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Background and aims — Mycorrhizae have a pivotal impact on orchid growth and metabolism. We
investigated the diversity of root fungal associates in Himantoglossum adriaticum H.Baumann, an
endangered terrestrial orchid species with a central submediterranean distribution, growing in poor
grassland, open woodland and garrigue.

Methods — Fungal diversity in ten H. adriaticum adult plants collected from two geographically distinct
protected areas of Central Italy was analysed by means of molecular methods. Total DNA from orchid roots
was extracted and fungal ITS regions were PCR amplified using the primer pair ITS1F/ITS4; these were
cloned and sequenced.

Key results — A variety of fungal species including basidiomycetes and ascomycetes were found to
be associated with the orchid under study. Among them, fungal taxa belonging to Tulasnellaceae were
identified in most of the analyzed samples whereas ascomycetous fungi such as Helotiales, Sordariomycetes,
and Exophiala were sporadically recovered. Trophic relationship and function of these fungal associates
towards H. adriaticum are discussed.

Key words — Himantoglossum adriaticum, ascomycetes, basidiomycetes, mycorrhizal fungi, ITS primers,

orchids.

INTRODUCTION

The establishment of a relationship with mycorrhizal fungi
is what all orchids need at some point in their life, at least in
the early stages of their growth and development (Rasmus-
sen 1995). Not one out of the estimated 26000 orchid species
(Royal Botanic Gardens, Kew 2009), i.e. about 10% of flow-
ering plants, is likely to be fully autotrophic if the entire life
cycle is considered (Rasmussen & Rasmussen 2007). The
important role of fungal symbionts in the germination of the
extremely small (they measure 0.07-0.40 mm x 0.11-1.97
mm in terrestrial orchids; Arditti et al. 1980) and nearly de-
void of nutritional reserves orchid seeds has been known for
over 100 years (Bernard 1909). The degree to which orchids
depend on fungi for the germination of dust seeds varies in
different species. Many orchid taxa, are able to germinate
asymbiotically in water and survive for some weeks with-
out infection (Rasmussen 1995), during the so called ‘wait-
ing time’ (Vermeulen 1947). However, for orchid species
in which the first step of germination does not depend on
the presence of a fungal partner, a fungus is required in the

achlorophyllous protocorm stage, which is the next stage of
life (Kull & Arditti 2002, Rasmussen & Rasmussen 2009).
All orchid seedlings utilize mycorrhizal fungi for carbon and
nutrient uptake, and the growth-promoting effect of symbi-
onts on the seedlings is widely accepted as the fundamen-
tal role of endophytes in seedling establishment (Rasmussen
2002, Dearnaley 2007).

About 170 orchid species are completely achlorophyl-
lous, so they maintain a fully heterotrophic lifestyle even as
adults (Leake 1994). Most orchids photosynthesize in adult-
hood but remain reliant on the fungal partner for water, min-
eral salts, carbohydrates and other organic compounds with
varying extents (Rasmussen & Whigham 2002, Girlanda et
al. 2006, Waterman & Bidartondo 2008). Some species that
develop green leaves at maturity are likely to obtain some
carbon heteroterotrophically, using a dual strategy that com-
bines mycoheterotrophy and photoassimilation simultane-
ously or over time (Gebauer & Meyer 2003, Liebel et al.
2010, Preiss et al. 2010, Girlanda et al. 2011).
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This intriguing and complex relationship of orchids with
mycorrhizal fungi may play an important role in orchid dis-
tribution and rarity, particularly for specialist orchid taxa
which form mycorrhizae with a small number of fungal part-
ners (Swarts et al. 2010, Phillips et al. 2011a). Environmental
conditions limiting the presence and abundance of appropri-
ate fungi could ultimately restrict the potential range of suit-
able habitats for orchids that are strictly dependent on them
(Phillips et al. 2011b). Orchidaceae have a high proportion
of threatened genera and species, more than any other plant
family (Kull & Hutchings 2006, Swarts & Dixon 2009), and
knowledge of the identities and roles of mycorrhizal fungi
is of primary importance for understanding the biology of
orchids and contributing to their conservation (Batty et al.
2001, Liu et al. 2010).

Recent advances in studying of orchid mycorrhizae are
linked to the development of new techniques that enable
identification and enumeration of fungal symbionts (Selosse
& Cameron 2010). Molecular methods have been recently
used to overcome the experimental problems associated with
the in vitro isolation and morphological characterization of
orchid endophytes as most of them are recalcitrant to isola-
tion and growth in axenic culture (Pereira et al. 2005, Pel-
legrino & Bellusci 2009, Pecoraro et al. 2012a). Moreover,
the identification of the great majority of orchid mycorrhi-
zal fungi, belonging to the form-genus Rhizoctonia, is very
problematic because of a paucity of distinctive and stable
morphological features, even when fungal isolation is un-
dertaken (Taylor & Bruns 1999, Taylor & McCormick 2008,
Pecoraro et al. 2012b).

Himantoglossum adriaticum H.Baumann is a terrestrial
green orchid with a central submediterranean distribution
(northern and central Italy, Slovenia, Croatia, eastern Aus-
tria, Slovakia and Hungary); it has been reported from all
Italy, except for the Val d’Aosta, Apulia, Sardinia and Sicily
(Delforge 1995, Rossi 2002) and has been included in the
Italian lists of endangered species (Conti et al. 1997, Alonzi
et al. 2006). This orchid usually grows in full sun, on dry
calcareous soil, in poor grassland, banks, verges, open wood-
land and garrigue, up to 1600 m (Rossi 2002). H. adriaticum
is characterized by 30-105 cm tall plants, with pale green
and quite large leaves. The elongate and lax inflorescence is
constituted by 15-40 flowers with brownish red, frequently
bifid lip and with a typical unpleasant smell (Delforge 1995,
Rossi 2002).

The objective of this study was to characterize, for the
first time, fungi associated with this terrestrial orchid spe-
cies, by employing molecular techniques. Total DNA was
extracted from roots of plants and fungal ITS DNA was am-
plified, cloned and sequenced.

MATERIAL AND METHODS

Collection of root samples

Orchid roots were collected from each of ten adult individu-
als from four dry calcareous grassland sites (at 969-1047 m
a.s.l.) located in two geographically distinct protected areas
in Central Italy, ‘Cornate di Gerfalco’ Natural Reserve (UTM
coordinates sitel: 32T 659256E/4779872N, site2: 32T
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659440E/4779729N, site3: 32T 659610E/4779621N) and
‘Monte Cetona’ Natural Reserve (UTM coordinates site4:
32T 734929E/4756615N). Sampling was carried out during
the flowering period, in the early summer of 2007 and 2008.
Root samples were collected together with a soil core (maxi-
mum diameter 20 ¢cm, and depth 30 cm) and transferred to
the laboratory. Root fragments were washed with tap water,
scrubbed with a brush and subsequently treated in an ultra-
sonic bath (three cycles of 30 s each) to remove soil particles
and to minimize the detection of soil microorganisms. After
checking for fungal colonization on thin cross sections under
the microscope, infected root portions were frozen in liquid
nitrogen for 3 min and kept at -80°C for molecular analysis.

Molecular identification of mycorrhizal fungi

DNA extraction and ITS-DNA PCR -- Total DNA extrac-
tion from H. adriaticum root fragments was carried out using
the cetyltrimethyl ammonium bromide (CTAB) procedure
(Henrion et al. 1992). The internal transcribed spacer (ITS)
regions of nuclear rDNA were amplified by polymerase
chain reaction (PCR) with primers ITS1F and ITS4 (Gardes
& Bruns 1993) in 50 pL reaction volume, containing 38 pL
steril distilled water, 5 uL 10 x buffer (100 mm Tris—HCI pH
8.3, 500 mm KCl, 11 mm Mg Cl,, 0.1% gelatine), 1 pL 10 mm
dNTP, 1 puL of each primer (ITS1F and ITS4), 1.5 U of RED
TagTM DNA polymerase (Sigma) and 2.5 pL of extracted
genomic DNA at the appropriate dilution. Amplifications
were performed in a PerkinElmer/Cetus DNA thermal cycler,
under the following thermal conditions: 1 cycle of 95°C for
5 min, 30 cycles of 94°C for 40 s, 55°C for 45 s, 72°C for
40 s, 1 cycle of 72°C for 7 min. PCR products were electro-
phoresed in 1% agarose gels with ethidium bromide and vis-
ualized under UV light. Purification of ITS--PCR products
involved use of QIAquick PCR Purification Kit (Qiagen).

Cloning and sequencing — Cloning of fungal ITS regions
utilized the pGEM-T (Promega, Madison, Wisconsin, USA)
vector system. XL—2 Blue ultracompetent cells (Stratagene)
were transformed following the manufacturer’s instructions.
After transformation, white colonies were randomly taken
and transferred to a fresh LB (Luria Broth) plate and the bac-
terial cells lysed at 95°C for 10 min. Plasmid inserts were
amplified using the ITSIF and ITS4 primers under the fol-
lowing conditions: 94°C for 5 min (1 cycle); 94°C for 30 s,
55°C for 45 s, 72°C for 1 min (25 cycles); 72°C for 7 min (1
cycle).

Cloned ITS inserts of extracted plasmids (Plasmid Purifi-
cation Kit, QIAGEN), representative of the major PCR prod-
ucts initially present, were sequenced with the same primer
pair used for amplification. Dye sequencing was carried out
on ABI 310 DNA Sequencer (Applied Biosystems, Carlsbad,
California, USA). Sequences were edited to remove vector
sequence and to ensure correct orientation and assembled
using the program Sequencher 4.1 for MacOS 9. Sequence
analysis was conducted with BLAST searches against the
National Center for Biotechnology Information (NCBI) se-
quence database (GenBank, http://www.ncbi.nlm.nih.gov/
BLAST/index.html) to determine closest sequence matches.
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RESULTS

Fungal hyphae forming pelotons were microscopically ob-
served in cortical cells of all Himantoglossum adriaticum
roots. The majority of samples were heavily colonized by
fungi with the exception of sample CG2 that was only lightly
colonized.

Sequences from the root fungal associates were obtained
for all the analyzed H. adriaticum samples and they were
deposited in GenBank under accession numbers JQ685234—
JQ685249 (table 1). Six out of ten individuals, from both
investigated areas, were colonized by fungi belonging to
Tulasnellaceae. The closest match for the sequences ampli-
fied from samples CG1 (97% over 994 bp), CG2 (97% over
987 bp), CG5 (97% over 1053 bp), MC2 (96% over 989 bp)

and MC3 (97% over 1031 bp) was with uncultured Tulas-
nellaceae from the roots of Cypripedium montanum Doug-
las (DQ925572) sampled in northern California and the
main root fungal endophyte of sample CG7 was a fungus
with identity to Tulasnellaceae found in Ophrys bergonii
A.Camus in France (EU583691). The second closest match
for the same sequences (from four out of six samples, table
1) was with Epulorhiza sp. (anamorphic Tulasnella) found
in roots of Cypripedium macranthos Sw. var. rebunense Mi-
yabe & Kudd (AB369928) and C. macranthos Sw. var. spe-
ciosum Rolfe (AB369938) in Rebun Island (Japan).

Roots of sample CG4 were colonised by fungi (clone C)
with close identity (96%) to Helotiales obtained from Ce-
phalanthera longifolia (L.) Fritsch (DQ182427) in Saaremaa
Island (West Estonia).

Table 1 — Closest matches from BLAST searches of fungal sequences amplified from H. adriaticum roots collected in Cornate di
Gerfalco (samples CG1-CG7) and Monte Cetona (samples MC1-MC3).
Deposited accession code, accession code for the closest GenBank matches, sequence identity (% match) and overlap of each match are

reported.
Sample Clone GenBank Best BLAST match(es) Accession Overlap % match
accession code code length

CGl1 A JQ685234 Tulasnellaceae (from Cypripedium montanum) DQ925572 994 97%

C JQ685235 Exophiala pisciphila DQ826739 917 93%

CG2 JQ685236 Tulasnellaceae (from Cypripedium montanum) DQ925572 987 97%

ff:{;;:gjjszz )(from Cypripedium macranthos AB369938 305 86%

B JQ685237 Fusarium sp. DQ682576 948 99%

CG3 A JQ685238 Fusarium sp. (from cyst of Heterodera schachtii)  AY 729065 868 96%

E JQ685239 Gibberella sp. (from Protea nitida) EUS552132 978 99%

cG4 A JQ685240 ;‘j’;‘;ﬁ?ggﬁggﬁ;‘me’“’Skelet"“ of EU680539 838 94%

Gibberella moniliformis EU364864 838 94%

B JQ685241 Fusarium lateritium AF310980 973 98%

C JQ685242 Helotiales (from Cephalanthera longifolia) DQ182427 899 96%

Leohumicola minima AY706329 870 95%

CG5 A JQ685243 Tulasnellaceae (from Cypripedium montanum) DQ925572 1053 97%

fﬁf{ggﬁi ;Spe.)(from Cypripedium macranthos AB369928 717 87%

CG6 A JQ685244 Mycorrhizal fungus (from Epipactis helleborine) ~ AB428793 941 97%

Exophiala salmonis AF050274 835 94%

CG7 B JQ685245 Tulasnellaceae (from Orchis bergonii) EU583691 643 92%

MC1 B JQ685246 Fusarium sp. DQO61112 320 87%

C JQ685247 Hypocreales (from soil and roots of oilseed rape)  EU754933 747 94%

Fusarium redolens EF495234 747 94%

MC2 A JQ685248 Tulasnellaceae (from Cypripedium montanum) DQ925572 989 96%

fﬁ:lroerbh;z :;)e.)(from Cypripedium macranthos AB369928 697 85%

MC3 B JQ685249 Tulasnellaceae (from Cypripedium montanum) DQ925572 1031 97%

Epulorhiza sp. (from Cypripedium macranthos AB369928 699 86%

var. rebunense)
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Sequences from sample CG6 matched instead (97% over
941 bp) an uncultured mycorrhizal fungus colonizing Epi-
pactis helleborine (L.) Crantz in Japan (AB428793).

Fungal associates with sample CG1 (clone C) shared
93% similarity with Exophiala pisciphila McGinnis & Ajello
(DQ826739) whereas the sequences obtained from sample
CG4 corresponded to a fungus with identity (94% over 838
bp) to Sordariomycetes obtained from the exoskeleton of
Spodoptera ornithogali Guenée (Lepidoptera) and to Gib-
berella moniliformis Wineland.

Fungal sequences from the remaining samples mostly be-
longed to Hypocreales, the closest match being with Fusa-
rium species found in roots of Taurantha concinna (R.Br.)
D.L.Jones & M.A.Clem. (sample MCI, clone B), rhizomes
of Paris polyphylla Sm. var. yunnanensis (Franch.) Hand.-
Mazz. (MCI1, clone C), tissues of coffee plants (sample CG2,
clone B), cyst of the nematode Heterodera schachtii Schmidt
(sample CG3).

DISCUSSION

The finding of a constant and heavy fungal colonization of
Himantoglossum adriaticum roots supports the hypothesis of
a trophic relationship between this orchid and associated fun-
gi. Fungal coils called pelotons, microscopically observed in
the root cortical cells, represent the primary evidence of the
establishment of the orchid mycorrhiza (Rasmussen 1995,
Shefferson et al. 2008). The observation of mycorrhizal
hyphal coils growing intracellularly within the H. adriati-
cum roots was not surprising as some authors have recently
showed the dependency on fungal symbionts in several pho-
tosynthetic orchid species, also in the adult stage. With re-
gard to green orchid species growing in forests, Julou et al.
(2005) and Abadie et al. (2006) respectively demonstrated
that Cephalanthera damasonium (Mill.) Druce and C. longi-
folia use an additional mycorrhizal carbon source, although
they are able to photosynthesize (mixotrophy). Partial myco-
heterotrophy in Cephalanthera species has been confirmed
by Preiss et al. (2010) by showing that these orchids obtain
carbon from fungal symbionts under low light conditions,
but become completely autotrophic when they are exposed to
high irradiances. A trophic relationship with fungal partners
has been also demonstrated in green orchids of open habitats,
such as Orchis purpurea Huds., Barlia robertiana (Loisel.)
Greuter and Habernaria tridactylites Lindl. (Liebel et al.
2010), Ophrys fuciflora (F.W.Schmidt) Moench, Anacamptis
laxiflora (Lam.) R.M.Bateman, Pridgeon & M.W.Chase, Or-
chis purpurea Huds. and Serapias vomeracea Briq. (Girlan-
da et al. 2011) by means of C and N stable isotope analyses.

Although Himantoglossum species have for long held
a certain fascination for scientists and early researches on
these orchids described regulatory mechanisms of orchid
mycorrhiza (Gdumann et al. 1961), little is known about the
diversity of fungi associated with this orchid genus and our
work constitutes the first molecular analysis of mycorrhizal
symbionts in H. adriaticum. In this work we identified sev-
eral fungal species occurring in H. adriaticum roots and we
cannot exclude that symbiotic nutrient exchanges exist be-
tween these organisms, although physiological analyses are
needed to confirm this hypothesis.
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Sequences of basidiomycetes belonging to Tulasnellace-
ae were found in most of the analyzed samples (table 1). We
found sequences that matched closely with uncultured Tulas-
nellaceae collected by Shefferson et al. (2007) from roots of
adult Cypripedium montanum showing a narrow mycorrhizal
specificity. These authors suggested that fungal carbon may
still be needed during adulthood in Cypripedium plants and
may be most necessary in taxa in which dormancy is most
common. The closest match for the sequences amplified from
sample CG7 was with Tulasnellaceae found in Ophrys ber-
gonii in the frame of a study about mycorrhizal interactions
in this hybrid Mediterranean orchid (Schatz et al. 2010). In
the latter study, Tulasnellaceae taxonomically similar to the
symbionts of both parent species were found in hybrids al-
lowing them to germinate and establish mycorrhizae.

The second closest match, for sequences sharing the
highest similarity with these uncultured Tulasnellaceae, was
with Epulorhiza sp. isolated by Shimura et al. (2009), from
adult plant roots of C. macranthos var. rebunense and C.
macranthos var. speciosum and successfully used for seed
germination showing their symbiotic status.

Tulasnellaceae was confirmed as a family with a range of
orchid mycorrhiza forming species (Kristiansen et al. 2001,
2004, McCormick et al. 2004, Bougoure et al. 2005, Sheffer-
son et al. 2005, Suarez et al. 2006, Bonnardeaux et al. 2007).
Several green orchid species growing in the same habitat of
H. adriaticum, sometimes with similar distribution, were re-
cently found to be associated with tulasnelloid fungi. Among
them, species of the genus Orchis showed a tendency to se-
lect Tulasnella from the potential fungal community as the
best partner to meet their nutritional demands both in proto-
corms and adult individuals (Jacquemyn et al. 2010, 2011a,
2011b). Both Shefferson et al. (2008) and Vendramin et al.
(2010) showed that Tulasnellaceae were the primary asso-
ciates in Orchis militaris L. Tulasnelloid fungi have been
shown to be the dominant symbionts in Anacamptis laxiflora,
Orchis purpurea, Ophrys fuciflora and Serapias vomeracea
(Girlanda et al. 2011). Moreover, Tulasnellaceae were also
identified in Orchis pauciflora Ten. and O. tridentata Scop.
sampled in the same study areas where H. adriaticum roots
collection was carried out (Pecoraro et al. 2012a, 2012b). We
suggest a symbiotic relationship between H. adriaticum and
tulasnelloid fungi. Further analyses are therefore needed to
clarify the functional role of these putative mycorrhizal fungi
we found in the roots of the investigated orchid species.

Tulasnella calospora (Boud.) Juel was proposed as an
universal orchid symbiont being the most common root and
seedling endophyte, with the capacity to establish mycor-
rhiza with plenty of orchid species in the laboratory (Hadley
1970, Rasmussen 1995). However, taxonomic problems still
stand in the way of unbiased Tulasnella species delimitation
and molecular identification (Suérez et al. 2006, Cruz et al.
2011). A very effective primer pair for the amplification of
ITS region from Tulasnellaceac was developed by Taylor
& McCormick (2008). These authors showed that new ba-
sidiomycete ITS primers (ITS1-OF/ITS4-—OF) increase the
success of Tulasnella amplification from orchid roots DNA
whereas the universal fungal primers ITS1F and ITS4 fail
to amplify some taxa in family Tulasnellaceae. In our work,
the lack of Tulasnella sequences from five analyzed samples
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could be affected by the use of ITSIF-ITS4 primer pair and
further molecular studies based on the use of different primer
combinations will allow an in-depth analysis of tulasnelloid
fungi associated with H. adriaticum.

Another potential symbiont with close identity to an un-
cultured mycorrhizal fungus found in Epipactis helleborine
(Ogura-Tsujita & Yukawa 2008) was identified in the sample
CG6. The results of the latter study suggested that E. helle-
borine thrives in the deepest woodland shade with nutritional
supplementation from its fungal partners. The same mycor-
rhizal fungi could sustain development of H. adriaticum by
transferring carbon from environmental sources to orchid
plants.

Several ascomycetous fungi, with obscure ecological
function, were found in H. adriaticum roots. Helotiales with
identity to a sequence from roots of Cephalanthera longifo-
lia analyzed by Abadie et al. (2006) were found in sample
CG4. A trophic relationship with H. adriaticum was difficult
to assess for these ascomycetes as Helotiales are an ecologi-
cally diverse taxon including plant symbionts (both ericoid
and ectomycorrhizal), endophytes, saprotrophs and patho-
gens.

The closest two matches for the sequence amplified from
sample CG4, clone A, were with Sordariomycetes found by
Feldman et al. (2008) on the exoskeleton of nocturnal moths
and Gibberella moniliformis collected from cucurbits crops
(Zheng et al. 2008). In the former study, Sordariomycetes
were considered asymptomatic fungi occurring in above-
ground tissues of Paspalum grasses. The authors suggested
that these endophytes, vectored by Spodoptera ornithogali,
could inhibit colonization of plant tissues by Claviceps pas-
pali F.Stevens & J.G.Hall a common fungal pathogen of
Paspalum species. With regard to G. moniliformis, Zheng et
al. (2008) showed that this ascomycete is a pathogen of cu-
curbits and we cannot hypothesize any relationship between
the same fungal taxon and H. adriaticum.

In addition, we found sequences that matched with
Fusarium species collected from different sources (table 1)
including orchid roots (Zaurantha concinna, Otero et al.
2011), plant tissues (Posada et al. 2007, Li et al. 2008) and
cyst of nematode (Gao et al. 2008). Because of the wide set
of ecological functions of Fusarium species, the trophic rela-
tionship between these fungi and orchids is unclear and some
authors consider them just like root surface contaminants
(Girlanda et al. 2006). Fusarium species are primarily plant-
associated fungi, even if some taxa are insect pathogens
and some cause human mycoses (Bacon & White 2000).
Fusarium species establish endophytic colonization in both
cultivated and wild plants. There are examples of species
with short endophytic phases that develop into pathogenic
infection and also endophytes that never become pathogens.
Moreover, the response of plants to fungal infection depends
on several environmental factors and even Fusarium spe-
cies that are known to be virulent can be asymptomatic un-
der optimal growth conditions (Bacon & White 2000). The
asymptomatic association between Fusarium and plants are
sometimes considered mutualistic as the fungus receives nu-
trients from the plant that is protected against pathogenic in-
fections by the fungal partner (Van Wyck et al. 1988, Yates et

al. 1997). As Fusarium endophytes-plant associations range
from latent pathogenic infections to mutualistic interactions,
we cannot exclude the possibility of symbiotic relationship
between Fusarium species and H. adriaticum. The same hy-
pothesis was recently proposed by Chutima et al. (2011) for
endophytic Fusarium strains colonizing Pecteilis susannae
(L.) Rafin, whereas Ovando et al. (2005) and Johnson et al.
(2007) have already reported that Fusarium isolated from or-
chids can promote the growth of orchid seedlings and form
endomycorrhiza.

This study showed that H. adriaticum associates with a
range of fungi that we found in the roots of all analyzed or-
chid individuals by means of molecular analysis. Our finding
of pelotons in the root cells has provided the first evidence of
mycorrhiza formation between H. adriaticum and some of
the associated fungi. The results suggest that the study orchid
species may have a dominant trophic relationship with ba-
sidiomycetes in the family Tulasnellaceae which are known
to form mycorrhizas on several orchid taxa. We also identi-
fied a variety of ascomycetous fungi that have been already
found in the roots of orchid species with unclear ecology.
Their detection suggests a potential role as orchid symbi-
onts although further investigations are needed in order to
clarify the relationship between these ascomycetes and or-
chids. Similarly, very little is known about physiology and
biochemistry of the obscure interactions between orchids and
ascomycetous taxa with the putative ecology of endophytes,
such as Hypocreales we found in H. adriaticum roots. A
deeper understanding of the endophytic lifestyle of these
fungi is essential.

However, the molecular assessment of fungal diversity
associated with H. adriaticum, reported for the first time in
this work, constitutes an advance in our understanding of the
ecology of this orchid species and may represent the starting
point for the analysis of the undoubtedly complex interaction
between this delicate plant and fungi.

ACKNOWLEDGEMENTS

We thank the Estonian Science Foundation and the Euro-
pean Social Fund (Mobilitas Postdoctoral Research Grant
MID135) for financial support.

REFERENCES

Abadie J.C., Piittsepp U., Gebauer G., Faccio A., Bonfante P.,
Selosse M.A. (2006) Cephalanthera longifolia (Neottieae, Or-
chidaceae) is mixotrophic: a comparative study between green
and nonphotosynthetic individuals. Canadian Journal of Botany
84: 1462—1477. http://dx.doi.org/10.1139/b06-101

Alonzi A., Ercole S., Piccini C. (2006) La protezione delle specie
della flora e della fauna selvatica: quadro di riferimento legisla-
tivo regionale. Roma, APAT Rapporti 75/2006.

Arditti J., Michaud J.D., Healey P.L. (1980) Morphometry of or-
chid seeds. II. Native California and related species of Calypso,
Cephalanthera, Corallorhiza, and Epipactis. American Journal
of Botany 67: 347-360. http://dx.doi.org/10.2307/2442345

Bacon C.W., White J.F. (2000) Microbial endophytes. New York,
Marcel Dekker.

149


http://dx.doi.org/10.1139/b06-101
http://dx.doi.org/10.2307/2442345

Pl Ecol. Evol. 146 (2), 2013

Batty A.L., Dixon K.W., Brundrett M., Sivasithamparam K. (2001)
Constraints to symbiotic germination of terrestrial orchid seed
in a mediterranean bushland. New Phytologist 152: 511-520.
http://dx.doi.org/10.1046/j.0028-646X.2001.00277.x

Bernard N. (1909) L’évolution dans la symbiose. Les orchidées et
leurs champignons commensaux. Annales des Sciences Natu-
relles, Botanique, Paris 9: 1-196.

Bonnardeaux Y., Brunndrett M., Batty A., Dixon K., Koch J., Siva-
sithamparam K. (2007) Diversity of mycorrhizal fungi of ter-
restrial orchids: compatibility webs, brief encounters, lasting
relationships and alien invasions. Mycological Research 111:
51-61. http://dx.doi.org/10.1016/j.mycres.2006.11.006

Bougoure J.J., Bougoure D.S., Cairney J.W.G., Dearnley J.D.W.
(2005) ITS-RFLP and sequence analysis of endophytes from
Acianthus, Caladenia and Pterostylis (Orchidaceae) in south-
eastern Queensland. Mycological Research 109: 452-460.
http://dx.doi.org/10.1017/S095375620500225X

Chutima R., Dell B., Vessabutr S., Bussaban B., Lumyong S. (2011)
Endophytic fungi from Pecteilis susannae (L.) Rafin (Orchi-
daceae), a threatened terrestrial orchid in Thailand. Mycorrhiza
21:221-229. http://dx.doi.org/10.1007/s00572-010-0327-1

Conti F., Manzi A., Pedrotti F. (1997) Liste rosse regionali delle
piante d’Italia. WWF Italia, Societa Botanica Italiana. Cameri-
no, TIPAR Poligrafica Editrice.

Cruz D., Suarez J.P., Kottke 1., Piepenbring M., Oberwinkler F.
(2011) Defining species in Tulasnella by correlating morphol-
ogy and nrDNA ITS-5.8S sequence data of basidiomata from
a tropical Andean forest. Mycological Progress 10: 229-238.
http://dx.doi.org/10.1007/s11557-010-0692-3

Dearnaley J.D.W. (2007) Further advances in orchids mycorrhizal
research. Mycorrhiza 17: 475-486. http://dx.doi.org/10.1007/
s00572-007-0138-1

Delforge P. (1995) Orchids of Britain & Europe. Basingstoke,
Harper Collins.

Feldman T.S., O’Brien H.E., Arnold A.E. (2008) Moths that vector
a plant pathogen also transport endophytic fungi and mycopara-
sitic antagonists. Microbial Ecology 56: 742—750. http://dx.doi.
org/10.1007/s00248-008-9393-8 -

Gao X., Yin B., Borneman J., Becker J.O. (2008) Assessment of
parasitic activity of Fusarium strains obtained from a Heterode-
ra schachtii-suppressive soil. Journal of Nematology 40: 1-6.

Gardes M., Bruns T.D. (1993) ITS primers with enhanced speci-
ficity for basidiomycetes - applications to the identification of
mycorrhizae and rusts. Molecular Ecology 2: 113—118. http://
dx.doi.org/10.1111/j.1365-294X.1993.tb00005.x

Giumann E., Miiller E., Niiesch J., Rimpau R.H. (1961) Uber
die Wurzelpilze von Loroglossum hircinum (L.) Rich.
Phytopathologische Zeitschrift 41: 89-96. http://dx.doi.
org/10.1111/5.1439-0434.1961.tb01945.x -

Gebauer G., Meyer M. (2003) N and "3C natural abundance of
autotrophic and mycoheterotrophic orchids provides insight
into nitrogen and carbon gain from fungal association. New
Phytologist 160: 209-223. http://dx.doi.org/10.1046/j.1469-
8137.2003.00872.x

Girlanda M., Selosse M.A., Cafasso D., Brilli F., Delfine S., Fabbian
R., Ghignone S., Pinelli P., Segreto R., Loreto F., Cozzolino S.,
Perotto S. (2006) Inefficient photosynthesis in the Mediterrane-
an orchid Limodorum abortivum is mirrored by specific asso-
ciation to ectomycorrhizal Russulaceae. Molecular Ecology 15:
491-504. http://dx.doi.org/10.1111/j.1365-294X.2005.02770.x

Girlanda M., Segreto R., Cafasso D., Liebel H.T., Rodda M., Ercole
E., Cozzolino S., Gebauer G., Perotto S. (2011) Photosynthetic
Mediterranean meadow orchids feature partial mycoheterotro-

150

phy and specific mycorrhizal associations. American Journal of
Botany 98: 1148-1163. http://dx.doi.org/10.3732/ajb.1000486

Hadley G. (1970) Non-specificity of symbiotic infection in orchid
mycorrhizal. New Phytologist 69: 1015-1023. http://dx.doi.
org/10.1111/5.1469-8137.1970.tb02481.x

Henrion B., Le Tacon F., Martin F. (1992) Rapid identification of
genetic variation of ectomycorrhizal fungi by amplification of
ribosomal RNA genes. New Phytologist 122: 289-298. http://
dx.doi.org/10.1111/.1469-8137.1992.tb04233.x

Jacquemyn H., Honnay O., Cammue B.P.A., Brys R., Lievens B.
(2010) Low specificity and nested subset structure characterize
mycorrhizal associations in five closely related species of the
genus Orchis. Molecular Ecology 19: 4086—4095. http://dx.doi.
org/10.1111/.1365-294X.2010.04785.x -

Jacquemyn H., Brys R., Cammue B.P.A., Honnay O., Lievens B.
(2011a) Mycorrhizal associations and reproductive isolation
in three closely related Orchis species. Annals of Botany 107:
347-356. http://dx.doi.org/10.1093/aob/mcq248

Jacquemyn H., Merckx V., Brys R., Tyteca D., Cammue B.P.A.,
Honnay O., Lievens B. (2011b) Analysis of network architec-
ture reveals phylogenetic constraints on mycorrhizal specificity
in the genus Orchis (Orchidaceae). New Phytologist 192: 518—
528. http://dx.doi.org/10.1111/j.1469-8137.2011.03796.x

Johnson T.R., Stewart S.L., Dutra D., Kane M.E., Richardson L.
(2007) Asymbiotic and symbiotic seed germination of Eulo-
phia alta (Orchidaceae) — preliminary evidence for the symbio-
tic culture advantage. Plant Cell Tissue and Organ Culture 90:
313-323. http://dx.doi.org/10.1007/s11240-007-9270-z

Julou T., Burghardt B., Gebauer G., Berveiller D., Damesin C., Se-
losse M.A. (2005) Mixotrophy in Orchids: insights from a com-
parative study of green individuals and nonphotosynthetic in-
dividuals of Cephalantera damasonium. New Phytologist 166:
639-653. http://dx.doi.org/10.1111/j.1469-8137.2005.01364.x

Kristiansen K.A., Taylor D.L., Kjeller R., Rasmussen H.N., Rosen-
dahl S. (2001) Identification of mycorrhizal fungi from single
pelotons of Dactylorhiza majalis (Orchidaceae) using SSCP
and mitochondrial ribosomal LsDNA sequences. Molecular
Ecology 10: 2089-2093. http://dx.doi.org/10.1046/j.0962-
1083.2001.01324.x

Kristiansen K.A., Freudenstein J.V., Rasmussen F.N., Rasmussen
H.N. (2004) Molecular identification of mycorrhizal fungi in
Neuwiedia veratrifolia (Orchidaceae). Molecular Phylogenet-
ics and Evolution 33: 251-258. http://dx.doi.org/10.1016/;.
ympev.2004.05.015

Kull T., Arditti J. (2002) Orchid Biology: Reviews and Perspec-
tives, VIII. Dordrecht, Kluwer Academic Publishers.

Kull T., Hutchings M.J. (2006) A comparative analysis of decline
in the distribution ranges of orchid species in Estonia and the
United Kingdom. Biological Conservation 129: 31-39. http://
dx.doi.org/10.1016/j.biocon.2005.09.046 T

Leake J.R. (1994) The biology of mycoheterotrophic (‘saprophyt-
ic’) plants. Tansley Review No. 69. New Phytologist 127: 171—
216. http://dx.doi.org/10.1111/.1469-8137.1994.tb04272.x

Li J., Zhao J., Xu L., Zhou L., Li X., Wang J. (2008) Endophytic
fungi from rhizomes of Paris polyphylla var. yunnanensis.
World Journal of Microbiology & Biotechnology 24: 733—737.
http://dx.doi.org/10.1007/s11274-007-9531-3

Liebel H.T., Bidartondo M.I., Preiss K., Segreto R., Stockel M.,
Rodda M., Gebauer G. (2010) C and N stable isotope signa-
tures reveal constraints to nutritional modes in orchids from the
Mediterranean and Macaronesia. American Journal of Botany
97: 903-912. http://dx.doi.org/10.3732/ajb.0900354



http://dx.doi.org/10.1046/j.0028-646X.2001.00277.x
http://dx.doi.org/10.1016/j.mycres.2006.11.006
http://dx.doi.org/10.1017/S095375620500225X
http://dx.doi.org/10.1007/s00572-010-0327-1
http://dx.doi.org/10.1007/s11557-010-0692-3
http://dx.doi.org/10.1007/s00572-007-0138-1
http://dx.doi.org/10.1007/s00572-007-0138-1
http://dx.doi.org/10.1007/s00248-008-9393-8
http://dx.doi.org/10.1007/s00248-008-9393-8
http://dx.doi.org/10.1111/j.1365-294X.1993.tb00005.x
http://dx.doi.org/10.1111/j.1365-294X.1993.tb00005.x
http://dx.doi.org/10.1111/j.1439-0434.1961.tb01945.x
http://dx.doi.org/10.1111/j.1439-0434.1961.tb01945.x
http://dx.doi.org/10.1046/j.1469-8137.2003.00872.x
http://dx.doi.org/10.1046/j.1469-8137.2003.00872.x
http://dx.doi.org/10.1111/j.1365-294X.2005.02770.x
http://dx.doi.org/10.3732/ajb.1000486
http://dx.doi.org/10.1111/j.1469-8137.1970.tb02481.x
http://dx.doi.org/10.1111/j.1469-8137.1970.tb02481.x
http://dx.doi.org/10.1111/j.1469-8137.1992.tb04233.x
http://dx.doi.org/10.1111/j.1469-8137.1992.tb04233.x
http://dx.doi.org/10.1111/j.1365-294X.2010.04785.x
http://dx.doi.org/10.1111/j.1365-294X.2010.04785.x
http://dx.doi.org/10.1093/aob/mcq248
http://dx.doi.org/10.1111/j.1469-8137.2011.03796.x
http://dx.doi.org/10.1007/s11240-007-9270-z
http://dx.doi.org/10.1111/j.1469-8137.2005.01364.x
http://dx.doi.org/10.1046/j.0962-1083.2001.01324.x
http://dx.doi.org/10.1046/j.0962-1083.2001.01324.x
http://dx.doi.org/10.1016/j.ympev.2004.05.015
http://dx.doi.org/10.1016/j.ympev.2004.05.015
http://dx.doi.org/10.1016/j.biocon.2005.09.046
http://dx.doi.org/10.1016/j.biocon.2005.09.046
http://dx.doi.org/10.1111/j.1469-8137.1994.tb04272.x
http://dx.doi.org/10.1007/s11274-007-9531-3
http://dx.doi.org/10.3732/ajb.0900354

Pecoraro et al., Mycorrhizal fungi in Himantoglossum adriaticum

Liu H,, Luo Y., Liu H. (2010) Studies of mycorrhizal fungi of Chi-
nese orchids and their role in orchid conservation in China -

a review. The Botanical Review 76: 241-262. http://dx.doi.

org/10.1007/s12229-010-9045-9

McCormick M.K., Whigham D.F., O’Neill J. (2004) Mycor-
rhizal diversity in photosynthetic terrestrial orchids. New
Phytologist 163: 425-438. http://dx.doi.org/10.1111/.1469-
8137.2004.01114.x

Ogura-Tsujita Y., Yukawa T. (2008) Epipactis helleborine shows
strong mycorrhizal preference towards ectomycorrhizal fungi
with contrasting geographic distribution in Japan. Mycorrhiza
18: 331-338. http://dx.doi.org/10.1007/s00572-008-0187-0

Otero J.T., Thrall P.H., Clements M., Burdon J.J., Miller J.T. (2011)
Codiversification of orchids (Pterostylidinae) and their associ-
ated mycorrhizal fungi. Australian Journal of Botany 59: 480—
497. http://dx.doi.org/10.1071/BT11053

Ovando 1., Damon A., Bello R., Ambrosio D., Albores V., Adriano
L., Salvador M. (2005) Isolation of endophytic fungi and their
potential for the tropical epiphytic orchids Cattleya skinneri, C.
aurantiaca and Brassavola nodosa. Asian Journal of Plant Sci-
ences 4: 309-315.

Pecoraro L., Girlanda M., Kull T., Perini C., Perotto S. (2012a) Mo-
lecular identification of root fungal associates in Orchis pauci-
flora Tenore. Plant Biosystems 146: 985-991. http://dx.doi.org/
10.1080/11263504.2011.634447 -

Pecoraro L., Girlanda M., Kull T., Perini C., Perotto S. (2012b)
Analysis of fungal diversity in Orchis tridentata Scopoli. Cen-

tral European Journal of Biology 7: 850-857. http://dx.doi.

org/10.2478/s11535-012-0071-y

Pellegrino G., Bellusci F. (2009) Molecular identification of mycor-
rhizal fungi in Dactylorhiza sambucina (Orchidaceae). Biologia
64: 893-897. http://dx.doi.org/10.2478/s11756-009-0175-7

Pereira O.L., Kasuya M.C.M., Borges A.C., de Araujo E.F. (2005)
Morphological and molecular characterization of mycorrhizal
fungi isolated from neotropical orchids in Brazil. Canadian
Journal of Botany 83: 54—65. http://dx.doi.org/10.1139/b04-151

Phillips R.D., Barrett M.D., Dixon K.W., Hopper S.D. (2011a)
Do mycorrhizal symbioses cause rarity in orchids? Journal
of Ecology 99: 858-869. http://dx.doi.org/10.1111/j.1365-
2745.2011.01797.x

Phillips R.D., Brown A.P., Dixon K.W., Hopper S.D. (2011b)
Orchid biogeography and factors associated with rarity in a
biodiversity hotspot, the Southwest Australian Floristic Re-

gion. Journal of Biogeography 38: 487-501. http://dx.doi.

org/10.1111/j.1365-2699.2010.02413.x

Posada F., Aime M.C., Peterson S.W., Rehner S.A., Vega F.E.
(2007) Inoculation of coffee plants with the fungal entomopath-
ogen Beauveria bassiana (Ascomycota: Hypocreales). Myco-
logical Research 111: 748—757. http://dx.doi.org/10.1016/j.my-
cres.2007.03.006

Preiss K., Adam LK.U., Gebauer G. (2010) Irradiance governs
exploitation of fungi: fine-tuning of carbon gain by two par-
tially myco-heterotrophic orchids. Proceedings of the Royal

Society B-Biological Sciences 277: 1333-1336. http://dx.doi.

org/10.1098/rspb.2009.1966

Rasmussen H.N. (1995) Terrestrial orchids: From seed to myco-
trophic plant. Cambridge, Cambridge University Press.

Rasmussen H.N. (2002) Recent developments in the study of or-

chid mycorrhiza. Plant and Soil 244: 149-163. http://dx.doi.

org/10.1023/A:1020246715436

Rasmussen H.N., Whigham D.F. (2002) Phenology of roots and
mycorrhiza in orchid species differing in phototrophic strat-

egy. New Phytologist 154: 797-807. http://dx.doi.org/10.1046/
j-1469-8137.2002.00422.x

Rasmussen H.N., Rasmussen F.N. (2007) Trophic relationships in
orchid mycorrhiza — diversity and implications for conserva-
tion. Lankesteriana 7(1-2): 334-341.

Rasmussen H.N., Rasmussen F.N. (2009) Orchid mycorrhiza: im-
plications of a mycophagous life style. Oikos 118: 334-345.
http://dx.doi.org/10.1111/j.1600-0706.2008.17116.x

Royal Botanic Gardens, Kew (2009) World checklist of se-
lected plant families. Available from http://apps.kew.
org/wcesp/prepareChecklist.do?checklist=selected fami-
lies%40%40259160920/00929686 [accessed 19 Oct. 2010].

Rossi W. (2002) Orchidee d’Italia. Quad. Cons. Natura, Min. Am-
biente-Ist. Naz. Fauna Selvatica 15.

Schatz B., Geoffroy A., Dainat B., Bessi¢re J.M., Buatois B., Hos-
saert-McKey M., Selosse M.A. (2010) A case study of modi-
fied interactions with symbionts in a hybrid Mediterranean or-
chid. American Journal of Botany 97: 1278—1288. http://dx.doi.
org/10.3732/ajb.0900303 -

Selosse M.A., Cameron D.D. (2010) Introduction to a virtual spe-
cial issue on mycoheterotrophy: New Phytologist sheds light on
non-green plants. New Phytologist 185: 591-593. http://dx.doi.
org/10.1111/5.1469-8137.2009.03151.x

Shefferson R.P., Weiss M., Kull T., Taylor D.L. (2005) High
specificity generally characterizes mycorrhizal association
in rare lady’s slipper orchids, genus Cypripedium. Molecu-
lar Ecology 14: 613—626. http://dx.doi.org/10.1111/j.1365-
294X.2005.02424.x

Shefferson R.P., Taylor D.L., Weil M., Garnica S., McCormick
M.K., Adams S., Gray H.M., McFarland J.W., Kull T., Tali K.,
Yukawa T., Kawahara T., Miyoshi K., Lee Y. (2007) The evolu-
tionary history of mycorrhizal specificity among lady’s slipper
orchids. Evolution 61: 1380-1390. http://dx.doi.org/10.1111/
7.1558-5646.2007.00112.x

Shefferson R.P., Kull T., Tali K. (2008) Mycorrhizal interaction
of orchids colonizing Estonian mine tailings hills. American
Journal of Botany 95(2): 156-164. http://dx.doi.org/10.3732/
ajb.95.2.156

Shimura H., Sadamoto M., Matsuura M., Kawahara T., Naito S.,
Koda Y. (2009) Characterization of mycorrhizal fungi isolated
from the threatened Cypripedium macranthos in a northern
island of Japan: two phylogenetically distinct fungi associ-
ated with the orchid. Mycorrhiza 19: 525-534. http://dx.doi.
org/10.1007/s00572-009-0251-4 -

Suarez J.P., Weiss M., Abele A., Garnica S., Oberwinkler F.,
Kottke 1. (2006) Diverse tulasnelloid fungi form mycorrhizas
with epiphytic orchids in an andean cloud forest. Mycologi-
cal Research 110: 1257-1270. http://dx.doi.org/10.1016/j.my-
cres.2006.08.004

Swarts N.D., Dixon K.W. (2009) Terrestrial orchid conservation in
the age of extinction. Annals of Botany 104: 543-556. http://
dx.doi.org/10.1093/a0b/mcp025

Swarts N.D., Sinclair E.A., Francis A., Dixon K.W. (2010) Ecologi-
cal specialization in mycorrhizal symbiosis leads to rarity in an
endangered orchid. Molecular Ecology 19: 3226-3242. http://
dx.doi.org/10.1111/j.1365-294X.2010.04736.x -

Taylor D.L., Bruns T.D. (1999) Population, habitat and genetic
correlates of mycorrhizal specialization in the ‘cheating’ or-
chids Corallorhiza maculata and C. mertensiana. Molecular
Ecology 8: 1719-1732. http://dx.doi.org/10.1046/j.1365-
294x.1999.00760.x

Taylor D.L., McCormick M.K. (2008) Internal transcribed spacer
primers and sequences for improved characterization of basidi-

151


http://dx.doi.org/10.1007/s12229-010-9045-9
http://dx.doi.org/10.1007/s12229-010-9045-9
http://dx.doi.org/10.1111/j.1469-8137.2004.01114.x
http://dx.doi.org/10.1111/j.1469-8137.2004.01114.x
http://dx.doi.org/10.1007/s00572-008-0187-0
http://dx.doi.org/10.1071/BT11053
http://dx.doi.org/10.1080/11263504.2011.634447
http://dx.doi.org/10.1080/11263504.2011.634447
http://dx.doi.org/10.1080/11263504.2011.634447
http://dx.doi.org/10.2478/s11535-012-0071-y
http://dx.doi.org/10.2478/s11535-012-0071-y
http://dx.doi.org/10.2478/s11756-009-0175-7
http://dx.doi.org/10.1139/b04-151
http://dx.doi.org/10.1139/b04-151
http://dx.doi.org/10.1111/j.1365-2745.2011.01797.x
http://dx.doi.org/10.1111/j.1365-2745.2011.01797.x
http://dx.doi.org/10.1111/j.1365-2699.2010.02413.x
http://dx.doi.org/10.1111/j.1365-2699.2010.02413.x
http://dx.doi.org/10.1016/j.mycres.2007.03.006
http://dx.doi.org/10.1016/j.mycres.2007.03.006
http://dx.doi.org/10.1016/j.mycres.2007.03.006
http://dx.doi.org/10.1098/rspb.2009.1966
http://dx.doi.org/10.1098/rspb.2009.1966
http://dx.doi.org/10.1023/A:1020246715436
http://dx.doi.org/10.1023/A:1020246715436
http://dx.doi.org/10.1046/j.1469-8137.2002.00422.x
http://dx.doi.org/10.1046/j.1469-8137.2002.00422.x
http://dx.doi.org/10.1111/j.1600-0706.2008.17116.x
http://apps.kew.org/wcsp/prepareChecklist.do?checklist=selected_families%40%40259160920/00929686
http://apps.kew.org/wcsp/prepareChecklist.do?checklist=selected_families%40%40259160920/00929686
http://apps.kew.org/wcsp/prepareChecklist.do?checklist=selected_families%40%40259160920/00929686
http://apps.kew.org/wcsp/prepareChecklist.do?checklist=selected_families%40%40259160920/00929686
http://dx.doi.org/10.3732/ajb.0900303
http://dx.doi.org/10.3732/ajb.0900303
http://dx.doi.org/10.1111/j.1469-8137.2009.03151.x
http://dx.doi.org/10.1111/j.1469-8137.2009.03151.x
http://dx.doi.org/10.1111/j.1365-294X.2005.02424.x
http://dx.doi.org/10.1111/j.1365-294X.2005.02424.x
http://dx.doi.org/10.1111/j.1558-5646.2007.00112.x
http://dx.doi.org/10.1111/j.1558-5646.2007.00112.x
http://dx.doi.org/10.3732/ajb.95.2.156
http://dx.doi.org/10.3732/ajb.95.2.156
http://dx.doi.org/10.1007/s00572-009-0251-4
http://dx.doi.org/10.1007/s00572-009-0251-4
http://dx.doi.org/10.1016/j.mycres.2006.08.004
http://dx.doi.org/10.1016/j.mycres.2006.08.004
http://dx.doi.org/10.1016/j.mycres.2006.08.004
http://dx.doi.org/10.1093/aob/mcp025
http://dx.doi.org/10.1093/aob/mcp025
http://dx.doi.org/10.1111/j.1365-294X.2010.04736.x
http://dx.doi.org/10.1111/j.1365-294X.2010.04736.x
http://dx.doi.org/10.1046/j.1365-294x.1999.00760.x
http://dx.doi.org/10.1046/j.1365-294x.1999.00760.x

Pl Ecol. Evol. 146 (2), 2013

omycetous orchid mycorrhizas. New Phytologist 177: 1020-
1033. http://dx.doi.org/10.1111/j.1469-8137.2007.02320.x

Van Wyk P.S., Scholtz D.J., Marasas W.F.O. (1988) Protection of
maize seedlings by Fusarium moniliforme against infection by
Fusarium graminearum in the soil. Plant and Soil 107: 251-257.
http://dx.doi.org/10.1007/BF02370554

Vendramin E., Gastaldo A., Tondello A., Baldan B., Villani M.,
Squartini A. (2010) Identification of two fungal endophytes as-
sociated with the endangered orchid Orchis militaris L. Journal
of Microbiology and Biotechnology 20: 630-636.

Vermeulen P. (1947) Studies on Dactylorchids. Utrecht, Schotanus
& Jens.

Waterman R.J., Bidartondo M.I. (2008) Deception above, deception
below: linking pollination and mycorrhizal biology of orchids.

152

Journal of Experimental Botany 59: 1085-1096. http://dx.doi.
org/10.1093/jxb/erm366

Yates L.E., Bacon C.W., Hinton D.M. (1997) Effects of endophytic
infection by Fusarium moniliforme on corn growth and cel-
lular morphology. Plant Disease 81: 723-728. http://dx.doi.
org/10.1094/PDIS.1997.81.7.723 -

Zheng X., Lan J., Cao Y., Xiao R., Ge C., Liu B. (2008) Identifica-
tion and ITS sequence analysis of Fusarium wilt pathogens from
cucurbits crops. Scientia Agricultura Sinica 41: 4077-4084.

Manuscript received 30 Jul. 2012; accepted in revised version 1
Feb. 2013.

Communicating Editor: Jérome Degreef.


http://dx.doi.org/10.1111/j.1469-8137.2007.02320.x
http://dx.doi.org/10.1007/BF02370554
http://dx.doi.org/10.1093/jxb/erm366
http://dx.doi.org/10.1093/jxb/erm366
http://dx.doi.org/10.1094/PDIS.1997.81.7.723
http://dx.doi.org/10.1094/PDIS.1997.81.7.723

