed, and Bayesian 

posterior probabilities (BPP) were generated for 

the resulting tree. 

The boot-stopping criteria of RAxML 

indicated that 504 pseudoreplications were 

sufficient to assess the internal branch support and 

the final ML optimization likelihood was -lnL = 

17455.31. The best-scoring ML tree and 50% 

majority-rule consensus tree did not show any 

major conflicts in tree topology and were mostly 

congruent, which allowed us to combine them. 

Only the topology from ML analysis is exhibited 

while both BS and BPP values are shown on the 

branches (Figure 2). Most of the specimens 

isolated in this study were recovered conspecific to 

T. amonilioides (P.R.M. Almeida, N. Van den Berg 

& Góes-Neto) S. Fujimori, J.P. Abe, I. Okane & Y. 

Yamaoka (Fujimori et al., 2019), except for DEJ01, 

which was retrieved as sister to T. irregularis. Both 

T. amonilioides and T. irregularis were recovered 

as closely related in a fully supported clade (BS 

ML = 100, BPP = 1), in which unnamed specimens 

from China, Australia, Czech Republic, and 

Norway were also retrieved (Figure 2).  

Seed germination and plant development 

Seeds of Cattleya intermedia germinated 

in OMA media, with and without inoculation of the 

mycorrhizal fungi, and in the asymbiotic MS 

medium. One week after sowing, seeds began to 

swell, and then germination started in the second 

week with the rupture of the testa by the 

enlargement of the embryo. Visual inspection 

revealed that 31.8% of the non-germinated seeds 

were devoid of embryos and thus considered 

inviable (Figure 3A-D). In those treatments for 

which plants grew faster, with inoculation of 

DEJ03 and DEJ07 isolates, rhizoids appeared in 

the third week (Figure 3E). In the fourth week, a 

central depression was formed at the top of the 

protocorm, which showed a considerable size 

increment, making it larger than the seed coat, with 

multiple rhizoids (Figure 3F). During the fifth and 

sixth weeks, protocorms maintained their growth 

and developed the promeristem (Figure 3G). The 

first leaf appeared in the seventh week, and a few 

days later, many seedlings presented well-

developed leaves (stage 4) (Figure 3G-I). These 

individuals remained in this stage for 

approximately two weeks and then formed true 

roots (stage 5, ninth week). The passage from stage 

4 to stage 5 happened at different times of 

development according to the isolates used for 

plant infection. The appearance of roots took 13 

weeks for plants growing in MS medium when we 

chose to analyze germination percentages and plant 

development. The last treatment that reached this 

stage was with the Tulasnella sp. DEJ01 

inoculation (Table 2). 
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Figure 2. Phylogram of the relationships among Tulasnella isolates inferred by Maximum Likelihood analysis 

based on ITS sequences. Support values on branches are as follows: BS/BPP = 70/0.95 moderately supported, 

and 99/0.99 or higher highly/fully supported. Sequences provided in this study are in bold. Font: Endres Júnior 

et al. (2023). 
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Figure 3. A. Cattleya intermedia seed coat (testa) lacking embryo; B. seed with the ovoid hyaline embryo 

(viable seed); C. stage 0, the swollen embryo inside the coat; D. stage 1, testa ruptured by the enlarged embryo 

(i.e., germination); E. stage 2, protocorm growing outside the testa with rhizoid (r); F. appearance of a central 

depression (cd) on the top of the protocorm; G. stage 3, protocorm with promeristem (p) and stage 4, the 

appearance of the first true leaf (fl); H. seedling with first leaf elongated, second leaf (sl); I. stage 5, true root 

formation (rt). Font: Endres Júnior et al. (2023). 

 

Seed germination and growth index of C. 

intermedia (13 weeks after sowing) showed 

significant differences among treatments (F=9.050, 

p<0.001; F=16.597, p<0.001). The germination 
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percentages with the use of most T. amonilioides 

isolates did not differ among themselves or 

concerning the MS medium (except DEJ03). These 

showed higher values for the seeds germinated 

with the DEJ01 isolate and in OMA without 

inoculation (Table 2). The seeds were capable of 

germinating in the OMA medium without 

inoculation and the protocorms remained in stage 

1, with the lowest growth index. The plants with 

the highest germination percentages were also 

those with the highest growth index (Table 2). The 

treatments in which plants reached the highest 

percentages of individuals in stage 5 (seedlings 

with true leaves and roots) were DEJ03 (44.3%) 

and DEJ17 (45.6 %). 

 

Table 2. Seed germination and development of Cattleya intermedia plants 91 days after sowing with 

inoculation of nine Tulasnella isolates, oatmeal agar (OMA) without symbiotic fungi, and MS media as 

control. Font: Endres Júnior et al. (2023). 

Treatment Nseeds Vseeds 
Germination 

(%) 

Stage of development (%) Growth 

index 

Stage 5 

week 1 2 3 4 5 

DEJ01 517 378 25.0 ± 7.2 d 23.7 26.0 11.5 38.9 0.0 0.9 ± 0.4 cd 15 

DEJ03 407 321 26.6 ± 2.8 cd 4.1 1.8 3.8 46.1 44.3 1.4 ± 0.1 bc 9 

DEJ07 464 323 42.2 ± 4.3 abc 10.0 14.0 7.5 49.7 18.8 1.8 ± 0.2 ab 9 

DEJ10 676 474 49.0 ± 2.1 a 5.0 11.9 7.5 64.0 11.7 2.1 ± 0.0 a 11 

DEJ11 644 439 51.8 ± 2.6 a 12.3 15.4 10.6 50.2 11.5 2.0 ± 0.4 ab 11 

DEJ13 733 518 50.2 ± 4.0 a 2.4 0.7 4.3 77.3 15.4 2.4 ± 0.1 a 11 

DEJ15 644 442 41.3 ± 4.1 abc 18.4 2.2 2.2 70.6 6.7 1.8 ± 0.2 ab 10 

DEJ16 557 385 45.7 ± 2.2 a 26.4 1.7 3.8 61.6 6.4 1.8 ± 0.3 ab 11 

DEJ17 427 243 43.5 ± 11.1 ab 4.1 1.7 3.9 44.8 45.6 2.4 ± 0.5 a 10 

OMA 750 474 27.4 ± 7.6 d 100.0 0.0 0.0 0.0 0.0 0.4 ± 0.1 d - 

MS 592 372 42.0 ± 5.9 abc 12.2 4.0 17.4 63.9 2.6 1.8 ± 0.3 ab 13 

Number of seeds per treatment, Nseeds; number of viable seeds per treatment, Vseeds. Average ± standard 

deviation followed by the same letter in the column is not different according to the Tukey test, at a significance 

of 0.05. 

 

Seedlings inoculated with DEJ01 had a 

survival rate of less than 50% (one year in vitro). 

The highest values for shoot height (SH) and some 

roots were for seedlings in MS medium with 

activated charcoal (Figure 4A, D), when compared 

to most of the symbiotic cultures. The shoot height 

(SH) of seedlings grown in OMA inoculated with 

DEJ03 isolate was equal to that of those grown in 

MS. The number of leaves (NL) was higher in the 

symbiotic culture than in both asymbiotic 

treatments (Figure 4B). The length of the longest 

root (LLR) of the seedlings inoculated with the 

isolates DEJ13 and DEJ17 (T. amonilioides) was 

greater than in plants inoculated with DEJ01 and 

those propagated in MS medium. The plants of the 

other treatments were intermediate (Figure 4C). 

Fresh mass (FM) of seedlings grown in OMA 

inoculated with all fungi isolates were equal to the 

FM of plants obtained in MS medium, and only MS 

without activated charcoal showed a significantly 

lower value (Figure 4E). The survival of seedlings 

propagated in symbiotic cultivation using T. 

amonilioides ranged from 93.3 to 100% and the 

survival percentages of plants propagated in MS 

medium with and without activated charcoal were 

100% (Figure 4F). The maintenance of symbiotic 

relationships was confirmed by the observation, at 

the end of in vitro culture, of fungal pelotons in root 

cross-sections of seedlings grown in all inoculated 

OMA media. 
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Figure 4. Box plot of (A) shoot height (cm); (B) number of leaves; (C) length of longest root (cm); (D) 

number of roots; (E) fresh mass (mg); (F) survival (%) of Cattleya intermedia seedlings propagated in vitro 

with Tulasnella isolates or with MS medium without (-) and with (+) activated charcoal. Font: Endres Júnior 

et al. (2023).  

 

Discussion 

Mycorrhizal fungi were successfully 

isolated from the roots of mature individuals of C. 

intermedia in nature and the isolates that were 

efficient in vitro seed germination and plant 

development showed characteristics usually 

assigned to the anamorphic genus Epulorhiza 

(Moore, 1987; Currah, Zettler & Mcinnis, 1997; 

Pereira et al., 2003; Nogueira et al., 2005). Studies 

demonstrated that Epulorhiza is one of the most 

important genera of fungi related to Brazilian 

orchids and is represented by E. epiphytica, E. 

repens, and T. amonilioides (current name) 

(Almeida, Van den Berg & Góes-Neto, 2014; 

Pereira et al., 2003; Pereira et al., 2011, 2015). The 

production of monilioid cells was not observed in 

any of the isolates growing in CMA medium, 

which is related to one of the main characteristics 

of T. amoniloides: the absence of these structures 

in pure culture (Almeida, Van den Berg & Góes-

Neto, 2014).  

Tulasnella amonilioides was initially 

isolated from epiphytic and rupicolous specimens 

of Encyclia dichroma (Lindl.) Schltr., E. ghillanyi 

Pabst, and Brassavola tuberculata Hook., orchids 

native of the Northeast Region of Brazil (Almeida, 

Van den Berg & Góes-Neto, 2014). At the time, the 

authors described it as E. amonilioides, based on 

morphological characters in pure culture and also 

by phylogenetic analysis. Tulasnella belongs to 

Tulasnellales and is the teleomorph of Epulorhiza. 
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The relationship between both described fungi taxa 

may be confirmed by molecular phylogenetic 

analyses, because these genera, initially described 

separately by morphological characters, constitute 

a monophyletic group with a high degree of genetic 

similarity (Kristiansen, Rasmussen & Rasmussen, 

2001). Based on this, and since the International 

Code of Nomenclature (ICN) recommendations are 

used in these cases (McNeill et al., 2012), as was 

done in important studies concerning 

recommendations regarding competing genera of 

Ascomycota, the name Tulasnella was used in the 

present study (Stadler et al., 2013; Rossman et al., 

2016), as it had already been proposed by Fujimori 

et al. (2019).  
According to Almeida, Van den Berg & 

Góes-Neto (2014), the sequences of T. 

amonilioides were found to be identical to each 

other, and the authors verified a similarity of 99-

100% for ITS rDNA and mtSLU sequences 

between T. amonilioides and T. irregularis 

(Tulasnellaceae, Cantharellales), suggesting that 

the hither to described E. amonilioides would be 

the anamorph of T. irregularis. Tullasnella 

irregularis was initially isolated and described as 

teleomorph from the roots of Dendrobium 

dicuphum F. Muell. (Warcup & Talbot, 1980). In 

our analyses, the T. amonilioides specimens, 

including those from Almeida, Van den Berg & 

Góes-Neto (2014), were retrieved in clades 

separate from T. irregularis, which was 

represented by the recently provided ex-type ITS 

sequence NR_160166 (Vu et al., 2019). 

Furthermore, DEJ01 was recovered as sister to T. 

irregularis and not even the present study could 

provide sufficient data to assign DEJ01 to the 

mentioned species. DEJ01 performed differently 

from T. amonilioides isolates in propagation tests, 

which reinforces their dissimilarity. 

The nine isolates of mycorrhizal fungi 

obtained in the present study were capable of 

inducing seed germination of C. intermedia (testa 

rupture). Although the orchid seeds germinated in 

oatmeal agar medium even without fungal 

inoculation, the germination percentage was very 

low, as observed for Epipactis flava Seidenf. 

(rheophytic) (Suwannarach et al., 2021). Some 

studies have described germination failure without 

fungi inoculation (Guimarães et al., 2013; Pereira 

et al., 2015). For some orchid species the seed 

embryo may intumesce and increase in size, 

causing the testa rupture (Peterson, Uetake & 

Zelmer, 1998; Pereira et al., 2011; Duran-López et 

al., 2019), or even the production of rhizoids 

(Stewart & Kane, 2007; Sathiyadash et al., 2014; 

Duran-López et al., 2019) in the absence of 

mycorrhizal fungi on OMA medium. This 

development is related to water imbibition and, 

although the orchids possess hydrophobic testa 

(Stewart & Kane, 2006), the mycorrhizal fungal 

infection was not necessary for water absorption 

and the start of C. intermedia germination.  

Tulasnella isolates are efficient in vitro 

orchid seed germination and plant development 

(Zettler, Poulter & McDonald, 2007; Sathiyadash 

et al., 2014; Pereira et al., 2015; Zettler & Dvorak, 

2021). The germination percentages for most T. 

amonilioides isolates were equal to those with MS 

medium, corroborating the results of Guimarães et 

al. (2013), who compared the germination of 

Cyrtopodium glutiniferum Raddi (rupicolous) with 

asymbiotic germination using MS and Knudson C 

media. Jiang et al. (2015) observed similar 

germination percentages when Anoectochilus 

formosanus Hayata (terrestrial) seeds were grown 

in OMA medium inoculated with a group of 

mycorrhizal fungi, in an MS medium with half the 

concentration of nutrients and with a modified 

Hyponex medium. Orchid germination depends on 

the species and the origin and quality of the seeds, 

as well as the genera, species, and isolates of 

fungus (Otero, Bayman & Ackerman, 2005; 

Pereira et al., 2011).  

Germination percentage of orchids may be 

highly variable, even from total failure (0%) to 

almost complete success (100%) (Otero, Bayman 

& Ackerman, 2005; Porras-Alfarro & Bayman, 

2007; Zettler, Burkhead & Marshall, 1999; Zettler 

et al., 2013; Duran-López et al., 2019). Porras-

Alfarro & Bayman (2007) studied the germination 

of the orchids of the genus Vanilla Mill. 

(hemiepiphytic) and found that seeds germinated 

with Ceratobasidium inoculation in a cellulose 

medium as a carbon source but failed to germinate 

when the medium was inoculated with Tulasnella 

and modified Knudson media. Tolumnia variegata 

(Sw.) Braem (epiphytic – Oncidiinae, 

Epidendroidae) in symbiotic cultivation had higher 

germination percentages and faster growth than 

plants of the same species propagated using 

commercial Knudson C medium (Otero & 

Bayman, 2009). In the same study, however, the 

authors observed equal germination rates when for 

symbiotic and asymbiotic culture of Epidendrum 

ramosum Jacq. (epiphytic and terrestrial - 

Laeliinae, Epidendroideae), Lepanthes rupestris 

Stimson (rupicolous – Pleurothallidinae, 

Epidendroideae) and Psychilis monensis Sauleda 

(epiphytic - Laeliinae, Epidendroideae). These 

species germinated with fungi isolated from T. 

variegata, which grows on different substrates and 

belongs to a different subtribe than the above 

species. Tulasnella amonilioides is also able to 

germinate seeds of Cattleya sincorana (Schltr.) 
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Van den Berg, which, as C. intermedia (present 

study), E. dichroma, E. ghillanyi and B. 

tuberculata (species from which this mycobiont 

were originally isolated; Almeida, Van den Berg & 

Góes-Neto, 2014), belongs to subtribe Laeliinae, 

subfamily Epidendroideae.  

The findings of the present study 

corroborate those of Pereira et al. (2009, 2011) in 

that intra-specific variation among fungal isolates 

from the same plant population may exist and that 

this may interfere with mycorrhizal associations. 

Germination velocity is also highly variable, but, in 

general, symbiotic culture provides faster seed 

germination and plant development compared to 

asymbiotic culture for species of terrestrial habit 

(Guimarães et al., 2013; Jiang et al., 2015; Pereira 

et al., 2015). For C. intermedia, inoculation with 

the T. amonilioides DEJ03 isolate was seen to 

induce faster seed germination and plant 

development when compared to MS culture. One 

of the highest percentages of individuals in stage 5 

at the 13th week (44.3%) was recorded with this 

isolate, while asymbiotic MS medium plants took 

four additional weeks to reach this stage, with only 

2.6% of individuals in stage 5. The growth index is 

higher according to the speed at which plants pass 

through the stages of development, as long as the 

germination rates are the same. Considering these 

factors, the germination percentage and growth 

index for DEJ03 were not as good as that of the 

other isolates. Tulasnella amonilioides (except 

DEJ03) isolates had proportionately equal growth 

indexes when comparing them among themselves 

and to the MS treatment, as found by 

Nontachaiyapoom, Sasirat & Manoch (2011) for 

Dendrobium draconis Rchb. f. The authors 

discussed that the species’ metabolism may be well 

adapted to responding to an exogenous and simple 

source of carbon, such as sucrose. This may explain 

the good development of C. intermedia in 

asymbiotic medium supplemented with sucrose.  

Most of the studies that propagate orchids 

by symbiotic technique only focus on the initial 

stages of germination and plant development, in 

which the most advanced stage of a plant’s 

ontogeny is seedling with the presence of one or 

two leaves and with or without true roots. In the 

present study, however, the continuity of plant 

propagation processes allowed us to observe the 

later stages of development of C. intermedia and 

the differences between seedling morphometric 

variables between symbiotic and asymbiotic 

culture. Seedlings propagated in OMA with 

inoculation of T. amonilioides isolates showed high 

survival rates (90–100%), and the fresh mass of 

these individuals did not differ from plants 

propagated with MS medium. No visual signs of 

nutritional deficiency were observed in the 

seedlings of most cultures, although they were 

transferred to OMA medium not supplemented 

with mineral salts. Zettler & Dvorak (2021) 

reported that Spiranthes cernua (L.) Rich. 

(terrestrial) showed chlorosis in the apical leaves, 

indicating nitrogen deficiency when the seedlings 

were grown in OMA. Cattleya intermedia 

seedlings were grown with inoculation of 

Tulasnella sp. DEJ01 had the lowest survival rate 

(46.7%). These plants died after suffering fast and 

intense chlorosis and presenting tissue necrosis, 

which was probably caused by the action of this 

fungal isolate on C. intermedia seedlings under in 

vitro conditions. Despite what was observed, 

Tulasnella is naturally composed of saprophytic 

species, which usually do not cause diseases in 

propagated plants, unlike Ceratorhiza and 

Rhizoctonia (see discussion in Pereira et al., 2009). 

Except for seedlings grown with DEJ03, 

inoculated plants had lower shoot height, and all 

symbiotic treatments had a lower number of roots 

compared to asymbiotic propagation. Cattleya 

intermedia is reported to have greater growth of the 

aerial part when seedlings are propagated with a 

complete concentration of MS medium added at 60 

g L-1, while the number of leaves is less affected by 

the nutrient concentration of the medium (Sasamori 

et al., 2015). Lower shoot growth and root 

production in inoculated OMA may occur because 

this is a nutrient-poor medium compared to MS 

(Guimarães et al., 2013). Orchid seedlings grown 

in MS medium without the addition of activated 

charcoal had the lowest development for all 

morphometric variables in comparison to 

individuals grown in the same medium with this 

additive. Activated charcoal adsorbs phenolic 

substances, which are released by the plants into 

the media, and may act as a stimulant for rhizoid 

and root production. It also reduces or even 

prevents seedling browning and may improve the 

vegetative aspect of the plants (Fridborg et al., 

1978; Pan & Van Staden, 1998; Van Waes, 1987; 

George & Ravishankar, 1997; Paul, Kumaria & 

Tandon, 2012; Kim et al., 2019). The higher 

number of leaves obtained in symbiotic culture 

may be explained by the production of new shoots 

by C. intermedia individuals since these plants 

were in a more advanced stage of development than 

plants growing in MS medium. The longer roots 

observed in seedlings propagated symbiotically 

allow for greater biomass of cortical parenchyma 

for fungal infection. 

All the root segments of the wild orchid 

had intact and degraded pelotons inside cortical 

cells. The presence of degraded pelotons suggests 

that even adult C. intermedia plants support their 
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development with nutrients of mycotrophic origin 

(Cameron, Leake & Read, 2006; Cameron et al., 

2007, 2008). The wild C. intermedia population 

assessed here showed conditions for maintaining 

reproduction since the plants naturally produced 

fruits, indicating pollinator occurrence, and their 

mycobionts were active in seed germination, which 

is suggested as limiting the long-term recruitment 

of orchids (Sharma et al., 2003; Rasmussen et al., 

2015; Reiter et al., 2016).  

 

Conclusion 

We have successfully isolated and identified 

mycorrhizal fungi from plant roots of a wild C. 

intermedia population. The phylogenetic analysis 

revealed that eight of the nine fungal isolates that 

were efficient in C. intermedia propagation were 

identified as Tulasnella amonilioides. Propagation 

tests in the present study indicate that T. 

amonilioides, besides being probably used by C. 

intermedia for nutrition in adulthood, is capable of 

inducing seed germination and plant development 

of host orchid propagules, enhancing the in vitro 

propagation. Thus, C. intermedia plants propagated 

symbiotically with T. amonilioides can be used in 

translocation initiatives, acting as inoculum 

sources for the establishment of new individuals, 

especially in environments that lack adequate 

mycorrhizal fungi for plant germination and 

growth.  
 

Acknowledgments 

This study was supported by the 

Coordenação de Aperfeiçoamento de Pessoal de 

Nível Superior – CAPES (Finance Code 001) and 

the Conselho Nacional de Desenvolvimento 

Científico e Tecnológico - CNPq (grant number 

301874/2015-8). We thank the Universidade 

Feevale and the Universidade Federal do Rio 

Grande do Sul for providing infrastructure and 

financial support. We also thank Dr. Tatiana T. S. 

Chies for supporting molecular work in the 

Molecular Systematic Laboratory. The second 

author thanks IDEA WILD for donating 

equipment.  

 

References 

Aggarwal, S.; Nirmala, C.; Beri, S.; Rastogi, S.; 

Adholeya, A. 2012. In vitro symbiotic seed 

germination and molecular characterization 

of associated endophytic fungi in a 

commercially important and endangered 

indian orchid Vanda coerulea Griff. Ex Lindl. 

European Journal of Environmental Sciences, 

2, 33-42. 

https://doi.org/10.14712/23361964.2015.36 

Aggarwal, S.; Zettler, L. W. 2010. Reintroduction 

of an endangered terrestrial orchid, 

Dactylorhiza hatagirea (D. Don) Soo, 

assisted by symbiotic seed germination: first 

report from the Indian subcontinent. Nature 

and Science, 8, 139-145. 

Almeida, P. R. M.; Van den Berg, C.; Góes-Neto, 

A. 2014. Epulorhiza amonilioides sp. nov.: a 

new anamorphic species of orchid mycorrhiza 

from Brazil. Neodiversity, 7, 1-10. 

http://dx.doi.org/10.13102/neod.71.1 

Alomía, Y. A.; Mosquera-Espinosa, A. T.; 

Flanagan, N. S.; Otero, J. T. 2017. Seed 

viability and symbiotic seed germination in 

Vanilla spp. (Orchidaceae). Research Journal 

of Seed Science, 10, 43-52. 

https://doi.org/10.3923/rjss.2017.43.52 

Arditti, J. 1967. Factors affecting the germination 

of orchid seeds. The Botanical Review, 33, 1-

97. 

Arditti, J. 1992. Fundamentals of orchid biology. 

John Wiley & Sons, New York. 704p. 

Bidartondo, M. I.; Bruns, T. D.; Weiß, M.; Sérgio, 

C.; Read, D. J. 2003. Specialized cheating of 

the ectomycorrhizal symbiosis by an 

epiparasitic liverwort. Proceedings of the 

Royal Society B: Biological Sciences, 270, 

835-842. 

https://doi.org/10.1098/rspb.2002.2299  

Bonnardeaux, Y.; Brundrett, M.; Batty, A.; Dixon, 

K.; Koch, J.; Sivasithamparam, K. 2007. 

Diversity of mycorrhizal fungi of terrestrial 

orchids: compatibility webs, brief encounters, 

lasting relationships and alien invasions. 

Mycology Research, 111, 51-61. 

https://doi.org/10.1016/j.mycres.2006.11.006 

Brundrett, M. C.; Scade, A.; Batty, A. L.; Dixon, 

K. W.; Sivasithamparam, K. 2003. 

Development of in situ and ex situ seed 

baiting techniques to detect mycorrhizal fungi 

from terrestrial orchid habitats. Mycological 

Research, 107, 1210-1220. 

https://doi.org/10.1017/S0953756203008463 

Cameron, D. D.; Johnson, I.; Leake, J. R.; Read, D. 

J. 2007. Mycorrhizal acquisition of inorganic 

phosphorus by the green-leaved terrestrial 

orchid Goodyera repens. Annals of Botany, 

99, 831-834. 

https://doi.org/10.1093/aob/mcm018 

Cameron, D. D.; Johnson, I.; Leake, J. R.; Read, D. 

J. 2008. Giving and receiving: measuring the 

carbon cost of mycorrhizas in the green 

orchid, Goodyera repens. New Phytologyst, 

180, 176-184. https://doi.org/10.1111/j.1469-

8137.2008.02533.x 

Cameron, D. D.; Leake, J. R.; Read, D. J. 2006. 

Mutualistic mycorrhiza in orchids: evidence 



Journal of Environmental Analysis and Progress V. 08 N. 01 (2023) 009-029 

Endres Júnior, D.; Alves-Silva, G.; Sasamori, M.H.; Silveira, R.M.B.; Droste, A.              0024 

from plant-fungus carbon and nitrogen 

transfers in the green-leaved terrestrial orchid 

Goodyera repens. New Phytologist, 171, 405-

416. https://doi.org/10.1111/j.1469-

8137.2006.01767.x 

Cevallos, S.; Sánchez-Rodríguez, A.; Decock, C.; 

Declerck, S.; Suárez, J. P. 2017. Are there 

keystone mycorrhizal fungi associated to 

tropical epiphytic orchids? Mycorrhiza, 27, 

225-232. https://doi.org/10.1007/s00572-

016-0746-8 

Crous, P. W. et al. 2015. Fungal Planet description 

sheets:320–370. Persoonia Molecular 

Phylogeny and Evolution of Fungi, 34, 167-

266. 

https://doi.org/10.3767/003158515X688433 

Cruz, D.; Suarez, J. P.; Kottke, I.; Piepenbring, M. 

2014. Cryptic species revealed by molecular 

phylogenetic analysis of sequences obtained 

from basidiomata of Tulasnella. Mycologia, 

106, 708-722. https://doi.org/10.3852/12-386 

Currah, R. S.; Zettler, L. W.; Mcinnis, T. M. 1997. 

Epulorhiza inquilina sp. nov. from 

Platanthera (Orchidaceae) and a key to 

Epulorhiza species. Mycotaxon, 61, 338-342. 

Dentinger, B. T. M.; Margaritescu, S.; Moncalvo J-

M. M. 2010. Rapid and reliable high-

throughput methods of DNA extraction for 

use in barcoding and molecular systematics of 

mushrooms. Molecular Ecology Resources, 

10, 628-633. https://doi.org/10.1111/j.1755-

0998.2009.02825.x 

Deshmukh, S.; Hückelhoven, R.; Schäfer, P.; 

Imani, J.; Sharma, M.; Weiss, M.; Waller, F.; 

Kogel, K.-H. 2006. The root endophytic 

fungus Pirifomospora indica requires host 

cell for proliferation during mutualistic 

symbiosis with barley. Proceedings of the 

National Academy of Sciences of the United 

States of America, 103, 18450-18457. 

https://doi.org/10.1073/pnas.0605697103 

Dixon, K. 1987. Raising terrestrial orchids from 

seed. In: Harris, W. K. [ed.]. Modern orchid 

growing for pleasure and profit, Orchid Club 

of South Australia Inc., Adelaide. pp. 47-100, 

Downing, J. L. 2016. Consequences of 

anthropogenic and global change on orchids: 

an emphasis on biotic interactions. Doctoral 

thesis, Florida International University. 

Miami, United States of America. 188p. 

Durán-López, M. E.; Caroca-Cáceres, R.; Jahreis, 

K.; Narváez-Vera, M.; Ansaloni, R.; Cazar, 

M. E. 2019. The micorryzal fungi 

Ceratobasidium sp. and Sebacina vermifera 

promote seed germination and seedling 

development of the terrestrial orchid 

Epidendrum secundum Jacq. South African 

Journal of Botany, 125, 54-61. 

https://doi.org/10.1016/j.sajb.2019.06.029 

Endres Júnior, D.; Alves-Silva, G.; Sasamori, M. 

H.; Silveira, R. M. B.; Droste, A. 2022. "Data 

for: Successful Tulasnella amonilioides 

isolation from wild Cattleya intermedia and 

effectiveness of the mycobiont on in vitro 

propagation of this threatened Orchidaceae", 

https://doi.org/10.7910/DVN/CESMZX, 

Harvard Dataverse, V1 

Endres Júnior, D.; Sasamori, M. H.; Silveira, T.; 

Schmitt, J. L.; Droste A. 2015. Reintrodução 

de Cattleya intermedia Graham 

(Orchidaceae) em borda e interior de um 

fragmento de Floresta Estacional 

Semidecidual no sul do Brasil. Revista 

Brasileira de Biociências, 13, 33-40.  

Fowlie, J. A. 1977. The Brazilian bifoliate 

Cattleyas and their color varieties: their 

speciation, distribution, literature, and 

cultivation: a monographic revision. Day 

Printing Corporation, California. 

Fridborg, G.; Pedersen, M.; Landstorm, L. E.; 

Eriksson, T. 1978. The effect of activated 

charcoal on tissue culture; absorption of 

metabolites inhibiting morphogenesis. 

Physiologia Plantarum, 43, 104-106. 

Fujimori, S.; Abe, J. P.; Okane, I.; Yamaoka, Y. 

2019. Three new species in the genus 

Tulasnella isolated from orchid mycorrhiza 

of Spiranthes sinensis var. amoena 

(Orchidaceae). Mycoscience, 60, 71-81. 

https://doi.org/10.1016/j.myc.2018.09.003 

George, P. S.; Ravishankar, G. A. 1997. In vitro 

multiplication of Vanilla planifolia using 

axillary bud explants. Plant Cell Reports, 16, 

490-494. 

Góes-Neto, A.; Loguercio-Leite, C.; Guerrero, R. 

T. 2005. DNA extraction from frozen field- 

collected and dehydrated herbarium fungal 

basidiomata: performance of SDS and 

CTAB-based methods. Biotemas, 18, 19-32. 

Gónzalez, D.; Rodriguez-Carres, M.; Boekhout, T.; 

Stalpers, J.; Kuramae, E. E.; Nakatani, A. K.; 

Vilgalys, R.; Cubeta, M. 2016. Phylogenetic 

relationships of Rhizoctonia fungi within the 

Cantharellales. Fungal Biology, 120, 603-

619. 

https://doi.org/10.1016/j.funbio.2016.01.012 

Guimarães, F. A. R.; Pereira, M. C.; Felício, C. S.; 

Torres, D. P.; Oliveira, S. F.; Veloso, T. G. 

R.; Kasuya, M. C. M. 2013. Symbiotic 

propagation of seedlings of Cyrtopodium 

glutiniferum Raddi (Orchidaceae). Acta 

Botanica Brasilica, 27, 590-596. 

https://doi.org/10.1590/S0102-

33062013000300016 



Journal of Environmental Analysis and Progress V. 08 N. 01 (2023) 009-029 

Endres Júnior, D.; Alves-Silva, G.; Sasamori, M.H.; Silveira, R.M.B.; Droste, A.              0025 

Herrera, H.; Valadares, R.; Contreras, D.; Bashan, 

Y.; Arriagada, C. 2017. Mycorrhizal 

compatibility and symbiotic seed germination 

of orchids from the Coastal Range and Andes 

in south central Chile. Mycorrhiza, 27, 175-

188. https://doi.org/10.1007/s00572-016-

0733-0 

IBGE-Instituto Brasileiro de Geografia e 

Estatística, MMA – Ministério do Meio 

Ambiente. 2004. Biomas do Rio Grande do 

Sul. Available at: 

http://www.atlassocioeconomico.rs.gov.br/bi

omas. Access at: 13 May 2022. 

Jiang, J. H.; Lee, Y. I.; Cubeta, M. A.; Chen, L. C. 

2015. Characterization and colonization of 

endomycorrhizal Rhizoctonia fungi in the 

medicinal herb Anoectochilus formosanus 

(Orchidaceae). Mycorrhiza, 25, 431-445. 

https://doi.org/10.1007/s00572-014-0616-1 

Katoh, K.; Standley, D. M. 2013. MAFFT Multiple 

Sequence Alignment Software Version 7: 

Improvements in Performance and Usability. 

Molecular Biology and Evolution, 30, 772-

780. https://doi.org/10.1093/molbev/mst010 

Kearse, M.; Moir, R.; Wilson, A.; Stones-Havas, 

S.; Cheung, M.; Sturrock, S.; Buxtin, S.; 

Cooper, A.; Markowitz, S.; Duran, C.; 

Thierer, T.; Ashton, B.; Meintjes, P.; 

Drummond, A. 2012. Geneious Basic: An 

integrated and extendable desktop software 

platform for the organization and analysis of 

sequence data. Bioinformatics, 28, 1647-

1649. 

https://doi.org/10.1093/bioinformatics/bts19

9 

Kim, D. H.; Kang, K. W.; Enkhtaivan, G.; Jan, U.; 

Sivanesan, I. 2019. Impact of activated 

charcoal, culture medium strength and 

thidiazuron on non-symbiotic in vitro seed 

germination of Pecteilis radiata (Thunb.) 

Raf. South African Journal of Botany, 124, 

144-150. 

https://doi.org/10.1016/j.sajb.2019.04.015 

Knudson, L. 1921. La germinación no simbiótica 

de las semillas de orquídeas. Boletín de la 

Sociedad Española de Historia Natural, 21, 

250-260. 

Kristiansen, K. A.; Rasmussen, F. N.; Rasmussen, 

H. N. 2001. Seedlings of Neuwiedia 

(Orchidaceae subfamily Apostasioideae) 

have typical orchidaceous mycotrophic 

protocorms. American Journal of Botany, 88, 

956-959. 

Kumar, S.; Stecher, G.; Tamura, K. 2016. MEGA7: 

Molecular Evolutionary Genetics Analysis 

Version 7.0 for Bigger Datasets. Molecular 

Biology and Evolution, 33, 1870-1874. 

https://doi.org/10.1093/molbev/msw054 

Liebel, H. T.; Bidartondo, M. I.; Gebauer, G. 2015. 

Are carbon and nitrogen exchange between 

fungi and the orchid Goodyera repens 

affected by irradiance? Annals of Botany, 

115, 251–261. 

https://doi.org/10.1093/aob/mcu240 

Linde, C. C.; May, T. W.; Phillips, R. D.; Ruibal, 

M.; Smith, L. M.; Peakall, R. 2017. New 

species of Tulasnella associated with 

terrestrial orchids in Australia. IMA Fungus, 

8, 27-47. 

https://doi.org/10.5598/imafungus.2017.08.0

1.03 

Ma, M.; Tan, T. K.; Wong, S. M. 2003. 

Identification and molecular phylogeny of 

Epulorhiza isolates from tropical orchids. 

Mycology Research, 107, 1041–1049. 

https://doi.org/10.1017/S0953756203008281 

Machado Neto, N. B.; Vieira, L. G. E. 2011. 

Assessment of genetic diversity in Cattleya 

intermedia Lindl. (Orchidaceae). Brazilian 

Archives of Biology and Technology, 54, 

939-946. https://doi.org/10.1590/S1516-

89132011000500011 

Matheny, P. B.; Curtis, J. M.; Hofstetter, V.; Aime, 

M. C.; Moncalvo, J.-M.; Ge, Z.-W.; Yang, Z.-

L.; Slot, J. C.; Ammirati, J. F.; Baroni, T. J.; 

Bougher, N. L.; Hughes, K. W.; Lodge, D. J.; 

Kerrigan, R. W.; Seidl, M. T.; Aanen, D. K.; 

DeNitis, M.; Daniele, G. M.; Desjardim, D. 

E.; Kropp, B. R.; Norvell, L. L.; Parker, A.; 

Vellinga, E. C.; Vilgalys, R.; Hibbett, D. S. 

2006. Major clades of Agaricales: a 

multilocus phylogenetic overview. 

Mycologia, 98, 982-995. 

https://doi.org/10.3852/mycologia.98.6.982 

McCormick, M. K.; Whigham, D. F.; O’Neill, J. 

2004. Mycorrhizal diversity in photosynthetic 

terrestrial orchids. New Phytologist, 163, 

425–438. https://doi.org/10.1111/j.1469-

8137.2004.01114.x 

McNeill, J.; Barrie, F. F.; Buck, W. R.; Demoulin, 

V.; Greuter, W.; Hawksworth, D. L.; 

Herendeen, P. S.; Knapp, S.; Marhold, K.; 

Prado, J.; Prud’Homme Nan Reiine, W. F.; 

Smith, G. F.; Wiersema, J. H. [eds.]. 2012. 

International Code of Nomenclature for 

algae, fungi, and plants (Melbourne Code). 

[Regnum vegetabile no. 154.] Koeltz 

Scientific Books, Königstein. 

Menini Neto, L.; Barros, F.; Vinhos, F.; Furtado, S. 

G.; Judice, D. M.; Fernandez, E. P.; Sfair, J. 

C.; Barros, F. S. M.; Prieto, P. V.; 

Kutschenko, D. C.; Moraes, M. A.; Zanata, 

M. R. V.; Santos Filho, L. A. F. 2013. 



Journal of Environmental Analysis and Progress V. 08 N. 01 (2023) 009-029 

Endres Júnior, D.; Alves-Silva, G.; Sasamori, M.H.; Silveira, R.M.B.; Droste, A.              0026 

Orchidaceae. In: Martinelli, G. & Moraes, M. 

A. [eds.]. Livro vermelho da flora do Brasil. 

Jardim Botânico do Rio de Janeiro, Rio de 

Janeiro. pp. 749-818. Available at:  

https://dspace.jbrj.gov.br/jspui/handle/doc/26

. Access at: 18 Jan 2023. 

Merckx, V. S. F. T. 2013. Mycoheterotrophy: An 

introduction. In: Merckx, V. S. F. T. [ed.]. 

Mycoheterotrophy: The biology of plants 

living on fungi, pp. 1-17, Springer, New 

York. https://doi.org/10.1007/978-1-4614-

5209-6_1 

Miller, M. A.; Pfeiffer, W.; Schwartz, T. 2011. The 

CIPRES science gateway: A community 

resource for phylogenetic analyses. In: 

Proceedings of the 2011 TeraGrid 

Conference: extreme digital discovery, ACM, 

New York, pp. 1-8. 

Moncalvo, J.; Nilsson, R. H.; Koster, B.; Dunham, 

S. M.; Bernauer, T.; Matheny, P. B.; Porter, 

T. M.; Margaritescu, S.; Weiβ, M.; Garnica, 

S.; Danell, E.; Langer, G.; Langer, E.; 

Larsson, E.; Larsson, K.-H.; Vilgalys, R. 

2006. The Cantharelloid Clade: Dealing with 

incongruent gene trees and phylogenetic 

reconstruction methods. Mycologia, 98, 937-

948. 

https://doi.org/10.1080/15572536.2006.1183

2623 

Moore, R. T. 1987. The genera of Rhizoctonia-like 

fungi: Ascorhizoctonia, Ceratorhiza gen. 

nov., Epulorhiza gen. nov., Moniliopsis, and 

Rhizoctonia. Mycotaxon, 29, 91-99. 

Murashige, T.; Skoog F. 1962. A revised medium 

for rapid growth and bioassays with tobacco 

tissue cultures. Physiologia Plantarum, 15, 

473-497. 

Nogueira, R. E.; Pereira, O. L.; Kasuya, M. C. M.; 

Lanna, M. C. S.; Mendonça, M. P. 2005. 

Fungos micorrízicos associados a orquídeas 

em campos rupestres na região do 

Quadrilátero Ferrífero, MG, Brasil. Acta 

Botanica Brasilica, 19, 417-424. 

https://doi.org/10.1590/S0102-

33062005000300001 

Nontachaiyapoom, S.; Sasirat, S.; Manoch, L. 

2010. Isolation and identification of 

Rhizoctonia-like fungi from roots of three 

orchid genera, Paphiopedilum, Dendrobium, 

and Cymbidium, collected in Chiang Rai and 

Chiang Mai provinces of Thailand. 

Mycorrhiza, 20, 459-471. 

https://doi.org/10.1007/s00572-010-0297-3 

Nontachaiyapoom, S.; Sasirat, S.; Manoch, L. 

2011. Symbiotic seed germination of 

Grammatophyllum speciosum Blume and 

Dendrobium draconis Rchb. f., native orchids 

of Thailand. Scientia Horticulturae, 130, 303-

308. 

https://doi.org/10.1016/j.scienta.2011.06.040 

Novotná, A.; Benítez, Á.; Herrera, P.; Cruz, D.; 

Filipczyková, E.; Suárez, J. P. 2018. High 

diversity of root-associated fungi isolated 

from three epiphytic orchids in southern 

Ecuador. Mycoscience, 59, 24-32. 

https://doi.org/10.1016/j.myc.2017.07.007 

Nylander, J. 2004. MrModeltest v2. Program 

distributed by the author. Evolutionary 

Biology Centre, Uppsala University. 

Available at: 

https://github.com/nylander/MrModeltest2 

Ogura-Tsujita, Y.; Yokoyama, J.; Miyoshi, K.; 

Yukawa, T. 2012. Shifts in mycorrhizal fungi 

during the evolution of autotrophy to 

mycoheterotrophy in Cymbidium 

(Orchidaceae). American Journal of Botany, 

99, 1158-1176. 

https://doi.org/10.3732/ajb.1100464 

OrchidRoots. 2022. Available at: 

http://bluenanta.com/orchid/search_match/?q

=cattleya+intermedia. Access at: 10 June 

2022. 

Otero, J. T. O.; Bayman, P. 2009. Germinación 

simbiótica y asimbiótica en semillas de 

orquídeas epifitas. Acta Agronómica, 58, 

270-276. 

Otero, J. T.; Bayman, P.; Ackerman, J. D. 2005. 

Variation in mycorrhizal performance in the 

epiphytic orchid Tolumnia variegata in vitro: 

the potential for natural selection. 

Evolutionary Ecology, 19, 29-43. 

https://doi.org/10.1007/s10682-004-5441-0 

Otero, J. T.; Flanagan, N. S.; Herre, E. A.; 

Ackerman, J. D.; Bayman, P. 2007. 

Widespread mycorrhyzal specificity 

correlates to mycorrhyzal function in the 

Neotropical, epiphytic orchid Ionopsis 

utricularioides (Orchidaceae). American 

Journal of Botany, 94, 1944-1950. 

https://doi.org/10.3732/ajb.94.12.1944. 

Pan, M. J.; Van Staden, J. 1998. The use of 

charcoal in vitro culture-a review. Plant 

Growth Regulation, 26, 155-163. 

Pattengale, N. D.; Alipour, M.; Bininda-Emonds, 

O. R. P.; Moret, B. M. E.; Stamatakis, A. 

2009. How many bootstrap replicates are 

necessary? Lecture Notes in Computer 

Science (Including Subseries Lecture Notes 

in Artificial Intelligence and Lecture Notes in 

Bioinformatics), 5541, 184-200. 

http://dx.doi.org/10.1007/978-3-642-38886-6 

Paul, S.; Kumaria, S.; Tandon, P. 2012. An 

effective nutrient medium for asymbiotic seed 

germination and large-scale in vitro 



Journal of Environmental Analysis and Progress V. 08 N. 01 (2023) 009-029 

Endres Júnior, D.; Alves-Silva, G.; Sasamori, M.H.; Silveira, R.M.B.; Droste, A.              0027 

regeneration of Dendrobium hookerianum, a 

threatened orchid of northeast India. AoB 

Plants, 2012, plr032. 

https://doi.org/10.1093/aobpla/plr032 

Pereira M. C.; Coelho, I. S.; Valadares, R. B. S.; 

Oliveira, S. F.; Bocayuva, M.; Pereira, O. L.; 

Araújo, E. F.; Kasuya, M. C. M. 2014. 

Morphological and molecular 

characterization of Tulasnella spp. fungi 

isolated from the roots of Epidendrum 

secundum, a widespread Brazilian orchid. 

Symbiosis, 62, 111-121. 

https://doi.org/10.1007/s13199-014-0276-0 

Pereira, M. C.; Pereira, O. L.; Costa, M. D.; Rocha, 

R. B.; Kasuya, M. C. M. 2009. Diversidade de 

fungos micorrízicos Epulorhiza spp. isolados 

de Epidendrum secundum (Orchidaceae). 

Revista Brasileira de Ciência do Solo, 33, 

1187-1197. https://doi.org/10.1590/S0100-

06832009000500012 

Pereira, M. C.; Rocha, D. I.; Veloso, T. G. R.; 

Pereira, O. L.; Francino, D. M. T.; Meira, R. 

M. S. A.; Kasuya, M. C. M. 2015. 

Characterization of seed germination and 

protocorm development of Cyrtopodium 

glutiniferum (Orchidaceae) promoted by 

mycorrhizal fungi Epulorhiza spp. Acta 

Botanica Brasilica, 29, 567-574. 

https://doi.org/10.1590/0102-

33062015abb0078 

Pereira, M. C.; Torres, D. P.; Guimarães, F. A. R.; 

Pereira, O. L.; Kasuya, M. C. M. 2011. 

Germinação de sementes e desenvolvimento 

de protocormos de Epidendrum secundum 

Jacq. (Orchidaceae) em associação com 

fungos micorrízicos do gênero Epulorhiza. 

Acta Botanica Brasilica, 25, 534-541. 

https://doi.org/10.1590/S0102-

33062011000300004   

Pereira, O. L.; Kasuya, M. C. M.; Borges, A. C.; 

Araújo, E. F. 2005. Morphological and 

molecular characterization of mycorrhizal 

fungi isolated from neotropical orchids in 

Brazil. Canadian Journal of Botany, 83, 54-

65. https://doi.org/10.1139/b04-151 

Pereira, O. L.; Rollemberg, C. L.; Borges, A. C.; 

Matsuoka, K.; Kasuya, M. C. M. 2003. 

Epulorhiza epiphytica sp. nov. isolated from 

mycorrhizal roots of epiphytic orchids in 

Brazil. Mycoscience, 44, 153-155. 

https://doi.org/10.1007/S10267-002-0087-7 

Peterson, R. L.; Massicotte, H. B.; Melville, L. H. 

2004. Mycorrhizas: anatomy and cell 

biology. NRC Research Press, Ottawa. 173p. 

Peterson, R. L.; Uetake, Y.; Zelmer, C. 1998. 

Fungal symbioses with orchid protocorms. 

Symbiosis, 25, 29-55. 

Porras-Alfaro, A.; Bayman, P. 2007. Mycorrhizal 

fungi of Vanilla: diversity, specificity and 

effects on seed germination and plant growth. 

Mycologia, 99, 510-525. 

https://doi.org/10.3852/mycologia.99.4.510 

Rasmussen, H. N. 1995. Terrestrial orchids from 

seed to mycotrophic plant. Cambridge 

University Press, Cambridge. 444p. 

Rasmussen, H. N.; Dixon, K. W.; Jersáková, J.; 

Těšitelová, T. 2015. Germination and 

seedling establishment in orchids: a complex 

of requirements. Annals of Botany, 116, 391-

402. https://doi.org/10.1093/aob/mcv087 

Reiter N.; Lawrie, A. C.; Linde, C. C. 2018. 

Matching symbiotic associations of an 

endangered orchid to habitat to improve 

conservation outcomes. Annals of Botany, 

122, 947-959. 

https://doi.org/10.1093/aob/mcy094 

Reiter, N.; Whitfield, J.; Pollard, G.; Bedggood, 

W.; Argall, M.; Dixon, K.; Davis, B.; Swarts, 

N. 2016. Orchid re-introductions: an 

evaluation of success and ecological 

considerations using key comparative studies 

from Australia. Plant Ecology, 217, 81-95. 

https://doi.org/10.1007/s11258-015-0561-x 

Ronquist, F.; Teslenko, M.; Van der Mark, P.; 

Ayres, D.; Darling, A.; Höhna, S.; Larget, B.; 

Liu, L.; Suchard, M. A.; Huelsenbeck, J. P. 

2012. MrBayes 3.2: efficient Bayesian 

phylogenetic inference and model choice 

across a large model space. Systematic 

Biology, 61, 539-542. 

https://doi.org/10.1093/sysbio/sys029 

Rossman, A. Y.; Allen, W. C.; Braun, U.; 

Castlebury, L. A.; Chaverri, P.; Crous, P. W.; 

Hawksworth, D.; Hyde, K. D.; Johnston, P.; 

Lombard, L.; Romberg, M.; Samson, R. A.; 

Seifert, K. A.; Stone, J. K.; Udayanga, D.; 

White, J. F. 2016. Overlooked competing 

asexual and sexually typified generic names 

of Ascomycota with recommendations for 

their use or protection. IMA Fungus, 7, 289-

308. 

https://doi.org/10.5598/imafungus.2016.07.0

2.09 

Sasamori, M. H.; Endres Júnior, D.; Droste, A. 

2015. Asymbiotic culture of Cattleya 

intermedia Graham (Orchidaceae): the 

influence of macronutrient salts and sucrose 

concentrations on survival and development 

of plantlets. Acta Botanica Brasilica, 29, 292-

298. https://doi.org/10.1590/0102-

33062014abb0054 

Sathiyadash, K.; Muthukumar, T.; Murugan, S. B.; 

Sathishkumar, R.; Pandey, R. R. 2014. In 

vitro symbiotic seed germination of South 



Journal of Environmental Analysis and Progress V. 08 N. 01 (2023) 009-029 

Endres Júnior, D.; Alves-Silva, G.; Sasamori, M.H.; Silveira, R.M.B.; Droste, A.              0028 

Indian endemic orchid Coelogyne nervosa. 

Mycoscience, 55, 183-189. 

https://doi.org/10.1016/j.myc.2013.08.005 

Selosse, M. A. 2014. The latest news from 

biological interactions in orchids: in love, 

head to toe. New Phytologist, 202, 337-340. 

https://doi.org/10.1111/nph.12769 

Sharma, J.; Zettler, L. W.; Van Sambeek, J. W.; 

Ellersieck, M. R.; Starbuck, C. J. 2003. 

Symbiotic seed germination and mycorrhizae 

of federally threatened Platanthera praeclara 

(Orchidaceae). American Midland Naturalist, 

149, 104-120. 

http://dx.doi.org/10.1674/0003-

0031(2003)149[0104:SSGAMO]2.0.CO;2 

Sommer, J.; Pausch, J.; Brundrett, M. C.; Dixon, K. 

W.; Bidartondo, M. I.; Gebauer, G. 2012. 

Limited carbon and mineral nutrient gain 

from mycorrhizal fungi by adult Australian 

orchids. American Journal of Botany, 99, 

1133-1145. 

https://doi.org/10.3732/ajb.1100575 

Stadler, M.; Kuhnert, E.; Peršoh, D.; Fournier, J. 

2013. The Xylariaceae as model example for 

a unified nomenclature following the “One 

Fungus-One Name” (1F1N) concept. 

Mycology, 4, 5-21. 

https://doi.org/10.1080/21501203.2013.7824

78 

Stamatakis, A. 2014. RAxML version 8: a tool for 

phylogenetic analysis and post-analysis of 

large phylogenies. Bioinformatics, 30, 1312-

1313. 

https://doi.org/10.1093/bioinformatics/btu03

3 

Stewart, S. L.; Kane, M. E. 2006. Symbiotic seed 

germination of Habenaria macroceratitis 

(Orchidaceae), a rare Florida terrestrial 

orchid. Plant Cell, Tissue and Organ Culture, 

86, 159-167. https://doi.org/10.1007/s11240-

006-9104-4 

Stewart, S. L.; Kane, M. E. 2007. Symbiotic seed 

germination and evidence for in vitro 

mycobiont specificity in Spiranthes 

brevilabris (Orchidaceae) and its implications 

for species-level conservation. In Vitro 

Cellular & Developmental Biology-Plant, 43, 

178-186. https://doi.org/10.1007/s11627-

006-9023-4 

Stewart, S. L.; Zettler, L. W. 2002. Symbiotic 

germination of three semi-aquatic rein 

orchids (Habenaria repens, H. quinquiseta, 

H. macroceratitis) from Florida. Aquatic 

Botany, 72, 25-35. 

https://doi.org/10.1016/S0304-

3770(01)00214-5 

Suárez, J. P.; Weiß, M.; Abele, A.; Garnica, S.; 

Oberwinkler, F.; Kottke, I. 2006. Diverse 

tulasnelloid fungi form mycorrhizas with 

epiphytic orchids in an Andean cloud forest. 

Mycological Research, 110, 1257-1270. 

https://doi.org/10.1016/j.mycres.2006.08.004 

Suwannarach, N.; Kumla, J.; Rachanarin, C.; 

Srimuang, K. 2021. In Vitro symbiotic seed 

germination of Epipactis flava (Orchidaceae) 

promoted by endophytic fungus, Tulasnella 

phuhinrongklaensis. Chiang Mai Journal of 

Science, 48, 787-792. 

https://epg.science.cmu.ac.th/ejournal/journa

l-detail.php?id=11502 

Taylor, D. L.; Bruns, T. D.; Szaro, T. M.; Hodges, 

S. A. 2003. Divergence in mycorrhizal 

specialization within Hexalectris spicata 

(Orchidaceae), a nonphotosynthetic desert 

orchid. American Journal of Botany, 90, 

1168-1179. 

https://doi.org/10.3732/ajb.90.8.1168 

Taylor, D. L.; McCormick, M. K. 2008. Internal 

transcribed spacer primers and sequences for 

improved characterization of 

basidiomycetous orchid mycorrhizas. New 

Phytologist, 177, 1020–1033. 

https://doi.org/10.1111/j.1469-

8137.2007.02320.x 

Taylor, J. W. 2011. One Fungus = One Name: 

DNA and fungal nomenclature twenty years 

after PCR. IMA Fungus, 2, 113-120. 

https://doi.org/10.5598/imafungus.2011.02.0

2.01 

Těšitelová, T.; Jersáková, J.; Roy, M.; Kubátová, 

B.; Těšitel, J.; Urfus, T.; Trávníček, P.; Suda, 

J. 2013. Ploidy-specific symbiotic 

interactions: Divergence of mycorrhizal fungi 

between cytotypes of the Gymnadenia 

conopsea group (Orchidaceae). New 

Phytologist, 199, 1022-1033. 

https://doi.org/10.1111/nph.12348 

Těšitelová, T.; Kotilínek, M.; Jersáková, J.; Joly, 

F.-X.; Košnar, J.; Tatrenko, I.; Selosse, M.-A. 

2015. Two widespread green Neottia species 

(Orchidaceae) show mycorrhizal preference 

for Sebacinales in various habitats and 

ontogenetic stages. Molecular Ecology, 24, 

1122-1134. 

https://doi.org/10.1111/mec.13088 

Van den Berg, C. 2020. Cattleya in Flora do Brasil 

2020. Jardim Botânico do Rio de Janeiro. 

Available at: 

http://floradobrasil.jbrj.gov.br/reflora/florado

brasil/FB11329. Access at: 22 March 2022. 

Van Waes, J. M. 1987. Effect of activated charcoal 

on in vitro propagation of Western European 

orchids. Acta Horticulturae, 212, 131-138. 



Journal of Environmental Analysis and Progress V. 08 N. 01 (2023) 009-029 

Endres Júnior, D.; Alves-Silva, G.; Sasamori, M.H.; Silveira, R.M.B.; Droste, A.              0029 

https://doi.org/10.17660/ActaHortic.1987.21

2.21 

Vu, D.; Groenewald, M.; de Vries, M.; Gehrmann, 

T.; Stielow, B.; Eberhardt, U.; Al-Hatmi, A.; 

Groenewald, J. Z.; Cardinal, G.; Houbraken, 

J.; Boekhout, T.; Crous, P. W.; Robert, V.; 

Verkley, G. J. M. 2019. Large-scale 

generation and analysis of filamentous fungal 

DNA barcodes boosts coverage for kingdom 

fungi and reveals thresholds for fungal 

species and higher taxon delimitation. Studies 

in Mycology, 92, 135-154. 

https://doi.org/10.1016/J.SIMYCO.2018.05.

001 

Warcup, J. H.; Talbot, P. H. B. 1980. Perfect states 

of rhizoctonias associated with orchids. III. 

New Phytologist, 86, 267-272. 

https://doi.org/10.1111/j.1469-

8137.1980.tb00787.x 

Waterman, R. J.; Bidartondo, M. I.; Stofberg, J.; 

Combs, J. K.; Gebauer, G.; Savolainen, V.; 

Barraclough, T.; Pauw, A. 2011 The effects 

of above- and belowground mutualisms on 

orchid speciation and coexistence. The 

American Naturalist, 177, 1-15. 

https://doi.org/10.1086/657955 

Watkins, R. L. S. R. 2012. The biogeography, 

ecology and endophyte mycorrhiza of the 

New Zealand Corybas alliance (Orchidaceae) 

specifically: Nematoceras iridescens (Irwin 

et Molloy) Molloy, D.L.Jones & M.A.Clem. 

(species). Doctoral thesis, Massey University. 

Palmerston North, New Zealand. 243p. 

Withner, C. L. 1988. The Cattleyas and their 

relatives. Volume I The Cattleyas. Timber 

Press, Portland. 147p. 

Xing, X.; Jacquemyn, H.; Gai, X.; Gao, Y.; Liu, Q.; 

Zhao, Z.; Guo, S. 2019. The impact of life 

form on the architecture of orchid 

mycorrhizal networks in tropical forest. 

Oikos, 128, 1254-1264. 

https://doi.org/10.1111/oik.06363 

Zettler, L. W. 1997. Terrestrial orchid conservation 

by symbiotic seed germination: techniques 

and perspectives. Selbyana, 18, 188-194. 

Zettler, L. W.; Burkhead, J. C.; Marshall, J. A. 

1999. Use of a mycorrhizal fungus from 

Epidendrum conopseum to germinate seed of 

Encyclia tampensis in vitro. Lindleyana, 14, 

102-105. 

Zettler, L. W.; Corey, L. L.; Jacks, A. L.; Gruender, 

L. T.; Lopez, A. M. 2013. Tulasnella 

irregularis (Basidiomycota: Tulasnellaceae) 

from roots of Encyclia tampensis in South 

Florida, and confirmation of its mycorrhizal 

significance through symbiotic seed 

germination. Lankesteriana, 13, 119-128. 

https://doi.org/10.15517/lank.v0i0.11552 

Zettler, L. W.; Dvorak, C. J. 2021. Tulasnella 

calospora (UAMH 9824) retains its 

effectiveness at facilitating orchid symbiotic 

germination in vitro after two decades of 

subculturing. Botanical Studies, 62, 1-8. 

https://doi.org/10.1186/s40529-021-00321-w 

Zettler, L. W.; Piskin, K. A. 2011. Mycorrhizal 

fungi from protocorms, seedlings and mature 

plants of the Eastern Prairie Fringed orchid, 

Platanthera leucophaea (Nutt.) Lindley: a 

comprehensive list to augment conservation. 

The American Midland Naturalist, 166, 29-

39. https://doi.org/10.1674/0003-0031-

166.1.29 

Zettler, L. W.; Poulter, S. B.; McDonald, K. I. 

2007. Conservation-driven propagation of an 

epiphytic orchid (Epidendrum nocturnum) 

with a mycorrhizal fungus. Hortscience, 42, 

135-139. 

https://doi.org/10.21273/HORTSCI.42.1.135 

 


