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ABSTRACT Each member of the Orchidaceae family is in symbiosis with fungi. It has been
explicitly stated that some forest orchid species are mycorrhizated by ectomycorrhizal fungi con-
nected to trees, instead of classic orchid symbionts. These orchids supply their required nutrients
via fungi. Our investigation aimed at analysing the data of a computerized database on hypo-
geous fungi. This database contains the data on hypogeous fungi gathered in the Carpathian
basin, and also the coenological relevés made in their quadrat. We have found 16 hypogeous
fungal genera with close presence of orchids (genus Cephalanthera and genus Epipactis), that
is I3 % of all relevés. In case of two fungal genera (Tuber and Hymenogaster) the orchid co-oc-
curence proved to be more frequent than average, so these fungal taxons were supposed to
be in mycorrhizal connection with the orchids. Tuber maculatum, and Tuber excavatum species
were identified based on nrITS sequence analysis of three orchid individuals. Tuber maculatum
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has been firstly identified from orchid root in this case.

Each member of the Orchidaceae family takes up (at least in
initial, non-photosynthetic phase of its development) required
nutrients with the help of symbiotic fungi, because orchid
seeds do not contain, or scarcely contain stocks of nutrients
(Arditti and Ghani 2000). In case of temperate zone orchid
species mycorrhiza connection remains in the adult phase
too, it is optional in photosynthetic species, and obligatory
in mycoheterotrophic species.

Considered in classic way, the orchid symbiont fungi be-
long to Rhizoctonia-like fungi (phylum Basidiomycota), they
live in either saprotrophic or parasitic manner. The anamorph-
teleomorph genera couples so far identified are as follows:
Ceratorhiza-Ceratobasidium, Moniliopsis-Thanatephorus,
Epulorhiza-Tulasnella and Epulorhiza-Sebacina (Bratek
et.al. 2001). It has been established that various groups of
anamorph genus Epulorhiza can only grow in extremely hu-
mid floating mat habitats, and in dry habitats (for example in
lawns), whereas in moorlands, which are moderately humid
and very rich in orchids, all classic orchid symbiont genera
can be found. From Epipactis palustris, which is the only
species of the genus living in treeless habitats, all symbiotic
fungal groups of the co-occurred orchids (Orchis spp., Dac-
tylorhiza spp., Liparis loeselii, Gymnadenia conopsea) were
detected (Illyés et al. 2005, 2006).

It has been recently shown that orchid species living in
forest habitats often live in symbiosis with fungi related to
trees ectomycorrhiza, beyond symbionts mentioned earlier, or
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instead of them, taking up such a way their nutrients from the
trees, via fungi (Taylor and Bruns 1997). It is particularly in-
teresting that forest orchids are capable of creating symbiosis
not only with basidiomycete fungi: individuals of ascomycete
genus Tuber actually occur as symbionts of forest orchids
(Selosse et al. 2004). It has been defined explicitly on the
hypogeous basidiomycete genus Hymenogaster that they are
orchid symbionts, and lots of other fungal species have been
demonstrated from orchid roots, which species traditionally
were considered as non orchid symbionts: Wilcoxina, Cor-
tinarius, Inocybe, Thelephora, Tomentella, Leptodontidium,
Phialophora, Russula and Peziza (Bidartondo et al. 2004).

Main goals of the present work were to reveal that which
fungal species could be in symbiotic connection with some
Hungarian individuals of genera Epipactis and Cephalan-
thera and how exactly the orchids can indicate the presence
of hypogeous fungi.

Materials and methods
Analysis of hypogeous fungal database

The base of our investigation has been formed by a database,
which contained the hypogeous fungi found in Carpathian
basin since 1990, and related coenological relevés (Merényi
et al. 2008). In this database the following row data are pre-
sented: species name, herbarial number, the time of gathering
(year, month and day), the gatherer, geographical unit, the
settlement, type of the habitat, exposure of the habitat, name
of the truffle dog, type of the soil, association, partner plant
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Figure 1. Hyphae taken from the root of Epipactis microphylla under
light microscope. Not having clamp connexions (see insert), it is fea-
sible, that they are originated from an ascomycete fungus. Hyphae
are 5-9 ym wide.

and observation. Morphological characterisation of certain
fungal taxa is being accomplished in due course. The micro-
and macromorphological features generally used for the
characterisation of taxa are as follows: microscopic characters
of the spores and of the peridium, the size and the mass of the
carpophores, characteristics and colours of the peridium and
the gleba; the latter made after the Colour Identification Chart
(Royal Botanical Garden of Edinburgh, 1969). This database
contains data for soil measurement as well as coenological
data. The coenological relevés have been carried out concern-
ing fungi in 10x10 meters quadrats; they have presented plant
species occurred at the canopy and subcanopy level, shrub
level and ground level together with the percentage of cover-
ing values. This coenological database mostly contains data
prepared at the ripening time of hypogeous fungi (in summer
and in autumn), that is not an optimal period yet for identify-
ing certain orchid taxa. Although autogamous microspecies of
the genus Epipactis can occur in the relevés they have been
introduced into the analyses as Epipactis helleborine agg. We
have accomplished the analysis of the relationship between
orchid occurrences (stated upon coenological data) and the
hypogeous fungal taxa.

Field studies

In order to find out the actual mycorrhizal relation we took
samples from orchid roots in two habitats.

Habitat 1: Algyd (time of gathering: 25th September,
9th November 2007); carpophores so far gathered are: small
white Tuber, Archangeliella stephensii. Association: Fraxino
pannonicae-Ulmetum. Tree species: Populus X canescens.
Orchid root sample: Epipactis helleborine agg. (time of
gathering: 9th November 2007).

230

Cephalanthera spp.
A others D e

15%

Genea 4
5% A

Hymenogaster
15%

B others Epipactis spp.
10%
Genea
5% o
Elaphomyces 2t
10%
Hymenogaste

8%
Tuber
67%

Figure 2. Distribution of hypogeous fungal genera belonging to
Cephalanthera (A) or Epipactis (B) data of the database.

Habitat 2: Szigetcsép (time of gathering: 19th May 2007,
11th May 2008); carpophores so far gathered: Tuber aestivum,
Tuber rufum, Genea sp. Association: Convallario — Querce-
tum roboris. Tree species: Quercus robur. Orchid root sample:
Epipactis microphylla, Cephalanthera damasonium (time of
gathering: 2nd May 2008).

From the roots of three orchid individuals (one Epipactis
helleborine agg., one Epipactis microphylla, and one Cepha-
lanthera damasonium) we have identified mycorrhizal fungi
by molecular biological methods. After light-microscopic
control (Fig. 1) we have extracted DNA from the mycor-
rhizated root sections revealing cells by the method of ,,vi-
brating pearls” (Ouanphanivanh et al. 2007), further on we
followed the protocol of Karén et al. (1997); afterwards we
have multiplied the nuclear ITS region (Gardes et al. 1991)
by polymerase chain reaction (PCR). We used the primers
ITS1F (Gardes and Bruns 1993), Tw13, ITS1, ITS4 (White
et al. 1990), ITS5, and ITS6 (Bertini et al. 1999) for multi-
plication. After a purifying step we accomplished sequencing
of the successful PCR products; we used the ITS1 and ITS4
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Table 1. Hypogeous fungal species that have orchid occurrences in more than 13% of their coenological relevés.

hypogeous fungal species number of coenological relevés coenological relevés containing orchid rate
Tuber aestivum 169 54 32%
Tuber excavatum 98 18 18 %
Hymenogaster luteus 15 5 33 %
Hymenogaster bulliardii 7 2 29 %
Hymenogaster citrinus 9 2 22 %

primers for the sequencing reaction. We have found the se-
quences standing closest to the electropherograms from the
NCBI database (http://www.ncbi.nlm.nih.gov). The acces-
sion numbers of our sequences are as follows: AM999882,
AM999883, AM999884, AM999885, and AM999886.

We have made the determination of small white Tuber
ascocarps gathered from the investigated habitats according
to Haldsz et al. (2005) and by molecular biological methods
described earlier; for the extraction of DNA we followed the
protocol of Karén et al. (1997).

Results and Discussion
Analysis of hypogeous fungal database

Among 904 coenological relevés accomplished in hypogeous
fungal habitats 119 relevés contain orchids, that is 13 % of all
relevés. Individuals from two orchid genera occurred in the
coenological relevés; besides all Hungarian Cephalanthera
species (Cephalanthera damasonium, Cephalanthera lon-
gifolia, Cephalanthera rubra) species occurred from genus
Epipactis as follows: Epipactis helleborine agg., Epipactis
atrorubens, Epipactis purpurata, Epipactis microphylla,
Epipactis muelleri and Epipactis palustris. Because of the
latency period of orchids (sprouting does not develop every
year from the tuber or the rhizome of the orchid), it is possible
that orchids can occur in much more relevés than noted but
they just have been undetected.

It happened very seldom that one relevé contain nu-
merous orchid species, but it was very frequent that lots
of hypogeous fungal species turned up from one quadrat;

this way the number of possible relations between orchids
and hypogeous fungi is 171. We defined sixteen hypogeous
fungal genera totally, where we could state close presence of
orchid species. So that the possible orchid symbiont partners
can be ranged in the following fungal genera: Zygomycota:
Glomus; Ascomycota: Tuber, Elaphomyces, Hydnobolites,
Genea, Hydnotria, Choiromyces, Stephensia, Balsamia;
Basidiomycota: Hymenogaster, Melanogaster, Rhizopogon,
Zelleromyces, Octaviania, Sclerogaster, and Archangeliella.
It is quite probable, that all of the possible fungal partners
do not actually go in symbiosis with orchids, but in the cases
where the coenological relevés of hypogeous fungi presented
orchid occurrence with a higher frequency than the average,
we can suppose the presence of a symbiotic relation. In the
case of five hypogeous fungal species presented in the data-
base occurred orchid in the coenological relevés with more
than 13 % probability (Table 1).

We have also made an analysis in order to detect that
hypogeous fungal genera found in the same quadrats as
Epipactis and Cephalanthera species in what proportion
occur with investigated orchids (Fig. 2). Tuber species occur
in the highest extent with individuals of these two orchid
genera. The participation of Tuber species is higher at genus
Epipactis, whereas Hymenogaster, an other group of hypo-
geous fungi pointed out from orchid roots (Bidartondo et al.
2004) occurred more frequently together with Cephalanthera
species. These two fungal groups (Tuber and Hymenogaster)
together but in different rates make 75 % of hypogeous fungi
relatively to both orchid genera. We should also emphasise
the presence of the species of genus Elaphomyces, which is

Table 2. Our ITS sequence data obtained from orchid roots and a taxonomically ambiguous fungus. The samples represent: EH-51
and EH-53 - fungal ITS sequences obtained from root sections of Epipactis helleborine agg.; CD-3 - fungal ITS sequence obtained
from the root of Cephalanthera damasonium; EM-1 — fungal ITS sequence obtained from the root of Epipactis microphylla; ZB3641
— fungal ITS sequence obtained from the ascocarp of a small white Tuber gathered at AlgyS. Rows contain items of the NCBI data-

base most similar to our sequences.

sample accession number hypogeous fungal species maximum identity (%) publication

EH-51 AJ969627 Tuber maculatum 99 Tedersoo et.al. (2006) 20082006
EH-53 AJ969627 Tuber maculatum 99 Tedersoo et.al. (2006)

CD-3 AJ969627 Tuber maculatum 99 Tedersoo et.al. (2006)

EM-1 EU326693 Tuber excavatum 99 Hilszczanska et.al. (2008) 2008
ZB3641 AJ969627 Tuber maculatum 98 Tedersoo et.al. (2006)
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higher than the presence of genus Hymenogaster in case of
Epipactis species. Taking all this in consideration we suppose
that besides the ascomycete genus Tuber the genus Elapho-
myces also participates in the mycorrhizal association formed
together with forest orchid species.

Field studies

We succeeded in identifying hypogeous fungal sequences
from every individual of examined three orchids; these be-
long to the genus Tuber if we consider their similarity with
the sequences found in the NCBI database. We managed to
elicit Tuber maculatum from Epipactis helleborine agg. and
from Cephalanthera damasonium, and Tuber excavatum from
examined Epipactis microphylla individual (Table 2).

In the hypogeous fungal habitat of Algys, where we
could not previously find carpophores of hypogeous fungi
mentioned in Table 1, we have manifested small white Tuber
(Tuber maculatum) from the Epipactis species growing in this
habitat. The presence of Tuber maculatum in orchid roots was
unknown so far, but we supposed its presence, as we found
ascocarps of small white Tubers at Algyd.

In the habitat of Szigetcsép since there Tuber aestivum
was present, we assumed that this species would be shown
out from the investigated orchids, but from the examined
Cephalanthera individual we also elicited Tuber maculatum.
From the roots of Epipactis microphylla we identified the
sequence of Tuber excavatum, which is the second most prob-
able Tuber species mycorrhizating orchids according to Table
1. Carpophores of this species have not turned up yet from
the habitat, but it is quite probable upon the abovementioned
results that carpophores should come to light.
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