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The velamen roots in epiphytic orchids are rather complex, and their environmental role remains
poorly understood. Fungal associates are known in the velamen roots of tropical orchids, but the
magnitude of their diversity in particular species remains unknown. The primary aim of this work
was to explore endophytic fungal species associated with the velamen roots of three tropical
epiphytic orchids.
Velamen roots were collected from 30 plants of Rhynchostylis retusa and 25 plants each of
Epidendrum radicans and Oncidium sphacelatum. Endophytic fungi were isolated from 2160 segments. Twenty species of velamen-root-associated fungal endophytes were separated with a culture
technique. The isolated strains were grouped into morphotypes, subsequently identified morphologically and by means of ITS DNA barcoding.
Ascomycota were the dominant group with 18 species. Trichoderma cf. asperellum, Endomelanconiopsis endophytica, Trichoderma cf. atroviride and Lasiodiplodia theobromae were the
most frequent taxa isolated. A majority of the identified fungi were common to more than one orchid.
Colonisation rate, isolation rate, Shannon-Wiener diversity index, species richness and species evenness of the endophytic fungi from different orchids were studied and were tested for significance
with the Kruskal-Wallis H test. The colonisation rate and isolation rate of fungal associates in the
velamen roots were found to be distinctly the lowest in Rhynchostylis retusa.
Key words: epiphytes, Orchidaceae, root-associated endophytes, Trichoderma, Endomelanconiopsis,
Lasiodiplodia.
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Deepthi A.S., Ray J.G. (2021): Diverzita endofytických hub ve vzdušných kořenech tropických epifytických orchidejí a její ekologický význam. – Czech Mycol.
73(1): 91–108.
Vzdušné kořeny epifytických orchidejí představují komplexní strukturu, na jejíž úloze v prostředí je stále co zkoumat. Je známo, že vzdušné kořeny tropických orchidejí obsahují též houby, ale rozsah jejich diverzity v konkrétních druzích rostlin zůstává neznámý. Primárním cílem této práce tak
bylo zjistit, jaké druhy endofytických hub se vyskytují ve vzdušných kořenech tří tropických druhů
epifytických orchidejí.
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Vzdušné kořeny byly sebrány z 30 rostlin Rhynchostylis retusa a po 25 z Epidendrum radicans
a Oncidium sphacelatum. Endofytické houby byly izolovány z 2160 segmentů. Kultivační technikou
bylo vylišeno dvacet druhů endofytických hub, asociovaných se vzdušnými kořeny. Izolované kmeny
byly nejprve seskupeny do morfotypů a následně identifikovány morfologicky a sekvenací ITS DNA.
Dominantní skupinou jsou vřeckaté houby (18 druhů), z nichž byly nejčastěji izolovány Trichoderma cf. asperellum, Endomelanconiopsis endophytica, Trichoderma cf. atroviride a Lasiodiplodia theobromae. Většina zjištěných hub se běžně vyskytuje ve více druzích orchidejí. Pro endofyty z různých druhů byla porovnána rychlost kolonizace a izolace, Shannon-Wienerův index diverzity, druhová bohatost a vyrovnanost společenstev; significance byla prověřena Kruskal-Wallisovým H
testem. Zřetelně nejnižší rychlost kolonizace a izolace byla zjištěna u hub ze vzdušných kořenů
Rhynchostylis retusa.

INTRODUCTION
Many plants harbour a large number of hidden microbial communities in their
internal tissues, and such microbes not only cause some diseases (Hyde et
Soytong 2008) but are often beneficial. Many kinds of endophytic fungal associates have been found in different tissues of diverse taxonomic plant groups
(Stone et al. 2000, Rodriguez et Redman 2008). The endophytic fungi present in
velamen roots of orchids, either in its outer velamen tissue or in its inner cortical
parts, are collectively termed as velamen-root-associated endophytes (Novotná
et al. 2018). They include mutualistic mycorrhizae and non-mycorrhizal fungi (Ma
et al. 2015). The non-mycorrhizal fungal associates of orchid roots have distinct
ecological attributes, acting as saprobes, latent pathogens or symbionts (Ma et al.
2015, Cevallos et al. 2018).
The hanging velamen roots in epiphytic orchids, also found in some terrestrial
monocots, are ecologically unique organs in the plant world (Zotz et al. 2017).
They are considered suitable ecological niches for many microorganisms
(Tsavkelova et al. 2003a, Ram et Shamina 2014, Deepthi et Ray 2018, 2020). The
majority of the studies related to endophytic fungi associated with orchid roots
deal with the mycorrhizal fungal associates of terrestrial orchid species of tropical and temperate ecosystems (Tao et al. 2008, 2013, Zettler et al. 2013,
Ratnaweera et al. 2014, Zhao et al. 2014, Jacquemyn et al. 2015, Těšitelová et al.
2015, Yokoya et al. 2015, Suárez et Kottke 2016). There are only a few investigative reports on the frequency, diversity and ecological roles of velamen-root-associated non-mycorrhizal endophytic fungi, especially of tropical epiphytic orchids
(Bayman et Otero 2006, Herrera et al. 2010, Ma et al. 2015, Abraham et
Ashakumari 2017, Jin et al. 2017, Cevallos et al. 2018, Deepthi et Ray 2018,
Novotná et al. 2018, Shah et al. 2019). Moreover, studies focusing on nonmycorrhizal fungal endophytes in velamen roots of epiphytic orchids of the
biodiversity-rich tropical India are relatively rare (Sudheep et Sridhar 2012,
Abraham et Ashakumari 2017, Deepthi et Ray 2018).
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Muthukumar et Kowsalya (2017) reported the presence of root hairs on
velamen roots and Deepthi et Ray (2018) suggested with evidence that the root
hairs are produced opportunistically, i.e., when the velamen roots need to be attached to a substratum or to absorb nutrients from the host body or the soil. Because of the unique morphological characteristics of velamen roots, the study of
fungal associates is significant in the exploration of fungal biodiversity (Bayman
et al. 1997). However, exploring the diversity of fungi in velamen roots is also essential to reveal the unique biological roles of such fungi. It is also necessary to
understand the ecological complexities of such roots. Moreover, the study of fungal associates in velamen roots is also valuable because of their importance as
potential sources of precious metabolites (Priti et al. 2009, Deepthi et Ray 2019).
The nature of velamen roots as a natural habitat for diverse categories of microorganisms, including endophytic fungi (Cevallos et al. 2017, Deepthi et Ray 2018,
Novotná et al. 2018) and micro-algae (Tsavkelova et al. 2003b, Deepthi et Ray
2020), offers the possibility of considering velamen roots as an organ of a complex nutritional or other functionally significant ‘organ-ecosystem’ in epiphytic
orchids.
In the above contexts, following a culture technique, the diversity of velamenroot-associated fungi of three common epiphytic orchid species of Kerala State,
India, Rhynchostylis retusa (L.) Blume, Epidendrum radicans Pav. ex Lindl. and
Oncidium sphacelatum Lindl. have been identified and compared. The primary
aims of the present study were (i) to isolate and genetically identify culturable
non-mycorrhizal fungi associated with velamen roots of epiphytic orchids; (ii) to
analyse and compare the qualitative and quantitative composition of nonmycorrhizal fungi in the velamen roots of epiphytic orchids; (iii) to assess the
ecological characteristics of non-mycorrhizal fungal associates of velamen roots
of epiphytic orchids. The present report aims to provide sufficient ground for further extensive exploration of endophytic diversity and intensive investigation
into the ecological complexities of velamen roots in epiphytic orchids.

MATERIAL AND METHODS
S a m p l e c o l l e c t i o n. The hanging velamen roots of three epiphytic orchids, Rhynchostylis retusa, Epidendrum radicans and Oncidium sphacelatum, were selected for the present study. Rhynchostylis retusa, known as ‘foxtail orchid’, is a common epiphytic orchid growing in the wild throughout Kerala.
Epidendrum radicans, commonly known as ‘holy cross orchid’, and Oncidium
sphacelatum, generally known as ‘dancing lady orchid’, are the most common
garden species of epiphytic orchids in Kerala.
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Orchid velamen root samples were collected in the Pathanamthitta, Kottayam,
Idukki, Alappuzha and Kollam districts of Kerala State, India. The sampling locations are situated between 76°15' E to 77°50' E and 8°45' N to 10°15' N. Geographic positions of the study area were recorded, and the data set was imported
into geographical information software (ArcGIS10) to display their geographical
distribution. Details regarding sampling sites and sampling species are given in
Fig. 1.
Sampling was carried out from March 2016 to February 2018. Three roots
were collected from 80 plants; 30 from Rhynchostylis retusa, 25 each from
Epidendrum radicans and Oncidium sphacelatum. Only medium-sized (20–25
cm long) healthy hanging velamen root samples were collected for fungal isolation. The pieces were placed in polyethylene bags, labelled and transported to
the laboratory. All samples were processed within 24 hours of collection.
I s o l a t i o n o f f u n g a l e n d o p h y t e s. Surface sterilisation of the velamen
roots and isolation of the endophytic fungi were carried out according to Bayman
et al. (1997) and Deepthi et Ray (2018). In brief, the root samples collected from
a site were cut into pieces of about 5 cm long and were washed thoroughly with
tween 20 (Sigma-Aldrich) followed by running tap water to remove dust and debris and surface-sterilised in a sequence of 70% ethanol for 1 minute, 2.5% NaClO2
for 1 minute and rinsed three times in sterile distilled water. From each piece of
root, three 5mm segments were taken using a sterile razor blade. Nine pieces of
the roots from each sample were placed on three different media (in triplicates)
in 9 separate Petri plates [approximately 15–20 ml of potato dextrose agar medium (PDA) with pH 5.8, malt extract agar medium (MEA) with pH 5.8 and
Sabouraud dextrose agar medium (SDA) with pH 5.6] containing 100 μg·ml-1
streptomycin to prevent bacterial growth. In total, 2160 velamen root segments
of the three epiphytic orchids were used to isolate endophytic fungi.
Identification of fungal endophytes. Morphological identif i c a t i o n. The fungal isolates were grown on PDA at 28 ± 2 °C in the dark for
seven days. The pure cultures were categorised as morphotypes based on their
morphological traits such as reverse and obverse colour, texture and shape of the
colony. Sporulating cultures were identified using the monographs by Watanabe
(2002) and Nagamani et al. (2006).
M o l e c u l a r i d e n t i f i c a t i o n. DNA isolation and molecular characterisation were carried out according to the procedure by Deepthi et Ray (2018). Primers
ITS-1 and ITS-4 (White et al. 1990) were used to amplify the internal transcribed
spacer (ITS) sequences. The ‘Basic Local Alignment Search Tool’ (BLAST) programme in the NCBI GenBank (www.ncbi.nlm.nih.gov) was conducted on all sequences. Compared with reference sequences, the isolates were assigned species
level when the database matched for more than 98%. For species identification in
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Fig. 1. Study region showing 80 sampling sites in Kerala State, India: VR1–VR30 – sampling sites of
Rhynchostylis retusa; VR31–VR55 – sampling sites of Epidendrum radicans; VR56–VR80 – sampling
sites of Oncidium sphacelatum.
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the genera Fusarium, Trichoderma, Aspergillus and Colletotrichum ITS sequencing is not sufficient and multiple gene analysis is needed for exact identification of the species. Therefore, the identified taxa of Fusarium, Trichoderma,
Aspergillus and Colletotrichum were presented using ‘cf.’ in their species names.
D a t a a n a l y s i s a n d s t a t i s t i c s. The colonisation rate (CR), isolation rate
(IR) and relative frequency of isolation (RF%) of fungal associates were calculated following the method by Huang et al. (2008). The colonisation frequency
(CF%) was calculated according to Kumaresan et Suryanarayanan (2001). The
percentage of dominant fungi (%D) was calculated as the colonisation frequency
divided by the total number of endophytes × 100 (Kumaresan et Suryanarayanan
2002). Species diversity indices such as the Shannon-Wiener diversity index (H'),
species richness and species evenness were calculated using the PAST software
(Hammer et al. 2001). The differences in colonisation rate, isolation rate, Shannon-Wiener diversity index (H'), species richness and species evenness were
tested for significance with the Kruskal-Wallis H test using SPSS 20.0 software.

RESULTS
Diversity of velamen-root-associated fungal endophytes
Altogether, 563 fungal cultures were isolated from 2160 velamen root segments of three epiphytic orchid species studied. These were 147 fungal isolates
from the velamen root segments of Rhynchostylis retusa, 202 fungal isolates
from those of Epidendrum radicans and 214 fungal isolates from those of
Oncidium sphacelatum. The 563 fungal cultures obtained were grouped into 38
morphotypes based on their characteristics on PDA. The parameters used for
categorising cultures were surface characters, growth pattern and colour of the
colony. These morphotypes were further examined morphologically and by
means of ITS DNA barcoding, and identified as 20 different taxa (Tab. 1). Two
taxa, Aspergillus sp. and Mucor sp., were identified with morphological methods
only. Molecular characterisation of the remaining 36 morphotypes was carried
out, grouping them into 18 species. The ITS region of the DNA, amplified using
universal primers ITS-1 and ITS-4, provided amplicons of 489–683 base pairs in
length. The DNA ITS sequences of the 36 morphotypes divided into 18 species
were submitted to GenBank (Tab. 2).
Among the fungal isolates, 94.13% of the members belonged to Ascomycota
(530 isolates); 15 isolates were Basidiomycota and 18 belonged to Mucoromycota. In total, 20 fungal species belonging to 13 genera were recovered. The division Ascomycota was dominant with 18 species; the Ascomycota were represented by seven orders, i.e. Hypocreales (36.59%), Botryosphaeriales (23.09%),
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Fig. 2. Overall relative frequency (RF%) of endophytic fungal associates in the velamen roots of
epiphytic orchids.

Xylariales (12.43%), Diaporthales (7.10%), Eurotiales (6.75%), Glomerellales
(5.68%) and Saccharomycetales (2.49%). The divisions Basidiomycota and
Mucoromycota included one species each (Tab. 1).
The most frequent species were Trichoderma cf. asperellum with 70 isolates
with a relative frequency (RF%) of 12.43. Other frequently isolated fungal taxa
were Endomelanconiopsis endophytica (56 isolates, RF% 9.95), Trichoderma cf.
atroviride (54 isolates, RF% 9.59) and Lasiodiplodia theobromae (42 isolates,
RF% 7.46). The least frequent taxa were Diaporthe longicolla and Xylaria
aristata, each with an RF% of 2.13 (Fig. 2).
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Tab. 1. Colonisation frequency (CF%) and dominance (%D) of fungal associates in the velamen roots
of epiphytic orchids.
Fungal associates

Taxonomic position
(division* / order)

Epidendrum
radicans

Oncidium
sphacelatum

Aspergillus sp.

A / Eurotiales

Aspergillus cf. tubingensis Mosseray

CF%

%D

CF%

%D

CF%

%D

–

–

4.07

1.90

–

–

A / Eurotiales

–

–

2.96

1.38

–

–

Campanella sp.

B / Agaricales

–

–

–

–

2.59

1.76

Colletotrichum cf. gloeosporioides (Penz.)
Penz. et Sacc.

A / Glomerellales

2.22

1.10

2.96

1.38

0.69

0.47

Daldinia eschscholtzii (Ehrenb.) Rehm

A / Xylariales

–

–

2.59

1.21

–

–

Diaporthe eucalyptorum Crous et R.G. Shivas

A / Diaporthales

3.70

1.83

–

–

1.38

0.94

Diaporthe longicolla (Hobbs) J.M. Santos,
Vrandecic et A.J.L. Phillips

A / Diaporthales

2.22

1.10

–

–

–

–

4.07

2.01

3.51

1.64

2.59

1.76

–

–

–

–

2.41

1.64

Endomelanconiopsis endophytica
A / Botryosphaeriales
Rojas et Samuels
Fusarium cf. proliferatum (Matsush.)
A / Hypocreales
Nirenberg ex Gerlach et Nirenberg
Lasiodiplodia theobromae (Pat.) Griffon et Maubl. A / Botryosphaeriales

Rhynchostylis
retusa

4.07

2.01

–

–

3.45

2.35

Lasiodiplodia pseudotheobromae A.J.L. Phillips, A / Botryosphaeriales
A. Alves et Crous
Meyerozyma caribbica (Vaughan-Mart., Kurtzman, A / Saccharomycetales
S.A. Mey. et E.B. O’Neill) Kurtzman et Suzuki
Mucor sp.
M / Mucorales

2.96

1.47

–

–

2.76

1.88

–

–

–

–

2.41

1.64

–

–

3.33

1.56

–

–

Nigrospora sphaerica (Sacc.) E.W. Mason

A / Xylariales

1.48

0.73

2.96

1.38

0.86

0.59

Trichoderma cf. asperellum Samuels, Lieckf. et
Nirenberg
Trichoderma cf. atroviride P. Karst.

A / Hypocreales

4.44

2.20

4.81

2.25

3.45

2.35

A / Hypocreales

4.07

2.01

5.93

2.77

–

–

Trichoderma cf. harzianum Rifai

A / Hypocreales

3.33

1.65

–

–

2.76

1.88

Trichoderma cf. viride Pers.

A / Hypocreales

2.59

1.28

3.70

1.73

–

–

Xylaria aristata Mont.

A / Xylariales

2.22

1.10

–

–

–

–

Xylaria badia Pat.

A / Xylariales

–

–

2.77

1.29

–

–

* A – Ascomycota, B – Basidiomycota, M – Mucoromycota

Tab. 2. Molecular identification of isolated morphotypes to species, their closest match in the NCBI
database with their accession number, similarity (%ID) and query coverage (%QC).
Abbreviations: RRVR – velamen-root-associated fungi isolated from Rhynchostylis retusa, ERVR –
velamen-root-associated fungi isolated from Epidendrum radicans, ONVR – velamen-root-associated fungi isolated from Oncidium sphacelatum. ¤
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Morpho- Num- Species identification
ber of
type
acronym isolates
RRVR 01
4 Lasiodiplodia theobromae

Number
of base
pairs submitted
MF100156.1
591

GenBank
accession
number

Reference
accession
number
KX464366.1

ID/QC
(%)

Reference

100/100 Yang et al. (2017)

RRVR 02

3

Lasiodiplodia theobromae

MH259842.1

489

LN907507.1

99/99

Valenzuela-Lopez et al. (2017)

RRVR 03

6

Lasiodiplodia theobromae

MH260583.1

489

LN907507.1

99/99

Valenzuela-Lopez et al. (2017)

RRVR 04

15

Endomelanconiopsis endophytica MH260585.1

605

EU683630.1

99/100 Rojas et al. (2008)

RRVR 05

9

Lasiodiplodia pseudotheobromae MH259847.1

494

MF410073.1

99/100 Li et al. (2018)

RRVR 06

15

Campanella sp.

MH846120.1

597

AF261340.1

RRVR 07

20

Trichoderma cf. asperellum

MH260587.1

611

KC800921.1

100/100 Singh et al. (2014)

RRVR 08

16

Trichoderma cf. harzianum

MH260588.1

591

KY643781.1

100/100 Deepthi et Ray (2018)

RRVR 09

14

Meyerozyma caribbica

MH259848.1

560

KF268354.1

98/100 Romi et al. (2014)

RRVR 10

7

Lasiodiplodia pseudotheobromae MH259862.1

563

MF410073.1

99/100 Li et al. (2018)

RRVR 11

7

Lasiodiplodia theobromae

MH259863.1

565

KX464366.1

99/100 Yang et al. (2017)

RRVR 12

14

Fusarium cf. proliferatum

MH260586.1

554

FN868470.1

99/100 Sankar et Babu (2012)

RRVR 13

5

Nigrospora sphaerica

MH259869.1

591

KM921666.1

99/99

RRVR 14

8

Diaporthe eucalyptorum

MH260584.1

565

KY643784

RRVR 15

4

Colletotrichum cf. gloeosporioides MF100149.1

591

KT282939.1

ERVR 01

12

Xylaria aristata

MK142801.1

576

AB376716.1

99/93

ERVR 02

12

Colletotrichum cf. gloeosporioides MK182361.1

581

KT282939.1

99/100 Unpublished

ERVR 03

24

Trichoderma cf. asperellum

MK182360.1

567

KY643785.1

ERVR 04

14

Trichoderma cf. viride

MK182364.1

561

AJ230682.1

100/99

ERVR 05

8

Nigrospora sphaerica

MK182363.1

585

KM921666.1

98/99

ERVR 06

22

ERVR 07
ERVR 08

18
12

Lasiodiplodia theobromae
Trichoderma cf. harzianum

MK182366.1
MK182367.1

593
591

KX464366.1
JN939832.1

99/100 Yang et al. (2017)
100/100 Schoch et al. (2012)

Diaporthe longicolla

MK182365.1

565

JF704166.1

100/99

Unpublished

ERVR 09

22

Endomelanconiopsis endophytica MK182373.1

605

EU683630.1

100/99

Rojas et al. (2008)

ERVR 10

20

Diaporthe eucalyptorum

MK182372.1

571

NG042675.1

100/100 Crous et al. (2012)
100/100 Unpublished

99/100 Moncalvo et al. (2002)

Wang et al. (2017)

100/100 Deepthi et Ray (2018)
98/100 Unpublished
Okane et al. (2008)

99/100 Deepthi et Ray (2018)
Lieckfeldt et al. (1999)
Wang et al. (2017)

ERVR 11

22

Trichoderma cf. atroviride

MK182382.1

554

KT 323351.1

ERVR 12

16

Lasiodiplodia pseudotheobromae MK182381.1

593

MF410073.1

99/99

ONVR 01

14

Daldinia eschscholtzii

MK142808.1

555

KP012954.1

100/99

ONVR 02

22

Aspergillus sp.

Morphology

–

–

–

–

ONVR 03

18

Mucor sp.

Morphology

–

–

–

–

ONVR 04

26

Trichoderma cf. asperellum

MK142811.1

581

KC800921.1

ONVR 05

20

Trichoderma cf. viride

MK142815.1

567

AJ230682.1

100/99

ONVR 06

32

Trichoderma cf. atroviride

MK142817.1

567

KT323351.1

100/100 Unpublished

ONVR 07

16

Colletotrichum cf. gloeosporioides MK142814.1

561

JQ754058.1

99/100 Unpublished

ONVR 08

15

Xylaria badia

MK142821.1

683

JQ862643.1

98/84

Chen et al. (2013)

ONVR 09

16

Nigrospora sphaerica

MK142820.1

591

KM921666.1

99/99

Wang et al. (2017)

ONVR 10

19

Endomelanconiopsis endophytica MK142816.1

605

EU683630.1

100/99

Rojas et al. (2008)

ONVR 12

16

Aspergillus cf. tubingensis

560

KX958024.1

100/100 Liu et al. (2017)

MK142819.1

Li et al. (2018)
Unpublished

99/100 Singh et al. (2014)
Lieckfeldt et al. (1999)
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Comparison of velamen-root-associated fungal endophytes between the
orchid species
Altogether 12 species of endophytic fungi were found in the velamen roots of
Epidendrum radicans, whereas 11 species each in the velamen roots of both
Rhynchostylis retusa and Oncidium sphacelatum. Among the total fungal isolates from the three orchids observed, four fungal species, Trichoderma cf.
asperellum, Colletotrichum cf. gloeosporioides, Endomelanconiopsis endophytica
and Nigrospora sphaerica, were found to be common to all the three epiphytic
orchid species studied. This means that one third of the endophytic fungal associates in the velamen roots of the three orchids have no host specificity at all. However, some others were common to only two orchids, and a few were found hostspecific to one orchid. Five fungal isolates, Aspergillus sp., A. cf. tubingensis,
Mucor sp., Daldinia eschscholtzii and Xylaria badia, were host-specific to
velamen roots of the orchid Oncidium sphacelatum, whereas two fungal isolates, Diaporthe longicolla and Xylaria aristata, were host-specific to velamen
roots of Epidendrum radicans, and three fungal species such as Campanella
sp., Fusarium cf. proliferatum and Meyerozyma caribbica were found to be
host-specific to the velamen root of Rhynchostylis retusa.
The Kruskal-Wallis H test showed a statistically significant low colonisation
rate (CR; H = 10.370, P = 0.006) with a mean rank CR score of 13.6 for
Epidendrum radicans, 5.5 for Rhynchostylis retusa and 18.2 for Oncidium
sphacelatum. The isolation rate (IR; H = 7.995, P = 0.016) with a mean rank IR
score for Epidendrum radicans was 14.4, for Rhynchostylis retusa 6.08, and for
Oncidium sphacelatum 17.05 (Tab. 3).
Among the fungal isolates of the velamen roots of the three orchids, Trichoderma cf. asperellum was the dominant one in the velamen roots of Epidendrum
radicans (%D 2.20), Trichoderma cf. atroviride (%D 2.77) in Oncidium sphacelatum, and Lasiodiplodia theobromae and Trichoderma cf. asperellum (%D 2.35)
in Rhynchostylis retusa (Tab. 1).
A statistically significant low Shannon-Wiener diversity index was observed for
the velamen-root-associated endophytic fungi in Rhynchostylis retusa (H = 9.660,
P = 0.002 between Rhynchostylis retusa and Epidendrum radicans; H = 7.467,
P = 0.006 between Rhynchostylis retusa and Oncidium sphacelatum). Simultaneously, no statistically significant variation in the species evenness and the species richness of the velamen-root-associated endophytic fungi was observed between the velamen roots of the epiphytic orchid species (Tab. 4).
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Tab. 3. Colonisation rate (CR) and isolation rate (IR) of endophytic fungal associates in the velamen
roots of epiphytic orchids.
CR and IR are given as mean ± SD. Values with a different letter in the same row are significantly different at P < 0.05 after the Kruskal-Wallis H test.
Epidendrum radicans
Colonisation rate (%)
Isolation rate (%)
Total number of isolates

25.41 ± 9.59

a

0.21 ± 0.11

a

Oncidium sphacelatum

Rhynchostylis retusa

28.73 ± 5.46

a

15.09 ± 6.24

b

0.28 ± 0.17

a

0.10 ± 0.03

b

202

214

147

Tab. 4. Diversity parameters of fungal associates in the velamen roots of epiphytic orchids.
Data are given as mean ± SD. Values with a different letter in the same row are significantly different
at P < 0.05 after the Kruskal-Wallis H test; ns = statistically non-significant differences.
Epidendrum radicans

1.49 ± 0.41

0.94 ± 0.04

ns

1.90 ± 1.08

ns

1.47 ± 0.71

Species evenness
Species richness

Oncidium sphacelatum

b

Shannon-Wiener
diversity index

Rhynchostylis retusa

b

0.47 ± 0.12

a

0.91 ± 0.04

ns

0.97 ± 0.02

ns

1.79 ± 0.59

ns

1.53 ± 0.12

ns

DISCUSSION
Diversity of fungal endophytes in orchids
A total of 20 fungal species isolated from the velamen roots of the three
epiphytic orchids in the present investigation endorses the fact that endophytic
fungal diversity in orchids is generally relatively high (Chen et al. 2010). The present finding also implies that velamen roots provide a better niche for colonising
microorganisms (Tsavkelova et al. 2001) when compared to leaves and stems of
orchids.
The 20 species of fungi isolated from the three orchids belonged to 13 different genera. The fungal endophytes are probably part of a mutually beneficial association, but the specific benefits of the plant are not yet fully understood (Kia
et al. 2017). Even though the ecological characteristics of these fungal communities are not yet clear, a polyphyletic group of fungi has been reported from many
ecological groups of orchids, including epiphytes (Cevallos et al. 2018, Novotná
et al. 2018, Deepthi et Ray 2018). However, the velamen roots are structures
hanging in the air and grow continuously with the option of getting attached to
the ground or a host surface. The fungal associates in such roots may remain part
of its being prepared to act as an organ of nutrient absorption. Consequently, they
may affect plant ecology (Bever et al. 2012), resistance to pathogen control
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(Chen et al. 2013), nutritional requirements, and biochemical components essential in the physiology of environmental resistance, indispensable for survival and
ecological competence of the species.
All 20 species of the fungi identified in the present investigation belonged to
Ascomycota, Basidiomycota, and Mucoromycota. Ascomycota is already a wellknown dominant group of fungal endophytes in many groups of plants, including
orchids (Yuan et al. 2009, Sudheep et Sridhar 2012, Ma et al. 2015, Novotná et al.
2018). In contrast to observations in the present study, fungi belonging to the order Agaricales of the division Basidiomycota remain the dominant fungal partners in the roots of certain epiphytic orchids (Cevallos et al. 2018). The inability
of basidiomycetes to develop in cultures (Singh et al. 2017) might be one of the
reasons for the observation of fewer Basidiomycota as orchid-root associates in
the present investigation as a culture-dependent fungal isolation study. Moreover, Cevallos et al. (2018) are of the opinion that a large number of fungi belonging to this division can be detected by molecular characterisation of the endophytic mycelia in velamen roots. However, just as in the present study, Mucoromycota have occasionally been reported as orchid-root associates in previous
studies (Zhao et al. 2014, Novotná et al. 2018).
The fungal associates of the velamen roots of the three orchids identified in
the present study belong to seven orders of Ascomycota. Among them, members
of the Botryosphaeriales and Hypocreales included nearly 60% of the total isolates. Herrera et al. (2010) reported the presence of Hypocreales in the roots of
neotropical orchids, and Martos et al. (2012) reported their presence in epiphytic
orchids. We also found fungal isolates from the order Xylariales in the present investigation. It is well-known that xylariaceous fungi are the dominant endophytic
fungal taxa in the epiphytic orchid Dendrobium spp. (Chen et al. 2013, Whalley et
al. 2015). Sawmya et al. (2013) reported frequent occurrence of xylariaceous
fungi in Indian epiphytic orchids. However, in the present study these members
were found to be a rare category.
In terms of genera, many of the isolated species observed in the current investigation agree with those reported in other studies of fungal endophytes in orchids and other plants (Gazis et Chaverri 2010, Schoch et al. 2012, Tan et al. 2012,
Chen et al. 2013). In general, fungi of the genera Fusarium, Colletotrichum,
Nigrospora and Xylaria have already been identified as root colonisers in orchids (Chen et al. 2013). As observed in the present study, the fungi Colletotrichum cf. gloeosporioides, well known as a plant pathogen (Rojas et al. 2010,
Munir et al. 2016), and Diaporthe spp. have already been identified as endophytes in the roots of the epiphytic orchid Holcoglossum sp. (Tan et al. 2012). The
same fungi have been detected as a dominant endophytic fungal partners in
Madhuca indica (Verma et al. 2014). However, Campanella sp. observed in the
present study has not yet been reported as an endophyte from any other plants.
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Biological role of the explored endophytes
A majority of the isolated species have well-defined biological functions in
plants, including orchids, but have mostly been demonstrated in in-vitro experimental studies. Diaporthe sp. and Nigrospora sp. are known to help in the
biotransformation of vanillin in Vanilla planifolia (Khoyratty et al. 2015). The
fungal species Aspergillus cf. tubingensis and Xylaria sp. have been observed to
be producers of antibacterial and antifungal compounds (Oliveira et al. 2011,
Ratnaweera et al. 2014, Verma et al. 2014, Rajulu et al. 2016). Two Trichoderma
species are already identified as plant growth promoters (Altomare et al. 1999,
Yedidia et al. 2001, Hermosa et al. 2012). However, Deepthi et Ray (2019) have
demonstrated that fungus species such as Trichoderma cf. asperellum, Trichoderma cf. harzianum, Endomelanconiopsis endophytica, Diaporthe eucalyptorum and Trichoderma cf. atroviride are plant growth promoters in the
epiphytic orchid Dendrobium sp. These authors also have observed the species
mentioned above as potential in-vitro producers of the plant growth hormone
indole acetic acid (IAA). Maor et al. (2004) reported the fungus species
Colletotrichum gloeosporioides to be a producer of IAA.
Fungal colonisation of different orchids
The colonisation rate and isolation rate of fungal associates in velamen roots
were found to be the lowest in the velamen roots of Rhynchostylis retusa. These
rates reflect the degree of fungal colonisation in roots (Chen et al. 2010). Therefore, from the above observations it has become clear that among the three species of orchids studied, the degree of infection and colonisation of the fungal associates in the velamen roots was the lowest in Rhynchostylis retusa. An analysis of the species evenness index of the three orchid species showed values close
to the maximum value of 1, which indicates that the endophytic fungal communities in the velamen roots of all three orchid species examined in the present study
have an even distribution.

CONCLUSION
Altogether, 20 different fungal endophytes were isolated with a culture technique from the velamen roots of three epiphytic tropical orchids. A majority of
the isolated fungi were not associated explicitly with a single orchid species. It
indicated that certain orchids have preferences for widely distributed fungal
groups as their velamen root associates.
In general, the present study has high relevance in the ecological understanding of velamen roots and sustainable, eco-friendly cultivation of ornamental or103
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chids. The study also emphasises the importance of root-associated endophytic
fungal communities having potential biological roles in the aerial velamen roots
of epiphytic tropical orchids. Overall, the present findings have revealed the need
of further in-depth investigations into the ecological complexities of velamen
roots of orchids, especially into the specific roles of individual non-mycorrhizal
endophytic fungi.
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