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CHAPTER 1

Introduction

1. Ectomycorrhizal symbiosis

The German termSymbiotismus(symbiosis) was probably first used by Frank (IB&s a neutral
term that did not imply parasitism, but was baseaply on the regular coexistence of dissimilar
organisms, such as is observed in lichens (SmitRe&d, 1997). De Bary (1887) used it to identify
the common life of parasite and host as well agssbciations in which the organisms apparently
help each other. Since then the meaning of thesteymbiosis and parasite have changed, with
symbiosis being used more and more for mutuallyebeial associations between dissimilar
organisms, and parasite and parasitism being alsyosnymous witlpathogenandpathogenesis
(Smith & Read, 1997). De Bary also pointed out thate is every conceivable gradation between
the parasite that quickly destroys its victim ahdse that “further and support” their partners, and
In recent years researchers have come back toi¢hws

Although generally the mycorrhizal symbioses arasmbered mutualistic, due to the benefits for
both partners, a better description probably i$ idividual plant and fungal symbionts are placed
somewhere in the mutualistic-parasitic continuurepehding on their developmental state, the
specific genotype combinations and the environmeadaditions (Johnsoet al, 1997; Egger &
Hibbet, 2004). This thesis is based on the wordrlsgsis”, as defined by de Bary. An example of
a modified relationship between the plant and fursga mycorrhiza that becomes a specimen of
parasitism, where the mantle is present but thdigdaet is lacking is also reported (Paper I-
chapter 3).

The EM (ectomycorrhizal) symbiosis is typically moed between the terminal feeder roots of
woody perennial plant species and a range of godif(Smith & Read, 1997). The fungi exchange
soil-derived nutrients for carbohydrates from thesthplant. Nutrient uptake into the host is
enhanced both as a consequence of the physicakggoof the fungal mycelium and by the ability
of the fungi to mobilise N and P from organic suétgs through the action of secreted catabolic
enzymes (Leake & Read, 1997).



Within the root, the fungus ramifies between théeogells forming a complex structure called the
Hartig net (fig. 1), which provides a large surfaaea of contact between the fungus and the host,
allowing an efficient transfer of metabolites. BExt& to the root, a multi-layered, hyphal strucfure
called the mantle or sheath, develops (Taylor &Afeder, 2005).

Fig. 1: Development of the Hartig net (modified frosSmith & Read, 1997). (a) Block diagram showingicgl
structure of the Hartig net in different sectiomalpects and of a pseudoparenchymatous mantle. méhe growth
direction of the hyphae in the Hartig net is trarse to the root axis. (b) Transmission electrécraacopy of a
mycorrhiza formed betweeRicea abiesand Amanita muscariaUltrathin section through the intercellular spacel
several cortical cells showing fully developed, unat Hartig net. Extensive branching leads to them&dion of



narrower and narrower hyphae (fh). Numerous mitadhi@a (m) and nuclei (n) can be seen. The presende/o
dikaryons (arrowed) indicates the coenocytic natdrthe tissue. (FV) fungal vavuole; (n) nuclewss)(epidermal cell
vacuole, (hw) host wall. Bar, 2 um. (c) Outlinetld hyphae in (b). Main growth of the hyphae ithendirection of the
full arrow. Dolipore septum and dikaryons are mdrkerom Kottke and Oberwinkler (1987).

Agerer (1987-2002) has recognised two main typebyphal development within EM mantles:
pseudoparenchymatous- densely packed, highly differentiated hyphal nedats, and
plectenchymatousloosely interwoven hyphae, where their lineaunais still evident. The hyphal
arrangement within the mantle, particularly whearse plain view, has been used by Agerer and
coworkers to characterise the mantles formed byvitheal species as an aid to identification
(Agerer 1987-2002; Agereat al, 1996 — 2004).

Several EM species form mantles that are hydrogh@hg. species belong €@ortinarius genus,
Agerer, 1987-2002), implying that there is littleettt exchange of solutes (uptake or exudation)
with the soil solution (Taylor & Alexander, 2005)hese species, possessing water repellence
properties, seem to prefer highly areated soihm ¢onifer forest soils (Unestam, 1991). Despite
this behaviour, the ecological strategy of the byptiilic fungi is not very clear (Unestam, 1991;
Unestam & Stenstrém,1989; Stenstrom 1991).

These hydrophilic mantles (e.g. mahgctarius species) appear to be a close control over the
movement and the exchange of material through taetlm (Ashfordet al, 1988), and are most
likely responsible for the uptake of water and iemtis(Cairney & Burke, 1996).

EM fungi probably control the interface between so@ environment and the host plant. While the
mantles may control the fluxes into and out ofrihet, the mycelium extending out from the mantle
surface in the surrounding soil (the extraradicadxtramatrical mycelium) is considered to be the
primary site for nutrient and water uptake (TayoAlexander, 2005).

The extramatrical mycelia produced by EM fungi garfrom a small number of hyphae growing
out a few mm (e.gRussulaspp.) to highly developed, extensive mycelial syst (e.gSuillusspp.,
Cortinarius spp.) that occupy large volumes of soil surrougdine colonised root tips (Agerer
1987-2002). The extension and the structure of éxgamatrical mycelium is thought to be
different among EM fungal taxa (Agerer 2001). listhontext the purpose to classify the EM
fungal species with the “exploration types” accogdio Agerer (2001) interpreting the anatomical
features like ecological strategies to colonise sod, becomes more and more important to
understand the role of these organisms, as keyeelsnof forest nutrient cycles and a strong
diversity of forest ecosystem processes (Retdl, 2004). The mycelium formed hydrophilic

structures seems to have substrate particles ¢gtudtkir surface (Raidl 1997) and the hyphae are



thicker than the other most distant ones, whichehaglatively hydrophobic proximal parts
(Unestam & Stun, 1995).

This hypothesis was confirmed by a recent studyhenproduction of oxidases of ectomycorrhizal
fungi (Agereret al, 2000) using fruitbodies. An evident correlatiogtween fungal relationship,
production of phenoloxidases and exploration typéhkir ectomycorrhizae was found, because all
LactariusandRussulaspecies revealed a higher ability to produce egthalar phenoloxidases. In
contrast to almost all members of the ord@mietales which lack this feature. The authors
correlated these results with the exploration tgpéheir mycorrhizae. Most species of the genus
Russulaand Lactarius belong to the “contact exploration type”, only shactarius species the
“medium-distance smooth exploration type” (AgerdélO2). The profitable exploration of the
surrounding substrate is assured by the ectomyizagtof both genera thanks to their hydrophilic
behaviour.

The typical ability to degrade lignin of these expltion types, which should increase access to
nitrogen complexed to phenolic substances (Kuil€80) and could, therefore, support nutrient
acquisition when squeezed between organic subst(Agerer 2001). For these reasons in beech
forests the EM belonging to thectarius RussulaandLaccariagenera are probably widespread in
the upper soll, like a “sandwich” in the superfidisick layers fo leaves and other organic matter
(Brand 1991).

The Boletales however, are all known to form ectomycorrhizaetled long-distance exploration
type (Agerer 1999; with the exception Gomphidiaceapand are mostly hydrophobic at their
proximal parts. Nutrient acquisition appears tdibgted to the very distant hydrophilic substrate
adhesion hyphae (Raidl 1997; Unestam & Sun, 199Bb& lack of lignin degradation ability is
compensated here by a larger surface area andategrange of spread (Raidl 1997accaria
species, possibly ascribable to the contact, medusghort-distance exploration type and generally
hydrophilic, consistently produce extracellular pblexidases (Agerer 2001). However the
capacity to produce extracellular phenoloxidases wat generally related to the type of
exploration. The genusermocybefor example, with its medium-distance fringe @xption type,
lacks phenoloxidases. Species- and strain-spetifferences were apparent in other genera (Agerer
et al, 2000).

The crucial importance of this extramatrical myaediin nutrient uptake has been emphasized in
recent years, and in particular the role of thelsgsis in the facilitation of capture of nitrogeX)(

and phosphorus (P) in ionic form (Read & Perez-More2003). In addition several recent
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investigations have utilized molecular markersdecalise the mycelium of EM fungal species in
different soil layers and substrates (Dickteal, 2003; Guidott al, 2003; Landeweest al, 2003;
Koide et al, 2005).

2. The phytobionts

Around 8000 spp., about 3%, of seed plants form(EMyer 1973; Smith & Read, 1997) but this
minority of plant species is of enormous ecologaad economic importance, because they are the
dominant components of forest and woodland ecosystever much of the earth’s surface (Taylor
& Alexander, 2005). The great majority of EM plarti® woody perennials (Fitter & Moyersoen
1996), but also some sedg&sbresiaspp.), and herbaceoBslygonunspp. form ectomycorrhizas
(Massicotteet al, 1998). The forest dominants of the temperate bokal zone KRagaceae
BetulaceaeSalicaceagPinaceag are habitually ectomycorrhizal under natural dbons, and the
EM habit shows particular structures like adaptetifor nutrient capture in temperate and boreal
forests (Read & Perez-Moreno, 2003). FurthermoeeBhl occurrence elsewhere is patchy (Taylor
& Alexander, 2005). However, much of the rest af thnd surface also supports vegetation with a
strong EM component: arctic and alpine habitatgher northern hemisphere are characterised by
dwarf shrub communities dbryas and Salix spp. support EM communities and the winter-wet
ecosystems of the Mediterranean basin and Calfoh@ive a strong EM/arbutoid mycorrhizal
component Rinus, Cistus, Arbutus, Arctostaphyldaylor & Alexander, 2005). In the tropics the
occurrence and importance of EM host species has bwst consistently underestimated instead
(Taylor & Alexander, 2005). In these ecosystemsftraily Dipterocarpaceaewith more of 500
spp., all members that form ectomycorrhizas hakeyarole for the potential spreading of the
mycobionts. The range of dipterocarps extends fEast Africa and Madagascar, through India,
Bangladesh and Sri Lanka, to South-Est Asia, framttsChina in the north, to Papua New Guinea
in the south and there is one ger@akaraimeain South America. They also dominate the canopy
trees and the understorey in South Est Asian ladvland highland rain forest, dry monsoonal
forests of North India, Burma and Thailand (Tay8oAlexander, 2005).

Several studies based on sporocarp survey (Leer& KB87; Molinaet al, 1992; Newton &
Haigh, 1998) have revealed the ecological spetifiahd host ranges of a variety of EM fungal
species. As reported by Ishidaal. (2007), the absence of sporocarps does not neiessdicate

a lack of colonization and furthermore the appreaclising sporocarps are problematic to



understand the host specificity, when differenttlspecies are in close vicinity or occur in diffetre
field conditions. In contrast to the sporocarp apphes, the molecular methodologies can be
applied to EM fungal species on individual hostcsge in close vicinity within the same site, and to
better understand EM fungal host specificity soméhars (Ishidaet al, 2007) examined EM
occurrence at multiple host pair taxonomic levdlsey found a tendency similar to the some
sporocarp studies, which suggested host specitatityigher levels of the host taxon (i.e. genus or
family). This phenomenon is relatively common (Maliet al, 1992; Newton & Haigh, 1998;
Massicotteet al, 1999). This may indicate that occurrence of EiMgal species is more common
at the host family level than at the host spe@esl| but this pattern may also be confounded by
differences in statistical power among the hosateampared (Ishidat al, 2007). Despite of the
low level of colonization observed on host taxasthareference and specificity were found for a
considerable portion of EM species, suggesting tihat presence of a variety of host taxa
contributes to such EM fungal hyperdiversity in gdx conifer-broadleaf forests. This result
supports the hypothesis that host diversity couateib to EM fungal diversity (Nantel & Neumann,
1992; Kernagharet al, 2003). In addition, EM communities differed sifgzantly among
codominant tree species, indicating EM fungal spdteterogeneity (Ishidat al, 2007). The EM
fungal colonization on seedlings is related togbheounding EM communities (Cliret al,, 2005);
moreover EM fungal communities can have differefeats on different host species (Jonsson
al., 2001). Therefore the heterogeneity of the EM fungy contribute to the establishment of
various host species and the ectomycorrhizal furingglerdiversity in mixed conifer-broadleaf
forests, may be maintained by this host diverditye coexistence of various host species may in
turn be supported by diverse and spatially hetereges EM communities (Ishid al, 2007). As
van der Heijden et al. (1998) have already dematesira positive influence of endomycorrhizal
(VAM) diversity on plant diversity, the possibilitthen exists that EM diversity in mixed-wood
forests may be maintained by a positive feedbatkéd®n plant and fungal communities.

Plant species without mycorrhiza are mainly rewtdcto taxonomically defined groups of plants,
such as theCyperaceag Caryophyllaceaeand Brassicaceaefamilies, or confined to aquatic or
saline habitats (Harley & Harley, 1987).

3. The ectomycorrhizal mycobionts

Saprotrophic and mycorrhizal fungi are not sepagr®ups from an evolutionary perspective,
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because the ability of fungi to form symbiotic agations with plants is a life strategy that has
appeared from ancestral saprotrophic strategiemglthe evolutionary history (Hibbett al,
2000). The most part, ca. 95%, of EM fungal speeiss homobasidiomycetes; the remaining
species being ascomycetes (4.8%) and a few zygdes/eéthin the genuEndogoneg(Molina et

al., 1992). Despite that a recent study by Wetsl. (2004) demonstrated the understimated
importance of heterobasidiomycetes with ®ebacinaceaas mycorrhizal formers, which have
been strongly implicated as the mycobionts in EN.(&rbanet al, 2003), orchid (e.g. Taylaost

al., 2003) and ericoid mycorrhizas (Allest al, 2003). The recent description of mycorrhizal
associations in jungermannioid liverworts also seéminvolve members of this family (Kottlet

al., 2003).

Larssonet al. (2004) recognised how widespread the homobasidieteg are as EM formers with
seven clades containing EM taxa. Anyway their bodgties formed by EM fungi are consequently
very different and include thin, crust-like (resugtie), coral-like (clavarioid), cantharelloid, and
agaricoid as well as boletoid structures. The nitgjaf EM species are euagarics, and many of the
most frequent and familiar sporocarps (Amanitaspp.) that appear in forests in the autumn are
formed by EM taxa (Taylor & Alexander, 2005).

If a genus is mycorrhizal, it does not mean thatftingi can form only ectomycorrhiza: as a single
fungal species can form ecto- and arbutoid myceai(Smith & Read, 1997) on different host
species (Hortoet al, 1999).

At one time the genuBaxilluswas considered to be an exception as it was thdogtwntain both
EM formers P. involutusandP. rubicunduluy and saprotrophic species (eRy.atromentariusand

P. panuoidek (Taylor & Alexander, 2005), but now the latteresges belong to the saprotrophic
genusTapinella

The knowledge of the ecology of ascomycete EM fuspacies is very limited with the exception
of some somd@uberspp. (Muratet al, 2004) The importance of thelelotialesas EM mycobionts

is suggested in recent work (Vralsteidal, 2000, 2002) up to now not valued. The identifmaiof

EM fungal species on short roots is a difficultkidsut thanks to the molecular studies the accuracy
of the classification has been greatly improved #m@number of symbionts increases, so will the
taxonomic range of the identified mycobionts (TayoAlexander, 2005).

For these reasons, up to now, the use of a contnat anatomical and molecular identification
techniques is the most reliable method to studgragtorrhizal community. In addition, a number

of fungal groups considered to be saprotrophichie past, have been found to be EM [e.g.
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tomentelloid fungi (Kdljalget al, 2000)]. In fact until recently, only a few geneshresupinate
fungi with few species have been considered tochamycorrhizal, i.eTylospora(Eberhardet al,
1999),Piloderma(Larsenet al, 1997),AmphinemgFassi & de \ecchi, 1962), afg/ssocorticium
(Brand 1991).

The total number of EM fungi is very unclear ankely underestimated, but the most recent
estimate (Molinaet al, 1992) suggested that there were about 5500 speliianks to the recent
more intensive mycological explorations of tropifalests (e.g. Haugt al, 2005; Buycket al,
1996), and of the hypogeous fungi associated with e¢ucalyptus vegetation in Australasia
(Claridge 2002), many unknown EM species were dsed. In summary, an accurate estimation
of the size of the global community of EM fungi magt be known for some time but it is likely to
be about 7000 — 10.000 species (Taylor & Alexan2@0s).

The geographical distribution of the major mycazdhispecies in natural ecosystems has been
suggested to follow altitudinal and latitudinal gpcal gradients (Read 1991; Read & Perez-
Moreno, 2003). This is probably explained by tlharge in factors limiting for plant growth, i.e.
specific mycorrhizal associations are part of plantd fungal strategies to survive in various
environments (Michelseret al, 1996; Cornelisseret al, 2001). Furthermore, within each
mycorrhizal anatomotype there might be a seleabiospecific fungal associates along ecological
gradients (Taylort al, 2000; Lilleskovet al, 2002; Reacet al, 2004). For instance the large
number of EM fungi varies widely in capabilites émzymatically attack organic polymers for
capture of N and P (Leake & Read, 1997), and inmr tbenstruction of the external mycelium
(Agerer 2001). The significance of EM fungal fuocial diversity for ecosystem function, , is still

generally unexplored, particularly towards the &retnd alpine regions (Clemmensen 2006).

4. The reasons of the investigations on the ectomycdizal communities

4.1 The ectomycorrhiza as bioindicator

Ectomycorrhizae, due to their key position at thenpsoil interface, are important to consider in

the study of human disturbances like global chattye effects of pollution or forest management

practices (Rilliget al, 2002, Erland & Taylor, 2002).

From this point of view the ectomycorrhizae candemsidered as a bioindicator, because an
environmental indicator should reflect all the edsns of the causal chain that links human

activities to their ultimate environmental impa&ed the societal responses to these impacts
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(Smeets & Weterings, 1999).

As reported by the work of Nien§i McDonald (2004), the ecological indicators haverbapplied

in many ways in the context of both natural distumtes and anthropogenic stress. However, their
primary role is to measure the response of theyste® to anthropogenic disturbances, but not
necessarily to identify specific anthropogenic stfes) causing impairment (US EPA, 2002a). Each
ecological indicator referred as “state indicato®sponds over different spatial and temporal
scales; thus, the context of these scales mustxpkcidy stated for each ecological indicator.
Understanding the response variability in ecoldgiodicators is essential for their effective use
(US EPA, 2002b).Without such an understandings iimpossible to differentiate measurement
errors from changing conditions, or an anthropogsignal from background variation. In addition,
they should be sensitive enough to react in a twikc way when a system is affected by
anthropogenic stress, and they should also rereagonably predictable in unperturbed ecosystems
coupling with economic and social indicators. L&gigely, mandated use of ecological indicators
occurs in many countries worldwide and is includednternational accords. In Figure 2, the

instruments, the planning steps at the basis oétlodogical indicators application are summarized.

Monitoring networks
(decrease costs = decrease information)

Landscape N =
Ecosystem C?ndltlop 3
, | Community . Dlagngsm %
@ | Population . orecasting | =
“ Individual emediation 2
% Tissue Change/Trends | ©
(% Cell V
Gene

Scientific understanding
(increase information = increase costs)

Fig. 2: lllustration of the suite of ecological indtors [eft) for which a suite of assessment capabilitiéghf) are
desired. Constraints on the development of ecaddatlicators at all levels for all assessment eiaip are due to a
lack of scientific understanding and the predomteaof policies requiring low cost monitoring. Goaisapplications
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generally include a compromise between cost-effeoss and the ability to defend the ecologicalicatdr
scientifically at the spatial and temporal scalprapriate to answer the desired management obgsctitom Niemi &
McDonald (2004).

Most ecological monitoring programs using ecolabiadicators are based on aggregated selected
sites and on communities or population. But to gatxe a particular trend in the ecosystem, an
appropriate statistical design is necessary to nstaied the anthropogenic change against a
background of natural variability. In fact, commiynéand population respond to many other factors,
some of which are not necessarily stress or stedaged. Furthermore, the researchers need to
recognize which part of the ecological indicatoecpum is relevant to the objectives of their
investigation. The applications of ecological cators have focused at the species level like the
studies on the EM communities, because the measutegssumes that a single species represents
many species with similar ecological requirememtsforcing the definition of Landrest al.
(1988). This is important to understand the dediniof “focal species” used in the literature (Cox
et al, 1994; Lambeck 1997; Carradt al, 2001) but the concept has been expanded forruse i
conservation and management. The focal speciesseqr those selected as a focus for a specific
investigation (Niemi & McDonald, 2004) and have besed to identify potential indicator species,
when there is a desire to describe ecological ¢mmdor measure the response to a disturbance.
The failure of the measure was likely attributatdethe narrow geographic ranges and restricted
habitat distribution of rare species. Hence, infation on rare species and those that are at risk wa
essential, yet gathering data on rare speciesnierglly difficult, time-consuming, and expensive.
In contrast to the indicator species approach, Baet al. (2004) evaluated an innovative, multi-
species monitoring for animals.

Historically, ecological indicators were primaribased on parameters associated with individual
species (e.g., presence) or simple community nsetei., species richness or diversity). However,
many of these indicators did not fully represerg #mtire biological community of organisms
present. Researchers have developed other indexgwovide more holistic approaches to
ecological condition (Niemet al, 2004). These indexes range from simple diveisiigxes, such

as the Shannon and Wiener Index (Shannon & Wed®9), to multimetric indexes (Simon,
2003). Multimetric ecological indicators are sets mathematically aggregated or weighted
indicators (US EPA ,2000, Kuret al, 2001) that combine attributes of entire biotienoaunities

into a useful measure of condition (US EPA, 200Rkgny other multimetric indexes have evolved

over the past 20 years and in contrast to themtivauate indexes (Reynoldsaat al, 1997) are
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statistical analyses of the biological communityngsa host of multivariate techniques, such as
principal components analysis (O’Connet al, 2000), canonical correspondence analysis

(Kingstonet al, 1992), and combinations of multivariate analy&agrene & Legendre, 1997).

4.2 The methods applied for the studies

In a natural ecosystem the studies of mycorrhigaltsoses are carried out at multiple levels from
the molecular level to the community complexity.eTéctomycorrhizal fungal communities have
traditionally been studied by surveying abovegrousmbrocarps identified using standard
taxonomic approaches (Gardes & Bruns, 1996). Tligcism of these approaches was clear,
because these surveys do not always reflect th@espeomposition of below ground EM fungal
communities on root (Gardes & Bruns, 1996). Thesoea were related to the lack of some EM
fungi in aboveground surveys because they prodowdl ®r cryptic sporocarps, have no known
sexual state or produce sporocarps infrequentedkal@baraet al, 2002). Also, responses to
environmental changes of EM communities on rootgrisbably delayed in comparison with
responses in sporocarp communities, which furthghlights the need to perform studies of EM
fungal communities on roots (Wallenda & Kottke, 8R9

The EM communities are today mainly described by twethods associated with root tips: the
molecular techniques and the morphological classion. The first method is based on the
observation that the internal transcribed spacE$)(Fegion of the nuclear rDNA exhibits a high
level of variability among EM fungal species andnmmal variation within species (Gardes &
Bruns, 1996). After PCR amplification of the ITSgmen with fungi-specific primes, restriction
fragment length polymorphism (RFLP) generated lgyeme digests of the ITS region can be used
to separate several fungal species (Gardes & Blg®5; Sakakibarat al, 2002). RFLP patterns
or ITS sequences are compared to databases wahodaknown fungal species, e.g. GenBank.
Hence, these DNA-based techniques make it possiblelentify the fungus with reasonable
certainty and facilitate evaluation of both intnadainterspecific (Dahlberg 2001). However, the
success rate of DNA extraction and amplificatiom @ary among fungal species, and the use of
DNA techniques on randomly sampled root tips, wibhprior morphological categorization, cannot
be used to generate quantitative descriptions ofliigal communities (Sakakibaga al, 2002).
Sometimes the morphological classification, “morgpag” of the root tips with EM formations,

needs different accuracy and throughput of a Idamfple material. In this thesis the morphotyping
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was made accurately, and not only confined to tbghological investigations. The morphological
investigation was united to a more detailed anatahdbservation and it was only the first step of
this work, to avoid potential discrepancies.

Some fungi that can be distinguished from eachrdigeDNA analyses have an indistinguishable
morphology (Sakakibarat al, 2002), however sometimes the sequences in thédb&a are
lacking or conflicting with the anatomical classdtion, as for theRamaria genus or the
Thelephorales members as reported in this thesistiése reasons the morphotypes in this thesis
were differentiated into anatomotypes [= speciegabmycorrhizae, according to Agerer al,
(2002)]. It is therefore necessary to find a compse between the accuracy of the method used to
guantify fungal communities and the number of iegiks needed to perform the statistical analyses,
in order to obtain descriptions of heterogeneousfigal communities in plant roots in replicated
multi-factorial field studies (Clemmensen 2006).

Thanks to the work of Tedersa al. (2007), new frontiers are offered for the futwfethe
molecular analyses and consequentely for the payleiic researches. To overcome the problem of
the contamination by misidentified and chimeric wEces accounts in the public sequence

databases, the Nordic-Baltic initiative createdWhdTE databasehttp://unite.ut.eg/that includes

well-annotated and vouched specimens identified tgxonomist (Kdljalgt al, 2005).

The data analysis is another important step to nsteled the quantitative response of the EM
communities to the ecological factors. The divgraiieasures including richness and evenness are
usually compared using conventional statistics.

As reported by Tederscat al. (2007) compositional data is best analysed usargpus ordination
methods, the choice depending on hypotheses amdasef but the ordination results usually
provide some implications whether the community position as a whole changes and which
factors account for most of variation. Moreovekg tirdination itself proves nothing because most
methods lack relevant statistical testing and a#teve ordination methods or distance algorithms
can produce contrasting results. Furthermore, amgroblems exist also during the result
interpretations, because the species' positiotiveléo the axes and factors provide a sound basis
for developing new hypotheses that could be sutesgtyuexperimentally tested. The Detrended
Correspondence Analysis (DCA) and Canonical Cooedpnce Analysis (CCA) are among the
most consistent and useful ordination methodsrdireéct and direct gradient analysis. The PC-Ord
(McCune & Mefford, 1999) or CANOCO software (tera@k & Smilauer, 2002) are the most

sophisticated and demanding statistical tools upote.
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A great contribution to the ecological studies ad Eingal community was the work of Taylor
(2002), highlighting the importance of the samplibg complete the diversity assessment,
discussing the physical sampling strategy emplayatithe life cycle traits of the EM fungi being
examined. As reported in these researches thetwsteusf most EM communities is based on the
presence of few common species and a large nunibareo species. The laws at the basis of the
theoretical detection limits showed the need toewstdnd the sampling effort involved in assessing
species richness.

The most recent techniques applied to the EM speaxie the isotopic tracer studies, following the
fate of added stable or radioactive isotopic tmcer.g. N, °C, *C, 3%P), through different
ecosytem pools can be used to assess fluxes dfisgebstances in an ecosystem. Isotopic labels
have been widely used in laboratory studies to detnate uptake of different N-forms and to
determine N- uptake kinetics in plants (Kielland®49Tayloret al, 2004), ectomycorrhizal fungi
(e.g. Lipsonet al, 1999). Isotopic labels have also proved valuabalk to determine the rates of
specific soil processes in field settings, e.grifitiation (Stark & Hart, 1997). Applyind*CO;
“CO, tracers, among many other results, have given sosight into flux rates of C from plants to
mycorrhizal fungi in laboratory studies (Joresal, 1991; Heinonsalet al, 2004). Also™CO; or
“CO, tracers demonstrated reciprocal interspecificsfiemof C among plants through common
mycorrhizal mycelial networks (Simaret al, 1997).When applying isotopic tracers to natural
ecosystems the most challenging task is to haesstseparate the pools that are analysed for the
label (Clemmensen 2006). Because of naturally mrey™N:**N and **C:*“C isotopic ratios, i.e.
the **®N and*®C natural abundance, in various ecosystem poolsearsed to reconstruct diet and
trophic relationships as well as energy and masssflwithin ecosystems (Post 2002). This is
because most biochemical processes fractionatasighe heavier isotopes so that the product has
a lower isotopic ratio than the source of a process N excreted from an organism is isotopically
lighter than N kept (Clemmensen 2006). Thus, nambandance of*°N and**C of a pool or an
organism reflects isotopic signatures of the in@nd outputs as well as the input-output balance.
Notwithstanding the difficult sampling of differeipiools in an ecosystem, one advantage of the
studies of natural isotopic abundance in comparisith isotopic labelling studies is that the
method is not-manipulative.

Recent studies ofN and**C natural abundance were carried out in sporocarpnwnities in
forest ecosystems and they have identified a diffee between EM and saprotrophic (SAP) fungi
linked to their trophic status (Hogbeeg al, 1999; Hobbieet al, 2001; Henn & Chapela, 2001;
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Taylor et al, 2003; Trudellet al, 2004). EM fungal species are relatively enriciretN and*3c
compared to saprobes and autotrophs (Gebauer &idbietl993; Tayloret al, 1997) due to
different N and C sources (Gleixnetral, 1993; Hogbergt al, 1999), as reported in these previous
studies on sporocarps. SAP fungi show the attiticdelegrade dead organic material and use
complex C sources like cellulose and lignin, wherE# fungi receive more simple carbohydrates
directly from the plant(s) with which they assoei§@Cooke & Whipps, 1993; Smith & Read, 1997).
On the other hand the SAP and EM fungi have adoe$e same N sources in the soil, and'the
enrichment of EM relative to SAP fungal tissues higpothesized mainly to be related to
fractionations of N isotopes within the EM mycelivand preferential transfer dfN-depleted
compounds to the plant (Hogbergal, 1996).

It needs to be emphasized that stable isotope otmatens are taxonomically biased within
“functional guilds” both in plants (Delwichet al, 1978) and fungi (Tayloet al, 2003). This basis
should be considered when choosing reference tagacamparing across temporal and spatial
scales (Tayloet al, 2003). Ignoring these facts may lead to incoreeciclusions, especially when
assigning trophic status of fungi (Tedersi@l, 2007).

Stable isotopes were used in this thesis, to ash@trophic status of a species that belongsdo th
Hygrophorusgenus (chapter 3). The use of stable isotope igeds in plant ecological research
has grown steadily during the past two decadeglaadrend will continue as investigators realize

that it can serve to understand the plant-envirgrinmeractions (Dawsoet al, 2002).

4.3 The ectomycorrhizal communities in the soil

It is well-known that EM fungal communities frequlynhave a high species richness, in some
cases exceeding 100 taxa in relatively small pddtend (I1zzoet al, 2004), and many species of
EM fungi coexist in a mosaic fashion in a smalluroé of soil (Zhou & Hogetsu, 2002). Most
comprise few, frequently occurring species and maoye rare species (Taylor, 2002; Buel,
2005; Koideet al, 2005). Species may spatially partition the fordmdr (Dickie et al, 2002;
Genneyet al, 2006) and interact with each other both posiivehd negatively (Agereet al,
2002; Koideet al, 2005).

The relationship between the frequency of soil laglpresence and numbers of fruiting structures
and colonized roots change substantially amongiepdGardes & Bruns, 1996; Gehrieg al,
1998; Koideet al, 2005).
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Significant variation among species, also reliewedheir enzyme activities (Bueét al, 2005;
Courty et al, 2005; 2006), may explain in part why species \aryheir capacity to absorb and
transport N or P to their hosts, or in their demborchost C. Such enzyme assays may be especially
relevant for species of ectomycorrhizal fungi tpassess the contact type of hyphal exploration
strategy (Agerer 2001). For other species, the &gpfrowing into the soil may be at least as
important to nutrient capture as colonized rootsidi€ et al, 2007).

Although the highest fine root density in boreateft soils is found in the organic and upper
mineral soil horizons (Persson 1980; Sylvia & Jarstl997; Makkonen & Helmissari, 1998), tree
roots can be found at greater depths (Jacksah, 1996).

At all soil depths, fine roots are colonized byagcycorrhizal fungi (Egli 1981). Most of the
ectomycorrhizal fungal community studies restricsadhpling to the upper, organic part of the soil
profile (Horton & Bruns, 2001), ignoring the ectooayrhizal root tips in the deeper mineral soil
layers.

Chemical and mineralogical properties of soils geawith depth, creating a number of different
habitats for microrganisms, and the ectomycorrhizadgal community is likely to change
throughout the soil profile (Roslingt al, 2003).

Studies on the distribution of ectomycorrhizaldakr soil suggested that there may be large
differences in species composition between the necgkayer and the mineral soil (Egli 1981;
Goodman & Trofymow, 1998; Franssenal, 2000; Danielsson & Visser, 1989; Heinonsaial,
2001). Dickieet al. (2002 using T-RFLP analysis of DNA extracted freoil mycelium, found
differences in ectomycorrhizal species composibetween different components of the forest floor
(L, F and H layers) and the B horizon of the miheaal in a North Americafinus resinosatand,
while Zhou & Hogetsu (2002) used T-RFLP to map tieee-dimensional distribution of
ectomycorrhizal root tips in a Japanekarix kaempferistand, but found no clear vertical
distribution patterns. Abuzinadah & Read (1986)gested that the fungi found in the organic
layers were adapted to using organic nutrientslevthbse in the mineral soil were more dependent
upon mineral N. Further, Conn & Dighton (2000) abwjhton et al. (2000) demonstrated the
importance of the litter chemistry in determinirng tspecies composition of EM fungi colonizing
litter patches, as confirmed also by Toljandeal.(2006).

In conclusion, the species composition of EM fungainmunities can be strongly influenced by
various soil properties, including parent matef@éhringet al, 1998; Scattoliret al, 2007), soil
stratification (Malajczuk & Hingston, 1981; Dicked al, 2002; Landeweest al, 2003; Roslinget
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al., 2003), organic matter content (Hanayal, 1987), litter quality (Goodman & Trofymow, 1998;
Conn & Dighton, 2000), moisture content (O'Datllal, 1999) and fertility (Sagara 1995; Lilleskov
et al, 2001). Variation in any of these soil variableashthe potential to contribute to
ectomycorrhizal fungal species diversity. The resfilithe abiotic preference of a species, which
delineate its fundamental niche, can be at theslwdishe kind of partitioning of the environmens, a
well as evident interactions among the same spemegl limit a species to its realized niche.
These interactions among EM fungal species probaddyr frequently (Koidet al, 2005).

The findings of several studies suggested thaetisefrequent opportunity for at least some EM
fungi within a community to interact with others their hyphae attempt to colonize either newly
produced roots in order to acquire carbon, or vesiof forest floor in order to capture water and
nutrients (Grytaet al, 1997; Fiore-Donno & Martin, 2001; Guidet al, 2001, 2003; Zhou &
Hogetsu, 2002). Furthermore, many researchers mateel multiple species of EM fungi colonizing
a single root (Mamoun & Olivier, 1993a, b; Wtal, 1999), and association between specific pairs
of fungi on colonized roots, Olssat al, (2000). Unfortunately, there is limited knowledae to
whether there are special ecological micronichestha soil for morphologically different
ectomycorrhizae (Agereat al, 2002).

Interactions among EM fungal species may be ejlositive (co-occurence, specific associations)
or negative (competitive exclusion) in nature (Aggeat al, 2002; Koideet al, 2005). For example,
the persistence may be related to the ability species to exclude others from colonizing roots
(Fleming 1985; Mamoum & Olivier, 1993a, b; Olivi&r Mamoun, 1994) and in some cases, this
could involve the production of chemical inhibitosubstance as for the speci@snococcum
geophilum Fr. (Koide et al, 2005). However, systematic investigation of suudt random
distributions at the whole-community level has been made (Koidet al, 2005).

Izzo et al. (2005) sampled at intervals ranging from 5 cm ®9 2m at two depths over 3 years.
With this combined approach the authors demonstrtitat the ectomycorrhizal community turns
over frequently at smaller scales, but much leghan at larger scales. These results indicated tha
the pool of available ectomycorrhizal species witlain ecosystem may remain more or less
constant, whereas the exact location of individyedcies may shift over time.

The assessments of EM communities are importarduseca growing body of research suggests
that mycorrhizal species vary in their influence @mumber of ecological processes (Treseder
2005).

Izzo et al. (2005), found that inter-annual variation in cliem@and other factors had little impact on
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the composition of the ectomycorrhizal communityhivi the forest as a whole even over 3 years.
By contrast, short-term changes pointed to the traw death of particular individuals, rather than
the loss or immigration of species. This distinetis important because it implies that the short-
term changes may be easily reversible, dependirfigtare conditions (Treseder 2005). In disturbed
ecosystems the results attested a different ssuatin which changes in ectomycorrhizal
composition have been recorded within a few yeties axposure to fire, elevated g@r nitrogen
additions (Grogaet al, 2000; Treseder & Allen, 2000). These differenpra@aches are discussed to
understand if these shifts in community composiwa due to alterations in an otherwise stable
“background” pool within the ecosystem, as mightrbplied by Izzoet al. (2005), or if they are a

result of easily reversible changes in populatignasinics (Treseder 2005).

4.4 The ectomycorrhizal responses to environmeai stress

The factors that influence community developmend amintain the high EM fungal diversity
present in boreal ecosystems are poorly understtodies which have examined determinants of
EM fungal diversity under natural undisturbed sgsedon't abound in contrast to several studies
examining diversity in relation to changes in aiciotactors due to pollution and/or forest
management practise (Erland & Taylor, 2002).

The typical structure of a EM community consistadéw common species, colonising 50-70% of
the available fine roots, and a large number o ipecies (Buéet al, 2005; Erland & Taylor,
2002; Koideet al, 2005; Taylor 2002). The community diversity isially considered to have two
components: the number of the species or speciesass and the relative abundance of species or
community evenness (Magurann 1988). The high spewéness, often reported in EM fungal
community investigations, is due to several medrmasithat may contribute to including spatial
and temporal partitioning, as a result of the edapéariation or the interactions among the species
(Koide et al, 2007).

The most frequent response of the EM community perdurbation due to anthropogenic factors is
a shift in the community structure such as the damte increases and species richness declines as
reported by different studies (reviewed by Erland@&ylor, 1999; De Romaat al, 2005; Mosca
2007), on Norway spruce (Kraighet999), oaks (Kovac®t al, 200Q. Pollution and other
anthropogenic stresses have been found to dimindghiversity indices of EMalso in spruce stand

in Slovenia by Kraigheet al. (2006); however in European beech this trend waisdetected
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(Kraigheret al, 2006).

New species may appear more important as colonédtas a disturbance (Kraighet al, 2006).
However Erland & Taylor (2002) suggested that uthié spatial distribution is not really

understood and the sampling strategies are not deslkloped to deal with the non-random

distribution of the EM fungi in soil, the resulteudd suggest changes in the community diversity,
which should be interpreted with caution. The samgp$trategies must be able to accommodate the

changes of root tip density following a perturbatibecause the number of root tips in a sample can

significantly affect the number of EM fungal spexfeund.

Tab. 1: Summary of known effects of management angollution upon the EM community (from Erland and

Taylor 2002 with modification).

Factor Mycorrhizal tip  Colonisation Sporocarp EM Extramatrical General
numbers (%) production community mycelium comments
belowground
Elevated Increase infine  No effect No data Changesin  Increased Insufficient
CGo, root production recorded species production data,
often recorded composition in (Godbold etal. particularly
(Rey and Jarvis pot cultures 1997; Rouhier  field data
1997; Runion et (Godbold et al. & Read 1998,
al. 1997) 1997; Rey & 1999)
Jarvis, 1997)
Ozone Possible decreasdo effect (Roth No data Change in  Insufficient Insufficient datg
(Edwards & & Fahey, 1998) community data
Kelly, 1992) structure
(Edwards and
Kelly 1992;
Qiu et al. 1993)
Heavy Effects Effects Decrease. Increase in Insufficient  Larger inter-and
metals dependent upon dependent Species  tolerant species data intraspecific
metal spp. and  upon metal richness (Hartley et al. differences.
conc. (Hartley et spp. and conc. negatively 1999) Complex
al. 1999) (Hartley et al. affected interactions
1999) (Ruhling & between
Soderstrém, plant/fungus/me
1990) tal (Leyval et al
1997). Percent
colonisation
may decrease
especially if
host is more
tolerant than
mycobionts

20



Decreases have No change Initial change Decreasein Insufficient Decrease in
beenreported (Wallenda & in community diversity data diversity, both
(Kraigher etal. Kottke 1998; structure. (Kraigher in terms of spp
1996; Erland et Taylor etal.  Reductionin 1996; Lilleskov Richness and
al. 1999) 2000) sporocarp and Fahey evenness. More
production  1996; Taylor et severe effect
(Baar and ter al. 2000) above ground.
Braak 1996) decreasein “Specialist
but increased protein spp. species” more
production by (Taylor et al. adversely
tolerant spp. 2000) affected.
may mask (Wallenda &
decrease in Kottke, 1998).
sensitive spp. Deficiency of
(Wallenda & other nutrients
Kottke, 1998) may lead to
higher numbers
of EM
N- Short-term Short-term Differential Insufficient Most studies
fertilisation decrease after decrease after response- some data, record
large single N large single N spp. increase, particularly decreasing
additions (Meyer  addition e. g.Lactarius with regard to diversity after
1962; Ahilstrom  (Wallenda & rufus, most long term large single N
et al. 1988) Kottke, 1998) spp. decline effects. additions
(Wallenda & Changes in
Kottke, 1998) community
structure
recorded
(Arnebrant and
Sdderstrom
1992; Karen
and Nylund
1996)
Acidification Decrease infine No change Decline in Changes in Decreased Increased
root numbers  (Dighton & diversity species production  disturbance due
(Dighton & Skeffington, (Arnolds 1991; composition  (Dighton & to greater
Skeffington, 1987) Dightonand (Roth & Fahey, Skeffington, earthworm
1987) Skeffington 1998; Qiu et al. 1987) activity could
1987; Agerer et 1993). reduce
al. 1998). Decreases in Extramatical
Increased spp. with mycelium
productionby  abundant
acidophilous extramatrical
spp. (Agerer et mycelium
al. 1998)

Liming Often large No change Differential Considerable Increase in There is a great
increase inroot recorded but response by changes in spp. types with need for more
tips (Erland & few data spp. (Agerer et Composition abundant  studies into the

Soderstrém, available on al. 1998) often recorded mycelia effects of liming
1991; Persson & immediate after liming.  (Bakker et al.
Ahlstrom, 1994;  effects of (Lehto 1984, 2000)

Jonsson et al. liming 1994; Erland &
1999; Bakker et Sdderstrom,
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al. 2000) 1991;
Andersson &
Soderstrom,
1995; Jonsson
et al.1999)
Wood ash Insufficient data No change Insufficient Some evidence Insufficient \ery few
(Mamood, data of differential data. EM  studies available
2000) spp. Response nycelia have
(Mahmood, beenreported
2000) to colonise ash
granules
(Mahmood,
2000)
Vitality Insufficient data No change Insufficient Insufficient No data \ery few
fertilisation Karen & data data studies
Mylund, 1996)

In Germany recent studies were performed on mabeech and spruce to discusspassible
ecological role for the abundant types of ectomgiipa and their putative application in ozone
impact bioindication (Grebenc & Kraigher, 2007).eTtotal number of mycorrhizal fine roots was
higher at the fumigated plot as compared to thetrobrsite. Some species &enococcum
geophilumFr., Russula densifoli@omagn. Russula felledr. (Fr.) Russula illotaRomagn.,Tuber
puberulum(Berk.) Broome were more abundant under ozone-fumigated,tend other species like
Lactarius acris(Bolton) Gray,Fagirhiza fuscaBrand 1991) andragirhiza setifera(Brand 1991)
were present only in fumigated plots.

Colemanet al. (1992) described the soil as the “chief organiziegtre for ecosystem function”.
The role of soil biota and processes as modifiérthe ecosystem or plant responses to global
change is becoming increasingly recognized. Onth®fmain functions of mycorrhizal fungi and
fungi in general at the ecosystem level is themtdbution to the formation and maintenance of soil
structure (Tisdall & Oades, 1982). The global clemrgctors can influence other soil biota,
physical features (soil structure) and can haveergtlly large indirect effects on the EM
community composition of mycorrhizal fungi and mydozal functioning (Rilliget al, 2002).
Consequently each global change effect on the rextical mycelium of mycorrhizal fungi can
secondarily impact soil structure (Youegal, 1998; Rilliget al, 1999).

The significance of shifts in EM fungal diversity the ecosystem level remains unclear due to a
lack of knowledge of the functional capabilitiesmbst EM fungal taxa under field conditions. Up
to now it is known, however, that considerable nispecies variation exists with regard to a number

of physiological attributes for instance the nudrial host status can be affected by the changes in
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dominance (Erland & Taylor, 2002).

Due global change effects, the real interpretatibthe shift is becoming increasingly difficult, ,
which in turn make it more difficult to discern thesult of each component, notwithstanding the
many multidisciplinary researches. However, thenate change on Mediterranean forests is
evident with a current biome shift, which has bdeaumented recently (Penuelas & Boada, 2003),
in which Calluna vulgaris(L.) Hull (Heather) andragus sylvaticad.. are being replaced luercus
ilex (L.) in higher elevationss it extends beyond the former upper limit ofr&sge with onset of
the milder weather conditions.

In this context, recent studies on global changmsicering the predicted increase in drought
frequency and intensity, reported that the shormtiteonsequences of drought on biodiversity
depend on species abilities to resist, and to mrcafter the drought, and on competitive
interactions between species. Although the aburelahenany species generally decreases during
droughts, some taxa may increase in number dunioggits or shortly thereafter (Archaux &
Wolters, 2006) as reported for the EM communiteponses to the general human pressure.

The work on different beech ecotypes of &hal. (2002) confirmed in drought causes a shift in
plant/fungus communitiesshowing that decreased soil water availability diok significantly
change either the degree of fungal colonisatiothef roots, nor the number of ectomycorrhizal
types per root system. Droughts did, however, haneinfluence on the composition of the
ectomycorrhizal community. Different mycorrhizapsgs responded to droughts differently in terms
of patterns of occurrence/abundance. Droughts ase@ the abundance of mycorrhiza formed
between beech arXerocomus chrysenterdBull.) Quél. Sustained partitioning of carbon toda
the mycorrhizal fungi under drought was reflectgdalm increase of nitrogen storage in the fungal
vacuoles (Shet al, 2002).

The temperature can have also direct effects onomyieal fungi (Staddonet al, 2002)as all
organisms have an optimum for temperature conditidime enzymatic activity depends on the
temperature, since the latter can directly affegtonrhizal fungi, and also due to its impacts on
host plants. Temperature effects can also be icilivéa effects on other environmental factors.(e.g
soil moisture).

As for elevated C® it may be found that in natural ecosystems thecesf of temperature on
mycorrhizae will mainly be, due to temperature-ioeld changes to plant communities.
Furthermore the work of Izzet al. (2006) is an important improvement to understame EM

responses to fire. They tested the behaviour ef risistant propagule community on heat
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treatments in artificial conditions. One speckgljzopogon olivaceotinctusignificantly increased

in frequency and two speciesgenococcum geophiluandWilcoxinasp.) significantly decreased
in frequency after a 75° C treatment. The incred$thizopogon olivaceotinctusH. Sm., coupled
with other features of its behaviour, suggests tdistantial heat disturbances may benefit this
species in competing for roots. But in natural gstsms many soil properties (e.g. nutrient
availability, pH, and hydrophobicity) are presemtan altered form, resulting from heat and the
drying stress of fire (Agee 1993). Moreover, theBects may vary across space and soil depth.

To partition the effects of these different facio@oganet al. (2000) examined the effect of
removing post-fire ash, an important nutrient seuron EM community composition on field
seedlings, but due to high species richness artdbpariability they found no clear effects. Baar

al. (1999) found that propagules of some EM speciesparded positively to soil drying in
greenhouse experiments, and that these were the Species that colonized seedlings in nature
following fire.

The importance of soil changes is also importantiiderstand the sylvicultural impacts on EM
communities. For instance, as reported by Baar &/friles (1995), the manipulation of litter and
humus layers strongly affects the ectomycorrhizabmization capacity. Termorshuizen (1991)
showed that the occurrence of ectomycorrhizal bndies, in Scots pine forests of different ages,
and the seedlings mycorrhization, is not linkedhe aging of the trees, but to the aging of the
forest soil, which is likely to be the main factbgterming ectomycorrhizal infection. Based on the
field experiment, it is also concluded, in the wook Heinonsalo (2004), that the shift in
ectomycorrhizal community structure, observed m $kedling roots after clear-cut logging, is not
due to the lack of inoculum in the clear-cut dwmilf to changes in the soil environment.

Normally, the spatial richness decreases in EMrdityeafter clear-cuts (Clinet al, 2005) or it can
increase after a thinning (Buext al, 2005; Moscaet al, 2007). Harvesting significantly also
decreased the thickness of the humus layer, asasdalhe numbers of ectomycorrhizal root tips,
both per metre root length and per unit humus velktiahmoocet al, 1999).

The results on a particular type of repeated siltice action are lacking up to now.

In chapter 4 of this thesis the results of studieshe EM community structures in beech coppices
are documented, to understand the possible res#ien an adaptative diversity of the EM species
as reported in previous investigations (Mosca 2@Zattolin 2007).

The number of EM morphotypes increased with stagel along the chronosequence also in the

studies of Gebhardit al. (2007), performed orEM communities of red oalkQuercus rubra..) of
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different age in the Lusatian lignite mining distri East Germany. However, the number of
morphotypes was lower in stands with disturbed #$@h with undisturbed soil and the age has
probably influenced the colonization rate of red,daecause it was slower only in the youngest
chronosequence stand.

The notion that the age of a stand of trees caifldence the community structure of EM was first
postulated in the early 1980s (Maset al, 1982; 1983). The concept generated considerable
interest because Mason and his colleagues suggdstedome species of EM fungi were found
only when trees were in their pioneer phase, sed&arly stage fungi and others were specific to
climax vegetation, so-called late-stage fungi. Tthisory was later refined by Danielson (1984) to
include a third category known as multi-stage fungi

Numerous studies have utilized forests with a gnatddf stand ages to test Mason’s hypothesis with
varying degrees of agreement. As a general poishauld be noted that several of these studies are
compromised by the lack of true replication. Thésential requirement for meaningful statistical
analysis is not always easy to achieve in chrongsszes. Moreover, many other factors are
frequently correlated with stand age and carefybeernental design, field observation, and
statistical analyses are required to try and se@dhe various factors tested. The critics of tiv E
succession hypothesis have argued that the hypoikesnly likely to hold true for pioneer plant
species because the original study utilized a stdrdrch Betula penduld&Roth) that had recently
colonized agricultural soil (Johnse al, 2005).Visser (1995) studied a chronosequence of a Jack
pine (Pinus banksiand.amb) that had regenerated naturally after wildfiisturbance. The data
showed that the number of EM morphotypes incregsedressively in the first 65 years before
increasing at a much-reduced rate until 122 yeacsthe EM community included early-stage
species such &soltricia perennis(L.) Murill, multi-stage species such &siillus brevipegPeek)
Kuntze, and late-stage species suc@aginariusspp.

Furthermore, the view of the EM community did nbbw the predicted decline in species richness
following canopy closure (Lastt al, 1987). A similar trend was seen in stand$?ofus kesiya
Royle ex Gordon during the initial (2-17 year) gtbwhase (Raet al, 1997). Here, species
richness of EM fungi was directly proportional toetage of the stand. All these cited studies
however are subject either to the vagaries of @iationship between sporocarp presence and
mycorrhiza presence or from the uncertainties of Ebrphotype identification (Johnsat al,
2005).

Lee & Alexander (1996) obtained similar data foe tBM fungi in tropical rain forests and
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demonstrated that EM community on the roots ofediqtarp seedlings changed in the 7 months
following germination, showed that fungi entereé thycorrhizal community as time progressed,
some fungi were lost or declined in relative aburt#a and regarded this as a clear evidence of
succession (Johnsat al, 2005). As far as known, there have yet to be singlies using DNA-
based methods to investigate the successionalgges&m EM communities, despite the recognition
10 years ago that this would be a useful line qtiiry (Egger 1995). Species richness in the surface
organic (L, F, and H) horizons was the least inyitbengest stand (13 years) and was the greatest in
the 59 and 116 year-old-stands. By contrast, spe@hness in the mineral horizon (in this case a
uniform sand horizon several metres deep) did iftdrcbetween stand ages. This data suggests a
rather idiosyncratic response of root-associatesidimmycete fungal communities to host plant
age. It is clear that tree age can have impactEMnfungal communities, but that these may be
more or less apparent in particular forest typesalsly young plantations versus old growth
(Johnsonet al, 2005). There seem to be two processes occurdhgnges in mycorrhizal
communities on individuals with time at that indival inocula are available, and also changes at
the stand level associated with a range of eddphbtors. Several authors have alluded to the latter
point (Johnsoret al, 2005). Visser (1995) highlighted that differenaesiost carbon supply could
have driven the changes seen in the EM fungal camitras. This hypothesis arises from the notion
that carbohydrate supply can affect EM colonizati@jorkman 1949). The isotope tracer
techniques required to determine if EM communitgnposition is related to host carbon supply are
readily available and have been highlighted already

It is further deducible that the extramatrical nigowe is likely to be the component of the
belowground EM community that is most sensitive eggponsive to environmental change (Erland
& Taylor, 2002). In the recent years new advanéexiérson & Cairney, 2007) in understanding
soil-borne mycelia of EM fungi have arisen from d¢oned use of molecular technologies and
novel field experimentation. These approaches havgotential to provide unprecedented insights
into the functioning of EM mycelia at the ecosystiewel, particularly in the context of land-use
changes and global climate change. EM fungal mgcefin comprise 80% of the total fungal
biomass and 30 % of the microbial biomass in soarest soil (Wallandeet al. 2001, 2003;
Hogberg & Hogberg, 2002), with carbon allocatiorEfd fungi estimated to be as much as 22% of
net primary production (Hobbie 2006). EM fungi éines an important component of forest carbon
cycles, and the effects on elevated atmospheric I&@e received more attention in the last years (

Anderson & Cairney, 2007). Elevated atmospheric, €anhditionsshowed increased percentage
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root colonization by EM fungi (Norbet al, 1987; Ineicheret al, 1995; Berntsoret al, 1997;
Godboldet al, 1997; Tingeet al, 1997; Rouhier & Read, 1998; Walketral, 1998; Kasurinemt

al., 2005), with only one exception (Rouhier & Rea@99). Confirming this response some effects
were also shown on the altered EM fungal root-tpmunity structure in experimental conditions
(Norby et al, 1987; Ineicheret al, 1995) and in the field (Franssehal, 2001; Kasurinert al,
2005). A change in EM root-tip community compositia favour of morphotypes that appeared to
produce emanating hyphae and/or rhizomorphs wasdnohder these conditions (Goldbold &
Bernston, 1997; Goldbolét al, 1997). Because the attempt to quantify soil-bomeelia is
lacking, this results can't provide direct inforrnaton the mycelia response of EM fungi. Another
criticism is the inability to generalize, becaude tresults are available only on single field
experiments and on the response of the EM myocsdiaimunity and, therefore, they provide no
information on the behaviour of individual EM spesito elevated atmospheric £@ the field
(Anderson & Cairney, 2007).

5. The beech root system and its mycorrhizal root strcture

The root system dfagus sylvaticd.. has been described by Biisgen (1905) as intebsiwause of
the relatively large number of fine roots per watume.

The structure and mode of growth of the root tipadult trees have been described in details by
Clowes (1949, 1950, 1951, 1954). During their aglen and dissection for physiological
investigation Harley (1948) observed that the system of the beech colonizes the soil within the
immediate area of the tree canopy and producegy@ faimber of fine roots in the surface layer of
the soils The accumulation of rootlets near thé¢ saiface is especially evident under woodland
conditions. There appears to be a differentiatibrthe ultimate laterals into “long” and “short”
roots; the short roots are often termed the “fegdoots” and the main function of absorption is
ascribed to them. Indeed, as their surfaces catestihe greater part of the surface area of the roo
system, this must be true. It should not be assumedever, that the long roots have solely a
pioneer and anchoring function, for their apicajioas are capable at least of absorbing salts and
water (Harley 1948) and are often equipped witht-f@ors. InFagusthere is no distinction in
quality between the two types of roots, so that domparison is made of long and short roots that

are uninfected by fungi, the types grade into onetlzer. Harley (1948) was also the first to
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investigate the primary root, considering themrtheo of increasing intensity of infection.

The first mycorrhizas oFagus sylvaticd.. were recorded, in fact, by Harley (1948) and Warren
Wilson (1951), as being after the first foliageviea were set. Boullard (1960, 1961) and Laiho &
Mikola (1964) observed the same feature®inus sylvestrid.., Pinus montana Salisl{= Pinus
cembral.), andPicea abied.. In all these cases there was a correlation@irthiation of infection
with the probable onset of active photosynthesisl #his can help to choose the right sampling
time.

The results of Boullard (1961) on the effect ohtign the infection oCedrus atlanticel., Pinus
pinasterAit., Pinus sylvestrid.. and other tree species, showed that an increaite light period,
l.e. Increase of the duration of the daily photdkgtic period, from 6 hours to 16 hours or even
longer, increased the development of the root systand the number of short roots on the
seedlings. It also resulted in an increase in tmaber and percentage of roots on the seedlings. It
also resulted in an increase in the number dfsrconverted to mycorrhizae Essentially similar
results were obtained by Wenger (1955) ustigus and by Harley & Waid (1955) usifgagus

But this correlation is not always valid.

Clowes (1951) underlined the rare presendéagusof a tannin barrier outside the endodermis, as
reported for other plants (MacDougal & Dufrenoy4®&® Where it does occur it may take the form
of a ring of cells (the epidermis or in the cortex)h droplets of tannin in the cytoplasm, or of a
circle formed of tannin-impregnated cells (Clovi€s1).

As reported by Clowes, although the most commote sb& infection ofFagusis that normally
described for ectotrophic mycorrhizae some of thialkoots (either long or short roots) had a mantle
of fungal pseudoparenchyma without a Hartig net ftngus laid on the surface of the epidermis
or the outer cap cells and in a few cases the leypleaetrated the outer cell wall into some of the
epidermal cells and there formed swollen vesicMsre rarely intracellular hyphae ramified
throughout the cortex and even into the meristems Type of mycorrhiza occurred in the studies
of Clowses frequently, when the infection is lindit® the apex.

Gotsche (1972) also found an ectoendotrophic stdtag/corrhizae in mixed stands Bfceaabies
andFagus sylvaticawhere the species showed intracellular hyphaepeaogtessively destroyed the
epidermal cells. The formation of this parasitissmi was connected with suberin presence.

The description of the EM ok. sylvaticabegan with the research of Brand (1991), whesified

23 new ectomycorrhizal species.
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6. Aim of the thesis

The main goal of this thesis, linked to “InHumusR@A0” (1587/2004) project, funded by the
“Fondo per i progetti di ricerca della Provinciateaoma di Trento”, in co-operation with the
Centre for Alpine Ecology (TN, Italy), was to verithe possibile response to the coppicing on
beech Fagus sylvaticd..), applying a biological indicator such as tletoeycorrhizal community
could be.

These researches were performed in beech coppicdéferent age, because the last cut was
applied in different periods. They were selectedagnsites, which are very important for the
European Community for habitat and species praed{iSIC” sites or “ZPS” sites belong to the
“Net Nat2000”, in application of the European Direes n. 42 1992 and n. 409 1978, respectively).
This work would integrate the parameters genetedd for the management in forests of particular
importance, but suffering under a hard and constamtan pressure.

Since only a few studies on the vertical distribatof EM (ectomycorrhizae) consortium in soils
are available up to now, this thesis is an attampissociate the species composition in the diftere
soil horizons.

To determine the influence of environmental feagure the EM species distribution, pH, exposure,
humus forms and their chemical-physical propertiesre taken into account as the most
representative and influencing factors in soil egalal dynamics.

To establish the diversity and the EM communitycture in these natural habitats the study was
carried out in different stands, to relate the edpg effects on the species in the soil layers.
Moreover, this thesis would be a small contributit;m the biodiversity of the beech forest

ecosystems with four new descriptions of ectonyunae.
6.1 Thesis structure

The thesis is composed by five chapters preseatiriggst the composition of the ectomycorrhizal
communities in beech coppices in the North of Jtalythe Trentino-Sidtirol Region, reporting
three new species descriptions (chapter 2).

Chapter 3 reports the investigation results on @onaycorrhiza species, which shows a parasitic
attitude in the studied sites.

Chapters 4 consists of two different articles,describe the EM community response to the

coppicing and in particular in the soil organic day and related to the different environmental
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features. In chapters 5-9 five descriptions of m#wWspecies are reported.
Each chapter is based on a paper submitted tom, @valution for, an international peer-reviewed

journal, then followed by a general conclusion (ilea 10).
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CHAPTER 2

The composition of the ectomycorrhizal community inbeech coppices of
different age

1. Introduction

The research on ectomycorrhizae (EM) received atgmepulse in the last 40 years thanks to the
work of many scientists. The first morphologicaVestigation together with the latest ecological,
physiological and genetic studies widened the médion now available, but the progresses in the
anatomical identification of the fungi is a prereipe of the studies of EM communities (De
Romanet al, 2005). The molecular analysis are not sufficemtl not always efficient or reliable
to classify the species, and morphological in co@bon with anatomical features have a
fundamental role to understand the fungal structun@ its different developmental stages on the
host. Since the beginning of ectomycorrhizal symisigesearch in the late 19th century, a lot of
EM morphotypes have been more or less accurategrided, and few authors tried to create a
classification systems and to develop identifiaatieys similar to that available for plants and
animals, but this was a difficult task (De Romeinal, 2005). The first attempt was made by
Dominik (1969) and a few years later Zak (1973gsttd that a detailed description of each EM
was essential for the identification. Goodnetnal. (1996—-2000) realized concise Descriptions of
North American Ectomycorrhizas, and the descrigtipublished according to this system were
more detailed than those in Ingledlyal. (1990), but they lacked the level of detail. e trear 1986
Agerer (1986, 1987-2006, 1994, 1999) began to §lulguidelines for the systematic descriptions
and identification of EM that are widely used noagsl (De Romaret al, 2005). In addition,
Agerer created a binomial nhomenclature system liose EM described but not yet identified,
edited a Colour Atlas of Ectomycorrhizas (Agere871:92006) with photographs of the EM to
facilitate identification by comparison, and deysd a synoptic key and determine EM (Agerer &
Rambold 1998, 2004-2007).
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Some 5.000-6.000 fungal species are estimated tctmmycorrhizal fungi (Molinat al. 1992;
Taylor & Alexander 2005), but only a small portiohthem has been investigated by anatomical
studies (Agerer 2006). The most important inform@gaéctomycorrhizal features for the recognition
of fungal relationships are:

a) structure of the mantle layer as seen in pieww;v

b) structure of rhizomorphs;

c) shape of cystidia;

d) features of emanating hyphae.
In addition all the anatomical features, can belusecharacterize EM, in particular those including
hyphae (Agerer 2006). Recent investigations aldoaietological function of the symbiotic species
in the ecosystem, gave the possibility to applyapuely ecologically important features as
expressed by their exploration types (Agerer 200p)to now only Brand (1991) published a more
detailed contribution to the ectomycorrhize Bagus sylvaticd.., with 23 descriptions. Here we
present the structure of the community discovemdabech coppices of different age in the Province

of Trento (Trentino-Sudtirol Region in Italy), thesto three years of research on this topic.

2. Methods

The collected rootlets were carefully cleaned fradehring soil and debris in tap water. Under a
stereomicroscope connected to digitals camerak&Mh&vere sorted at first into morphotypes based
on colour, occurence and abundance of cystidianatimg hyphae and rhizomorphs (Agerer 1987-
2006, Agerer 1991). Furthermore several root tigseach morphotype per sample were
anatomotyped following Agerer (1991). These analysere completed within 12 days after
sampling. Also the available literature was usediassify the anatomotypes (Goodnwral. 1996-
2000; Agerer 1987-2006; Cairney & Chambers 199@n8r1991, Agerer & Rambold 2004-2007;
Hauget al., 1994). Subsenquently, EM were classified into evgilon types (Agerer 2001) and we
noted the hydrophobicity attitude according Unesi@®91).The anotomotypes unidentified by
molecular or anatomical tools, were classified hyatgphanumerical code (EDMxx). For the other
anatomotypes we wrote the name and the alphanuahende Sequences taxon categories were
assigned as follows: sequence similarity of 100%dentification to species level) sequence to
similarity of 95% to 99% (= identification to genusvel) sequence similarity of < 95% (=

identification to family or ordinal level).
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DNA extraction, amplification and sequencirdNA was extracted from organs of
ectomycorrhizae after Gardes and Bruns (1993) wsiQuiagen DNeasy plant Mini Kit (Quiagen,
Hilden, Germany), according to the manufacturer&ructions. PCR amplification was performed
for internal transcribed spacers ITS1, ITS2, and5@S region of the nuclear ribosomal DNA,
using basidiomycete specific primer pairs ITS1F (&fggtcatttagaggaagtaa 3°) and 1TS4B
(5'tcctcegcttattgatatge 3°). PCR amplification wasrformed using a Ready To Bbbeads
(Amersham Pharamacia Biotech., Piscataway, Neveygensith 20 um of PCR solution (composed
of 120 um ddH20, 30 ul buffer, 21,6 ul MgCl, 12 giR$1F, 12 ul ITS4B, 30 pl dNTP-Mix and
2,4 um Tag-Polymerase) and 5 pl extracted DNA. FG&R was programmed as follows: 95 for

5 min, [90° 30 sec, 55 °C for 30 sec, 72 °C forifh (@ 2 sec for each cycle): 35 cycles], 72°C for
10 min,16 °C infinitely (Tedersoet al, 2006). Amplified PCR products (2 pl) were run hwit
bromophenol blue (2 ul) on 1% agarose gels for 80an95 W, then stained in ethidium bromide
for 10 min and afterward in ddH20 for 1 min. PCRducts were then visualised under the UV
light. Successful DNA bands were purified using QEAquick-PCR purification Kit (Qiagen
GmbH, Hilden, Germany) according to manufactureristructions. DNA sequencing was
performed by the sequencing service of the Instifat Genetics, Department Biology | (Ludwig-
Maximilians-Universitat, Minchen), using BigDye i@nator Ready Reaction Cycles Sequencing
Kit v3.1 (Applied Biosystems, Foster City, CA, USAequencing was performed on 6,7 um DNA
probes plus 0.3 um ITS1F (forward) and 0.3 um IT$Rerse). DNA sequences were aligned
pairwise using the BIOEDIT (Bioedit Sequence Aligewth Editor for Windows 95/98/NT/XP).
Consensus sequences were compared with sequeareths GenBank databsase with BLASTn
(National Center for Biotechnology Informations)@NITE (K&ljalg et al, 2005) and in most case
were blasted against both databases.

The anatomotypes are stored in FEA in the TeSAFaDement Herbarium of the University of

Padua.

3. Results: EM community composition

Morphological, anatomical and molecular investigasi revealed a total of 60 anatomotypes. Of
these, 8 were assigned to family or ordinal lev&heglephorales Boletales Pezizales,
Sebacinaceae, Thelephoracga®9 to genus Amphinemasp., Boletus sp., Cortinarius sp.,

Craterellussp.,Hydnumsp.,Hygrophorussp.,Inocybesp.,Laccariasp.,Lactariussp.,Ramariasp.
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Sebacina sp.Tomentellasp.), 19 to specieByssocorticium atroviren@r.) Bondartsev & Singer
ex Singer,Cenococcum geophilunir., Cortinarius bolaris(Pers.) Fr, Cortinarius cinnabarinus
Fr., Cortinarius infractusBerk., Cortinarius inochlorusMaire, Genea hispiduld8erk. ex Tul. & C.
Tul., Hygrophorus penariugr. (see Paper | — chapter Bpctarius acris(Bolton) Gray,Lactarius
pallidus Pers.,Lactarius rubrocinctud-r., Lactarius subdulciBull., Lactarius vellereugFr.) Fr.,
Piloderma croceund. Erikss & HjortstamRamaria auregSchaeff.) Qué).Russula illotaRomagn,
Russula maireSinger,Tricholoma acerbunBull.) Vent. and Tricholoma sciodg®ers.) C. Martin]
and 11 [Fagirhiza arachnoidegBrand 1991)Fagirhiza byssoporoides (description in this Thesis
Fagirhiza cystidiophora(Brand 1991), Fagirhiza entolomoidegdescription in this Thesis),
Fagirhiza fusca(Brand 1991)Fagirhiza lanata(Brand, 1991)Fagirhiza oleifera(Brand 1991),
Fagirhiza pallida(Brand 1991)Fagirhiza spinulosgBrand 1991)Fagirhiza stellata(description
in this Thesis),Fagirhiza vermiculiformis(Jakucs 1998)] not identified ectomycorrhizae but
previously described in details, while 3 remainamh-glassified (tab. 1)The investigations on

ecological features of the EM species are briedlgadibed in the Short Communication (chapter 4).
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Fungal taxa, codex in the Herbarium and
accession number in the GenBank

Best match sequence

Size
bp

E value

Similarity

Accession number

Source(a)

Amphinemap. (EDM50)

(pair)

BoletaceadEDM51) EU444544

Boletus aestivalis

*%

3E-73

UDB000941

Boletussp. (EDM13) EU444539

Boletus rhodoxanthus

661

UDB001116

Byssocorticium atroviren€EEDM17)

Cenococcum geophilugEDM1)

Cortinarius ionochloruEDM27) EU444542

Cortinarius inochlorus

UDB002105

Cortinarius (EDM57)sp.

Cortinarius bolaris(EDM12)

Cortinarius cinnabarinu§EDMb5)

Cortinarius infractuEDM62) EU444553

Cortinarius infractus

uUDB001161

Cortinarius sp. (EDM72) EU444551

uncultured ectomycorrhiZartinarius)

AY299227

Craterellussp.(EDM41)

EDM47

EDM65

EDMG68

Entolomasp. (EDM36)

EntolomatacedEDM8 )* EU444549

Entolomasp.

Fagirhiza arachnoidedEDM61)

Fagirhiza byssoporoide&DM55)* EU444550

Byssoporia terrests fruitbody (SR1101 in M)

Fagirhiza cystidiophord EDM33)

Fagirhiza fusca EDM40)

Fagirhiza lanata(EDM29)

Fagirhiza oleifera(EDM?2)

Fagirhiza pallida(EDM25)

Fagirhiza setiferd EDM7)

Fagirhiza spinulosgEDM3)

Fagirhiza stellata(EDM 21)* EU444548

Tomentella subtestacea

UDB000034

Fagirhiza vermiculiformiEDM42)

Genea hyspidul§EDM32)

Hydnumsp (EDM37)

Hygrophorussp. (EDM26)

Hygrophorus

8e-75

96%

UDB000556

Hygrophorus penariuEDM60 )* EU444536

Hygrophorus penarius

481

0.0

100%

uUDB000097

Inocybesp. (EDM71) EU444552

Inocybe fuscomarginata

*%

0.16

100%

UDB002156
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Inocybesp. (EDM22)

Laccaria sp. (EDM23)

Lactarius acris EDM56)

Lactarius pallidus EDM6)

Lactarius rubrocinctu¢§EDM53)

Lactariussp. (EDM48)

Lactarius subdulci$EDM4)

Lactarius vellereugEDM45)

Pezizale4EDM 67) EU444547 Pezizasp. i UDB001572 UNITE
Piloderma croceunfEDM14) - - - - . B
Ramaria auregdEDM43) - - R - - _
Ramariasp.(EDM58) - - - - - _
Ramariasp. (EDM10) EU444537 Albatrellus critstatus 601 le-91 100% UDBO001761 UNITE
Russula illota EDM28) - - - - - B
Russula maire{EDM31) - - R - - _
Sebacinap.(EDM34) EU444543 Uncultured ectomycorrhizéSebacinacege 541 0.0 95% AJ879661 BLAST
SebacinaceafEDM11) EU444538 Sebacina epigaea 541 0.0 94% UDB000975 UNITE
ThelephoraceaéEDM63) - - - - - _
ThelephoraceaéEDM66) - - R - - _
ThelephoraledEDM64) EU444546 Tomentellopsis echinospora 541 0.0 94% UDB000191 UNITE
Thelephorale§EDM59) EU444545 - * - R - _
Tomentellasp. (EDM18) EU444540 Tomentella cinerascens 481 0.0 99% UDB000232 UNITE
Tomentellasp. (EDM19) EU444541 Tomentella pilosa 601 0.0 97% UDB000241 UNITE

Tomentellasp.(EDM46)

Tomentellasp.(EDM70)

Tricholoma acerbunfEDM24)

Tricholoma sciode$EDM39)

Tab. 1: Ectomycorrhizal anatomotypes and their anabmical and morphological identification. (a) Addtional reference are available on the NCBI
(www.ncbi.nih.gov/BLASY or UNITE (WwWWw.Unite.ut.epwebsites [*  Descriptions; **  Partial seqence only].
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Fungal taxa Exploration types Hydrophobicity
Amphinemap. (EDM50) MD fr hydrophobic
Boletaceag EDM51) LD hydrophilic
Boletussp. (EDM13) LD hydrophobic
Byssocorticium atroviren€EEDM17) SD hydrophobic
Cenococcum geophiluEDM1) SD hydrophilic
Cortinarius ionochlorugEDM27) MD fr hydrophobic
Cortinarius (EDM57) sp. MD fr hydrophobic
Cortinarius (EDM72) sp. MD fr hydrophobic
Cortinarius bolaris(EDM12) MD fr hydrophobic
Cortinarius cinnabarinu§EDM5) MD fr hydrophobic
Cortinarius infractugEDM62) MD fr hydrophobic
Craterellussp.(EDM41) C/SD hydrophilic
EDM47 SD hydrophilic
EDM65 MD fr hydrophobic
EDM68 SD hydrophobic
Entolomasp. (EDM36) MD sm hydrophobic
Fagirhiza entolomoide§EDM8 )* MD sm hydrophilic
Fagirhiza arachnoidegEDM61) SD hydrophobic
Fagirhiza byssoporoidg&DM55)* MD sm hydrophobic
Fagirhiza cystidiophord EDM33) SD hydrophilic
Fagirhiza fusca EDM40) SD hydrophilic
Fagirhiza lanata(EDM29) MD sm hydrophilic
Fagirhiza oleifera(EDM2) C/SD hydrophilic
Fagirhiza pallida(EDM25) SD hydrophilic
Fagirhiza setiferd EDM12) SD hydrophilic
Fagirhiza spinulosgEDM3) SD hydrophilic
Fagirhiza stellata(EDM21)* MD sm hydrophobic
Fagirhiza vermiculiformigEDM42) MD sm hydrophilic
Genea hyspiduléEDM32) SD hydrophilic
Hydnumsp (EDM37) MD fr hydrophobic
Hygrophorussp. (EDM26) C hydrophilic
Hygrophorus penariuEDM60 )* SD hydrophilic
Inocybesp. (EDM71) MD mat hydrophobic
Inocybesp. (EDM22) SD hydrophilic
Laccaria sp. (EDM23) MD sm hydrophilic
Lactarius acristEDM56) MD sm hydrophilic
Lactarius pallidug EDM6) MD sm hydrophilic
Lactarius rubrocinctu§EDM53) MD sm hydrophilic
Lactariussp. (EDM48) C hydrophilic
Lactarius subdulcigEDM4) MD sm hydrophilic
Lactarius vellereugEDM45) MD sm hydrophilic
Pezizale4EDM 67) SD hydrophilic
Piloderma croceunEDM14) MD fr hydrophobic
Ramaria auredEDM43) MD mat hydrophobic
Ramariasp.(EDM58) MD mat hydrophobic
Ramariasp. (EDM10) MD mat hydrophobic
Russula illota EDM28) C hydrophobic
Russula maire{(EDM31) C hydrophilic
Sebacinasp.(EDM34) SD hydrophilic
SebacinaceafEDM11) SD hydrophilic
ThelephoraceaéEDM63) MD sm hydrophobic
ThelephoraceaéEDM66) MD sm hydrophobic
ThelephoralegEDM64) MD fr hydrophobic
Thelephorale§EDM59) MD fr hydrophobic
Tomentella sp. (EDM18) MD fr hydrophobic
Tomentellasp. (EDM19) MD sm hydrophilic
Tomentellasp.(EDM46) MD sm hydrophilic
Tomentellasp.(EDM70) SD hydrophilic
Tricholoma acerbunfEDM?24) MD fr hydrophobic
Tricholoma sciode$EDM39) MD fr hydrophobic

Tab. 2: Exploration types of the anatomotypes andhe relationship with the hydrophobicity [C= contact type -
SD= short distance; MD sm= medium distance smoothyD fr= medium distance fringe; MD mat= medium
distance mat; LD= long distance. * Descriptions ].
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4. Short characterization of the species not destr@d up to now onFagus sylvatica L.
(according to Agerer 1991)

Here it is reported a short characterization of species not described up to now Bagus
sylvaticaL. To identify the most important morphologicaldaanatomical features, it is used the
synoptic key invww.deemy.deby Agerer & Rambold 1998, 2004-2007.

Amphinemasp. (EDM50), Figs. 1-4

Basidiomycota, Basidiomycetes, Polyporales, Athediae

Colour: reddish orange, brownish-red, older pahrec- Ramification (Fig. 1): irregularly-pinnaichotomous-like. -
Shape: sinuous - Mycorrhizal surface: woolly. - ®inhorphs (Fig. 4): orange-reddish, ramified repdigtanto smaller
filaments, type A (undifferentiated with hyphaehet loosely woven and of uniform diameter). - Entangahyphae
(Fig. 3): present but not specifically distributedith open anastomoses, with a short bridge orgerialmost lacking
(contact-clamp), sometimes granulate and with #hickvall, intrahyphal hyphae with clamps presentp;to
membranaceously yellowish. - Outer mantle (Fig.pl@ctenchymatous type C (gelatinous matrix betwberhyphae,
membranaceously yellowish). - Middle and inner eamtlectenchymatous with matrix, membranaceousliowish. -
Exploration type: medium distance subtype fringélydrophobic attitude.

It can be supposed that this anatomotype belontietge nuAmphinemalue to the typical anastomoses and the thick-
walled hyphae already reported in the descriptais byssoides

BoletaceagEDM51), Figs. 8, 9, 75-76

Basidiomycota, Agaricomycetes, AgaricomycetidaeleBales, Boletaceae

Colour: whitish pink. - Ramification: monopodialfpiate, monopodial-pyramidal. - Shape: straight; dstizal
surface (Fig. 8): smooth. - Rhizomorphs (Fig. #@hitish, with smooth margin, type F (highly diffettéated - thick
hyphae forming mostly a core, septa often partiaiicompletely dissolved), with thick matrix. - @utmantle (Fig.
75): plectenchymatous type C (gelatinous matrixwken the hyphae). - Middle and inner mantle (Fiy. 9
plectenchymatous with thick matrix. - Exploratigqpé: long distance. - Hydrophilic attitude.

It can be supposed that this anatomotype belontisstdamily, for the typical differentiated rhizamph. This species

showed also a similarity of 90% wiBoletus aestivali§Paulet) Fr. (sequences in Unite, see Tab.1).

Boletussp. (EDM13), Figs. 10, 77-79

Basidiomycota, Agaricomycetes, AgaricomycetidaeleBales, Boletaceae

Colour: brownish with whitish-granulate surface,emtolder blackish and whitish-granulate surfaceeweidespread. -
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Ramification: monopodial-pinnate, monopodial-pyrdahi - Shape: straight, not inflated cylindric. -yddrrhizal
surface (Fig. 10): glistening. - Rhizomorphs (Fi@): the same colour of the mantle, infrequenpeti (differentiated;
thick hyphae forming a core, septa complete or simmes enlarged, type E), with nodia and conical ngeaide
branches present, crystals on the peripheral hypHamanating hyphae: generally present, grandigpdae (cystidia-
like endcells, with small crystals on the surfacelembranaceously brownish. - Outer mantle (Fig. 78):
plectenchymatous type A/B (ring-like arrangementhgphal bundles or hyphae rather irregularly aredngnd no
special pattern discernible), with crystals on fientle layer. — Middle mantle layer (Fig. 80): pdeparenchymatous
epidermoid type. - Inner mantle (Fig. 79): plectgrmmoatous ring-like. - Matrix present in each mamdiger and also in
the rhizomorphs. - Exploration type: long distancédydrophobic attitude.

It can be supposed that this anatomotype belonggsdamily, for the typical differentiated rhizamph. The molecular
investigations attested that this species showeadmiarity of 99% withBoletus rodoxanthugKrombh.) Kallenb

(sequences in Unite, see Tab. 1).

Cortinarius ionochlorus(EDM27), Figs. 11, 12, 81- 85

Basidiomycota, Agaricomycetes, Agaricomycetidaearkcples, Cortinariaceae

Colour: brownish green with yellowish hydrophobigface not uniformly distributed; when older brosmiand only
the rhizomorphs yellow. - Ramification: irregulainnate, dichotomous-like. - Shape: straight,infiated, cylindric -
Mycorrhizal surface (Fig. 11): silvery. - Rhizombep (Fig. 85): yellowish, frequent, without specibicigin, type A
(undifferentiated with hyphae rather loosely woaen uniform diameter). - Outer mantle (Fig. 81qgénchymatous
type A/B (ring-like arrangement of hyphal bundles lyphae rather irregularly arranged and no spegétern
discernible). — Middle mantle layers (Figs. 82, 8dlectenchymatous ring-like. - Inner mantle (Fig3):8
plectenchymatous, ring-like. Membranaceously bistun Sclerotia (Fig.12): infrequent, green-yelishy elongated-
irregular, on the mantle and laterally on the rhipophs. - Exploration type: medium distance subtiipege. -
Hydrophobic attitude.

Montecchioet al. (2001) described this species Quercus il& L. The structure of the mantle layers and of the
rhizomorph are similar to the specimen here regort€he molecular analyses confirmed a similaritd®0% with
Cortinarius ionochlorusR. Maire (UDB002105 in Unite, see Tab. 1).

Cortinarius sp. (EDM57), Figs. 13, 14, 86, 87

Basidiomycota, Agaricomycetes, Agaricomycetidaearcples, Cortinariaceae

Colour: whitish brown. - Ramification: irregularfyinnate, dichotomous-like. - Shape: sinuous, beat, inflated,
cylindric. - Mycorrhizal surface (Fig. 13): silvegnd densely stringy. - Rhizomorphs (Fig. 87): tishi type A
(undifferentiated with hyphae rather loosely wowand of uniform diameter), frequent, origin not dfiec- Outer
mantle (Fig. 14): plectenchymatous type A/B (rifigtlarrangement of hyphal bundles or hyphae rathegularly
arranged and no special pattern discernible). -dMidmantle (Fig. 86): plectenchymatous. - Innerntaa
plectenchymatous/pseudoparenchymatous. - Explarggoe: medium distance fringe subtype. - Hydropalttitude.

It can be supposed that this anatomotype belonghisogenus, in particular for the habitus and floe typical
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undifferentiated rhizomorph. Also the mantle stumetcan be related to this genus.

Cortinarius infractus (EDM62), Figs. 15, 88, 89

Basidiomycota, Agaricomycetes, Agaricomycetidaearcples, Cortinariaceae

Colour: whitish. - Ramification: irregularly- pinteg dichotomous-like. - Shape: sinuous, bent, mbaed, cylindric.-
Mycorrhizal surface: very woolly (Fig. 15). — Rhimorphs: whitish, type A (undifferentiated with hyehrather
loosely woven and of uniform diameter, with crystahd matrix), very frequent, origin not specifidQuter mantle
(Fig. 88) plectenchymatous type C (gelatinous mdigtween the hyphae, with crystals). - Middle e (ig. 89):

plectenchymatous with matrix. - Inner mantle: ptachymatous with matrix. - Exploration type: medidistance
fringe subtype. — Hydrophobic attitude.

It can be supposed that this anatomotype belongthito genus, in particular for the habitus, for thypical

undifferentiated rhizomorph. Also the mantle stunetcan be related to this genus. The species hassified thanks to
molecular tools. The analyses showed the bestasiitgil(of 100%) withCortinarius infractusBerk. (UDB001161 in
Unite, see Tab. 1).

Cortinarius sp. (EDM72), Figs. 16, 91, 92

Basidiomycota, Agaricomycetes, Agaricomycetidaeacples, Cortinariaceae

Colour: yellowish orange. - Ramification: irregdiapinnate, dichotomous-like. - Shape: sinuous,tbent inflated,
cylindric. - Mycorrhizal surface: very cottony (Fig6). - Emanating hyphae (Fig. 91): very frequamstomoses, open
with a short bridge or bridge almost lacking, walamps; rhizomorphs not observed. - Outer marfig. (90):
plectenchymatous type A (ring-like arrangementyiftal bundles). - Middle mantle: plectenchymateusner mantle
(Fig. 92): plectenchymatous. - Exploration typediuen distance subtype fringe. — Hydrophobic at&tud

It can be supposed that this anatomotype belongisdamily, in particular for the habitus. Alsket mantle structure
can be related to this genus and the emanatingaleypdgerer 2006). The molecular analyses showeddigasty of
100% with a species that belongs to the same gemlicollected in a similar ecosystem (uncultereidragcorrhiza
Cortinarius sp. AY299227 in GenBank, see Tab. 1).

Craterellussp. (EDM41), Figs. 93, 94

Basidiomycota, Agaricomycetes, Cantharellales, Gantllaceae

Colour: white. - Ramification: monopodial-pinnateShape: not inflated, cylindric. — Mycorrhizal fage: smooth and
opaque. - Outer mantle (Fig. 93): pseudoparenctoumatype L (angular cells) with rare oily dropletsMiddle and
inner mantle (Fig. 94): pseudoparenchymatous. —deajion type: contact type to short distance. -dtdphilic

attitude.

It can be supposed that this anatomotype belontggst@enus, because of the absence of particokgomical features,

for the mantle organisation and for the presenaglpfroplets also reported @raterellus tubaeformi¢Bull.) Quél. +
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Pinus sylvestrigMleczko 2004).

EDMA47, Figs. 17, 18, 95-98

Colour: brownish, with clear very tips. - Ramifigat monopodial-pinnate. - Shape: straight, nolaiefl, cylindric. -
Mycorrhizal surface: very spiny (Fig. 17). - Outeantle(Figs. 18, 95, 96): pseudoparenchymatous type atigy(lar
cells with prominent cystidia type A). — Middle ¢B5i 97, 98): mantle and inner mantle: pseudopasenatous. -
Exploration type: short distance. — Hydrophilidtatte.

Probably this species belongs to #hecomycotand in particular to the geniisiber, due to the presence of the same
type of cystidia revealed in our specimen andhelack of clamps. Further investigations are reagsto classify this

ectomycorrhiza.

EDMG65, Figs. 19, 99, 100

Colour: whitish and slightly pinkish. - Ramificatio monopodial-pinnate. - Shape: straight, not tefla cylindric. -
Mycorrhizal surface: silvery (Fig. 19). - Outer nl@n(Fig. 99): plectenchymatous type A/B (ring-likerangement of
hyphal bundles or hyphae rather irregularly arrdngend no special pattern discernible). - Middle tean
plectenchymatous. - Inner mantle (Fig. 100): pleciiymatous. - Exploration type: medium distanceyggbfringe.

Further investigations are necessary to classdyattomycorrhiza.

EDM®68, Figs. 20, 21, 101

Colour: whitish and slightly orange. - Ramificatiomonopodial-pinnate. - Shape: straight not inflatlindric. -
Mycorrhizal surface: silvery (Fig. 20). - Rhizombgy whitish, type A (undifferentiated with hyphaather loosely
woven and of uniform diameter, with clamps), vergguent, origin not specific. - Outer mantle (FIp1)
plectenchymatous type A/B (ring-like arrangementhgphal bundles or hyphae rather irregularly aredngnd no
special pattern discernible). - Middle mantle: pd@chymatous. - Inner mantle (Fig. 21): plectencdipms. - Slight
matrix present in the mantle layers. — Exploratigre: short distance. — Hydrophobic attitude.

Further investigations are necessary to classdyattomycorrhiza.

Entolomasp. (EDM36), Figs. 65-67

Basidiomycota, Agaricomycetes, Agaricomycetidaeakcples, Entolomataceae

Colour: pinkish withish. - Ramification: irregulgpinnate, dichotomous-like. - Shape: sinuous.yetrhizal surface
(Fig. 65): loosely stringy or loosely wolly. — Rbinorphs: whitish, type A /B (according to Agere9191995; Agerer
1985-2006; Agerer & Rambold 2004-2007; Agerer &iflds 2004). - Emanating hyphae not frequent. -&uhantle
(Fig. 66): plectenchymatous type A (ring-like agament of hyphal bundles or hyphae rather irrejubaranged and
no special pattern discernible). - Middle and inn&ntle plectenchymatous (Fig. 67). - Exploratigmet medium

distance smooth subtype. — Hydrophobic attitude.
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It can be supposed that this anatomotype belongsetgenugntoloma for the habitus, for the outer mantle structure
anf for the uniform-compact, stiff and projectinrgzomorphs, very similar to that reported in othpecies belongs to
the same genus, for exampleanmtoloma sinuatun@Bull. Fr.) Kummer +Salixspec. (Agerer 1997; 1998).

Hydnum sp. (EDM37), Figs. 22-24

Basidiomycota, Agaricomycetes, Cantharellales, Hgdeaae

Colour: yellowish, with orange very tip. - Ramifto@n: monopodial-pinnate, monopodial-pyramidalShape: straight ,
not inflated, cylindric. - Mycorrhizal surface: wWibg sometimes covered with soil particles (Fig).22 Rhizomorphs:
concolourous to mantle, repeatedly ramified intaléen filaments or infrequently at restricted psinémooth or hairy
or densely enveloped by hyphae, undifferentiatgghhie rather losely woven and of uniform diametgpog A) or
slightly differentiated, central hyphae somewhdamged (type C). - Outer mantle (Fig. 23) plectgmohtous type A
(ring-like arrangement of hyphal bundles) with ktignatrix and oily droplets. - Middle mantle: pleethymatous. -
Inner mantle (Fig. 24): plectenchymatous/pseudoqdmgmatous. - Exploration type: medium distancegii subtype. -
Hydrophobic attitude.

The mantle organisation and the rhizomorph are samjlar to the anatomical features reportetHidnum rufescens
Picea (Agereret al. 1996; Kraigher & Agererl996).

Hygrophorussp. (EDM26), Figs. 25-102-103

Basidiomycota, Agaricomycetes, Agaricomycetidaearcples, Hygrophoraceae

Colour: brownish chestnut. - Ramification: simpigsely monopodial-pyramidal. - Shape: straighbent, not inflated,
cylindric. - Mycorrhizal surface (Fig. 25) : smoodometimes with soil particles. - Outer mantle (Fi@2)
plectenchymatous, type C (gelatinous matrix betwberhyphae) clamps very rare. - Middle mantlecglechymatous
with gelatinous matrix. - Inner mantle (Fig. 10BJectenchymatous. - Exploration type: contact typeédydrophilic
attitude.

It can be supposed that this species belongs d$ogehius, for the thick gelatinous matrix, the n&sttucture and for
the very rare clamps. The anatomical features iangas to that reported in the descriptionldfgrophorus penarius
(see Chapter 3), but in contrast to this species nieasures of the hyphae are smaller. The moleaualyses
confirmed only the genus (see Tab. 1)

Inocybesp. (EDM 71), Figs. 26, 104-107

Basidiomycota, Agaricomycetes, Agaricomycetidaeadcples, Inocybaceae

Colour: brownish-greenish. - Ramification: irreglyapinnate, dichotomous-like. - Shape: straighbent, or beaded -
Mycorrhizal surface (Fig. 26): woolly. - RhizomompFig. 107): concolourous to mantle; sometimes bramaceouly
brownish, type A (undifferentiated with hyphae eathoosely woven and of uniform diameter). - Emamgahyphae:
with clamps, membranaceously brownish. - Outer leafig. 104): plectenchymatous type E (hyphaerged net-
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like, repeatedly and squarrosely branched) membesngly brownish. - Middle mantle (Fig. 105): geexhymatous
/pseudoparenchymatous membranaceously brownish. nper| mantle (Fig. 106): plectenchymatous
/pseudoparenchymatous membranaceously brownibhe colour of the mantles is darker at patchesxpldtation
type: medium distance mat subtype. - Hydrophotitude.

It can be supposed that this antomotype belongbapty to this genus for the typical outer mantlel af the

rhizomorphs (similar to other species of the sameaug reported iwww.deemy.d® The molecular analyses

confirmed only partially the best similarity withocybe fuscomarginatiiihner (UDB002156 in Unite, see Tab. 1).

Inocybesp. (EDM 22), Figs. 27-29

Basidiomycota, Agaricomycetes, AgaricomycetidaeaAcples, Inocybaceae

Colour: brownish grey, with rosy very tip. - Rarodition: monopodial-pinnate; monopodial-pyramidalShape:
straight, cylindric, not inflated. - Mycorrhizal dace (Fig. 27): loosely cottony. - Emanating hygpheith clamps. -
Outer mantle (Fig. 28): plectenchymatous type Epflag arranged net-like, repeatedly and squarrdseingched)
membranaceouly brownish . - Middle mantle: pleckgmatous/pseudoparenchymatous, membranaceousiyisio
- Inner mantle (Fig. 29): plectenchymatous membraoaly brownish. - Slightly gelatinous matrix presén the
mantle layers. - Exploration type: short distanddydrophilic attitude.

It can be supposed that this antomotype belondsabty to this genus for the outer mantle, simitathat inlnocybe
avellana+ Shorea(Ingleby K 1999).

Laccariasp. (EDM23), Figs. 30-33

Basidiomycota, Agaricomycetes, Agaricomycetidaeacples, Hydnangiaceae

Colour: pinkish brown, brownish orange. - Ramificat monopodial-pyramidal. - Shape: straight, ontbeslightly
tortuous. - Mycorrhizal surface (Fig. 30): loosebttony. - Outer mantle (Fig. 31): plectenchymatogyme B (hyphae
rather irregularly arranged and no special pattescernible). - Middle mantle (Fig. 32): plectenofatous whitout
pattern. - Inner mantle (Fig. 33): plectenchymatairg-like. - Exploration type: medium distanceaath subtype. —
Hydrophlic attitude.

It can be supposed that this species belongs tgethasLaccariain particularly for the structure of the mantle day.
the plectenchymatous outer mantle with rather sldatuse, even finger-like branches and the rikg-érrangement of

the hyphae in the inner mantle.

Lactarius sp. (EDM48), Figs. 34-36

Basidiomycota, Agaricomycetes, Russulales, Russesd&c

Colour: pinkish brown. - Ramification: monopodiaframidal. - Shape: straight. - Mycorrhizal surfgéeg. 34):
smooth. - Outer mantle (Fig. 35): pseudoparenchyunsatype Q (epidermoid cells bearing a hyphal nefliddle
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mantle: pseudoparenchymatous. - Inner mantle @8y. pseudoparenchymatous. - Laticifers: presemhénmantle,
straight and even. — Exploration type: contacétypHydrophilic attitude.
This anatomotypes belongs to the gelmaistarius for the presence of laticifers.

PezizaleEDM67), Figs. 37, 108-111

Ascomycota, Pezizomycetes, Pezizomycetidae, RezjRzizaceae

Colour: orange-ochre. - Ramification: monopodiairpite. - Shape: straight, cylindric or taperingMycorrhizal
surface (Fig. 37): smooth, or loosely cottony. -t€dumantle (Figs. 108, 109): type Q, pseudoparemelyus
(epidermoid cells bearing a hyphal net), with proent cystidia. - Middle mantle: pseudoparenchynmteulnner
mantle (Fig. 110): pseudoparenchymatous. - Cysfigig. 111): type N (capitate) on the outer mantl€ell walls of
the angular cells and the net on the outer matthilek. — Exploration type: short distance. — Hygtidic attitude.

There are no ectomycorrhizal species descriptipr® unow about members of this family (De Roredral, 2005). It
can be supposed that this anatomotypes belonge tsstomycotdor the typical anatomical features, but the geisus

confirmed only partially (see Tab. 1).

Ramariasp. (EDM10), Figs. 38, 39, 112-114

Basidiomycota, Agaricomycetes, Phallomycetidae, @bales, Gomphaceae

Colour: whitish, brownish, yellowish. - Ramificatinirregularly-pinnate, dichotomous-like. - Shap#aight, cylindric
not inflated, or sinuous. - Mycorrhizal surfaceF88): silvery, fan-like. - Rhizomorphs (Figs. 1124): margin not
smooth dividing repeatedly into smaller filaments, sligtdifferentiated, central hyphae somewhat enlanggake C).

- Outer mantle (Fig. 113): type A/B (ring-like angement of hyphal bundles or hyphae rather irreyularanged and
no special pattern discernible) - Middle mantleegdénchymatous - Inner mantle: plectenchymato@ystidia (Fig.
39): type Pas acanthocystidia on the rhizomorphs. - Slighatggbus matrix and crystals on the rhizomorphs. -
Exploration type: medium distance subtype mat.ydrdphobic attitude.

It can be supposed that this anatomotypes belontsst genus, for the habitus, the mantle structuitke matrix but in
particular for the rhizomorphs organisation andtfar presence of the typical cystidia (Agerer 2006)

Ramariasp. (EDM58), Figs. 40, 115-117

Basidiomycota, Agaricomycetes, Phallomycetidae, @bales, Gomphaceae

Colour: whitish, pinkish. - Ramification: monopobginnate. - Shape: straight, cylindric not infldte Mycorrhizal
surface (Fig. 40): hairy, fan-like. — Rhizomorphk#gthly differentiated, central hyphae somewhadlarged (type C). -
Outer mantle (Fig. 115): type A/B (ring-like arramgent of hyphal bundles or hyphae rather irregularianged and
no special pattern discernible). - Middle mantléecpgenchymatous. - Inner mantle (Fig. 116): plechymatous. -
Cystidia not observed. - Sclerotia (Figs. 40, 1llahundant and globular, whitish, with several elgston the
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emanating hyphae. - Exploration type: medium distasubtype mat. - Hydrophobic attitude.
It can be supposed that this anatomotypes belontgst genus, for the habitus, the mantle structuitke matrix but in
particular for the rhizomorphs structure (ramarpwith ampullate hyphae (Agerer 2006).

Sebacinasp. (EDM34), Figs. 41, 42, 118-120

Basidiomycota, Agaricomycetes, Sebacinales, Selzaene

Colour: whitish, pinkish, yellowish. - Ramificatiosimple. - Shape: straight, cylindric not inflatedMycorrhizal
surface (Fig. 41): loosely cottony. - Emanating g (Fig. 120): with simple septa, thick cell walleegularly inflated

or even beaded. - Outer mantle: type E (hyphaagedanet-like, repeatedly and squarrosely bran¢higs. 42; 113;
surface of mantle characterized by emanating hyplhiek wall with rare simple septa. - Middle mamntl
plectenchymatous. - Inner mantle (Fig. 119): pledtymatous. - Cystidia not observed. — Exploratigpe: short
distance. — Hydrophilic attitude.

It can be supposed that this anatomotypes belantgst genus for morphological features very simitathat fo other
specimens and for the anatomy: the hyphae arrangeme¢he outer mantle with rather shor, obtusesrefinger-like
branches is present alsoSebacina incrustan@ers.) Tul. & C. Tul. #Picea abiesand for the clampless and smooth
typical eamanating hyphae (Agerer 2006).

The molecular analyses confirmed only partiallyfdmily (see Tab. 1).

Sebacinacea¢EDM11), Figs. 43-47

Basidiomycota, Agaricomycetes, Sebacinales, Selza@ne

Colour: orange. - Ramification: monopodial-pyranidéShape: bent and tortuous, cylindric, not itefth - Mycorrhizal

surface (Fig. 43): very loosely cottony. - Emangtityphae (Figs. 44, 47): with simple septa, striadghortuous (thick-

walled and straight or ramified, or thin-walled andtuous). - Outer mantle (Fig. 45): type &urface of the mantle
characterized by emanating hyphae, thicker with sample septa - Middle mantle: plectenchymatouaner mantle

(Fig. 46): plectenchymatous. - Cystidia (Fig. 4Sl)ghtly tapering, often rather similar to endsnofmal hyphae, but
mostly originating from a pseudoparenchym&clerotia (Fig. 44): yellowish, on the mantlefréguent and globular. -
Exploration type: short distance. — Hydrophilidtatte.

It can be supposed that this anatomotype belontigaenus, for the tipical emanating hyphae clasgppand smooth
and for the presence of the cystidia (Agerer 2006 molecular analyses confirmed only partially genus, showing
a similarity of 94% wittSebacina epigae@Berk. & Broome) Bourdot & Galzin (UDB000975 in Uej see Tab. 1).

ThelephoraceadEDM63), Figs. 48, 121-125

Basidiomycota, Agaricomycetes, Thelephorales

Colour: greenish, brownish, older part blackishllopish points. - Ramification: monopodial-pyramida Shape:
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straight, cylindric not inflated. - Mycorrhizal dace (Fig. 48): densely grainy. - Rhizomorphs (Hig5): infrequent,
thelephoroid type, with repeatedly ramified, depsehtwined and glued peripheral hyphae, with nodianical
structures, clamps. - Outer mantle (Fig. 122): deparenchymatous star-like, with prominent cystidstightly
gelatinous matrix on the star surface and smakltaly. - Middle mantle (Fig. 123): pseudoparenchgnm - Inner
mantle (Fig. 124): pseudoparenchymatous. - Cystiflig. 121): bent or curved with thick walls, sickle-shaped. -
Mantle layers and emanating hyphae membranacealslly brow. - Exploration type: medium distance sthoo
subtype. — Hydrophobic attitude.

It can be supposed that this anatomotypes is a ereofbthe Thelephoralesfor the star-like structure in the outer
mantle, with prominent cystidia, for the typica¢laphoroid rhizomorphs and for the organs colowgei&r 2006).

ThelephoraceadEDM66), Figs. 49, 51, 52, 126

Basidiomycota, Agaricomycetes, Thelephorales

Colour: dark brown, black. - Ramification: monopaldpyramidal. - Shape: straight, cylindric not atéd. -
Mycorrhizal surface (Fig. 49): densely grainy. -i®tmorphs (Fig. 53): infrequent, thelephoroid typgth irregularly
sinuous peripheral hyphae, nodia and conical sirest clamps. - Outer mantle (figs. 5Bngular cells, bearing
mounds of roundish cells (type K), angular cellsthwithick cell walls. - Middle mantle (Fig. 126):
pseudoparenchymatous rosette-like. - Inner marilg 62): plectenchymatous; mantle layers and etiapdyphae
membranaceously brownish. - Exploration type: mediistance subtype smooth. — Hydrophobic attitude.

It can be supposed that this anatomotype is a meoibéhe Thelephoralesfor the outer mantle, for the typical

thelephoroid rhizomorphs and for the habitus (lewr and the ramification; Agerer 2006).

ThelephoraledEDM64), Figs. 5, 68-71

Basidiomycota, Agaricomycetes, Agaricomycetidaeel€phorales

Colour: orange-ochre, or yellow-brown with red spoet Ramification: monopodial-pinnate, monopodigtgmidal. -
Shape: bent, sinuous. - Mycorrhizal surface (Fig.|8osely cottony. - Rhizomorphs (Fig. 71): brosimiorange,
ramified repeatedly into smaller filaments type ukdifferentiated with hyphae rather loosely woved &f uniform
diameter), anastomoses closed by a simple septitmavghort bridge or bridge almost lacking (cotisaptum), with
membranaceously brownish to yellowish content; eatinag hyphae not frequent, with clamps. - Outenthea(Fig.
68): plectenchymatous type A/B (ring-like arrangaimef hyphal bundles or hyphae rather irregularhaaged and no
special pattern discernible). - Middle (Fig. 69)danner mantle (Fig. 70)plectenchymatous. - Exploration type:
medium distance subtype fringe. - Hydrophobicduait.

It can be supposed that this anatomotype belonggst@rder and probably to the geflasnentellopsis (Thelephorales)
for the hyphae arrangement of the outer mantlef@anthe rhizomorph structure. This species shoaled a similarity

of 94% with the speciebometellopsis echinospo(&llis) Hjortstam(sequence in Unite, see Tab. 1).
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ThelephoraledEDM59), Figs. 6, 7, 72-74

Basidiomycota, Agaricomycetes, Agaricomycetidaeel€phorales

Colour: pink, or pinkish-white; Ramification: irrelgrly-pinnate, dichotomous-like. - Shape: sinuou$dycorrhizal
surface (Fig. 6): loosely cottony. - Rhizomorphsarge, with ramification repeatedly into small fil@nts or, frequently
at restricted points, type A (undifferentiated witlgphae rather loosely woven and uniform diametéf)g. 73)
anastomoses closed by a simple septum, with a siwdge or bridge almost lacking (contact-septum),
membranaceously red-pinkish (but not uniform, Fp.- Emanating hyphae not frequent. - Outer ma¢kig. 72):
plectenchymatous type A/B (ring-like arrangementhgphal bundles or hyphae rather irregularly aredngnd no
special pattern discernible). - Middle and innernti& (Fig. 74): plectenchymatous. - Exploration eypmedium
distance subtype fringe. - Hydrophobic attitude.

It can be supposed that this anatomotype belonggst@rder and probably to the gerffasnentellopsis (Thelephorlaes)

for the hyphae arrangement of the outer mantlef@nthe rhizomorph structure (Agerer 2006).

Tomentellasp. (EDM18), Figs. 54, 55, 127-129

Basidiomycota, Agaricomycetes, Thelephorales, Thaleraceae

Colour: orange-reddish, brownish. - Ramificatiomonopodial-pyramidal. - Shape: straight, cylindriat imflated -
Mycorrhizal surface (Fig. 54): loosely woolly. - Bmating hyphae: without clamps. - Rhizomorphs (BH). frequent,
type B (undifferentiated; margins rather smoothptlige compactly arranged and of uniform diameters@moses
open with a long bridge. - Outer mantle (Figs. 1228): type B (hyphae rather irregularly arranged &o special
pattern discernible), with the surface coveredtgeating hyphae without clamps. - Middle mantlecpgnchymatous.

- Inner mantle (Fig. 129): plectenchymatous; maidlgers and emanating hyphae membranaceously bsbwni
Exploration type: medium distance fringe subtypélydrophobic attitude.

It can be supposed that this anatomotype is a meofihtke Thelephoraceador the outer mantle and for the emanating
hyphae clampless and for the habit (Agerer 200&),far the undifferentiated rhizomorphs not freguen this genus,
but present ifomentella galziniBourd +Quercus too (www.deemy.de Furthermore the anatomical features are very
similar to that identified aSomentellasp. (EDM70).

The molecular analyses confirmed the family, shgaénsimilarity of 99% withTomentella cinerascen®. Karst.)
Hohn. & Litsch. (UDB000241 in Unite, see Tab. 1)

Tomentellasp. (EDM19), Figs. 56-58

Basidiomycota, Agaricomycetes, Thelephorales, Thaleraceae

Colour: brown. - Ramification: monopodial-pyramidal Shape: straight, cylindric, not inflated or eapg. -
Mycorrhizal surface (Fig. 56): loosely grainy amdrgyy. - Rhizomorphs: infrequent, thelephoroideygith irregularly

sinuous peripheral hyphae, nodia and conical stresst whith clamps. - Outer mantle: pseudoparenakyuas, angular
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cells bearing prominent clavate cystidia.

Middlmantle (Fig. 58): between plectenchymatous and
pseudoparenchymatous. - Inner mantle: plechtenctoymavith clamps. — Cystidia (Fig. 57): clavatenmected with a
clamp to the mantle. - Mantle layers and emanatiegrents membranaceously brownish. — Exploratipa:tynedium
distance smooth subtype. — Hydrophilic attitude.

It can be supposed that this anatomotypes is a sreptbthe Thelephoralesfor the outer mantle, similar to that
reported in the group ofomentella subtestaceand Tomentella pilosa(Agerer 2006), and also for the typical
thelephoroid rhizomorphs and for the cystidia. Thelecular analyses showed a similarity of 97% witimentella
pilosa(Burt) Bourdot & GalzifUDB000241 in Unite, see Tab. 1).

Tomentellasp. (EDM46), Figs. 59, 61

Basidiomycota, Agaricomycetes, Thelephorales, Thaleraceae

Colour: brown, blackish with whitish very tip. - Réication: monopodial-pyramidal. - Shape: strajghylindric, not
inflated. - Mycorrhizal surface (Fig. 59): looselgttony. - Rhizomorphs: infrequent, thelephoroigetywith irregularly
sinuous peripheral hyphae, nodia and conical strest with clamps. - Outer mantle (Fig. 61): plecteymatous, type
B (hyphae rather irregularly arranged and no spemttern discernible). - Middle mantle: plectenatous. - Inner
mantle: plechtenchymatous. - Mantle layers and atnagn elements membranaceously brownish. — Exptoraype:
medium distance smooth subtype. — Hydrophiliclatét

It can be supposed that this anatomotype is a meafttbe Thelephoralesfor the outer mantle very similar to that in
Tomentella ferruginegPers.) Pat. +agus sylvaticgRaidl & Muller 1996; Raidl 1998), for the simildnelephoroid

rhizomorphs reported in this description.

Tomentellasp. (EDM70), Figs. 60, 62-64, 130

Basidiomycota, Agaricomycetes, Incertae sedis, Epblorales, Thelephoraceae

Colour: brownish, blackish - Ramification: simpl@pnopodial-pyramidal. - Shape: straight, cylindniat inflated. -
Mycorrhizal surface (Fig. 60): loosely cottony. -mgnating hyphae (Fig. 62): without clamps, somedime
epimembranaceously brownish. - Rhizomorphs (Fig: 68quent, type B (undifferentiated; margins eatlsmooth;
hyphae compactly arranged and of uniform diameteit)) protuberances on the hyphae. - Outer maFilg 64): type

B (hyphae rather irregularly arranged and no speeitiern discernible), surface covered by emagdtyphae without
clamps - Middle mantle: plectenchymatous - Innenthea(Fig. 130): plectenchymatous. - Mantle layend emanating
hyphae membranaceously brownish. - Exploration:tgpert distance. — Hydrophilic attitude.

This anatomotypes showed morphological and anatmimilarity with Tomentellasp. (EDM 18). For this reason it
can be supposed that both belong to the same genus.
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Figs. 1-4: Amphineme sp. (EDMS50); Fig. 1. Habit, 1 bar =1 mm; Fig. 2: Outer mantle, 1 bar = 20 pm; Fig. 3. Emanating
hyphae, 1 bar= 20 pm; Fig, 1. Rhizomorph, 1 bar= & pm. Fig. 5: Thelephorales (EDM61), Habit, 1 bar = 1 mm. Figs. ©-
7: Thelephorades (EDMS39); Fig 6. Habit 1 bar = 1 mm; Fig. 7. Red-pinkish content, 1 bar = 20 pm. Figs. 8-9:
Boletaceae (EDM31); Fig. 8. Habit, 1 bar = 1 mm; Fig. 9. Inner mantle, 1 bar = 20 pm. Fig. 10: Boleius sp. (EDMIL3),
Habit, 1 bar = lmm. Figs. 11-12: Cortinarius inochiorus (EDM27); Fig. 11. Habit, 1 bar = 1 mm; Fig. 12. Sclerotia, 1
bar =0.5 mm.
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Figs. 13-14: Cortinariny sp. (EDMST); Fig. 13. Habil, 1 bar — 1roer; Fige 14, Quler mantle, 1 bar — 20 prm. Fig, 15;
Cortinarius infractus (EDM62), Habit, 1 bar = lmm. Fig. 16: Certingrius sp. (EDM72), Habit, 1 bar = 1mm. Fig. 17-
18:Unidentified etcomycorrhiza (EDM47); Fig. 17. Habit, 1 bar = 1 mum Fig. 18 Cuter mantle, 1 bar = & pm. Fig:
19: Unidentificd cctomycorrhiza (EDM 65), Habit, 1 bar = 1mm. Figs. 20G-21: Unidentificd cctomycorrhiza (EDM
68); Fig. 20. Habit, | bar = Imin; Fig. 21. Inner mantle, | bar = 20 um. Figs. 22-24; Hydnum sp. (EDM37);, Fig 22.
Habit, 1 bar = 1mm; Fig. 23. Outer mantle, 1 bar 20 p; Fig. 24. Inner mantle, 1 bar = 20 pm.
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Fig. 25: Hygrophoruy sp. (EDM26), Hubil, 1 bar — 1t Fig, 26: Jnocybe sp. (EDM71), Habil, 1 bar — 1 o, Figs.
2729 Inocybe sp. (EDM22), Fig 27 Habit, 1 bar = 1 mrm, Fig. 28 Outer mantle, 1 bar = 20 pm; Fig 29 Inner
mantle, 1 bar = 20 um. Figs. 30-33; Laccaria sp. (EDM23); Fig. 30, Habit, 1 bar = 1mm; Fig. 31. Quter mantle, 1 bar =
20 pm; Fig. 32, Middle mantle, 1 bar = 20 nm; Fig, 33. Inner mantle, 1 bar = 20 pum. Figs. 34-36: Lactarius sp.
(EDM48); Fig 34, Habit, 1 bar = 1 mm;, Fig. 35. Outer mantle, 1 bar = 20 pm; Fig. 36. Inner mantle, 1 bar 20 pm.
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Tig. 37: Pezizzles (CDMGT), [labit, 1 bar =1 mm. Tigs. 38-39: Ramaria sp. (CDMI10); Fig. 38. Ilabit, 1 bar =1 mm;
Fig. 39. Cystidia, 1 bar = 20 pm. Fig. 40 Ramarie sp. (EDMSS), Habit, 1 bar =1 mm. Figs. 41-42: Sebacing sp.
(EDM34); Fig. 41. Habit, 1 bar =1 mm; Fig. 42. Outer mantle, 1 bar =20 pm. Figs. 43-47: Sebacinaceae (EDM11);
Fig. 43. Habit, 1 bar — 1 mm; Fig. 44. Sclerotia, 1 bar — 1 mm; Fig. 45. Inner martle, 1 bar — 8 pm; Fig. 46. Middle
matitle, 1 bar = 8 mm; Fig. 47. Emanating hyphae and cystidia. Fig. 48: Thelephoraceae (EDM63), Habit, 1 bar=1
mm
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Figs. 49-53: Thelephoraceae (EDMO66); Fig. 49. Habit, 1 bar =1 nun; Fig. 50. Outer mauntle, 1 bar = 20 puy; Fig. 51.
Outer mantle, 1 bar 20 pm; Fig. 52. Middle mantle, 1 bar = 20 pm. Fig. 53. Rhizomortph, 1 bar = 20 pm. Figs. 54-
S5: Tomentella sp. (FDV18); Fig. 54. Hahit, 1 bar =1 mm; Fig. 55. Emanating hyphae, 1 bar = 20 pm. Figs. 56-58:
Tomentella sp. (EDML19); Fig. 56. Habit, 1 bar =1 mm; Fig. 57. Cystidia, 1 bar =20 pum; Fig. 58. Middlc mantle, 1
bar = 20 pm. Fig. 39: Tomeniella sp. (EDM46), Habit, 1 bar = 1 mm. Fig. 60: Tomerntelia sp. (EDM7T0), Habit, 1
bar = 0.5 mm.

75



Fig. 61. Tomentella sp. (EDM46), Outer marntle, 1 bar = 20 pm. Figs. 62- 64: Tomentella sp. (EDM70)
emanting hyphae, 1 har= 20 1; Fig. 64. Onter mantle, 1 bar =20 pm. Figs. 65-67: Entoloma sp. (FDVI36). Fig.
65. Habit, 1 bar =1 mm; Fig. 66. Onter mantle, 1 har = 20 pm; Fig. 67 Inner mantle, 1 har =20 jim.
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Figs. 68-71. Thelephoraies (EDMS4), Fig. 68, Ouler manlle; Tig. ¢9. Middle manlle; Fig, 70. Inner manlle; Fig, 71,
Rhizomorph. Figs. 72-74: Thelephoraler (EDM59Y); Fig. 72. Outer mantle; Fig. 73. Anastomoscs closed by a simple septum;
Fig. 71. Inner mantle. Fige. 75-76: Bolztaceqs (EDMS1); Fig. 75, Outer mantle; Fig, 76. Rhizomorph. Fige, 77-79: Boleins ep.
(FDM13); Fig. 77. Rhizomorph; Fig. 78. Oiter mantle,. Fig. 79. Tnner mantle. Rar for all Figs. = 20 pm.
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Fig. 80! Balenis sp. (EDIL3), Middle mantle. Figs. §1-83:
Cortinarins nocklons (EDMET), Fig, 81, Outer mantle, Figs.
82, 84 Whiddle mantle, Fig 83 Troner mantle; Fig 85
Rhizomorph. Figs. 86-87: Cortmarius sp. (EDMST), Fig. 86,
Middle rrantle; Fig. 87 Fhizomorph. Figs. 88-89: Carfduris
wracks (EDMEZ), Fig 88 Outer mantle; Fig 89 bliddle

mantls. Tg. #0: Jortinaries sp. (CDM72), Outer mancle. Dar
fer all Fige =10 m
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Figs. 91-92: Cortinarius sp. (EDM72), Fig. ?1. Emanating hyphae; EDM92. Outer mantle. Figs. 93-
94: Craterelflus sp. (EDM41l), Fig 93. Outer manlte, Fig. 94. Middle mantle. Fig. 25-98:
Unidentified ectomycorrhiza (EDM47); Fig 95, Outer mantle and cystidia; Fig. 96. Outer mantle;
Fig. 97. Middle mantle; Fig. $8. Inner mantle. Bar for all Figs. = 10 pm.
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Figa. 99-100: Unidentified ectomycorrhiza (EDM6S); Fig 99. Onter mantle; Fig. 100. Tnner mantle Fig.
101: TInidentified ectomyeorrhiza (EDM6S), Onter mantle. Figs. 102-103: Hugrophorus sp. (EDM24); Fig.

102, Outer mantle; Fig. 103, Inner mantle. Figs. 104-106: Jocybe sp. (EDM71); Fig. 104. Outer mantle;
Fig. 105 Middle mantle; Fig. 106. Inner mantle. Bar for all Figs. =20 pm.
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Fig. 107 Inocyvke sp. (EDM71, Rhizomorph. Figs. 108-111: Tlnidentified ectomycorrhiza (EDM&7),
Onter mantle; Fig. 109. Mantle surface; Fig. 110. Tnner mantle; Fig. 111. Cystidia. Figs. 112-114:

Ramaria sp. (EDM10); Fig. 112, Crystals on the hyphae; Fig. 113, Outer mantle; Fig. 114
Rhizemorph. Bar for all Figs. =10 nm.
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Figs. 115-117: Ramaria sp. (EDMS8); Fig. 115. Cuter mantle; Fig. 116. Inner mantle; Fig. 117: Young
scleratia. Figs. 118-120: Sebacina sp. (EDM34); Fig. 118. Mantle surface, Fig. 119. Inner mantle; Fig.

120. Emanating hvphae. Figs. 121-122: Thelephoraceae (EDM63); Fig. 121. Cystidia. Fig. 122. Outer
mantle. Bar for all Figs. = 10 um
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Figs. 123-125: Telephoraceae (EDM63); Fig. 123. Middle mantle; Fig. 124. Inner mantle; Fig 125,
Nodia of the rhizomorph. Fig. 126: Telephoraceae (EDM66E), Middle mantle. Figs. 127-128: Tomenteila
sp. (EDM18), Outer mantle; Fig. 128. Mantle surface. Fig. 130: Tomentellz sp. (EDM70), Inner mantle.
Fig. 129 Tomentella sp. (EDM 18), Inner mantle. Bar for all Figs. =10 pm.
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CHAPTER 3

Hygrophorus penariuson beech: between mutualism and parasitism?
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Abstract. The mycorrhizae ofHygrophorus penarius on Fagus sylvaticaare described and
compared to other species of the same genus atd unitientified mycorrhizae known from
literature. The mycorrhiza dfl. penariusis very similar to that oEntoloma saepiuron Rosasp.,

in that the fungus appears to prevent the formaifaa root meristem and invades young root cells,
in a parasitic-like behaviour, but dissimilar Eo saepiunthat destroys and digests the root apex.
The Hartig net is not formed, although a very thitiantle is present that is composed of
infrequently clamped hyphae embedded in a gelasimoatrix. To get more information about its
behaviour the stable carbon and nitrogen isotopesraf its mycorrhizae were studied, revealing a
negatived™N value, similar to that of non-mycorrhizal rootsdaof many typical ectomycorrhizae.
8'3C values did not reveal important information. Daehe special type of interaction between the
fungus and the root, a parasitic-like strategy foe studiedH. penariuson beech can be
hypothesized - at least under the considered growmhlitions.

Key words: ectomycorrhiza, mutualism, parasitism, inducesistance, isotope$®N, *°C, Fagus

sylvatica

1 Introduction
The definition of mycorrhiza is based on the comcafpsymbiosissensu lato(de Bary, 1887)

between a fungus and a plant, and in most casesrmyzae consist of a mutualistic relationship,
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where both partners benefit (Smith & Read 1997)twibstanding this, in ectomycorrhizae it is
often difficult to discern the exact nutrient padys between the two symbionts and the direct and
indirect benefits derived by each of the symbioassboth physiological and environmental features
dynamically influence the relationship (Ahmadijan B997; Petersoat al, 2004). On this subject,
the term “balanced mycorrhizae” well defines thenditbons in which both organisms obtain
essential resources through reciprocal exchangesindBett 2004), the terms “exploitive
mycorrhization” (Brundrett 2004) or “reciprocal dagations” (Herreet al.,1999) are used when a
unbalanced, mainly plant-directed, nutrient flovppans, while “reciprocal parasitism” (Peterstn
al., 2004) can be used when the nutrient flow is myamirected to the fungus, gradually
destabilizing the partnership and approaching aagwéc behaviour. Anatomical examples of
parasitic-like ectomycorrhizal infections are knoamFagus sylvatica, Rosspp. andPrunusspp.
(Gotsche 1972; Agerer & Waller 1993; Kobayashi &#te 2001).

From a behavioural point of view it was demonsulatet, in a mutualistic partnership, the balance
of antagonism between plant and fungus could gibdtiti in favour of the second when the
changed environmental or partner’s features (ibogtimal ecological conditions, cell age) allow it
to parasitize few or many cells, thanks to its migpic plasticity (Kuldau & Yates 2000;
Jumpponen 2001; Sieber 2002). This depiction, agyvgafar from generalization, changing not
only with the two involved species, but at leadihwheir genotype and age, and with the changing
environmental characters (let al. 2004; Rodriguest al. 2004). Furthermore, the fungal protrusion
into single plant cells, not always defines a péicaactivity towards the whole plant: “induced
resistance” is a physiological state of enhancederd®/e capacity elicited by specific
environmental stimuli (i.e. the exposition to a pathogenic organism), whereby the plant’s non-
specific and innate defences (i.e. phytoalexinglpcton, cell’s lignification and/or suberization)
strengthen against subsequent pathogenic chall¢Hhigesfall & Cowling 1980; Bailey 1985; Van
Driesche & Bellows 1996; Stichet al, 1997; van Loort al., 1998).

To this respect, the characterization of the riatr#l attitude of an ectomycorrhizal fungus is of
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major importance, and the presence, abundanceatincf stable isotopes™N (8*°N); *C (*°C)]

in fungi may be a useful approach to define a nligi@ behaviour (Gebauer & Taylor 1999;
Hobbieet al. 1999; 2001; 2002; Kohzet al., 1999).

The main goals of the research were to comprehelgsidescribe the ectomycorrhiza of
Hygrophorus penariuson Fagus sylvatica and to compare its carbon and nitrogen isotopic

signature to that of known ectomycorrhizal fungil aoots.

2 Material and Methods

The methods for characterization of EM are compnsively described by Agerer (1991). Fresh
material was studied regarding morphology, colouhyphae, and chemical reactions; material
fixed in FEA was applied to produce mantle prepanstas well as for longitudinal sections. The
drawings were made using a ZEISS Axioskop with Nanski's Interference Contrast, at a
magnification of 2000x with the aid of a drawingrrar, transferred on a transparent paper by
Indian ink drawing devices, and finally reducedrnagnification.

Identification was possible by comparison of nucle@NA ITS sequences obtained from the
mycorrhizal root tip and from the fruitbody. DNAtexction, PCR and sequencing methods follow
Tedersooet al. (2006). GenBank accession number of the EM sequéndeU444536. The
reference specimens of the mycorrhizae and of tb#bbddies are deposited in PD (TeSAF
Department herbarium; Holmgrex al. 1990). The ectomycorrhizal material was colleatettaly,
Trento province (Trentino-Alto Adige Region), Val Mon, district Denno (46°14’ N; 10° 57" E),
beech coppice cut in 2004, mesic condition, 105@.ml., mineral soil, humus type Dysmull,
limestone substrate, soil pH 5.3-6.0,,tNL3,9-21,8, C/N 16-18, moisture 52-69,74¢C226-
395¢/Kg. Myc. isol E. Di Marino, 12.06.2006 (oldemtogenetical stage EDM 60 in FEA , Agerer

1991, Reference specimen) and 9.05.2007 (youndegemnetical stage).

For isotopic studies, fruitbodies of the followipgovenances were usddactarius acris(Bolton)
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Gray, Germany, Bavaria, Berchtesgarten Nationak P®80 m a.s.l., leg. 12.09.1979 (in M);
Hygrophorus russuldSchaeff.)Quél., Italy, Ferrara, Bosco Mesola, leg. 08.12919& PD) H.
penarius Frcollection 1, Italy, Pordenone, Barcis, 450 m a.kely. 08.12.1999 (PD); collection 2,
Italy, Reggio Calabria, Ciciarella, leg. 06.10.19@9 PD); collection 3, Italy, Bologna, Parco dei
Gessi, leg 26.10.1994 (in PD).

For analyses of’N and3C content, non-mycorrhizal dried roots, mycorrhigas and fruitbodies
were ground to fine powder and analysed by a comab&lement analyser (EA3000, Euro \ector
instruments and software, Milano, Italy) and is&omtio mass spectrometer (IsoPrime, GV-
Instruments, Manchester, UK) for their C and N a@antcations as well as for theffC and*N
values. All isotope ratios were expressed imotation relative to the standards of PeeDee Batem
(PDB; Dawsonet al. 2002) for carbon and atmospheric For nitrogen. The analyses were
performed by the Centre of Life and Food Sciencepddtment of Ecology/Plant Ecophysiology

(TMU Freising, Germany).

3 Results

Mycorrhiza of Hygrophoruspenariuson Fagus sylvatica..

Morphological character¢Figs. 1la-c, 8-11)

Mycorrhizal systems solitary or in few numbers, motinfrequently ramified, then irregulary
pinnate, with distinct opaque mantle surface; cattcells visible through the almost completely
transparent mantle, mantle easily removable forenrtiot as a gelatinous cap; mycorrhizal surface
smooth, when older covered by sand and soil pastieind hyphae; hydrophilic, of the short-
distance exploration type (Agerer 2001), transpaeerd colourless, the root below the mantle
whitish and changing to black with age; side brasB.5-4 mm long and 0.5-0.8 mm diam.,
straight or bent, not inflated, cylindric&dmanating hyphae abundant and concentrated prdyimal

in older tips; rhizomorphs and sclerotia lacking.
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Anatomical characteristic in plan vieysigs. 2-5, 6a, b, 7, 13-17)

Outer mantle layerqFigs. 2, 3, 6b, 12, 13) with a surface coverea lvgry thick gelatinous matrix
and with many soil particles and crystals; veryskyg plectenchymatous, with a well extended
gelatinous matrix between the hyphae (mantle typadCording to Agerer 1991, 1995, Agerer
1987-2006, Agerer & Rambold 2004-2007); hyphaenclylcal, sometimes constricted at septa,
inflated at clamps, often slightly ampullate attbsides of the septum; angles between hyphal
junctions ca. 90°, rarely 45° or 120°, colourlessnner hyphae 1-am diam. with 0.1 um wide
walls, with infrequent simple septa and clamps;Hagmost frequently 4-7(m diam. and with
(10)30-60(100)um long cells, walls thin, others with (1)2(%m wide walls, infrequent open
anastomosesMiddle mantle layergFigs. 4, 5) densely plectenchymatous, withoutguat with a
very extended gelatinous matrix, hyphal surfaceamobut with ca. 5x1Qm large rhomboid
crystals; walls 0.2-0.;um, cells (15)30-(60um long, (2)4-5um diam.; thicker fraction of hyphae
more infrequent than in outer layer, with 2-3 punckhwalls, cells (5)7-Qum diam., clamps present,
simple or medallion-like, with rare open anastonsoseer mantle layergFig. 6a, 16, 17) densely
plectenchymatous without pattern, colourless wélatinous and thick matrix, hyphae (2.5)3.5-5(7)

um., with infrequent simple septa and smaller, ¢&.8n large, rhomboid crystals.

Anatomical characters of emanating elements

Rhizomorphsot observed. Emanating hyphaéFigs. 7, 14, 15) tortuous or irregularly inflated
even beaded, angle of ramification acute or apprately 90°, ramification adjacent to septum,
hyphal ends simple or tortuous or screw-like; aallls of tips as thick as remaining walls or
thicker, with normal clamps or inflated withoutwith infrequent simple septa, sometimes out of
the mantle but fullimmersed in the matrix, witlystals and soil particles; hyphae (3)4-6(10) pm
in diam., those lacking a gelatinous matrix re\(@a8)2(3.5)um thick walls, others have 2-3.%n
wide walls and a matrix of 10-12(15) um width, solaek a cell lumen and consist exclusively of

cell wall material; in lateral view clamps with all, more or less than a semicircle, constricted at
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contact point to subtending hyphal cell, hyphasegita even; anastomoses open with a short bridge
or bridge lacking, or closed by a simple septumanabst without a hyphal bridgeystidiaand

chlamydosporesot observed.

Anatomical characters, longitudinal section

Mantle plectenchymatous with gelatinous matrix, very widempact, (30)70(100um thick,
different layers not discernable, colourleEpidermal cellsreacting against the hyphae (Fig. 21),
by the formation of thicker cell walls (Figs. 19))2and sometimes by condensed tannins within the
cells, forming apparently a “zone of defence” aghaime frequent intracellularly growing hyphae
(Figs. 18, 19); outer root cell layers seem to eeratic; root meristem and Hartig net not visible,
vascular tissue reaching almost the tip of the mmjiza.

In younger ontogenetical stages mantle with 25-30(4n less wide in comparison to that of the
older stage, meristem not totally digested, butacllular hyphae present in the cells of the

meristem (Fig. 23).

Colour reaction in different reagents
Mantle preparationscotton blue: n.r. (no reaction); ethanol 70%:;rEA: n.r.; iron (ll)sulphate:
slightly greyish; lactic acid: n.r.; Melzer's reagen.r.; Congo red: n.r.; sulpho-vanillin: n.rr, with

reddish spots within the matrix; KOH 10%: n.r.; gwan.r..

Autofluorescence
Whole mycorrhizallV 254 nm: lacking; UV 366 nm: violet-blu&lantle in sectionlUV-filter 340-
380 nm: slightly bluish; blue filter 450-490 nmigtitly yellowish; filter 530-560 nm: slightly

reddish.
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Isostope ratiosd-*C andd™N)

The results obtained comparinigygrophorus penariusand Lactarius acris (Bolton) Gray
fruitbodies of different provenances and ectomyttaaecollected in the same time and in the same
site are reported in tab. 1, showing higheN values forL. acris with H. penariusvalues close to
the ones arising from non mycorrhizal root tipsh@ttrials did not give appreciable differences

between species.

4 Discussion

The main anatomical features efygrophorus penariuon Fagus sylvaticaare, firstly, the
hydrophilic, colourless, transparent mantle withgelatinous matrix containing variously thick
hyphae with irregularly thickened walls forming @s$ely plectenchymatous structure, secondly,
intracellular hyphae that grow into the cells oé tfoot tip, apparently preventing the root from
forming a meristem, with the consequence that tements of the central stele reach almost the
very tip of the root, and, thirdly, the lack of aitig net with root cells reacting by thickening of
their walls and producing tannic substances.

The mycorrhizae of the genudygrophorusthat have been characterized to date show some
similarities with those ofl. penarius at least with respect to some mantle features.

The mantle oHygrophorus lucorunKalchbr. +Larix deciduais with 60-70pum also very wide
(Treu 1990), but at least the outer mantle layeespseudoparenchymatous, not gelatinous and
emanating hyphae are not covered by a matrix. Téwetlenhyphae of the species described here are
completely immersed in a gelatinous matrix, as ipresly observed for EM oHygrophorus
olivaceoalbus(Fr.) Fr. (sub nomind’iceirhiza gelatinosaAgerer 1987-2006; Bergt al, 1989;
Gronbach & Agerer 1986) P. abies,but in contrast tdH. penarius the mantle hyphae dfl.
olivaceoalbusEM are arranged labyrinthine-like (Gronbach & Aeed986; Berget al,1989).
Intracellular hyphae can also occurHn olivaceoalbusbut they originate from the Hartig net that

is often composed of several hyphal rows (Gronb&cAgerer 1986; Haug & Pritsch 1992).
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Whether hyphae are growing within the very tip StEM is unknown, as longitudinal sections
through the meristem are not studied yet (Gronb&dkgerer 1986; Haug & Pritsch 1992). The
outer mantle oH. pustulatus(Gronbach 1988; 1989) is not gelatinous and formgomorphs.
Gronbach (1988) reports for this species intratllayphae that can possess clamps within cortex
cells, but they are restricted to cells envelopgthle Hartig net and are not growing within thewer
tip of the root.

Additional EM species are known to form, mainlyoid stages, intracellular structures (haustoria),
but otherwise with features typical for EM assooias, as reported fatlaphomyces granulatus.
(Piceirhiza glutinosa,Gronbach 1988, 1989; Haug & Pritsch 19Rigeirhiza ascosphinctrina
(Haug & Pritsch 1992). glutinosaesimiligBerg 1989)andP. guttata(Berg 1989; Gronbach 1988,
1989). Haustoria may be a lifelong attribute ofesaVspecies with a typical Hartig net and an intac
root meristem, as ihactarius acris(Brand 1991)Quercirhiza ectendotrophic@Azul et al.,2001),
Russula mairebing. (Brand 1991) antricholoma scioide¢Secr.) Mart (Brand 1991).

Stronger anatomical modifications were demonstrate@&Entoloma saepiun{Noulet & Dass.)
Richon & Roze on botiRosaspp. andPrunusspp. (Waller & Agerer 1993), and Bntoloma
clypeatumf. hybridumon Rosa multiflora(Kobayashi & Hatano 2001). Here, the outer celetay
and the Hartig net appeared modified, digested medmplete, the distal parts of the tip
degenerated, including the meristems and most efctrtical cells, and the intracellular hyphal
presence left only cell remnants behind, indicaingarasitic behaviour. Gotsche (1972) observed
comparable features studying an unclassified EMvaibh ectendotrophic stage &n sylvatica
where the fungus digested progressively the epidieamd the meristemic cells, the mantle lost its
consistency and suberin layers were formed. Howedetailed anatomical studies were not
provided.

Hygrophorus penariu®n F. sylvaticaappears poised between mutualism and parasittsiacks
the Hartig net typical of ectomycorrhizal mutuaidts intracellular colonization of plant cellagF

22), the partial digestion of cortical cells, ahé prevention of meristematic tissue at leastterla
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ontogenetical stages are also more typical of gasthan of mutualists. The plant reaction to this
colonization consisted of cell wall thickenings d@adnic substances filling the cells.

To evaluate the mutualistic activity ¢f. penarius,its J°N and J °C isotope signatures were
measured in root tips, mycorrhizae and fruitbodige.compared these data with isotopic signatures
in the mutualistic specidsactarius acris

The H. penariusEM showed a negativd™N value (-4%o), quite different from the mean vaafe
5,7%0 as expected from a fruitbody of a mutualifiiiegus (Hobbieet al. 2001; 2002) and closer to
the ones obtained from non-mycorrhizal tips (tah. Only a few symbiotic organs of
ectomycorrhizal species have been investigateddi#ged>N. Regardless of the season fine roots
of beech trees had consistently a negafivéN between —3.6 and —5.0 %o, and the values for EM
figured between —3,2 and —5,2%. (Habegerl, 2007). Therefore, although positide>N values
have been reported for fruitbodies (Hoblee al. 2001; 2002), the values for EM are almost
identical to those of fine roots (Habegtral, 2007).0™N values ofH. penariusEM are also in the

range of roots, and the#*>N of fruitbodies are, although rather low in twargdes (Tab. 1), as
expected for EM fungal fruitbodies (Hobbet al. 2001; 2000). More interestingly, the EM of
Lactarius acrisfrom the same site as those+bfpenariusreveal a rather high positive value of 3.35
%o0. But this value resulted as that ldf penariusonly form a single soil core, indicating, that
comprehensive studies of several fruitbodies argkweéral EM of many species, are necessary until
an isotopic contribution to the question, whetherpenariusbehaves rather as a parasite than a
typical mutualist, is possible.

At present, only interpretative speculations ors fhartnership can be shaped, since many factors
may have contributed to the observed relation, gemotypes, source-link relationships, and
exceptional soil and climatic conditions.

As previously suggested in other ectomycorrhizahispses (Schwacke & Hager, 1992; Saleer
al., 1996), the wide and unspecific host reactionsdediubyH. penariuscould be effective against

other microorganismes, in accordance with well kndwduced resistance” strategies (Stickeanl,
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1997; van Looret al., 1998).
Further anatomo-physiological investigations ldn penariusbehaviour in different tip age and
seasons, and on its potential ability to induceta-specific plant resistance to rootlet’s parasite

are therefore of main importance.
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Fig. 1la-c Habits. -Fig. 2. Mantle surface with an extended gelatinous matvith soil particles on

its surface, clamps and some hyphae with (parjigiickened walls. Fig. 3. Outer mantle layer
plectenchymatous with very extended gelatinous igatyphae with thin walls and others with
irregularly thickened walls. Fig. 4. Middle mantle layer plectenchymatous with a vexyeaded
gelatinous matrix, hyphae with crystals, clamp, ancanastomosis closed by a septum (asterisk); a
few hyphae with irregularly thickened walls; paeftlbelow shows again a portion of the outer
mantle layer. Fig. 5. Middle mantle with very extended gelatinous matrhomboid crystals on
hyphae and soil particles incorporated in the matirig. 6a Inner mantle layer plectenchymatous
with less extended gelatinous matrix, hyphae witramps, simple septa very infrequentb.—
Hyphae with irregularly thickened walls. Fig. 7. Emanating hyphae covered by a gelatinous
matrix, with large clampsll. figs. from EDM60a- Figs. 8. Older ectomycorrhizae with emanating
hyphae soil particles and sand.Fg. 9. Tip with matrix, and soil particles: the root del the
mantle is dark. Fig. 10 Tip with very thick matrix, sand particles on therface: root is light-
brown. -Fig. 11 Ectomycorrhizae oHygrophorus penariusogether with other types. Fig. 12.
Outer mantle, gelatinous matrix (Interference castdr —Fig. 13.Outer mantle: matrix and hyphae
with clamps. (Interference contrast).Fig. 14 Emanating hyphae in the matrix: hyphae with
thicker walls (Interface contrast. Fig. 15.Emanating hyphae with thicker walls and rest & th
matrix (Interface contrast). Fig. 16. Inner mantle with clamp and gelationous matrixdiface
contrast)— Fig. 17.Inner mantle (Interface contrastlig. 18.Median longitudinal section (phase
contrast): intracellular colonization of plant sefarrow) and plant reaction (m: mantlefig. 19
Median longitudinal section (phase contrast): ieacdbf the plant (m : mantle; v: vessel; w: thick
walls; ta: condensed tannins)Fig. 20. Median longitudinal section (phase contrast):aioéilular
hyphae (arrow) and thicker walls. Fig. 21. Median longitudinal section (phase contrast):
intracellular hyphae (arrow): Fig. 22. Medial longitudinal section (phase contrast): jphrt
digestion of cortical cells and prevention of theristem tissue (older ontogenetical stagdjig.

23. Median longitudinal section (phase contrast): stem in the younger ontogenetical stage and
intracellular hyphae (me: reduced meristem).
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Tab. 1 Stable isotope analysis of beech roots (lehg= 2 mm) and of different ectomycorrhizae.

Sample & 1°N d% | N:N| e
(roots/ECM)
Root (a) -3.31 -28.09 0.75 49.92
H. penarius | -3.91 -26.84 0.90 42.44
(a)
Lactarius 3.35 -26.04 2.12 43.59
acris (a)
Root (b) -4.00 -28.36 0.73 50.83
H. penarius | -4.00 -26.84 0.86 41.81
(b)
Root (c) -3.56 -28.17 0.75 49.38
H. penarius -5.38 -26.71 0.86 39.65
(©)
Sample & 1°N d% | MN:N| e
(fruitbodies)
L. acris 3.54 -23.02 4.09 46.98
H. russula 5.38 -25.71 4.27 37.47
H. penariusl 1.17 -24.72 4.65 43.40
H. penarius? 4.77 -22.40 5.56 40.47
H. penarius3 1.9 -23.29 3.11 38.00

(@), (b), and (c) are different subsamples of a gte soil core.
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2 mm

Figs. 1a, 1b, 1c.
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Fig. 2.
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Fig. 3.
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Fig. 4.
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Fig. 5.
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Figs.: 6a, 6b.
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Fig. 7.
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Fig8: lbar=5mm Fig% lbar=2mm. Fig 10: 1 bar=1mm. Fig 5: 1 bar=
1mm. Fig 11: 1har=1 mm.
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Abstract

The composition and the structure of the ectomyuzat (EM) community were investigated in 7
European beech coppices with different rotationrd@¥years) in northern Italy (Trentino-Sidtirol
region). To verify whether ectomycorrhization ofototips and the species vary according a
reduction of the normal turn applied in these sitbe researches were carried on the spatial and
vertical distribution of the EM species. Furtherolegical factors were considered to study
variations according the site features like: slopd, C/N, G Norg SOil moisture, exposure,
altitude and bedrock type. The results demonstriduictips vitality and ectomycorrhization degree
did not change significantly either on the same,t among trees growing in the same stand, but
only between the organic and the mineral soil. €elogical index of richness and evenness
attested also only temporal variations, but theyeww®t correlated with the coppice frequency or
the slope.

EM species composition didn't reveal a significemtrelation with the shoot age but with other site
features as the slope and the soil moisture. Aquaait kind of“resilience” condition was supposed,
but further studies are necessary to understandgdlsible application of the “Short rotation”
practices in Beech stands as a sustainable actagdtyording to the new trends in EU energetic

policies.

Key words: EM community, coppice, short rotation, biomass, syanergyfFagus sylvatica
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1 Introduction

The composition and richness of the ectomycorrhi@W) community has high functional
significance in forest ecosystems (Pedtal.,2001). In fact, EM structures, morphologically and
functionally changing with the fungal species, @aguire and transport water and nutrients from
the soil to the plant, buffering short-time wat&esses which often predispose the plant to decline
or to a early senescence (Skinner & Bowen, 1974jdbdgeet al, 1980; Kammerbaueet al,
1989; Unestam 1991, Smith & Read, 1997; Montecehial, 2000; Agerer, 2001, 2006; Werredr
al., 2002).

Diversities in EM community structure are a resitlsite feature, and different sets of species with
their site-dependent abundances are possibly ablgrdvide comparable benefits to EM plant
communities growing in different sites (Erland &ykar, 2002; Agerer & Gottlein, 2003; Baiet

al., 2006). Tip vitality, degree of mycorrhization, Efithness, species composition and evenness,
therefore, might be associated with different emvinental variables (Koidet al.,1998; van der
Heijdenet al.,1999; Scattolin 20073cattolinet al, 2008Db).

Abiotic (i.e. soil, site and climatic features) alidtic (i.e. parasitic infections) factors canverito
direct or indirect effects on EM species divergitycommunity level (Bakkeet al, 2000; Byrdet

al., 2000; Peteet al, 2001; Erland & Taylor 2002; Lilleskost al, 2002; Shiet al, 2002; Janyet

al., 2003; Montecchi@t al, 2004; Montecchio 2005), but little is know abdle possible role of
sylvicultural treatments at forest scale (Beéal, 2005; Moscat al, 2007a, b).

According to both European Union and Italian rygesmoting the increase of renewable energetic
resources availability (Bernetét al, 2004) also through “short rotation coppices” pels, he
main goal of the research was to verify the effeétbothcoppice frequency and site features in

EM community structure and biodiversity, of healthyeBl forests

2 Methods

Stand characteristics and sample collection

The investigations were performed in 2005 and A6806coeval beechHagus sylvaticd..) coppice
stands growing in the Natural Park Adamello-Bre(itarthern Italy; 5.125.228 + 5.125.666 N,
1.654.361 + 1.654.565 E) selected among the mastugtive and exploited in the Trentino-
Sudtirol Region, where the officially fixed coppié®quency is 25 years (Provincia Autonoma di
Trento, 2001; 1923; Sboarina & Cescatti, 2004).

To assess the EM spatial distribution, in 2005 fates differing in coppicing age (coppiced 4 to 47
years before) were selected and coded 1 to 4, ctdaglg, while in 2006 three additional stands
(coppiced 2 to 48 years before) were selected adddat5 to 7. Stands older than 25-years-old were

devoted to change to a high forest stand. The dambihumus form was classified according to
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Jabiol et al. (2005), for each stand. It is reported togetheéhwther investigated environmental
variables in Tab.1.

In each plot, after a phytosanitary survey, 4 hgatumps, undamaged by climatic events, with
fully-developed crown, growing at least 15 m frone thearest EM plant, were randomly selected
and coded. According to Scattokt al. (2008a), in June and October 2005 (sites 1+4)iaddne
2006 (sites 5+7), 12 cylindrical soil cores (@ rbén; 15 cm deep) were collected (100, 150 and
200 cm from the collar, along N, E, S and W direas), stored in plastic pipes at 4 £1 °C in the
dark and used for EM classifications and statisaoalyses.

To investigate the EM vertical distribution, in ©ber 2006 two more beech stumps were randomly
selected in the sites 1+5 according to the aboperted methods. Four 2.5 x 2.5 cm soil samples
including the mineral layer A, were collected alahg four cardinal directions 150 cm from the
base. Every sample was then vertically divided @tequal subsamples and separately preserved
(subsamples, b) as above reported. Subsampgesvere then used for EM classifications and
statistical analyses, while from the subsamplélse organic horizon O and the mineral horizon A
were classified and chemical analyses on N tot,, Gl moisture (RH), pH were performed

according to official methods (Repubblica Italiah899).

EM classification

Within 12 days from sampling, from each core 10yfdeveloped rootlets with undamaged apical
tips were randomly chosen and carefully cleanedtt@following spatial distribution analyses, the
last tip was classified ast vital (NV), vital not-mycorrhizaNM) andvital ectomycorrhiza(EM).
For the vertical distribution analyses, only the cawyhizal tips were considered, ast-vital
mycorrhizal(NVM) andvital ectomycorrhiza(EM; Montecchicet al, 2004).

Every EM tip was then classified anatomically anarphologically (Agerer 1991; Goodmat al,
1996; Agerer 1987-2006; Brand, 1991a, b; Agerer &nBold, 2004-2007), and the ones with
uncertain classification were submitted to molecudmalyses (Tedersoet al, 2006). DNA
extraction, amplification, sequencing were perfalnaccording to Benkeen (2004), while the
sequence identification level was assigned to sgdevel for similarity of 100%, to genus level 95-
99%, to family or ordinal level for < 95%, by measfsboth Genbank and Unite databases (Kdljalg
et al, 2005). Anatomotypes detected with not enoughttipdiow the molecular procedure, and the
ones with uncertain results were classified bylphanumerical code (EDMxXx).

All specimens were preserved in FEA (formaldehy@&4 ethyl alcohol 50% : acetic acid 100% :

=5:90:5, v/v/v) solution and stored in the AFDepartmental herbarium, University of Padova.
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EM spatial distribution

The studies on spatial distribution were carrietl lpusampling collections of the first year (June
and October 2007, sites 1+4) and of the second (®are 2006, sites 5+7). The NV, NM, EM
absolute frequencieamong samples from the same tree, among trees tliensame site, and
among sites were calculated (Scatteliral, 2008b) and compared through the Kruskal-Wallis-no
parametric test and thé test (P<0.05, SAS System, SAS Institute, Cary, NSA).

As the autocorrelation among sampling points canfldence the community structure, the Mantel
Test was performed to test the null hypothesis mfelationships among samples from the same
tree (McCune & Grace, 2002). The Sgrensen simjlantlex was used to create the similarity
matrix: 2a/(2a+b+c), wherea= number of shared specids; number of species unique to plot 1
and c= number of species unique to plot 2 (Izeo al., 2005). The Mantel TestP&0.01;
permutations=10000; R program, www.r-project.orgsv@.5.1.) was used to compare EM species
dissimilarity and linear distance matrixes betwsampling points belonging to the same plant.

To avoid seasonal effects in EM community structtire EM absolute frequencies recorded in sites
1+4 in the two sampling periods were assembledeRial, 2006).

Relations among EM absolutieequencyin each sample and coppice frequency (age), slope
gradient, altitude, exposure, humus and bedrock,tyyere analysed by means of multivariate
techniques : Detrended Correspondence (DCA; Hill Gauch, 1980) and Canonical
Correspondence Analyses (CCA; Hill 1979) were edrout (McCune & Mefford, 1999; PC-
ORD™ vers. 5, MjM, Oregon) applying a power transforimat(power = 0.50, square root) to
reduce the number of interactions among the inbl@riables. During the preliminary analyses,
the ecological factors investigated that were dated with others, were excluded progressively, to
prevent interpretation based on autocorrelation.

To assess the type of distribution of the EM comities) the data belonging to the EM relative
abundances in all plots were submitted to the Ntarssindex of Dispersion (MID; Morisita 1959;
Sokal & Rohlf, 1981), due to its independency by tlumber of samples, density of the population
studied, and sampling size (Krebs 1989).

Biodiversity parameters for each EM community ihsites and samples were calculated by means
of the Evenness and the Shannon-Weaver (1949) loidewersity using theabsolute frequencgf

the species.

EM vertical distribution
EM and NVMabsolute frequenciemmong samples from the same tree, among treestfreisame
site, among sites and between O and A soil horjzarese calculated and compared through the

Kruskal-Wallis non-parametric test and {i¢est as above reported.
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Lacking significant differences among sampling cliens (Mantel Test; Mc-Cune and Grace
2002), EM and NVM data from each tree were gatharetitherelative abundancé EM/cnt soil
volume andZ NVM/cm?® soil volume) were calculated and related to coppige, slope gradient,
altitude, humus, bedrock type, soil horizons (Q, g%, moisture, &g Nwow C/N by means of DCA
and CCA, as above reported.

Morisita's Index of Dispersion, Evenness and then8bn-Weaver (1949) Index of Diversity using

the absolute frequencgf the species were calculated, too.

3 Results

EM community structure: spatial distribution

Anatomical and molecular investigations revealetbtal of 46 anatomotypes (Tab. 6). Among
them, 3 were assigned to family or ordinal le\@bletales Sebacinaceae, Thelephorgle$5 to a
genus Amphinemasp.,Boletussp.,Cortinarius sp.,Craterellussp.,Hydnumsp.,Hygrophorussp.,
Inocybesp.,Laccariasp.,Lactariussp.,Ramariasp.,Sebacinap., Tomentellasp.), 17 to a species
[Byssocorticium atrovirengFr.) Bondartsev and Singer ex Sing€&enococcum geophilurr.,
Cortinarius bolaris(Pers.) Fr.CortinariuscinnabarinusFr., Cortinarius ionochlorusMaire, Genea
hispidula Berk. ex Tul. and C. TulHygrophorus penariu$ér., Lactarius acris(Bolton) Gray,L.
pallidusW. Sounders and W. G. Srh.,rubrocinctusFr., L. subdulcigBull.) Gray, L. vellereugFr.)
Fr., Piloderma croceuml. Erikss. and HjortstaniRamaria aurea(Schaeff) QuélRussula illota
Romagn. R. mairei Singer,Tricholoma acerbuniBull.) Vent., T. sciodegPers.) C. Martin], 8 were
previously described in detail dfragus sylvaticgFagirhizacystidiophora(Brand 1991a)F. fusca
(Brand 1991a)F. lanata (Brand 19913)F. oleifera(Brand 1991a)F. pallida (Brand 1991a)F.
setifera(Brand 1991a)F. spinulosa (Brand 1991a)F. vermiculiformis(Jakucs 1998)], three were
studied in all their features and their descriptipnthe first author is in progress for following
(Fagirhiza byssoporioide$-. entolomoidesF. stellatg, while one remained unknown (Tab. 7).
Both in June and Octobeg. geophilumwas the dominant species (19.2 %). geophilumL.
pallidus, L. vellereusndHydnumsp. altogether represented 60.8% of the whole gpdtiss, while

8 Thelephoraceaeepresented 17.4%. The absolute abundance ofméu®raotypes is reported in
the table 2.

In sites 5+7 the investigations demonstrated tlesgmce of 36 anatomotypes, the most of them
previously detected in sites 1+4. Additional anattypes werdH. penarius Fagirhiza arachnoidea
(Brand 19913)a Ramariasp. and a species belongingrteelephoralegTab. 2).

No EM spatial autocorrelation was found among samffom the same tree (Mantel test; P<0.05).
The performed analyses demonstrated that NV, NM BRddo not differ significantly among

samples belonging to the same tree (different ties and distances from the collar), among trees
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belonging to the same site, and among sites (PxOFBthermore, the same parameters did not
differ significantly with both coppice age and beck type in all the 7 investigated sites (P<0.05).
The DCA performed on the data-set collected in20@5 (not showed here) demonstrated that the
length of the main gradient was less than 2, aedtttal “inertia” (variance) in the species was
0.7840. This analyses performed to evaluate a gnadn the EM spatial distribution with the
bedrock type, shoot age, humus type, site slopeiggg altitude and exposure gave insignificant
results.

CCA (Tab. 8, Fig.1) revealed that the species wa@mificantly correlated to the slope gradient and
the humus form, while the bedrock type and the mappge gave statistically insignificant effects
(total inertia = 0.8079; eigenvalue of the 1st &mdl axis 0.089 and 0.064, respectively). The
correlation measured on the first axis ["intrasetrelations” (ter Braak 1986)] showed that the
species distribution was highly correlated with tslepe (0.650), and that the second most
important factor was the shoot age (0.312). A negatorrelation revealed with the humus form ( -
0.706), while a opposite relation was found betwslepe gradient and humus form. The analyses
on EM community in the site 1+4 demonstrated dlsat the species distribution was significantly
related to the slope (Fig.1Jomentell2 sp., e. g., demonstrated to prefer the plots sigeper
slope, whileAmphinemasp., Tomentelld sp. andEntolom& sp. were primarily associated to plots
with Amphimull/Dysmull humus type and flatter slope

\Very similar results were obtained with the datadafethe sampling in the 5+7 sites (June 2006).
No gradient was found using the same ecologicabfaqwithout power transformation, not shown
here; total inertia 1.2647, gradient > 1). The Itesaf the CCA performed on the data-set of the
calcareous plots studied in 2006 (Tab. 9, Fig.2ficmed also in this case, that the slope restithed
be the first important ecological factor involvitige EM composition. It was revealed an opposite
relation between slope gradient and shoot agel (i¢atia 1.0933; eigenvalue of the first and
second axes 0.131 and 0.092, respectively), toe.iftnaset correlations (ter Braak 1986) showed
that the species distribution was more relatedhéosiope (0.503), with a negative correlation with
the shoot age (-0. 890). One group of speciesydirty Fagirhiza arachnoideaTomentell2 sp.,
Laccaria sp., Tricholomaacerbum resulted to be associated to plots with high eslgplues and
younger coppice. Vice vers&amari® sp.,Ramaridl sp., andThelephorales sp. were mainly
present in plots with flatter slope and older coppi

The MID index showed that the community structuesviormed by species always aggregated
the three different collections (MID>1), when thestt F was significant (Fo> 1.45): in the first
collection (June 2005) this index was always sigaiit (Fo> 1.45), in the second collection
(October 2005) this index was significant for o2y species compared to the total of 46 species,

while for the last collection (June 2006) was digant for 19 species compared to the total 29
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species. The EM richness and evenness were diffamong sites regarding spatial distribution but

it was never correlated with coppice age or sldpd (3).

EM community structure: vertical distribution

Forty-three anatomotypes were distinguished fron®4¥ root tips (Tab. 6) within the plots 1+5.
Among them, 7 were assigned to family or order lléBoletales Sebacinaceae, Thelephoracgae
10 to genusRoletussp., Cortinarius sp., Hygrophorussp., Laccariasp., Ramariasp.,Sebacina
sp., Tomentellasp.), 14 to specie®jssocorticium atroviren@=r.) Bondartev and Singer ex Singer,
Cenococcum geophiluntr., Cortinarius bolaris (Pers.) Fr., Cortinarius cinnabarinus Fr.,
Cortinarius infractusBerk., Cortinarius inochlorusMaire, Genea hispidul&erk. ex Tul. and C.
Tul., Lactarius acris(Bolton) Gray,Lactarius pallidusW. Sounders and W. G. SnLactarius
subdulcis(Bull.) Gray, Ramaria auregSchaeff) QuélRussula maireSinger, Tricholoma acerbum
(Bull.) Vent., Tricholoma sciodegPers.) C. Martin] and 10Fpgirhiza arachnoidegBrand 1991a),

F. byssoporioidesF. entolomoidesF. fusca(Brand 1991a)F. lanata (Brand 19913)F. oleifera
(Brand 19913)F. pallida (Brand 1991a)F. setifera(Brand 1991a)F. spinulosaBrand 1991a)F.
stellatd to anatomotypes not identified at species lewkile 2 remained unknown (Tab. 6).

With a proportion of 29.2%Cenococcungeophilumwas the dominant species regarding the total
amount of ECMC. geophilumLactarius pallidusCortinarius cinnabarinugndHygrophorug sp.
represented 42.6% of all the EM species withingdlegs, while the genulsactariusalonestand for
12.2% of the EM population, and the gen@ortinarius 11.4% Furthermore the ten
Thelephoraceaé-. fusca, F. lanataF. spinulosaF. stellatg Tomentellaspp.) represented 11.5% of
the total number of EM tips. In total, 46 differeamatomotypes were found in the 7 stands (Tab. 6).
The performed analyses demonstrated that amonglesampllected from the same tree (different
directions), NVM and EM never differed significantithin the sites (Kruskal-Wallis Test,
P<0.05). Also no significant differences for théality of the EM were observed between the two
different soil horizons (Kruskal-Wallis Test, P<B)Qin contrast to the NVM amount, changing
significantly with the soil layer because of thgher abundance of EM in the upper one (Kruskal-
Wallis Test , P< 0.05; test, P<0.05; Tab. 5).

The species distribution mainly depends on soilstoboeé (DCA diagram, total inertia 1.2647 and
length of gradient > 1; Fig. 3). On the first awis found a positive trend with the sample moisture
and a negative trend with the humus form. The ggewith more moisture in the samples are
concentrated on the right of the diagram, and @nléfft the species with lower moisture in the
sample and prefered plots with a humus form betwsaphimull and Dysmull. The second less
important trend (on the second axis) is relatedh age of the coppice. From up to down the

diagram shows a trend with shoot age: above theiep@®f older sites, and below the species of
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younger sites. In the CCA on the data set withrabted directions (Tab. 9, Fig.4), the species were
segregated into groups depending mainly on soilstn. Total inertia in the species data was
1.0933 and the eigenvalue of the first and secard were 0.131 and 0.092, respectively.

The correlation measured on the first axis ["inttarrelations” (ter Braak 1986)] showed that the
species distribution was more correlated to soilstnoe with a value of 0.447. The second most
important factor was the slope with a value of78,2and the third factor was pH with a coefficient
of 0.166. Negative correlations mainly with humosnfi with a coefficient of -0.684 were found.
The C/N ratio showed also a negative correlati@n4&8), united with altitude (-0.104) and age
(shoot age, -0.083). An opposite relation was fooitveen soil moisture and the humus form.

One species group, countiigmentell2 sp.,Cortinariusl sp. and~agirhizaarachnoideashowed

a clear preference for plots with higher soil marist

A second group, includinRamari&® sp. and Thelphoracea2 were primarily found with
Amphimull/Dysmull humus form and with lower soil sture.

The Shannon-Weaver index showed that the EM richaesl the evenness were different in the
sites, but not correlated with the age (shoot afighe coppices (Tab. 3). Only when the last cut
was applied 5 years ago richness and evennessghier Im the mineral horizon. The MID index
was always > 1, showing a community structure \BBhspecies aggregated in the sites when the
test F was significat (Fo >1.32; Tab. 5).

4 Discussions

The research was performed in Beech coppices fa@reliit age to verify the role of botwoppice
age and site features in EBdmmunity structure and biodiversity.

The achieved results demonstrated that along a eageice age gradient (2 to 48 years, with 25
years being the rule), tips’ vitality and mycoridtipn change only in the vertical distribution wih
major abundance of EM not vital in the organic $myflers (Tab. 5), as reported also in previously
investigations (Baieet al, 2006). The ecological indexes attested that itteness and evenness
varied only on the temporal scale (related to tifferént collections), but they were not correlated
with the coppice age or the slope (Tab. 3), pactnfirming available information from clear-
cutting and thinning experiments (Buéktal, 2005; Clineet al, 2005; Moscaet al, 2007a), and
explainable with an hypothetical resilience, aSataptive diversity”.

The multivariate analyses based on the ordinagohrtiques, revealed that the slope was the mort
important factor explaining the EM community in tepatial distribution in all the investigated
coppices (Tabs.7, 8; Figs. 2, 3). The verticalrithgtion significantly was correlated only with the
moisture (Tab. 9, Fig.4), probably due to the highrgganic accumulation and moisture availability

in the upper soil of the down slope, as reportedtbgr authors (Binkley & Vitousek, 1989; Tateno
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et al, 2004; Scattoliret al, 20089.

The other ecological variables like, altitude, esyre, humus, bedrock type, soil horizons (O, A),
pH, Grg and Notnever acted as significant driving factors, duehiir high correlations with the
main factor showed in the ordination diagram andasueed in the preliminary elaboration. In
addition, the coppice age didn't explain alonedis&ibution of the EM species (Tabs. 7, 8, 9).
According to previous results valid for differerapt species (Grogaet al, 2000; Horton & Bruns,
2001; Taylor 2002; Montecchiet al, 2004; Mosceaet al, 2007a; Scattoliet al, 2008b), the EM
community resulted to be characterized by few abohdpecies and many with a significantly
lower abundance. In total 46, anatomotypes werergbd, with a high proportion of Thelephoroid
and Cortinareaceous fungi. This composition is skethwn thanks to recent researches, which
showed the evidence of EM frequently formed by Blasidiomycote order Thelephorales (Jakucs
et al, 2005; Kdoljalget al, 2000; 2001; 2002). The presenceCurtinarius species was also
discussed, because these species appeared ts lo@meimant as mycelia than as root tips (Kjgller
2006), insteadCenococcungeophilumwas the most frequently detected species in aselarsd in
each period, both in dolomitic and calcareous spesbably due to its amplitude and antagonistic
behaviour versus other EM fungi (Jagtyal., 2003; Koideet al, 2005).

Certainly due to their high abundanttee most frequent EM species revealed to have gie ggted
distribution, probably due to micro-scale effedts.(interactions among species) able to prevail on
macro-scale features (i.e. humus and bedrock tygm)eported by other authors (Bruns 1995;
Toljanderet al, 2006; Gebhardit al, 2007).

The results of the present study are not exhaydbwethey demonstrated that, in respect to the
effect of non modifiable features as slope and suilsture, the coppice age (2 to 48 years) in
healthy Beeches doesn't have a primary, signifieffiect on the EM richness and the community
structure. Unfortunately this is the first reseaoshthis topic, and the hypothesis of a long-term
resilience acquired by an EM community living id abot system subjected to periodical thinning
should be demonstrated. Moreover the applicatiain@®@EM community like a index to understand
the assessment of topsoil properties and the tlgaamic will need further research effort. It will
be necessary to understand the possibility of aiatsah of the organic layers already reported
(Buckley 1992) and the lack of significant diffeces about the EM distribution, considering the
organic and the mineral layers as a probable intle#ect of the coppicing.

For assessing ecosystem resilience within the gbofehe global change, the identification of the
ecological features determining this “adaptive hitg” in EM communities, will have more and
more importance (Dahlberg 2001).

Taking into account the stability of the EM comntyras a possible indicator of plant health status
(Wargo 1988; Fellner & Caisova, 1994; Causiral, 1996; Montecchicet al, 2004; Mosceaet al,

121



2007a), “Short rotation” practices in Beech forestaild be considered a sustainable activity,
according to the new trends in EU energetic pdic@med tgromote the increase of renewable
energetic resourceavailability (Cutini 2001). From this point of wie new guidelines could be

provided for the sylviculture management. Furtineestigations to verify if and how a high and

repeated coppice frequency can drive to irreversddterations in EM biodiversity are needed.
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Last cut Altitude (m Slope Exposure
Site (year) a.s.l) (degrees) (degrees) Humus Bedrock
1 1958 1157 6 116 Dysmull Calcareous
2 1960 1134 37 166 Amphimull Dolomitic
3 1985 1165 26 122 Amphimull/Dysmull Dolomitic
4 2001 1166 16 105 Dysmull Calcareous
5 1958 1180 5 107 Amphimull/Dysmull Calcareous
6 1982 1200 17 110 Dysmull Calcareous
7 2004 1050 14 103 Dysmull Calcareous
Tab. 1: Main features of the 7 investigated stands.
Anatomotypes and codex Abbr. (2(;:(52?'22)06) June 2005 October 2005 June 2006
MID Fo MID Fo Freq. MID Fo
(EDM47) And7 21.006 12.826 11.497 -152.25 0.940* .562 -17.012  0.7907%
Amphinemasp. Amphin 1.142 - - -141.375 0.882* - - -
Boletaceae Boll 10.383 - - 30.588 2.604 4.416 -11.255  0.689*
Boletussp. Bolrodo 0.32 109.8 9.840 -152.25 0.940* 5 0. - -
Byssocorticium atrovirens Byssatr 90.246 3.653 7.342 5.873 1.876 - -
Cenococcum geophilum  Cenoc 498.056 1.140 2.590 1.222 1.307* 245.316).849 0.728*
Cortinariusl sp. Corl 2.137 - - -9.176  0.933* - - -
Cortinarius bolaris Corbol 1.983 98.150 4.090 14565 2.391 14194 o0a=2. 2.075
Cortinarius cinnabarinus Corcinn 39.370 5.462 5.433 14.712 1.988 16.122 38.89 1.884
Cortinarius inochlorus ~ Corinoc 24.152 12.453 7.610 11464 1.471 1 -
Craterellussp. Cratell 17.795 17.227 13.383 - - 10.698 8.233 g9.51
Entolomasp. Entol2 15.634 27.967 19.785 - - - - -
Fagirhiza arachnoidea Faracnoid - - - - - 5.444 20.538 1.643
Fagirhiza byssoporoides Fbyssopo 6.775 - - 1.828 1.027* 4.575 -4.225 618
Fagirhiza cystidiophora  Fcystid 14.868 11.854 5.271 147.367 3.763 7.213 759  1.403*
Fagirhiza entolomoides  Entoll 72.676 10.963 15.826 3.987 1.654 18.471 4.03 1.392*
Fagirhiza fusca Ffusca 13.346 14.647 3.115 -3.427 0.808* 10.8257.262 1.455
Fagirhiza lanata Flanata 8.318 182 6.837 14.084  1.553 - -
Fagirhiza oleifera Foleifer 62.116 3.691 6.738 13.786 1.632 4.944 5.549 1.425*
Fagirhiza pallida Fpallida 37.613 5.022 6.110 -9.095 0.748* 6.714 6.187  1.183*
Fagirhiza setifera Fsetif 64.709 4.498 7.153 6.540 1.620 4.875 (@B.8 2.085
Fagirhiza spinulosa Fspinul 9.433 42.645 12.681 -24.333  0.748* - - -
Fagirhiza stellata Tom3 9.089 15.245 4.473 -12.484  0.906* 2.75 628. 1.513
Fagirhiza vermiculiformis  Fvermi 6.248 23.636 3.690 -23.060 0.773* - - -
Genea hispidula Geneah 6.201 62.546 2913 -8.131 0.786* 23.0583.8060 0.968*
Hydnumsp. Hydnum 470.461 43.590 1075.184 - - 4.650 6.2641.142*
Hygrophorus penarius  Hygro2 - - - - - 17.694 12.799 2.459
Hygrophorussp. Hygrol 40.666 7.287 9..326 8.478 1.336* 5.628-6.266  0.750*
Inocybd. sp. Inocl 11.994 18.871 4.553 14.631 1.422 - - -
Laccariasp. Lacc 22.523 9.450 6.507 21.166  1.558 10.9580.253 2.420
Lactarius acris Lacacris 14.879 - - 6.257 1.452 4.375 8.491 7T*18
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Lactarius rubrocinctus
Lactariussp.
Lactarius subdulcis
Lactarius vellereus
Piloderma croceum
Ramaridl sp.
Ramaria aurea
Ramariasp.
Russula illota
Russula mairei
Sebacina sp.
Sebacinaceae
Tomentelld sp.
Tomentelld sp.
Tomentell2 sp.
Thelephorales

Tricholoma acerbum

Tricholoma sciodes

Lrubroci
Lactal
Lsubdul
Lvell
Piloder
Raml
Ramaur
Ram2
Rusill
Rusma
Seba2
Sebal
Tom4
Toml
Tom2
Tomlol
Tricacer

Tricscio

13.276
2.592
61.827
482.126
2.368
47.336
5.652
38.205
23.149
13.842
50.418
10.120
3.142
2.228
22.848
93.017

6.657
15.061
20.274
13.801
74.224

49.512
13.411
62.546
62.546

51.824

9.191
18.157

7..354
6.157
10.507
6..671
11.154

8.480
6.268
2.913
2.913

6.925

4.103
16.615

20.805  2.748
-22.825 0.780*
10.156  2.739
10.883 1.584
42.209  3.563
4.532 1.712
-65.827  0.540*
22.371  2.682
14.637 1.872
8.633 1.566
-16.925 0.862*
9.578 1.452
-13.386 0.897*
- - 2
7.620  1.425*
2.228 1.506

47.4803.789 1.960
17.527 .c@p 6.093
13.44415.163 2.305
5.8886.065 2.066
1 - -
0.25 - -
0.25 - -
1 - -
222 91.490 1.819
1.25 .295 0.821*
12.32513.858 2.078

Tab. 2: “Absolute abundance (June 2005 and October 2005). Mi&nd test F for each sampling: *test F not
significant ; p=0.05; dfl=cw ; df2= g-1, with g as the number of samples.

Sampling *Site 7 (14°) Site 4 (16°) Site 6 (17°) itS3 (26°) Site 2 (37°) Site 1 (6°) Site 5 (5°)
Spatial distribution SH HSH SH HSH SH HSH SH HSH $ | HSH SH HSH SH HSH
June 2005 . _ 2.280| 0.485 . - 3.901 | 0.749| 3.559 0.73% 3.849 0.7%0 _ -
October 2005 - - 3.911| 0.740 - - 3.759 | 0.745| 4.278 0.798 3.717 0.719 _ -
June 2006 3.523| 0.698| _ - 2979| 0585 _ - - - - - | 3.693| 0.745
Vertical distribution Site 7 (14°) Site 4 (16°) Se 6 (17°) Site 3 (26°) Site 2 (37° Site 1 (6°)| Site 5 (5°)
October 2006 SH HSH SH HSH SH HSH SH HSH) SH| HSH SH| HSH SH HSH
O Horizon - - 2.077| 2103 _ - 2.813 | 0.640| 2.3180.458| 1.827| 0.380| 2.659 0.54p
AHorizon - - 0.411| 0.437| _ - 3.138 | 0.660| 2.1270.484| 1.600| 0.364| 2.373 0.54p

Tab. 3: Richness, diversity and evenness of the E6dmmunity for each sampling: SH= Shannon-Weaver Inglx;
HSH=Evennesq chronosequence of the sites with the slope measureih ° (older coppices to younger).

Sites 1 2 3 4 5 1 2 3 4 5
Soil horizons O (0] O (0] O A A A A A MID Fo
Abbrev Anatomotypes
An65 | EDM65 0 0 0 10 0 0 0 7 5| 21.1458.558 *
An68 | EDM68 0 0 7 0 0 0 0 0 0 74 74 [
Boll Boletaceae 71 160 73 0 15 4 82 15 0 Q 11.272445 *
Bolrodo | Boletussp. 0 0 0 105 0 0 0 55 1 39.9021.730 *
Byssatr | Byssocorticium 23 10 9 1 1 0 1 3 9 5| 10.2732.178 *
atrovirens
Cenoc |Cenococcum geophilum 3330 2193 2019 3034 943 1638 1223 742 2714 445783. 1.105
Corl |Cortinariuslsp. 0 0 34 21 0 0 10 17 Qq 14.883640 *
Corbol | Cortinarius bolaris 34 0 16 2 0 10 37 60 10 0 6.034 1.347 |*
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Corcinn | Cortinarius cinnabarinug 36 32 18 0 233 15 43 173 128 113 4306 1.149
Corinfr | Cortinarius infractus 0 28 1 8 0 0 0 1 89 0| 17.9764.947 *
Corinoc | Cortinarius inochlorus 2 15 48 22 21 3 0 10 17 0 10.082.129 *
Faracnoid| Fagirhiza arachnoidea 0 0 23 0 4 0 0 43 5 0| 11.1162.401 *
Fbyssop | Fagirhiza byssoporoideg 0 0 18 37 0 0 0 12 1 1§ 12.032.668 *
Entoll |Fagirhiza entolomoides 0 1 73 199 55 0 56 2 72 10 11.61p.542 *
Ffusca |Fagirhiza fusca 8 0 0 52 0 3 0 0 14 8| 25.0338.912 *
Flanata |Fagirhiza lanata 3 3 8 3 4 2 1 20 37 4| 11.7042.569 *
Foleifer | Fagirhiza oleifera 0 36 2 23 0 26 0 0 65 3| 12.113.692 *
Fpallida |Fagirhiza pallida 106 37 6 14 5 0 0 12 16 0 14.128.359 *
Fsetif |Fagirhiza setifera 19 0 55 87 0 0 9 71 2 0 9.603 2.014
Fspinul | Fagirhiza spinulosa 12 31 0 55 0 16 0 0 41 33 13.668.197 *
Tom21 | Fagirhiza stellata 0 80 0 0 7 0 20 66 0 70 11.1192.402 *
Geneah | Genea hyspidula 8 0 0 18 0 4 6 0 0 0 8.164 1.703
Hygrol |Hygrophorussp. 86 6 282 66 2 15 12 40 105 4 8509 1.772
Lacc Laccariasp. 18 11 0 131 7 0 0 14 106 3 15.920.049 *
Lacris | Lactarius acris 140 141 15 0 31 60 44 50 0 18 9.404 1.967
Lpallid |Lactarius pallidus 29 101 49 175 100 0 30 26 153 32 4389 1.157
Lsubdul | Lactarius subdulcis 50 29 118 76 50 0 58 24 112 2 5.883 1.326
Pezil |Pezizales 10 13 0 12 0 13 26 0 0 0 10.32R.190 *
Ramaureg Ramaria aurea 10 0 0 0 0 0 0 0 0 0 74 74
Raml |Ramariasp. 17 4 6 7 87 15 78 19 15 56 7.700 1.615
Ram2 | Ramariasp. 262 0 0 8 0 42 37 1 0 q 17.044.528 *
Rusma | Russula mairei 6 25 1 6 3 2 6 14 10 3| 19.588%.733 *
Seba2 |Sebacin@ sp. 21 33 118 45 13 23 4 84 75 D 5.166 1.237
Sebal |Sebacinacede 21 0 0 0 5 0 0 0 0 0| 50.0934.014 *
Telephl | Thelephoraceae 0 0 0 0 66 0 0 21 0 0| 30.8013.166 *
Teleph2 | Thelephoraceae 20 20 0 0 0 0 0 0 0 0| 19.4485.662 *
Toml |Tomentelld sp. 44 15 0 0 48 5 21 0 5 3 11.012373 *
Tom2 | Tomentell@ sp. 4 0 26 35 11 0 0 5 0 g 20.105.999 *
Tom5 | Tomentell® sp. 0 2 0 0 0 0 0 0 0 0 74 74
Tricacer | Tricholoma acerbum 0 5 2 8 0 23 0 0 5 9| 15.5783.911 *
Tomlol | Thelephorale® 0 0 0 4 0 0 0 0 0 0 74 74
Tomlo2 | Thelephorales2 48 102 0 8 100 318 0 17 0 0 19.136.506 *
Tricscio | Tricholoma sciodes 27 0 0 27 0 13 9 25 8 0 7.128 1514

Tab. 4: Absolute abundance of the different anatomgpes in the soil horizons, MID and test F: *test F
significant ; p=0.05; dfl=« ; df2= g-1, with g as the number of samples.

130




hoﬁg(i)lns © A

Trees Sites Vital Non-vital Vital Non-vital
a 1 3294 1799 1540 629
b 1 1171 665 710 289
a 2 2254 1003 607 303
b 2 1484 1918 34 40
a 3 1271 2927 997 1737
b 3 1756 537 583 739
a 4 1832 1023 2150 1372
b 4 2496 1613 1743 701
a 5 1038 692 473 554
b 5 773 998 304 378

Tab. 5: Absolute abundance of the vital and non-vitl EM in the vertical distribution in the soil.

Best match
sequence

Fungal taxa

1c

2c

3c

Sitze

(pair)

E value

Similarity

Accession
number

Source(a)

Amphinemasp. -

Boletaceag Boletus aestivalis

*%

3E-73

90%

EU444544

UNITE
UDB000941

Boletu® sp. Boletus rhodoxanthus

661

0.0

99%

EU444539

UNITE
UDB001116

Byssocorticium -
atrovirens

Cenococcum -
geophilum

Cortinarius
ionochlorus

Cortinarius
inochlorus

100%

EU444542

UNITE
UDB002105

Cortinariusl sp. -

Cortinarius bolaris -

Cortinarius -
cinnabarinus

Craterellussp. -

Cortinarius infractus  Cortinarius infractus

100%

EU444553

UNITE
UDB001161

EDM47 -

EDM65 -

EDMG68 -

Entolom& sp. -

Entolomatacea Entolomasp.
(Fagirhiza
entolomoidep

91%

EU444549

UNITE
UDBO000937

Fagirhiza -
arachnoidea

Byssoporia terrestsi
fruitbody

Fagirhiza
byssoporoide$

541

99%

EU444550

(SR1101 in M)
Fagirhiza -
cystidiophora

Fagirhiza fusca -

Fagirhiza lanata -

Fagirhiza oleifera -

Fagirhiza pallida -

X[ X|[X|[X

Fagirhiza setifera -

Fagirhiza spinulosa -

X| X[ X[ X|[X|X
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Tomentell8 Tomentella X X X 661 0.0 92% EU444548 UNITE
(Fagirhiza stellaty * subtestacea UDB000034
Fagirhiza - X - - - - .
vermiculiformis
Genea hispidula - X X X - - - . -
Hydnumsp. - X X - - - _ -
Hygrophorud sp. Hygrophorussp. X X ** 8e-75 96% UNITE
UDB000556
Hygrophorus Hygrophorus X 481 0.0 100% EU444536 UNITE
penarius* penarius UDB000097
Inocybd. sp. - X - - - . N
Laccaria sp. - X X X - - - - N
Lactarius acris - X X X - - - N _
Lactarius pallidus - X X X - - - - _
Lactarius - X - - R . _
rubrocinctus
Lactariusl sp. - X - - - . B
Lactarius subdulcis - X X X - - - R _
Lactarius vellereus - X X - - - - -
Piloderma croceum - X X - - - . N
Ramaria aurea - X X - - - . _
Pezizalesl Pezizasp. ** 3e-57 91% EU444547 UNITE
UDB001572
Ramari& sp. - - - - . _
Ramaridl sp. Albatrellus critstatus ~ x 331 2e-91 98 % EU444537 UNITE
UDB001761
Russula illota - X - - N . _
Russula mairei - X X X - - - N -
Sebacina sp. Uncultured X X X 541 0.0 95% EU444543 BLAST
ectomycorrhiza AJ879661
(Sebacinacege
Sebacinacede Sebacina epigea X X 541 0.0 94% EU444538 UNITE
uUDBO000975
Thelephoraceak - - - - - - - R -
Thelephoraced® - - - - - - . N -
Thelephorale$ - X *x - . EU444545 _
Thelephorale2 Tomentellopsis X 541 0.0 94% EU444546 UNITE
echinospora UDB000191
Tomentelld sp. Tomentella X X X 481 0.0 99% EU444540 UNITE
cinerascens UDB000232
Tomentell2 sp. Tomentella pilosa X X X 601 0.0 97% EU444541 UNITE
UuDB000241
Tomentelld sp. - X - - R . _
Tomentell® sp. - X X - - - - -
Tricholoma acerbum - X X - - - N -
Tricholoma sciodes - X X X - - - N -

Table 6: EM anatomotypes:

anatomical, morphologicahnd molecular identification. (a) Reference avadble on

NCBI (www.ncbi.nih.gov/BLAST) or UNITE (www.unite.ut.ee) websites [* Description in progress;** Paitl
sequence available; 1c = first collection (2005)c2= second collection (2006); 3c = third collectiofvertical
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CCA Spatial distribution 2005
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Fig. 1: CCA joint biplot of the EM fungal community in the 1, 2, 3, 4 stands. Open triangles represesampling
position [a, b, ¢, d= stump; for EM species abbregtion see tabs. 1, 3]. Vectors indicate quantitatév parameters
[Slope; Age = coppice age; Humus = hymus types; fexample: 2b = site 2, stump b]. Correlation meased
["intraset correlations" (ter Braak, 1986)]: to slope with a value of 0.650, to the age with a valuef ®.312;
negative correlations mainly with humus form with a coefficient of -0.706.
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Variable Axis 1 Axis 2 Axis 3
1. Age 0.312 -0.762 0.343
2. Humus -0.706 0.318 0.322
3. Slope 0.650 0.342 0.431

Tab. 7: Intraset correlations (Ter Braak 1986) Spatl distribution 2005.

CCA Spatial distribution 2006
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Fig. 2: CCA joint biplot derived from the EM fungal community in the 5, 6, 7 stands. Open triangles peesent
the sampling position [a, b, ¢, d = stump; for abbeviation see tabs, 1, 3]. \ectors indicate quantiti&e
parameters (Slope; Age: coppice age; see Table 1).

Variable Axis 1 AXis 2 Axis 3
1. Age - 0.890 0.239 0.000
2. Slope - 0.503 -0.747 0.000

Tab. 8. Intraset correlations (Ter Braak 1986) Spaal distribution 2006.
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DCA Vertical distribution
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Fig. 3: DCA joint biplot of the EM fungal community, assembling in the data-set the sampling directiesrand the
soil horizons in the 1, 2, 3, 4, 5 sites. Open tngles with different colours represent the sites wh different
bedrock types (for the site feature see tab. 1; faihe species abbreviations see tab. 3). The vectamglicate the
direction of the gradient explained with the following ecological factors: Moist = sample soil moistar; Age =
coppice age; Humus = humus types; for example: 4aAsite 4, stump a, soil horizon A].
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CCA Vertical distribution
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Fig. 4: CCAjoint biplot derived from the EM fungal community inthe 1, 2, 3, 4, 5 coppice stands. Opériangles
represent sampling position [a, b = stump; for abbeviation see tabs. 1, 3]. Vectors indicate quantiti&e
parameters [Moist = sample soil moisture; C/N = rab Cgyg / Nyi; Humus = humus types; for example: 4aA = site
4, stump a, soil horizon A ]. Correlation measured'intraset correlations" (ter Braak, 1986)]: to soil moisture
with a value of 0.470, to the slope with a value @.290, and to the pH with a coefficient of 0.166;negative
correlations mainly with humus form with a coefficient of -0.684, with C/N ratio (- 0.482), with aitude (-0.110)
and age (shoot age, -0.087).

Variable Axis 1 Axis 2 Axis 3
1.Ae - 0.083 -0.440 0.194
2. Moist 0.447 -0.262 0.207
3.C/N -0.458 -0.604 0.446
4. pH 0.158 0.228 0.110
5. Humus -0.651 0.551 0.226
6. Alt -0.104 -0.064 0.779
7. Slope 0.276 -0.415 0.401

Tab. 9. Intraset correlations (Ter Braak 1986) Verical distribution 2006.
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A rapid increase of scientific interest in the depenent and application of ecological indicators in
the last 40 years, contributed to focus the rebeasron the measurement of indicator species to
show similar ecological requiremenBetailed studies also of ectomycorrhizae (EM) oEgbrsites
were initiated in the 1990s, in order to extend tbsults to bioindicationHere we report the
preliminary investigations on ecological featuot€M species in seven Beech coppices of North
Italy with different turns. Multivariate analyse®CA and CCA) were performed to investigate the
spatial distribution and the vertical distributioto test the correlation of the species distridmuti
with the exploration attitude and the hydrophilichydrophobic behaviour. The results attested a
prevailing presence of hydrophilic species and @bably attitude to use the “medium-distance”
exploration strategy. Interpretations of thesealations are still difficult. Further, similar stied in
combination with the analysis of soil factors vathssibly unravel the complex situation. No clear
correlation was observed of the putatively ecolafjcimportant EM features with the age of the

coppices.

Introduction

The past 40 years have seen a rapid increase eftisici interest in the development and
application of ecological indicators. This focus mwlicators derives from the need to assess
ecological conditions to make regulatory, stewaipsBustainability, or biodiversity decisions.

(Niemi et al, 2004). Environmental indicators should refledtthé elements of the causal chain
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that link human activities to their ultimate enwviroental impacts, and the societal responses to
these impacts (Smeets & Weterings, 1999). Ecosysisturbance can be natural (e.g., fire, wind,
and drought) and part of the functional attributdsecosystems (Noss 1999), or it can be
anthropogenic like repeated coppicing.

Most applications of ecological indicators haveused at the species level due to concerns arising
from endangered species and species conservatgresis(Fleischmaret al, 2001). The
measurement of an indicator species assumes thiagke species represents many species with
similar ecological requirements (Landres al, 1988). As a consequence, detailed studies of
ectomycorrhizae (EM) of forest sites were initiaiedthe 1990s, in order to apply the results to
bioindication (Al Sayegh Petkovsel997; 2004; 2005; Al Sayegh PetkovSek & Kraig#f03;
Erland & Taylor, 2002; Fellner & PeSkova, 1995; Kreer et al, 1996; Kraigher et al, 2006;
Taylor & Alexander, 2005; Taylet al, 2000). Many EM features are functionally impottamd
they seem to play a particular ecological role: BEMntles could be a shelter against microbial
attack (Werneet al, 2002) and might be a buffer against rapid lossvater, when the mantle
hyphae form a gelatinous matrix (Agerer 2006),haytmay provide a suitable surface for bacteria
(Mogge et al, 2000; Schelkleet al, 1996; Timoneret al, 1998) that might be helpful for the
formation of EM (Garbaye & Dopunnois, 1993) or fiotation of nitrogen (Amaranthust al.
1990). Smooth and hydrophilic mantles can direatlgjyuire water and nutrients, while hydrophobic
EM with well developed rhizomorphs can transportrieats over distances of several decimetres
(Kammerbaueet al, 1989; Schramm 1966; Skinner & Bowen, 1974, Umast@91; Agerer 2001).
The species, which possess water repellence piegeseem to prefer highly areated soil in the
conifer forest soils (Unestam 1991). In contrasthis behaviour, the ecological strategy of the
hydrophilic EM is not very clear (Unestam 1991; bkan & Stenstrom,1989; Stenstrom 1991).
These hydrophilic mantles (e.g. mahgctarius species) appear to be a close control over the
movement and the exchange of material through taetlm (Ashfordet al, 1988), and are most
likely responsible for the uptake of water and iemfis(Cairney & Burke, 1996).

EM fungi probably control the interface between 8wl environment and the host plant: the
mantles may control the fluxes into and out ofrihet, the mycelium extending out from the mantle
surface in the surrounding soil (the extramatmogtelium) is considered to be the primary site for
nutrient and water uptake (Taylor & Alexander, 2005

Some researches revealed that ectomycorrhizalespdiffer in their ability to exploit soil nutriemnt
developing a range of anatomical structures (Agef€xl) and this diversity might explain their
distribution among different ecological niches (Bsul995; Dickieet al, 2002; Erland & Taylor,
2002; Agerer 2006).

The extension and the structure of this extramatrycelium is thought to be different among EM
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fungal taxa (Agerer 2001; 2006). In this contex@ fhroposal to classify the EM fungal species
according to their “exploration types” (Agerer 200dy interpreting the anatomical features as
ecological strategies to colonise the soil, becomes: and more important to understand the role
of these organisms, appearing as key elementseasdtfautrient cycles and strong diversity of forest
ecosystem processes (Reddl, 2004).

The mycelium formed hydrophilic structures seemisawee substrate particles glued to their surface
(Raidl 1997). Here we report on preliminary invgations on the ecological features of EM species

(hydrophobicity and exploration types) in Beechmops of North Italy.

Experimental design

The investigations on the spatial distribution wpegformed in 2005 and 2006 in 7 coeval beech
[Fagus sylvaticd..] coppices 2- to 48-years-old growing in the iat Park of Adamello-Brenta
(Northern Italy; 5.125.228 + 5.125.666 N, 1.654.3611.654.565 E), selected among the most
productive and exploited in the Trentino-Sudtiroédion (beech presence 85-90% Provincia
Autonoma di Trento, 2001; Sboarina & Cescatti, 2@lidhatic conditions tab.1).

From these, in 2005, 4 sites differing in age oppicing (coppiced in 1958, 1952, 1980, 2001,
respectively) and bedrock type (dolomitic, calcargovere selected and coded 1 to 4. In 2006, in
order to verify the extendibility of the obtaineelults, 3 additional comparable stands growing at
least 5 km far from the firsts were selected andedo5 to 7 (coppiced in 1958, 1982, 2004,
respectively).

In each plot, 4 stumps apparently healthy, undachdyeclimatic events, at least 15 m from the
nearest EM tree, were randomly selected and cddetline and October 2005 (sites 1+4) and in
June 2006 (sites 5+7), from each stump 12 cyliadrsoil cores (18 mm diameter; 15 cm deep)
were collected (100, 150 and 200 cm from the gadilong N, E, S and W directions) and stored in
plastic pipes at 4 +1 °C in the dark. For each ctre humus form was classified according to
Jabiolet al. (1995).

In October 2006, investigation were performed om BM vertical distribution in the sites3 .
Soil samples of 2.5 x 2.5 cm were collected upteelst mineral layer A (including the litter layer).
The samples were collected at 150 cm from the faslew the canopy projection) and along the
four cardinal directions. The organic horizon O athé mineral horizon A were accurately
classified, and each sample was preserved as egjaitbve.

To investigate the spatial distribution, within d@ys from sampling, 1®otlets with undamaged and
fully developed apical tips were randomly choseanfrevery soil core and carefully cleaned. For
each rootlet the last apex was distinguishedasital (NV), vital not-mycorrhizal(NM), andvital

ectomycorrhizal (EM). For the present analyses, only the vitaloewsftcorrhizal tips were
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considered.

Every EM apex was classified anatomically and molgpdically (Goodmaret al, 1996; Agerer
1987-2006; Brand 1991; Agerer & Rambold, 2004-20@ry the ones with uncertain classification
were submitted to molecular analyses (Gardes & 8rd993; Beenken 2004; Tedersebal,
2006), using 10 mycorrhizal apexes per anatomotype. hydrophobicity according to Unestam
(1991)and Agerer (2006) and the exploration tymesaling to Agerer (2001) were also checked.
DNA extraction, amplification, sequencing and asatgpn of sequence to taxa were performed
according to Moscat al. (2007). Anatomotypes detected with not enough epdr allow the
molecular procedure after the morphological onel, hie ones which ITS sequence gave uncertain
results were classified by an alphanumerical c&d@\xx).

All specimens were preserved in FEA (formaldehy@®4 ethyl alcohol 50% : acetic acid 100% :
=5:90:5, v/v/v) solution and stored in the AFDepartmental herbarium, University of Padova.
Detrended Correspondence Analysis (DCA; Hill andi€da 1980) and Canonical Correspondence
Analysis (CCA; Hill, 1979) were carried out considg the absolute abundancef EM in each
sample (comp. Scattoleet al.,2008, total number of tips/soil core). A powemgtrmation (power

= 0.50, square root) was applied to the data sét fam DCA reducing the number of the
interactions and then applied also to perform tiBACThe 2 types of analyses were performed
using PC-ORD" (McCune & Mefford, 1999, version 5 for Windows, Mlj Oregon).

For the vertical distribution theelative abundance (£ EM/cn? soil volume and NVM/cm?® soil
volume) were calculated and used in the multivaraialyses. Due to the structure of the data-set,
data regarding the sampling directions were gatheas no significant differences were found in
the EM community for this parameter.

Relations between the ecological features (the dplaybicity, according to Unestam 1991 and the
exploration types according to Agerer 2001) and gpecies distribution, were tested using the
Detrended Correspondence Analysis (DCA; Hill & Gaucl980) and the Canonical
Correspondence Analysis (CCA; Hill, 1979), applyamgower transformation (power=0.50, square
root). To quantify the ecological factors we uskdse values: species hydrophobic = 0; species
hydrophilic = 1; exploration type = 1: C = contatype; 2: SD= short distance; 3 : MD sm=
medium distance smooth; 4 : MD fr= medium distafirege; 5 : MD mat= medium distance mat; 6

: LD= long distance; 7: C/SD = between C/SD. Toermsthnd the correlation between the factors
and the species, it is important to follow the wedirection: the values of the vectors grow with
the distance from the centroid (i.e. at the enthefvectors it can be found the hydrophilic species
(value “1” of the first vector) with a C/SD stragge(value “7” of the second vector).

Due to the structure of the data-set, obtained fitwarinvestigation in the soils (in the year 2008,

the 1, 2, 3, 4, 5 sites) which consisted of sevglatls and rare species with low abundances and
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only with one dominant species, we assembled ttee r@garding the sampling directions.

Results and discussion

The DCA performed on the data-set collected inytber 2005 and 2006 demonstrated no gradients
in the EM spatial distribution related to the explion types and the hydrophobicity (data not
shown).

But in the CCA results (fig.1) concerning the ficstlection (June 2005) in the sites S1, S2, S3, S4
the species were correlated to the exploration syméile the hydrophilic attitude gave lower
effects on the EM species distribution (total ireert 0.4377 ; eigenvalue of the 1st and 2nd axis
0.058 and 0.002, respectively). The correlation suezd on the first axis ["intraset correlations"
(ter Braak, 1986)] showed that the species didiobuwas highly correlated with the exploration
types (0.360), and a low negative correlation veagaled with the hydrophilic attitude ( -0.430).
The species on the right part of the graphic shoavégdrophilic attitude and mainly a “medium-
distance” exploration type, but it was difficult fod a real correlation with the site features,
because they characterized only lowly the calcasdas (S2, S3 with last cut in the year 1958 and
in the year 2001 respectively).

Contrasting results were obtained using the datafsthe second collection (October 2005, in the
same sites). In the CCA (fig. 2) it is clear thiag¢ two ecological features investigated, were not
well correlated with the species distribution. Tb#al inertia measured was 0.3276; the eigenvalue
of the 1st and 2nd axis 0.024 and 0.002, respégctiVbe species distribution is the same of the
preceding summer: the hydrophobic species wereaggahfrom the hydrophilic species, but there
are no positive correlations with the two mycorahiZeatures investigated (- 0.335 for the
hydrophobicity and — 0.069 for the exploration type

In the summer of the year 2006 the situation isyv@milar to that revealed in the preceding
summer in the sites S5, S6, S7. The CCA (fig.3)wstb a strong positive correlation with
hydrophobicity behaviour. The total inertia measunas 0.2229 and the eigenvalue of the 1st and
2nd axis 0.007 and 0.002, respectively. The cdioslacoefficients were very low: for the
hydrophobicity it was 0.246, while for the explooat types -0.190. No clear correlation of the EM
species and the site conditions had been obtained.

A stronger correlation with the hydrophobicity watstained with the vertical distribution: the total
inertia was 0.5571, while the correlation with tindrophobicity was 0.619 and -0.428 with the
exploration types. The eigenvalue of the 1st ardléas were 0.057 and 0.010, respectively.

The EM species distribution seemed to be indepenffem the shoots age and from the
environmental conditions measured up to now (resudt shown), but more frequently correlated

to the hydrophilic attitude (figs. 1, 3, 4), altlghuthe precipitation decrease was high in the two
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sampling years (tab. 1). Only in October 2005 tkglaration types confirmed a better correlation
but not very significant with the EM species (f&). Although the correlations with the sites were
never high, the EM species with hydrophilic attéughd of the “medium-distance” strategy seemed
to prefer the site S4 and S1 (dolomitic sites). BM species formed for these reasons “micro-
communities”, that remained always constant. Indifferent collection times changed only the rate
of the correlation with the ectomycorrhizal feasur&urther investigations are also necessary to
understand whether or not there is a correlationyofophobicity/hydrophily and exploration types
with the vertical distribution of EM species.

In conclusion, these preliminary results could oalyest a prevailing presence of hydrophilic
species and a probably attitude to use the “mediistance” exploration strategy, in the soil of
beech coppices. Interpretations of these correlatere still difficult. Further, similar studies in
combination with the analysis of soil factors vathssibly unravel the complex situation. No clear
correlation was observed of the putatively ecolafjcimportant EM features with the age of the

coppices.
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Month Cunevo 2005 Cunevo 2006
Tmax Tmin Pmm Tmax Tmin Pmm
Mai 22.9 9.7 85 29.1 9.4 62.2
June 26.8 13.6 39.5 26.8 125 35
October 15.6 6.7 139.5 18.1 7.7 50.6

Tab.1: Temperatures and precipitation in the sites [ISMA (2007); Tmax = Maximum Temperature; Tmin=
Minimum Temperature; Pmm= precipitation (mm)].

Fungal taxa Abbrev Exploration types Hydrophobicity
Amphinemasp. (EDM50) MD fr hydrophobic
Boletaceag EDM51) Boll LD hydrophilic
Boletussp. (EDM13) Bolrodo LD hydrophobic
Byssocorticium atroviren€EDM17) Byssatr SD hydrophobic
Cenococcum geophilu(EDM1) Cenoc SD hydrophilic
Cortinarius inochloru§EDM27) Corinoc MD fr hydrophobic
Cortinarius (EDM57)sp. Corl MD fr hydrophobic
Cortinarius bolaris(EDM12) Corbol MD fr hydrophobic
Cortinarius cinnabarinu§EDM5) Corcinn MD fr hydrophobic
Cortinarius infractuSEDM62) Corinfr MD fr hydrophobic
Craterellussp.(EDM41) Cratell C/sD hydrophilic
EDM47 An47 SD hydrophilic
EDM65 EDM65 MD fr hydrophobic
EDM68 EDM68 SD hydrophobic
Entolomasp. (EDM36) Entol2 MD sm hydrophobic
Fagirhiza entolomoideéEDM8 )* Entoll MD sm hydrophilic
Fagirhiza arachnoidedEDM61) Faracnoid SD hydrophobic
Fagirhiza byssoporoideg&EDM55)* Fbyssopo MD sm hydrophobic
Fagirhiza cystidiophord EDM33) Fcystid SD hydrophilic
Fagirhiza fusca EDM40) Ffusca SD hydrophilic
Fagirhiza lanata(EDM29) Flanata MD sm hydrophilic
Fagirhiza oleifera(EDM2) Foleifer C/sD hydrophilic
Fagirhiza pallida(EDM25) Fpallida SD hydrophilic
Fagirhiza setiferqf EDM12) Fsetif SD hydrophilic
Fagirhiza spinulosgEDM3) Fspinul SD hydrophilic
Fagirhiza stellata(EDM21)* Tom3 MD sm hydrophobic
Fagirhiza vermiculiformigEDM42) Fvermi MD sm hydrophilic
Genea hyspidul§EDM32) Geneah SD hydrophilic
Hydnumsp. (EDM37) Hydnum MD fr hydrophobic
Hygrophorussp. (EDM26) Hygrol c hydrophilic
Hygrophorus penariuEDM60 )* Hygro2 SD hydrophilic
Inocybesp. (EDM22) Inocl SD hydrophilic
Laccaria sp. (EDM23) Lacc MD sm hydrophilic
Lactarius acriS(EDM56) Lacacris MD sm hydrophilic
Lactarius palliduSEDM®6) Lpallid MD sm hydrophilic
Lactarius rubrocinctu$EDM53) Lrubroci MD sm hydrophilic
Lactariussp. (EDM48) Lactal C hydrophilic
Lactarius subdulci$EDM4) Lsubdul MD sm hydrophilic
Lactarius vellereugEDMA45) Lvell MD sm hydrophilic
Pezizale$EDM 67) Pezil SD hydrophilic
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Piloderma croceunEDM14) Piloder MD fr hydrophobic
Ramaria auredEDM43) Ramaur MD mat hydrophobic
Ramariasp.(EDM58) Ram2 MD mat hydrophobic
Ramariasp. (EDM10) Raml MD mat hydrophobic
Russula illota EDM28) Rusill C hydrophobic
Russula maire{fEDM31) Rusma C hydrophilic
Sebacinasp.(EDM34) Seba2 SD hydrophilic
SebacinaceaéEDM11) Sebal SD hydrophilic
ThelephoraceaéEDM63) Telephl MD sm hydrophobic
ThelephoraceaéEDM66) Teleph2 MD sm hydrophobic
Thelephorale{EDM64) Toml2 MD fr hydrophobic
Thelephorale§EDM59) Tomlol MD fr hydrophobic
Tomentellasp. (EDM18) Toml MD fr hydrophobic
Tomentellasp. (EDM19) Tom2 MD sm hydrophilic
Tomentellasp.(EDM46) Tom4 MD sm hydrophilic
Tomentellasp.(EDM70) Tom5 SD hydrophilic
Tricholoma acerbunfEDM24) Tricacer MD fr hydrophobic
Tricholoma sciode$EDM39) Tricscio MD fr hydrophobic

Tab. 2.: Exploration types of the anatomotypes anthe relationship with the hydrophobicity [C= contad type -
SD= short distance; MD sm= medium distance smootiyID fr= medium distance fringe; MD mat= medium

distance mat; LD= long distance].
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CCA spatial distribution June 2005
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Fig. 1: CCAjoint biplot of the EM fungal community in the S1, S2, S3, S4 stands in June 2005 (cragsépen
triangles represent the EM species. Vectors indicat the ecological features as quantitative parametsr the
hydrophibicity attitude according to Unestam 1991 ad the exploration type i.e. the potential exploraibn
strategies in the soil according to Agerer 2001 [Hiroph = hydrophobicity; Expl = Exploration types; see Tab. 2].

149



CCA spatial distribution October 2005
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triangles represent the EM species. Vectors indicatthe ecological features as quantitative paramete{Hydroph
= hydrophibicity; Expl = Exploration types].
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CCA spatial distribution June 2006
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Fig. 3: CCA joint biplot of the EM fungal community in the S5, S6, S7 stands (crosses). Open triarglepresent
the EM species. \ectors indicate the ecological femes as quantitative parameters [Hydroph = hydrophbicity;

Expl = Exploration types].

151



CCA vertical distribution
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Fig. 4: CCA joint biplot of the EM fungal community in the S1, S2, S3, S4, S5 stands. Open triangtepresent
the EM species. \Vectors indicate the ecological femes as quantitative parameters [Hydroph = hydrophbicity;

Expl = Exploration type; O, A : soil horizons; f. e 50= site S5 O organic horizon].
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V.le dell'Universita, 16 - 35020 Legnaro (PD) alyt
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Garniga Terme (TN)- Italy

*0Organismic Biology: Mycology, Department BiologydameoBio-Centét'”, University of
Minchen, Menzinger Str., 67, D-80638, Germany

Short description

The ectomycorrhizae are characterized by very longnycorrhizal systems (up to 7 cm), with
sinuous or tortuous, woolly, brownish pink mycorrhizal tips when younger, whitish or
colourless when older. The root is frequently shimg through the mantle. The outer mantle is
loosely plectenchymatous with very wide hyphae o6)6-(8) pm diam. that are arranged in
parallel bundles and possess clamps. The middle méais similar to the other, with broad
streaks of parallel hyphae of 5-jum diam. The inner mantle has also broad streaks gfarallel
hyphae, but they are with 4-5um diam. slightly thinner. Rhizomorphs are undifferentiated,
very frequent, compact and are formed as stout, sty conical structures, (2)5-12(65) um
wide, rarely up to 90um. Sometimes a loose gelatinous matrix is visiblenahe surface of the
outer mantle and on the rhizomorphs. The Hartig netis not uniform and is similar to that of
other typical ectomycorrhizal species of the genuEntoloma In particular as it is patchily

distributed, but it is paraepidermal where present.

Morphological characters(Figs. 1):Mycorrhizal systemgregular monopodial-pyramidal, up to
70 mm long; with lots of stout rhizomorphs appegrias short, slenderly conical
structures,hydrophilic, smooth subtype of mediustatice exploration type Main axesup to 0.5-

1 mm diam., tortuous and sinuoudJaramified endg0.5)4(5) mm long and 0.25 mm diam., not
inflated, cylindric or tapering, whitish-pink due troot colour, brownish-pink when younger;
distinct mantle surface visible, with semi-trangrdr mantle when older; cortical cells visible

through older tips, not carbonizing, dots, cystidiad emanating hyphae lackingSurface of
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unramified enddoosely stringy, densely or loosely woolly. Rhizomorphsnot differentiated,
frequent, round or nearly so in cross-sectmmcolorous to the mantle, colourless, pinkish hit
connection to the mantle distinct (Fig.1), disttibn not specific; margin of rhizomorphs smooth.

Lacking are nodia. Sclerotianot found.

Anatomical characters of mantle in plan viewd:acking arecells densely filled with oily
droplets or cells homogeneously filled with browneontents, blue granules, needle-like contents,
drops of exuded pigment.Quter mantle layergFig. 2a): plectenchymatous, hyphae arranged in
parallel bundles, but no special pattern disceenfwhantle type B, according to according to
AGERER 1991, 1995, AERER 1987-2006, SERER & RAMBOLD 2004-2007); hyphae cylindric and
constricted at septa or slightly inflated at midpieetions,(5)6(8) um diam, cells (11)35-60(70m
long, smooth, with clamp$)yphaecolourless or membranaceously slightly yellowislallsv 0.1-

0,5 um thick, septa as thick than walls; a slightly galaus matrix present .Middle mantle layers
(Fig. 3a): plectenchymatous, with broad streaksaséllel hyphae; cells colourless, smooth, oY

diam., matrix lacking, cell walls up to 0.1-OuBn; anastomoses infrequent, opernner mantle
layers (Fig. 3b): plectenchymatous with broad streakgarfallel hyphae, hyphae 4tfn diam.,

hyphal portions (1)3-4(5)m long, cell walls up to 0.1-04om, matrix lacking.

Anatomical characters of emanating elemen(sigs. 4): Lacking are gelatinized hyphae, drops o
exuded pigment, and in IC strongly light reflectenystals, internal nodia, and conical structures.
RhizomorphgFigs. 4) (2)5-12(65um diam., exceptionally up to 90 um, undifferentihteype A/B
(according to AERER 1991, 1995, AERER 1987-2006, AERER & RAMBOLD 2004-2007 AGERER

& losiFibou 2004), hyphae of uniform diam., or slightly inBafat septum; central hyphae 24%
diam., cell walls 0.2-0.;am, pores indistinct, septa with the same thickmeswalls; cells 5-6Qm
long, colourless or membranaceously yellowish; somes surface covered by a slightly gelatinous
matrix, infrequently ramified (Fig. 2b).Emanating hyphaeot observed. €ystidianot observed.

- Chlamydosporenot observed.

Anatomical characters, longitudinal sectiorvlantle (30)40-70(100um wide, at very tip 25-70
um, plectenchymatous, different layers not discdenidout at points of the connection to
rhizomorphs regular organization lacking; hypha¢hefunlayered mantle tangentially (3)20-30(40)
um, radially (3)4-7(8um. - Tannin cellslacking, with calyptra cells- Epidermal cellswith Hartig
net paraepidermal, not homogeneously distributesd thwe section, in part nest-like, i.e. only a few

neighbouring epidermal cells with Hartig net préseells rectangular or tangentially-oval to —
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elliptic, oriented parallel to the root, tangenyig40)60-80(140)um, radially (15)20-30(35pum. -
EC = 68, EG = 2,9. -Hartig net in sectiorhyphal cells roundish to cylindrical, in one ra&)3-
4(6) um thick; haustoria lackingdartig net in plan viewa slightly ramified palmetti-type without

septa, infrequently lobed, often only hypha-likel @tamps visible, lobes (1.5)2-3(din, broad.

Colour reaction with different reagentsMantle and rhizomorph preparationsKOH 10%: n. r.
(no reaction); cotton blue: slightly bluish; eth&i@6%: n. r.; FEA: n .r.; iron (II) sulphate: slit
bluish; lactic acid: n. r.; Melzer's reagent: naulpho-vanillin: mantle and rhizomorphs slightly
reddish.

Autofluorescence:Whole mycorrhizalV 254 nm: lacking; UV 366 nm: lacking. Mantle in
section:UV-filter 340-380 nm: very slightly bluish; bluelter 450-490nm: very slightly yellowish;
green filter 530-560 nm: very slightly reddiskh.Rhizomorph in sectionJV-filter 340-380 nm:
slightly bluish, margin stronger; blue filter 45081nm: slightly yellowish, margin stronger; green-
filter 530-560 nm: n. r.

Reference specimenitaly, province Trient (Trentino-Alto Adige RegipnVval di Non, district
Denno (46°14’ N; 10°57’ E), beech coppice, moragjfient in organic layers, 5.06.2005, myc. isol
E. Di Marino, EDM 8 in FEA (in PD). -Additional specimens examinedtaly, province Trient
(Trentino-Alto Adige Region), Val di Non, distri@enno (46°14’ N; 10°57’ E), beech coppices,
1050-1200 m a.s.l., June 2005, EDM 8a in FEA (in,Rlxtober 2005 EDM 8b in FEA (in PD),
May/June 2006, EDM 8c in FEA (in PD). — Soil coiwtits for all collections: mesic or xeric, pH of
the soil 6-6.6, Nt 6,7-15,9, C/N 17-18, & 111-2799/Kg; in mineral layers pH 5.2-6.5xN1,5-
26,3, Gig259-434 g/Kg, C/N 16-19.

DNA analyses DNA-analyses, sequence evaluation and alignmene \werformed (EDM 8c)
according to Tedersoo et al. (2006), best matdbnite 91% with UDB0O0093 Entolomasp.,97%
in NCBI BLASTn search in GenBank Uncultured ectooiyhiza (Entolomataceae) AJ938003 18S
rRNA gene (partial), 5.8S rRNA gene, 28S rRNA g@oertial), ITS1 and ITS2. Similarity of 86%
with Entoloma sinuatumsolate AFTOL-ID 524 DQ486700 internal transcribgpacer 1, 5.8S
ribosomal RNA gene, and internal transcribed spa@ceomplete sequence, and query coverage of
95%. GenBank Accession number EU444549.
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Discussion:

This unidentified ectomycorrhiza is very similar tbat of E. nitidum on Carpinus betulus
(MoNTECCHIOet al. 2006), as both are characterized by stamical rhizomorph-like structures on
the surface of the mantle with no specific origind by epidermal cells that are visible through the
mantle. The very long and loosely branched sys@mslso characteristic for both species and are
exceptional for ectomycorrhizal systems (Agerer &mdold 2004-2007). We therefore conclude
thatF. entolomoidess very likely formed by a species of the geBudoloma Differences between
the two species regard the absence of a matrixtf@accurrence of thicker cell walls in mantles
and of thinner rhizomorphs iEntoloma nitidum In addition, the hyphal orientation in the inner
mantle layers oE. nitidumectomycorrhizae is irregular or parallel, whergaB. entolomoide# is
always in parallelEntoloma sinuatunon Salix (AGERER 1997; 1998) forms plectenchymatous
middle mantle layers intermixed with pseudoparentdpus portions, what is unknown i
nitidum andF. entolomoidesStout, conical rhizomorph-like structures are iagkn E. sinuatum
whereas undifferentiated rhizomorphs occur insteadpmpanied by many emanating hyphae. The
Hartig net ofE. sinuatums patchy, too, as iR. entolomoidesA matrix is only rarely visible on the
rhizomorphs or on the mantle surfaceFofentolomoidesas compared t&. sinuatum(AGERER
1997).

Other specie€ntoloma alpicolaJ. Favre) Bon & Jamoni (&F & BRUNNER 1996),E. erophilum
(Fr.) P. Karst. (EROVA & ROZHENKO 1966),E. rhodopoliunfFr.) P. Karst. (MDESS 1941), ancE.
sericeum(Bull.) Quél. (ANTIBUS et al. 1981) are too briefly characterized foromparison to the
above mentioned ectomycorrhizae.

A very peculiar situation is the parasitic behaviofi Entoloma clypeatunf. hybridumon Rosa
multiflora (KOBAYASHI & HATANO 2001) and ofEntoloma saepiunfNoulet & Dass) Richon &
Roze onRosasp andPrunussp. (AGERER & WALLER 1993,AGERER 2006) that digests the root
meristem. At least morphologically this mycorrhizavery similar to that oEntoloma clypeatum
on Prunus cerasuANDRUSZEWSKA& DOMINIK 1971).

In conclusion, the main features léfentolomoidesre similar to those reported for other species
that belong to the geniEntoloma But DNA-sequencing confirms only a similarity @f 91% and
97% by BLASTn search in UNITE and in GenBank, respely. This is the first description of an
ectomycorrhiza of the genusntolomaon Fagus (DE RoMAN et al. 2005; SAERER& RAMBOLD
2004-2007).
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Captions:Figs. 1. - a, b, cHabit. -Fig. 2 - a.Plan view of outer mantle layer.b. Older conical
rhizomorph-like structures with ramificationFig. 3 - a.Middle mantle layer with broad streaks of
parallel hyphae, open anastomagisterisk) and clampsb. Inner mantle layer with broad streaks
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(above) and optical section (below). Fig. 5. Connection point of conical rhizomorph-like
structures to the outer mantle where the hyphatsire is ring-like.All figs. from EDM 8a ( in
PD).

158



Figs. 1a, 1b, 1c.

159












Fig. 5.
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Short description

The ectomycorrhizae are irregularly pinnate or irregularly dichotomous, whitish greyish,
when young loosely cottony, with a deep blue bruisg reaction on the surface of rhizomorphs
and mantle. When older, the blue zone becomes mourhstinct, and the ectomycorrhiza is
woollier. The diagnostic characteristics are a pldenchymatous mantle with a very thick
gelatinous matrix, octahedral crystals on the surface, and infrequenstaghorn-shaped hyphae
on the mantle surface. Rhizomorphs show a typical ifferentiation with closely packed,
straight, parallel hyphae in the centre with infrequent clamps and a thin matrix, sheathed by
a thin layer of narrow, entwining, thin-walled, rarely simple septate, clamp-less hyphae with a
slightly gelatinous layer that occur together withsome very infrequently branched hyphae;
outer portions of the rhizomorphs with irregular crystals. The main features of this ecto-
mycorrhiza are similar to those reported for ectomygorrhizae of the genuByssoporia

Morphological characters(Figs. 1):Mycorrhizal systemsvith 2-3 orders of ramification, (2)5-
14(18) side-branches per cm; hydrophobic, smoadbkype of medium-distance exploration type. -
Main axesup to 8 mm long and 0.5 mm diamUnramified endup to 1.7(2) mm long and 0.25
mm diam., not inflated, straight and rarely bewgtindric, with rounded tips, and with a constricted
bluish base, whitish greyish with bluish spots;eoldarts more distinctly blue in patchesSuiface
of unramified end#oosely cottony or woolly, very tip loosely cotigrwith few emanating hyphae.
— Rhizomorphsabundant in older mycorrhizal systems, whitishiteqewompact,frequently and

repeatedly branched, with hairy to woolly surfaceginating at the very base of mycorrhizal
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systems and at the very tips, connecting diffesystems; round in cross-section, turning bluish-

violet; concolourous to the mantle; distinct cortimtwith the mantle. Sclerotianot observed.

Anatomical characters of mantle in plan viewgigs. 2, 5b)Cells without contents and hyphae
without clamps. - Mantle surfaeeith a thin to very thick gelatinous matrix betweleyphae, with
crystals; crystals octahedral to bipyramidal orcalar, regularly shaped crystals (2)4-7(8) um,
acicular crystals (2)4-11(13) um long, with irreggly shaped, multiply branched cystidia-like
hyphae of 1.5-3um diam., 15-20um long, without septa. Outer mantle layers(Figs. 2)
plectenchymatous, with slightly ring-like pattermdagelatinous, sometimes very thick matrix
(mantle type A/C, according toGkRER 1991, 1995, AERER 1987-2006, AERER & RAMBOLD
2004-2007); hyphae cylindric, not constricted gitaeirregularly shaped; simple septate; angles
between hyphal junctions ca. 90-120°, membranateauns plasmatically bluish due to bruising
reaction, otherwise colourless, smooth, cell Wals0.5um; cells (2)4-5(6)um diam., 20-25um
long. - Middle mantle layergFig. 3a) plectenchymatous, slightly ring- to dike, with infrequent
simple septa, membranaceously and plasmaticallighziuiolet due to bruising reaction, otherwise
colourless, cell walls 0.2-0/5m, smooth, cells (2)3-5(8)m diam., 15-2Q:m long; with (2)4-5(8)
um large crystals. inner mantle layerqFig. 3b) plectenchymatous, with occasionally flikg
arranged hyphae and gelatinous matrix, bruisingti@a visible, too; all hyphae irregularly shaped,

with infrequent simple septa, cells 3t#h., distance of hyphal septa 2.5-ar8.

Anatomical characters of emanating elemer{tsigs. 4, 5a, 6, 7): Lacking are gelatinized hygha
ampullate hyphae, drops of secreted pigment, ah@ strongly light reflecting crystals, nodia and
conical structures on rhizomorphs; cell walls srhoetRhizomorphgFigs. 4, 5a, 6, 7) of type C
(AGERER 1991, 1995, AERER 1987-2006, ASERER & RAMBOLD 2004-2007; AERER 1999;
AGERER & |0SIFIDOU 2004), (20) 40-70(100)um diam.; when young undéifeiated (Fig. 4), with
open anastomoses, without clamps, cells of theplperal hyphae occasionally irregularly shaped;
thicker rhizomorphs covered with thin peripheraphge (Fig. 5a, 6,7), density increasing with
thickness of rhizomorphs, below them with smabgularly shaped crystals; peripheral hyphae 2-3
um diam., some of them ramified and of cystidia-l@ape, without clamps, rarely with simple
septa, with slightly gelatinous surface, centrgbtitge somewhat enlarged with a slight gelatinous
matrix, weakly inflated at the septa, with infrequelamps, simple septa abundant, distance of
septa (8)15-40um, cell walls 0.2-0.5um. - Emanating hyphaenot frequent, tortuous, few
irregularly branched, with slightly gelatinous €, similar to those on mantle and rhizomorph

surface, with simple septa, 2-2161 diam. -Chlamydosporerot observed.

165



Anatomical characters, longitudinal sectiorlantle compressed and thin, 10-gth wide, very
tips with 10(15)-20um thick mantle, twisted tips very frequent; differdayers discernible; outer,
middle and inner mantle layers plectenchymatougteromantle layer hyphae tangentially Zeeh
and radially (8)10-12(15um; middle mantle layer hyphae tangentially 3 and radially (8)10-
12(15) um, inner mantle layer hyphae tangentially 3«5 and radially 3-4um. — Tannin cells
lacking. - Epidermal cellsrectangular, tangentially (30)35-40(50n and radially (10)12-20(25)
um; EG = 38, EG = 0,4.- Hartig net in sectiorparaepidermaldartig net in plan viewof palmetti-

type, lobes without septa, lobes 14 broad.

Colour reaction with different reagentsMantle and rhizomorph preparationgotton blue:
slightly bluish; ethanol 70%: n.r.; FEA: n.r.; irfdDsulphate: crystals dissolving; KOH 15%: deep
blue pigment disappearing; lactic acid: blue pigtmeissolving , crystals slowly dissolving;

Melzer's reagent: n.r.; sulpho-vanillin: n.r., Imgintle and rhizomorphs slightly rosy or reddish.

Autofluorescence:Whole mycorrhizaUV 254 nm: lacking; UV 366 nm: lackingMantle in
section: UV-filter 340-380 nm: bluish; blue-filter 450-490nryellowish; green filter 530-560 nm:
reddish— Rhizomorph in sectiotdV-filter 340-380 nm: slightly bluish, margin strger; blue filter
450-490 nm: slightly yellowish, margin strongeregn-filter 530-560 nm: slightly red.

Reference specimen for ectomycorrhidgaly, province Trient (Trentino-Alto Adige Regiprival
di Non, district Denno (46°14’ N; 10°57’ E), beecbhppice, 1050-1200 m a.s.l.; myc. isol E. Di
Marino, 20.10.2005, EDM 55 in FAA in PD. Additional specimens examinedtaly, province
Trient (Trentino-Alto Adige Region), Val di Non, sirict Denno (46°14’ N; 10°57' E), beech
coppices of different ages, 1050-1200 m a.s.l.;.nsa@ E. Di Marino, 20.10.2005, EDM 55a in
FAA in PD. — Soil conditions for all collections:are frequent in mineral layers, mesic or xeric, pH
of the soil 5,1-6,7, B 3,8-15,6, C/N 15-18, §;61-241 g/Kg; in organic layers pH 4.2-5.6,R0-
22.6, Grg361-392 g/Kg, C/N 17-18.

DNA analyses From the mycorrhizal root tips ¢ byssoporioidesbtained DNA was amplified
and sequenced using the primers ITS1-F and ITS4.applied methods of DNA extraction, PCR,
and sequencing followEDeErsooOet al. (2006). The PCR product of the targetedaardTS rDNA
(complete sequence of internal transcribed spaces.8S ribosomal RNA gene, and internal
transcribed spacer 2, flanked by partial sequent&8S and 28S ribosomal RNA genes) has a size
of 594bp. The GenBank accession numbét. dlyssoporioideECM is EU444550
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A BlastN search was performed in GenBank usingseémuence of theé. byssoporioide&ECM as
query. The retrieved matches had a maximum sequédeaéty of 87% at best. The best matches
belong to samples of unidentified ectomycorrhiaaddi representing members of Leucogastra-
ceae, Albatrellaceae, and Agaricaceae as wel\asadsolates of.eucophleps spinisporadn the
context of anatomy based similarities Byssoporiathe F. byssoporioidesECM sequence was
compared to an unpublished ITS sequence (compdefigesce of internal transcribed spacer 1 and
5.8S ribosomal RNA gene, partial sequence of iatletranscribed spacer 2; flanked by partial
sequence of the 28S ribosomal RNA gene) with atkero§ 553bp. The latter sequence was
generated from Byssoporia terrestrisruitbody onPicea abiedrom Germany (SR 1101, in herb.
S. Raidl) the associated ECM of which has beenriest by £ATTOLIN et al. (2006). Both
sequences are nearly identical showing one diffetimase in the internal spacer region 1.
Additionally, the BlastN search in GenBank usingF. byssoporioidescm sequence as query retrieved
the sequence from B. terrestrisfruitbody from Sweden (Hjm 18172, in herb. GB; assien
number EU118608, seeakssoN2007) with an identity value of 84% (query coverd®0%). The
only Byssoporiasequence (UDB001766) deposited in UNITE (8&eg et al. 2005) was generated
from the same voucher specimen Bf terrestris It includes the partial sequence of the 5.8S
ribosomal RNA gene and the complete sequence exfnat transcribed spacer 2 that compared with

the covered part of tHeagirhizabyssoporioide&CM sequence produced an identity value of 91%.

Discussion: This ectomycorrhiza ofagus sylvaticas likely formed by a member of the genus
Byssoporia because of the peculiar anatomical features ef rtizomorphs, with a cover of
peripheral, twisted hyphae. Up to now ectomycoatinfByssoporiaspecies were described only
from gymnosperms (BRoMAN et al. 2005). Five different varieties 8yssoporia terrestris
Pseudotsuga menziesiave been illustrated and described I £1969) and ZK & LARSEN
(1978). These five varieties are suggested to betornihree different species due to the diversity o
peripheral hyphae (@ERER 2006). According to the description of the ectomylizae of the
different varieties ofByssoporia terrestrifZAk 1969, 2k & LARSEN 1978), B. terrestrisvar.
subluteaM.J. Larsen & Zak is the closest Eagirhiza byssoporioidess in both ectomycorrhizae
the rhizomorphs are covered by strongly twiste@&neworkscrew-like peripheral hyphae. Contrary
to that variety, but, similarly t8. terrestrisvar. sartoryi (Bourdot & L. Maire) M.J. Larsen & Zak
andB. terrestrisvar. lilacinoroseaM.J. Larsen & Zak[. byssoporioideseveals some staghorn-
like hyphae on the mantle surface and betweenvitsted peripheral rhizomorph hyphae. They do
not form, however, a homogeneous cover as in ttter lgarieties. The ectomycorrhizae Bf
terrestris described by GATTOLIN et al. (2006) that could not be identified to egyilevel, form

typical cork-screw-like peripheral rhizomorph hyghamore distinctly twisted than .
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byssoporioideshave clamps and lack ramified peripheral hyplih, however, turn blue after
bruising. In addition, the outer mantle layerseafiftompletely. That oB. terrestrissensu SATTO-
LIN et al. (2006) is formed by mostly normal hypha¢hvéome irregularly shaped hyphal struc-
tures, whereas the mantle Ief byssoporioides igxceptionally irregularly shaped with multiply
branched cystidia-like hyphae. Regarding theseoamaal differences the ECM @&. terrestrison
Picea abiesdescribed by &GTTOLIN et al. (2006) and-. byssoporioides/ery likely represent
different taxa although the ITS sequences generfited a B. terrestrisfruitbody (D MARINO
unpublished) that was associated with its ectonazae onPicea abieJSCATTOLIN et al. 2006)
andF. byssoporioidesre nearly identical. Another reason for the -lipieary — classification of
the ECM as &agirhizais the extreme difference between the sequencssffuitbodiesdentified
asB. terrestrisin SCATTOLIN et al. (2006) (>99% sequence identity withbyssoporioidgsand
LARSSON (2007) (84% sequence identity wikh byssoporioides respectively. This discrepancy
and the still very limited knowledge about relasbips and taxonomy @yssoporiaaccentuate the
need for further detailed studies of this group.

Apart from our collection, a bluish bruising reactiis only known fronB. terrestris(SCATTOLIN et
al. 2006), andB. terrestrisvar.satoryi(Zak 1969). The rhizomorphs &:. terrestrisvar.satoryiare
completely covered by typical staghorn-shaped hgpldereas irF. byssoporioide®nly a few
peripheral hyphae are scarcely ramified and intezcthbetween the twisted hyphae. It can therefore
be concluded, thdt. byssoporioidegs distinct from all hitherto characterized ectgeworrhizae of
the genusByssoporia Crystals on rhizomorphs and mantles are not tegoffor either
ectomycorrhiza, but Ak (1969) and ZKk & L ARSEN (1978) reported on encrusted central and
peripheral hyphae.

The phenomenon of bluing, not necessarily a brgisgaction, as found in the gerBgssoporiais
well known from some ectomycorrhizae of BoletalAs€RER 2006; AGERER& RAMBOLD 2004-
2007):Alpova diplophleugZeller & Dodge) Trappe & Smith (MLER et al. 1988, WEDMER et al.
2001), Chamonixia caespitosdRolland (RupbL 1999), and threeLeccinum ectomycorrhizae
described by MILLER & AGERER(1990):L. hopolus(Rostk.) Watling,L. scabrum(Bull.: Fr.) S.F.
Gray andL. variicolor Watling). However, Byssoporiaectomycorrhizae do not form highly
differentiated rhizomorphs with central vessel hggHhtype F, according toGERER 1987-2006)
that are the main common feature of all ectomycpahof theBoletalesss. Agerer (BERER1999,
2006, AGERER& |OSIFIDOU 2004).
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Captions: Fig. 1. Habit. —Fig. 2 Outer mantle layer with ring-like arranged hypleae with a
gelatinous matrix between the hyphae and a thid&tigeus layer on the surface (shown only
below) with bipyramidal to octahedral crystalsFig. 3 — a. Middle mantle layer, with a slight
gelatinous matrix and occasionally ring- to stke-larranged hyphae.b- Inner mantle layer with
ring-like arranged hyphae and with a distinct ge@is matrix. -Fig. 4. Thin, probably young
rhizomorph composed of loosely packed hyphae; umrer more differentiated portion with
crystals and a few peripheral hyphae; the dottgzhayrepresents the bluish colour after bruising,
the asterisk an open anastomosis-ig. 5 — a. Rhizomorph in a middle developmental stage;
central, densely arranged hyphae with irregulahgped crystals and twisted peripheral hyphae,
some of them scarcely ramifieeh. Surface of the mantle with staghorn-shaped, digstike
hyphae. —Fig. 6. Rhizomorph in a middle developmental stage; iticap section of the center,
densely arranged hyphae, occasionally with clamis, twisted peripheral hyphae, some of them
scarcely ramified (asterisk). Fig. 7. Plan view of a thick rhizomorph with distinctlyvisted
hyphae, some remind of a cork-screw; crystals belmvperipheral hyphae visiblall figs. from
EDM 55 (in PD).
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Fig. 2.
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Fig. 3.
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Fig. 5.
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CHAPTER 7

“Fagirhiza stellatd + Fagus sylvatical.)

ERIKA DI MARING? LUCIO MONTECCHIG, REINHARD AGERER

'Universita degli Studi di Padova Agro-Forestry ®yss and Land Use (TeSAF) Department
V.le dell'Universita, 16 - 35020 Legnaro (PD) —yta

“centro di Ecologia Alpina - Viote del Monte Bondd&l), Localitd Caserme, 2 38060 Garniga
Terme (TN)- Italy

*0Organismic Biology: Mycology, Department BiologydameoBio-Centét'”, University of
Minchen, Menzinger Str., 67, D-80638, Germany

Short description

The ectomycorrhizae are dark reddish-brown to blacksh; older parts dark-brown to black ,at
maturity, and where air included, with golden tint , monopodial-pyramidal. The mantle is
pseudoparenchymatous, with ring- to star-like arragement on the surface. The middle
mantle layer is plectenchymatous, while the inner mmtle is transitional between
pseudoparenchymatous and plectenchymatous. Rhizonms dark brown, surface covered by
irregularly shaped, repeatedly ramified, densely etwining thin, rarely septate peripheral
hyphae, membranaceously brownish to yellowish, smtg thinner rhizomorphs lack such
hyphae or are only patchily coverered, hyphae wittclamps, membranaceously brownish to
yellowish. Nodia and conical structures at points fo ramification present, slightly
differentiated, with infrequent, homogeneously browish filled hyphae . Cystidia are lacking.
The peculiar characteristics, similar to those repded for some ectomycorrhizae of the genus
Tomentellg are the net of hyphae on the mantle surface, consigg of stars connected by

single hyphae or thin hyphal bundles, and the thefghoroid rhizomorphs.

Morphological charactergFig.1a):Mycorrhizal systemabundant, dense amompactly arranged,
monopodial-pyramidal, medium distance exploratigretof the smooth subtypeMain axess mm
long and 0.4 mm diam., straight, up to 2 ordensaafification, with 3-4 side-branches per 10 mm. -
Unramified endsip to1.5 mm long and 0.2- 0.3 mm diam., not iefthtcylindric, bent to tortuous. -
Surface of unramified endslark reddish-brown to blackish; older parts darwn to black, very
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tips reddish brown to blackish , with distinct mardurface, covered by soil particles; corticalscel
not visible and mantle not transparent; mycorrh&zaface loosely cottony, hydrophobic, silvery at
patches with slightly golden tint. Rhizomorphgound in cross-sectiorgriginating proximally;
concolourous to the mantle, brown or dark browmneztion to the mantle distinct; margin of

rhizomorphs smooth; frequently ramified at reseitpoints.- -Sclerotia not observed.

Anatomical characters of mantle in plawiews: Lacking are cells densely filled with oily
droplets, blue granules, needle-like contents, slropexuded pigment, cell wall projections in
pseudoparenchymatous cellsOdter mantle layergFigs. 2a, 3, 4) pseudoparenchymatous, with
ring-like arranged hyphal bundles on the surfadeforather star-like; mantle type P, according to
AGERER 1991, 1995, AERER1987-2006, AERER& RAMBOLD 2004-2007); hyphae of the surface
net cylindric, not constricted at septa, 1,5-4 piewdistance of septa 10-3/, with infrequent
clamps; angles between hyphal junctions in thecaetd5° and less up to 120°, membranaceously
yellowish to brownish, smooth, cells walls 0.1- @/ thick; cells of the pseudoparenchymatous
outer mantle layer (5)7-10(1%m diam., (4)10-15(30um long, number of cells in a square of
20x20 um (15)17-20 (32); stars in plan view 15-gf in diam. Slight gelatinous matrix present
only on the stars’ surface. Below the stars, thatlagresents epidermoid cells, (3)541f long,
(4)5-7(10) um diam. (Figs.5a, 5b) Middle mantle layers(Fig. 1b) pseudoparenchymatous,
membranaceously yellowish to brownish, cells 5-y (it diam., (6)15(18um long, cell walls 0.2-
0.5 um wide, smooth, gelatinous matrix is lacking; (183(29) cellsin a square of 20xgM. -
Inner mantle layergFig. 2b) transitional between plectenchymatoud pseudoparenchymatous,
membranaceously yellowish to brownish, cells (33%18) um diam., (4)8-10(28)um long,

gelatinous matrix is lacking.

Anatomical characters of emanating elementtacking are a gelatinous matrix, gelatinized
hyphae, ampullate hyphae, drops of secreted pignen€ strongly light reflecting crystals, and
intrahyphal hyphae. Rhizomorphs(Figs. 6a,b, 7) of type C (6)15-25(3%)m diam, cells
homogeneously filled with brownish contents rarglyesent, 2-3um wide, with clamps;
rhizomorphs with nodia and conical structures ahtsoof ramification, slightly differentiated,
(AGERER 1991, 1995, AERER 1987-2006, SERER& RamBOLD 2004-2007; thelephoroid, FERER
1999; AGERER & l0OSIFIDOU 2004), terminated very rarely by a single hyphafefie covered by
irregularly shaped, repeatedly ramified, denselywerng thin, rarely septate, smooth hyphae,
hyphae 1-2im wide; membranaceously brownish to yellowish, stimpthinner rhizomorphs (up to
30 um) such hyphae lacking or covered only patchilyerinal central hyphae (1)2-3(gin diam.,

walls 0.2- 0.5um wide, membranaceously brownish to yellowish, witmps. -Emanating hyphae
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not observed. €ystidianot observed. Ehlamydosporesot observed.

Anatomical characters, longitudinal sectionMantle (25)30(45)um wide, different layers not
discernible; hyphae tangentially (3)4-6(din, radially (3)4-6(7)um. - Tannin cellslacking. —
Epidermal cellsangentially-oval to elliptic or cylindrical andhen oriented-obliquely rectangular,
tangentially (20)30-35(45)m, radially (15)20-25(30pm; EG= ca. 30,5; E¢= 1,4.Hartig net in
sectionparaepidermal, shape of hyphal cells around tiigkeapal cells beaded, in one row, (2)3-4

um wide.Hartig net in plan vievof palmetti type, with 2-5 umbroad lobes.

Colour reaction with different reagentsMantle and rhizomorph preparationsotton blue: n.r.
(no reaction); ethanol 70%: n.r.; FEA: n.r.; guaiag.. KOH 15%: n.r.; iron (I)sulphate: slightly
greyish; sulpho-vanillin: n.r.; KOH 15%: n.r.; lactacid: n.r., the golden colour is disappearing;
Melzer's reagent: slightly greenish, due to th&mlass of the mantle, it is difficult to interpréiet

reaction.

Autofluorescence:Whole mycorrhizalUV 254 nm: lacking; UV 366 nm: lackingMantle in
section: UV-filter 340-380 nm: slightly whitish; blue filte450-490 nm: slightly yellowish; filter
530-560 nm: slightly reddistiRhizomorphn.r.

Reference specimen for ectomycorrhizsaly, province Trient (Trentino-Alto Adige Regipnval

di Non, district Denno (46°14’ N; 10° 57’ E), beecbppice, 1050-1200 m a.s.l.; myc. isol. E. Di
Marino, 20.06.2005, EDM 21 in FEA (in PD); it ispposed that this ECM is a member of the
genusTomentelladue to similarities to already published desasipsi of TomentellaECM. —
Additional specimens examinedtaly, province Trient (Trentino-Alto Adige Regip Val di Non,
district Denno (46°14’ N; 10° 57’ E), beech coppic2050-1200 m a.s.l.; myc. isol. E. Di Marino,
June 2005, EDM 21a in FEA (in PD), October 2005 ERM in FEA (in PD), May/June 2006,
EDM 21c in FEA (in PD). — Soil conditions of all liextions: mesic or xeric, in mineral layers, pH
of the soil 4,8-5,9, N:4,6-5,2, C/N 18,5-21, Corg 82-108 g/Kg; in orgalaigers pH 4,8-6, M 8,6-
26,5, Grg108-382 g/Kg, C/N 16-18.

DNA analysis:Sequencing and alignments were done accordingtm#thod applied by Tedersoo
et al. (2006). GenBank Accession number EU444548.

Discussion:Fagirhiza stellataon Fagus sylvatic@s similar to some ectomycorrhizae of the genus
Tomentellathat are still unidentified (BRoMAN et al. 2005; Agerer & Rambold 2004-2007). Here
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we compareF. stellata with Quercirhiza stellata (DE RomMAN et al. 2002), Quercirhiza
nodulosomorpha(AzuL et al. 1999), andQuercirhiza summatriangularigAzuL et al. 2006),
because they are brownish or blackish, and formoater mantle with a hyphal net on a
pseudoparenchyma.

Quercirhiza. stellatadiffers fromF. stellataby its star-like arranged angular cells of theeout
mantle layer, and by a plectenchymatous inner mdatler with ring-like arranged hyphae. The
cell walls of the outer mantle layers @f stellataare often thick and dark at intersection areas of
the cells, whereas those féf stellatalack dark intersections as well as thick wallsitRermore F.
stellatadiffers regarding middle mantle layers fram stellatain the lack of thick walls and dark
intersections between the cells. In contragi.tetellatg emanating hyphae and rhizomorphs are not
found inQ. stellata

In contrast tdr. stellata,Q. nodulosomorphg@ossesses prominent cystidia. The middle mantle
layer of Q. nodulosomorphas densely plectenchymatous to almost pseudophyematous with
star-like arranged cells, the inner mantle presardense plectenchyma, and differs regarding both
layers fromF. stellata Thelephoroid rhizomorphs, with nodia and congide-branches occur in
both ectomycorrhizae.

A pseudoparenchymatous outer mantle is preser®.isummatriangularisas well as inF.
stellata. But in contrast td~. stellatathat bears ring-like often rather star-like armehdyphal
bundles on the surface, the mantleQf summatriangulariss covered by a distinct hyphal net
forming triangular rings, with crystals at placésclusively the hyphal net df. stellatapossesses
a slight matrix on its surface. The middle mané#gelr ofF. stellatareveals a pseudoparenchyma,
whereas that of). summatriangulariss plectenchymatous and consists of short, ireetyjushaped
hyphae. The inner mantle layer of the latter ectwomhiza is completely plectenchymatous,
whereas that ofF. stellata forms a transitional type between a plectenchyma an
pseudoparenchyma and shows granular contents ia bgphae. Rhizomorphs could not be found

in Q. summatriangularis

The DNA sequence of the ectomycorrhiza presented hgrees best with that diomentella
subtestaced@ourdot & Galzin andT. bryophila (Pers.) M. J. Larsen that are both deposited in
UNITE (KOLJALG et al. 2005). The sequence comparison retrievedasity values of 92% and
91%, respectively. But BLASTn searches in GenBaeldgd no unambiguous results. The highest
similarity values with the query sequence genenateived sequences dbmentellaspecies, the

best of them beingl. bryophila (98%) with a query coverage of only 91%, however.
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Captions:Figs. 1- a. Habit. -b. Pseudoparenchymatous middle mantle layErg-2-a.Plan view

of outer mantle, at one place with slightly largetls surrounding smaller ones (such structures
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occur preferentially below stars of the surface).netb. Inner mantle layer: transitional type
between pseudoparenchymatous and plectenchymatuusing some large cells (often occurring
below stars of the surface netfig. 3.Plan view of the star-like arranged hyphal surfaeewith
bundles of hyphae connecting the stars, stars soe®tonnected only by solitary hyphad=ig.
4-a. Open anastomosis with a short bridge, and a hgpbaing a globularly inflated celt. b.
Hyphal surface net connected to the pseudoparerxiofnthe outer mantle layeFig. 5-a.Plan
view of mycorrhizal surface with a star showinglighd matrix. - b. Epidermoid to irregularly
shaped cells beneath a star of the surface neséme position as 'a’}. Fig. 6 - a.Rhizomorph
with one hypha homogeneously filled by brownishteats -b. Thinner rhizomorph with nodium
and conical structure, together with infrequentgptate peripheral hyphae. Fig. 7. Thick
rhizomorph partiallycovered by thin hyphae (above), the optical sectimiow) shows a hypha
with clamp.All figs. From EDM 21a (in PD).
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Figs. 1a, 1b.
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Figs. 5a, 5b.
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CHAPTER 8

Sistotremais a genus with ectomycorrhizal species confirmation of what
seguence studies already suggested
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Abstract

The ectomycorrhizal status of Sistotrema muscighown the first time unequivocally, although

already before sistotremoid DNA had been extrafteh ectomycorrhizae (ECM). The ECM are

irregularly monopodial-pyramidal, whitish ochreyellow ochre, and woolly. When older the ecto-
mycorrhizae become more greyish and silvery at spatehes. Diagnostic anatomical characteris-
tics are irregularly inflated emanating hyphae dmdomorph hyphae, ampullately inflated clamps,
and the occurrence of yellow drops within the hyghBhe plectenchymatous mantle shows ring-
like arranged hyphae, and a slightly gelatinousrimathe ECM of S. muscicola are compared to
those of other species that form distinctly amgallayphae in rhizomorphs, too. The anatomically

most similar ECM to those of Sistotrema musciceathose of Hydnum repandum.

Introduction

Results of different DNA-based phylogenetic studsently confirmed that the genus Sistotrema
is a member of the cantharelloid clade (Binderle2@05; Hibbett and Binder 2002; Larsson et al.
2004; Moncalvo et al. 2006). According to them tentharelloid clade comprises the genera
Botryobasidium, Clavulina, Haplotrichium, HydnumemMbranomyces, and Sistotrema (Larssbn
al. 2004), Botryobasidium, Cantharellus, Ceratobasiditlydnum, and Sistotrema (Bindet al.
2005), Botryobasidium, Cantharellus, Clavulina, t€rallus, Hydnum, Multiclavula, Sistotrema,
Tulasnella, and Uthatobasidium (Hibbett and Bin2@d2) or Botryobasidium, Cantharellus, Cera-

tobasidium, Clavulina, Craterellus, Hydnum, Memimnaayces, Multiclavula, and Sistotrema (Mon-
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calvo et al2006).

In case of some of these genera the ectomycorgtetls of representative species has already
been proven by identification and anatomical chiaraation of their ectomycorrhizae. This applies
to Hydnum repandum L. (Agerer et al. 1996), Cardgtas cibarius Fr. (Danell 1994; Froideveaux
1975; Mleczko 2004a; Moore et al. 1989; Zak 19T3ntharellus formosus Corner (Countess and
Goodman 2000), and Craterellus tubaeformis (BQIUEI. (Fransson 2004; Mleczko 2004b; Trappe
et al. 2000). For Clavulina cristata (Holmsk.) 8hi$t. the obtained DNA sequences suggest an
ectomycorrhizal status of at least that membehefdgenus (Buée et al. 2005, 2007; Dickie et al.
2002; Ogawa 1984; Tedersoo et al. 2003). The rantpigenera placed in the cantharelloid clade
are still waiting for an unequivocal proof that yreontain ectomycorrhizal species.

Based on the comparison of DNA obtained from fruities of Sistotrema muscicola (Pers.) S.
Lundell and S. alboluteum (Bourdot & Galzin) Boridaw & Singer and that from ectomycor-
rhizae collected below these basidiomata Nilssaal.2006) reported on the ectomycorrhizal sta-
tus of these Sistotrema species. In this contenttiged accompanying colour pictures of the puta-
tive S. muscicola mycorrhiza show habit and masiildace of a dark brown ECM with superficial
colourless mycelium and an inflated portion at aiat septum, which is regarded as a feature typ-
ical for Sistotrema mycelia.

In the present contribution we now provide uneqgcatevidence that Sistotrema muscicola is

an ectomycorrhizal species.

Material and methods

The characterization of ECM is comprehensively dbed in Agerer (1991). Fresh material was
studied regarding morphology, colour of hyphae, eimeimical reactions; material fixed in FEA (see
Agerer 1991) was used for anatomical studies byaitieof a ZEISS Axioskop with Normarski's
Interference Contrast connected to a drawing mikbbrdrawings were made at a magnification of
2000%, subsequently transferred to transparent papdriaaly reduced in mag-nification.
Identification was possible by the comparison oWlgegenerated nuclear rDNA ITS sequences
bounded by primers ITS1-F and ITS4 (Gardes and 81993; Vilgalys and Hester 1990; White et
al. 1990; for primer sequences also see http://penkeley.edu/~bruns/tour/primers.ntml and
http://www.biology.duke.edu/fungi/mycolab/primersit) obtained from the mycorrhizal root tips
and from the fruitbody that had been collectedlose vicinity. For the determination of the fruit-
bodies Eriksson et al.(1984) and Jilich (1984) wesed. The applied methods of DNA extraction,
PCR, and sequencing follow Tedersoo et al. (20Gé&nBank accession numbers of the generated
sequences of Sistotrema muscicola are 1052862tb@dy) and 1052863 (ECM). Reference

specimens of the mycor-rhizae and the fruitbodresdeposited in M (see Holmgren et al. 1990).
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The collection data of the characterized maternalas follows: Italy, province of Parma (Emilia-
Romagna Region), Vighini, south of Borgotaro, nerthexposed slope, Castanea sativa forest, ca.
820 m NN, leg. et det. R. Agerer, 30. 10. 2006itfiady RA 14583, ectomycorrhizae RA 14583a).

Results

Description of Sistotrema muscicola + Castanea s&é L. ectomycorrhizae

Morphological characters (Figs. 1a, b): Mycorrhizal systems whitish octire older parts greyish
and silvery at places; with-2 orders of ramification,® side branches per cm; medium-distance
stringy exploration type, hydrophobie. Main axes up to 3 mm long and (0.3}054(0.6) mm
diam. - Unramified ends white ochre, up to (0.4Y2.83 mm long and 0-3.5 mm diam., bent and
tortuous, not inflated; older tips greyish. — Sadaf unramified ends woolly, very tip not smooth,
with a lot of emanating hyphae forming fans. — Rmbrphs very abundant in older mycorrhizal
systems, whitish, woolly, originating also at therytips of mycorrhizal systems; flat in cross-sec-
tion, whitish; not distinctly connected to the mlant Sclerotia not observed.

Anatomical characters of mantle in plan views(Figs. 2-5): Mantle surface hyphae with many
yel-low oily droplets, with a slightly gelatinousatnix between hyphae, with clamps.Outer
mantle layers (Fig. 2) plectenchymatous, with riikg- pattern and slightly gelatinous matrix
(mantle type A/C and at places B/C, according t@rdg 1991, Agerer 1987-2006, Agerer and
Rambold 2004-2007); hyphae cylindric, not constdcat septa, irregularly shaped; simple septate
and with infre-quent clamps; angles between hygbattions ca. 45-90°, membranaceously
yellowish, smooth, contents with droplets, cell iwahin; cells (2)34(5) um diam.— Middle
mantle layers (Fig. 3) plectenchymatous, slightiygflike, with simple septa, membranaceously
yellowish, containing fewer droplets than hyphaetio¢ outer mantle; hyphae cylindric, not
constricted at septa, irregu-larly shaped, cellsvedin, smooth, cells (3y%(7) um diam- Inner
mantle layers (Fig. 4) plec-tenchymatous, with stmaally ring-like arranged hyphae and slightly
gelatinous matrix, hyphae cylindric, not constrittat septa, membranaceously yellowish,
irregularly shaped with infrequent simple septghhge with some internal droplets; cell walls thin,
smooth, cells (2)34(5) um diam.— \ery tip (Fig. 5) with many clamps and dropletghani the
hyphae, with slightly gelatinous ma-trix; cells tbie outer mantle (3Y6(6) um diam., cell walls

thin; cells of the inner mantle (H2(5) um wide.

Anatomical characters of emanating elementgFigs. 6-8): Rhizomorphs with slightly gelatinous
matrix, of type C (Agerer 1991, Agerer 1987-200@efer and Rambold 2004-2007, Agerer and
losifidou 2004), also called ramarioid (Agerer 193920)45-75(120) um diam., with open anasto-
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moses or closed by a clamp; clamps very frequesttiyngly inflated; middle portions of hyphae
often inflated, there (6)8(9) um diam., not inflated portions-3 um diam.; thinner rhizomorphs
undifferentiated, 1315 pum diam. (Fig. 8), with clamps but without inéayly inflated hyphal
portions, cells of the peripheral hyphae occaslgrniakgularly shaped; cell walls thir- Emanat-
ing hyphae (Fig. 7) frequent, few of them with gudarly branched, irregularly inflated hyphal
portions similar to those on the surface of thickezomorphs, with simple septa, and with ampul-
lately inflated clamps, inflated hyphal portion97163(9) um diam., not inflated portions-8 um

diam. — Chlamydospores not observed.

Anatomical characters, longitudinal section:Tannin cells lacking— Mantle not compact, thin,
15-20 um wide, very tips with 12-85 um wide mantle; different layers not discerniliigphae
tangentially (1.2)2.53.5(5) um and radially (1.5}2.5 pm.— Hyphal cells around epidermal cells
roundish, in one row- Epidermal cells radially-oval to elliptic, oriemteobliquely, tangentially
(5)8-11(15) pm, radially (25)3940(45) um; E€= 8.6 pm , EG= 0.25.— Hartig net in section pa-
raepidermal- Hartig net in plan view of palmetti-type, lobestidut septa, lobes (1.2)253 um
broad.

Colour reaction with different reagents: Mantle and rhizomorph preparations: cotton blue:
slightly bluish; FEA: the oily droplets not visiblictic acid: n.r.; Melzer's reagent: n.r.
Autofluorescence:Rhizomorph in section: UV-filter 340-380 nm: ntue filter 450-490 nm: n.r.;
green-filter 530-560 nm: n.r.

DNA sequence data:

PCR products of the targeted ITS rDNA (completeusege of internal transcribed spacer 1, 5.8S
ribosomal RNA region, and internal transcribed spa; flanked by partial sequences of 18S and
28S ribosomal RNA genes, respectively) obtainedhffruitbody and ECM material of Sistotrema
muscicola have a size of 563 bp (fruitbody; RA 13)58nd 553 bp (ECM; RA 14583a). Both are
nearly identical with a sequence identity of >998fresponding to three differing bases, one in the
5.8S region, two in the internal spacer region Bictv may be due to sequencing and/or sequence
editing errors.

BlastN searches were performed both in GenBankUWMIAE (see Kdljalget al. 2005) using the
newly generated sequences of the Sistotrema misdizatbody and ECM as query. The thereby
retrieved best matches had a maximum sequencetydehat the most 92%. With values of 92%,
89%, 88% compared to the S. muscicola fruitbodyisage and 91%, 88%, 87 % compared to the
S. muscicola ECM sequence, respectively, the threest similar sequences (AY702760,
AB251813, and AB211250) were generated from sanyfl@sdetermined, ectomycorrhizal fungi.
So far published, completely identical ITS sequen@l606040, AJ606041) obtained from fruit-
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bodies and ECM determined as S. muscicola in Nilssoal. (2006) retrieved identity values of
87% or 86%, respectively, compared with the frulpand ECM sequences of the here character-

ized S. muscicola specimen.

Discussion

The relatively moderate identity values of the §&®juences obtained from fruitbody material of
the here characterized S. muscicola specimen (R28)4&nd the previously published S. muscicola
collection (Nilsson et al. 2006) rise questionsarelqng the currently applied species concept of and
putative areal and/or host related differences iwithis taxon, especially as they correspond to
slight variations of morphological and anatomichhiacters. The sequence data of the latter were
obtained from Finn-ish material on Alnus, whereas @llection was found in northern Italy in a
Castanea sativa stand. Sistotrema muscicola aaatbared by Eriksson et al. (1984) forms basi-
dia with consistently six sterigmata, those of oaliection possess predominantly eight of them.
Although the hymenium is described as “hydnoideigil with teeth 1-2 mm long, cylindrical, con-
ical or more or less flattened, or poroid, at freiculate with thin, fimbriate or more or lessda-

ate dissepiments” (Eriksson et al. 1984), our ctibe is definitely reticulate or shallowly poroid
(Figs. 9, 10). Spore characteristics and otherommatl features, on the other hand, fit well those
published by Eriksson et al. (1984). Putative taxoic consequences of these observed intraspecif-
ic differences require more detailed studies uaitidjtional data, however.

The ECM of Sistotrema muscicola belong to a groluppecies that form ampullate inflations
within rhizomorphs mostly below a simple hyphaltsep or with the incorporation of clamps.

This characteristic is most typically presentea dlg members of Gomphales, Clavariadelphus
pistillaris (L.) Donk (losifidou and Raidl 2006),a@tieria inapire Palfner & E. Horak (Agerer 1999;
Palfner 2001; Palfner and Horak 2001), Gomphusatisss (Pers.) Gray (Agerer et al. 1998),
Ramaria aurea (Schaeff.) Quél. (Agerer 1996a),|d&ofsaponarea R.H. Petersen (Scattolin and
Raidl 2006), R. largentii Marr & D.E. Stuntz (Ager£996b), R. spinulosa (Pers.) Quél. (Agerer
1996¢), R. subbotrytis (Coker) Corner (Agerer 1996@eastrales, Geastrum fimbriatum Fr.
(Agerer and Beenken 1998), Hysterangiales, Hystgmam stoloniferum Tul. & C. Tul (Raidl and
Agerer 1998), and Hydnaceae, Hydnum repandum Ler@&get al. 1996).

Gomphales, Geastrales and Hysterangiales form ladefhed anatomy-based relationship that
under inclusion of the saprotrophic orders Phallaled Gastrosporiales has been established as a
new superorder Gomphanae in Agerer (1999) as weNgerer and losifidou (2004). Based on re-
sults of molecular analyses this group including Bhallales was later defined as subclass Phallo-
mycetidae within the Agaricomycetes by Hosaka e(2§106). Hydnum repandum is not related to

the Phallomycetidae as this species belongs teahéharelloid clade (Hibbett 2006; Moncalvo et
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al. 2006) or Cantharellales (Hibbett 2006), respelt

Sistotrema and Hydnum with ampullate hyphae inatmarphs are both members of the can-
tharelloid clade. Ectomycorrhizal rhizomorphs om@wrellus cibarius (Mleczko 2004a) also form
slightly inflated clamps, and Craterellus lutesceasspecies that lacks rhizomorphs (Mleczko
2004b), shows those on the ECM mantle surface. Matply inflated hyphae are also reported for
Clavulina spp. (Breitenbach & Krénzlin 1986). Alttgh such inflations have been evolved inde-
pendently at least three times as they occur imorhorphs of species in the trechisporoid clade
(Agerer and losifidou 2004; Nilsson et al. 2006y am Gastrosporium, too (losifidou and Agerer
2002), this special anatomical feature can, at leesording to the present state of knowledge, be
considered as a common character of the ectomyzakrhe mbers of the cantharelloid clade.

Apart from the typical ampullate inflations the EQi¥ Sistotrema muscicola are characterized
by their woolly surface, the whitish ochre to yall@chre colour that becomes more greyish and
silvery at some patches, and by a plectenchymataugle with ring-like patterns together with a
slightly gelatinous matrix and yellowish dropletghin the hyphae. The occurrence of yellowish
droplets is a feature that also occurs in ECM ait@arellus cibarius (Mleczko 2004a).

Most frequently the colour of the substrate myeceliof fruitbodies — no matter if growing
superficially or within the substrate — correspotw$he colour of the ECM. Generally, dark brown
ECM are not formed by species that possess cokmude slightly yellowish hyphae, and, vice
versa, all hitherto identified and described damdwm ECM are the symbiotic organs of fungi with
brown hyphae (Agerer 1987-2006, Agerer 2006, Agef¥7, Agerer, unpubl., Agerer and Ram-
bold 2004-2007). Therefore, the picture of ECM thas$ been attributed to Sistotrema muscicola by
Nilsson et al. (2006) is very likely the resultafisidentifcation. Quite frequently ECM of differ-
ent fungal species can be overgrown by myceliua @iversity of fruitbodies. This is obviously the
case in the microscopical picture in Nilsson e{2006) that shows a typical Sistotrema hypha lay-
ing loosely on the mantle surface of a dark brov@VE It seems comprehensible that DNA may
more easily be extracted from thin-walled, livingphae that envelope a foreign dark brown ECM
than from the underlying ECM composed of thick-edllhyphae with often degenerated cyto-
plasm.

The current study, therefore, presents the firgquivocal report that the genus Sistotrema
contains at least one ectomycorrhizal speciespadh molecular evidence suggested this ecologi-
cal status before (Nilsson et al. 2006).

Sistotrema muscicola ECM clearly differ from afiferto described ECM of the genera Clava-
riadelphus, Gautieria, Geastrum, Gomphus, Hysténamgand Ramaria (Agerer 2006, Agerer &
Rambold 2004-2007) by the lack of oleoacanthocigstahd/or oleoacanthohyphae and by thin-

walled cells with yellowish contents. Much morefidiilt is the distinction from ECM of Hydnum
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repandum, as the latter forms yellowish drops witihie hyphae, too. Unlike Sistotrema muscicola
H. repandum shows rough hyphae and orange irrdgglaaped or crystal-like encrustations on the
hyphal surface, however. Additionally, rhizomorgidH. repandum provide on their peripheral hy-

phae sometimes very thin branches that are unkmo®istotrema muscicola.
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Figure legends

Fig. 1a, bHabit of monopodial-pyramidal mycorrhizal systewigh many rhizomorphgFig. from

RA 14583a Fig. 2 Outer mantle layer with irregularly inflated hyghacontaining oil droplets,
embedded in a slightly gelatinous matrix. Hyphaestigosimple septate, one large clamp evident.
(Fig. from RA 14583p@Fig. 3 Middle mantle layer with irregularly inflated, gme septate hyphae
with oil droplets, em-bedded in a matrikid. from RA 14583@Fig. 4 Inner mantle layer with
irregularly inflated, simple septate hyphae withdvoplets, embed-ded in a matr{fig. from RA
145833. Fig. 5 Mantle surface of very tip with hyphae embeddead islightly gelatinous matrix,
clamps and simple septa as well as oil dropletsinvihyphae.(Fig. from RA 14583n Fig. 6
Surface of a thicker rhizomorph with a slightly ajglous matrix, simple septa as well as large
clamps, and with some ampullate inflatio(fSig. from RA 14583n Fig. 7 Optical section (below)
through a thicker rhizomorph with the typical amatd inflations at the septa or under
incorporation of clamps; hyphae embedded in a igelas matrix; surface of the rhizomorphs
(above).(Fig. from RA 14583n Fig. 8 Surface of a thin rhizomorph and ampullately itdth
portions of emanating hyphad=ig. from RA 14583gFig. 9 Resupinate fruitbody with reticulate,
shallowly poroid hymenophoreScale bar=5 mm. Fig. from RA 14588 Fig. 10 Resupinate
fruitbody with reticulate, shallowly poroid hymertapre.Scale barl mm. Eig. from RA 14588
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Di Marino, E., U. Koljalg & R. Agerer (2007): The ectomycorrhizae of Pseudotomentella humicola
on Picea abies. - Nova Hedwigia 84: 429-440.

Abstract: Thelephoraceac are important contributors to the ectomycorrhizal diversity of temperate
and boreal forests. Apart from Peudotomentella tristis and P. larsenii, P. humicola is now the third
species of this genus, proven to form ectomycorrhizae. It forms brownish symbiotic organs when
young that become dark brown to black at maturity; a slightly greenish colour appears when treated
with KOH. The plectenchymatous, mantle forms ring- to star-like surface patterns with a gelatinous
matrix between the hyphac and lacks cystidia. Rhizomerphs are dark brown to black, characterized
by nodia and conical side-branches and are tightly enveloped by a layer of thin, irregularly and
repeatedly branched hyphae. The differences to the ectomycorrhizae of P. fristis and to those of
Tomentella spp. with plectenchymatous mantles and lacking cystidia are discussed.

Key Words: ectomycorrhizae, anatomy, DNA sequences, tomentelloid, thelephoroid.

Introduction

Ectomycorrhizae (ECM) are considered as crucial for tree growth due to their
powerful uptake of nutrients and water and their transport to tree roots of e.g. temperate
and boreal forests (Read & Smith 1997). Many features of the ECM are functionally
important. Mantles of the ECM may provide a shelter against microbial attack (Werner
et al. 2002) and might be a buffer against rapid loss of water, when the mantle
hyphae form a gelatinous matrix (Agerer 2006), or they may provide a suitable
surface for bacteria (Mogge et al. 2000; Schelkle et al. 1996; Timonen et al. 1998)
that might be helpful for the formation of ECM (Garbaye & Dopunnois 1993) or for
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Fig. la, b. Habit.

fixation of nitrogen (Amaranthus et al. 1990). Smooth and hydrophilic mantles can
directly acquire water and nutrients, while hydrophobic ECM with well developed
rhizomorphs can transport nutrients over distances of several decimetres (Agerer
2001; Kammerbauer et al. 1989; Schramm 1966; Skinner & Bowen 1974). A great
diversity of differentiation patterns can be discerned (Agerer 1987-2002; Agerer
1995; Agerer & Rambold 2004-2005) and many of the characters are species-, or
genus-specific (Agerer 2006). Others can characterize relationships of even higher
systematic levels, i.e. order or superoders (Agerer 1999, 2006, Agerer & lTositidou
2004). The analysis and characterization of these functionally and ecologically crucial
features is the goal of the functional anatomics of ECM. To unravel the potentials of
ECM, these symbiotic organs of the more important species of different fungal
relationships have to be studied in detail. In recent years, it have become more and
more evident that ECM are frequently formed by the Basidiomycote order
Thelephorales (Jakucs et al. 2005; Koljalg et al. 2000, 2001, 2002). Here we describe
the ECM of Pseudotomentella humicola M.J.Larsen, a member of the family
Thelephoraceae.

430

210



Fig. 2. Outer mantle surface: net with ring to star-like arranged hyphal bundles imbedded in a
gelatinous matrix, septa very infrequent and hardly discernible.

Materials and methods

The methods for characterization of ECM applied here are comprehensively described by Agerer
(1991c). Fresh material was studied regarding morphology, colour of hyphae, and chemical reactions;
material fixed in FEA (Agerer 1991) was applied to produce mantle and rhizomorph preparations as
well as for longitudinal sections. The drawings were made using a ZEISS Axioskop with Normarski’s
Interference Contrast, at a magnification of 1300x with the aid of a drawing mirror, transferred on a
transparent paper by Indian ink drawing devices, and finally reduced to a magnification of 1000x.
Identification was possible by the association of the ECM with the fruitbodies and by tracing hyphal
connections. In addition a comparison of nuclear rDNA ITS sequences obtained from the ECM root
tip and from the fruitbody of Pseudotomentella humicola was performed. Methods of the DNA
extraction, PCR and sequencing follows Tedersoo et al. (2006). EMBL accession numbers of the
sequences are AM490945 and AM490946. The reference specimens of the ECM are deposited in
M, the fruitbody in TU (Holmgren et al. 1990). Collection data of the material: Norway, Akershus,
Nannestad, 2 Sept. 2004, leg et det U.Koljalg 100002 (in TU).

Results
MorpPHOLOGICAL CHARACTERS (Figs. l1a, b): MycorrHIZAL SystEMs abundant, dense,
monopodiale-pyramidal, with distinct mantle surface; cortical cells not visible and

mantle not transparent; mycorrhizal surface shiny, not smooth. - MAIN Axes 7-8 mm
long and 0,4 mm diam., straight. - UNRAMIFIED ENDS up to 5 mm long and 0,3-
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Fig. 3. Outer mantle layer: densely plectenchymatous.

0.4 mm diam., not inflated, cylindric. - SURFACE OF UNRAMIFIED ENDS brown to
black; older parts black, very tip ochre, yellowish brown or yellowish, not smooth,
densely grainy or warty. - RHIzoMORPHS infrequent 20-60 um diam., round in cross-
section, originating proximally; concolorous to the mantle, brown or dark brown,
connection to the mantle distinct; margin of thizomorphs smooth: frequently ramified
at restricted points; dimorphism not observed. - ScLErROTIA not observed.

ANATOMICAL CHARACTERS OF MANTLE IN PLAN VIEWS (Fig. 2): LACKING ARE cells densely
filled with oily droplets or cells homogeneously filled with brownish contents, blue
granules, needle-like contents, clamps, drops of exuded pigment. - OUTER MANTLE
LAYERs (Figs. 2, 3, 6b) densely plectenchymatous, with ring-like arranged hyphal
bundles (often rather star-like; mantle type A, Agerer 1991, 1995, Agerer 1987-
2002, Agerer & Rambold 2004-2005) and a gelatinous matrix; hyphae cylindric, not
constricted at septa, septa very infrequent and hardly to discern; angles between
hyphal junctions ca. 45° and less, membranaceously yellowish to brownish, smooth,
cells walls up to 0.5 pm thick; cells 2-3(6) pum diam., 8-33 um long; star-like structures
of mantle surface with peripheral acuminate hyphal cells, cells of star centre glued
by a dense matrix, hyphae of the stars (1.5)2-4(5) um diam., 15-30(45) um long. -
MIDDLE MANTLE LAYERS (Fig. 4a) densely plectenchymatous, without pattern,
membranaceously yellowish to brownish, cell walls up to 0.5 pm, smooth. - INNER
MANTLE LAYERS (Fig. 4b) densely plectenchymatous without pattern, membranaceously
yellowish to brownish, cells 1.5-4(5.5) pum., cells (5)10-30(48) pm long.
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Fig. 4a. Middle mantle layer: densely plectenchymatous, without pattern. - Fig. 4b, Inner mantle
layer: densely plectenchymatous without pattern.

ANATOMICAL CHARACTERS OF EMANATING ELEMENTS (Figs. 5b, 7b): Lacking are a gela-
tinous matrix, gelatinized hyphae, ampullate hyphae, drops of secreted pigment, and
in IC strongly light reflecting crystals. - RHIZOMORPHS (Fig. 6a) 20-60 pm diam.,
rhizomorphs with nodia and conical structures 'at points of ramification, slightly
differentiated (type C, Agerer 1991, 1995, Agerer 1987-2002, Agerer & Rambold
2004-2005; thelephoroid, Agerer 1999; Agerer & losifidou 2004); surface covered
by irregularly shaped, repeatedly ramified, densely entwining thin, apparently non-
septate peripheral hyphae, hyphae 1-1,5 pm wide, membranaceously brownish to
yellowish, smooth, thinner rhizomorphs (up to 30 um) such hyphae lacking or covered
only patchily; internal hyphae 2-3.5(4) um diam., walls up to 0.5 um wide,
membranaceously brownish to yellowish, with clamps. - EMANATING HYPHAE not
observed. - CysTiia not observed. - CHLAMYDOSPORES not observed.

ANATOMICAL CHARACTERS, LONGITUDINAL SECTION: MANTLE 25-30(35) um wide,
plectenchymatous throughout, indistinctly 2-layered, outer mantle layer, comprising
3/4 - 4/5 of the mantle, with slightly elongate cells, inner mantle layer comprising
1/4 - 1/5 of the mantle, with roundish to somewhat cylindric cells; mantle at very tip
(20)25-30(35) um thick. - TANNIN CELLS in 1(2) rows, asymmetrically-oval to -
cylindric, in parallel orientation or slightly oblique to mycorrhizal surface, tangentially
65-70 pm, radially 5-7(10) um; hyphal cells in one row, slightly beaded, cells 3-4(5) um
wide. - CORTICAL CELLS with Hartig net in 3(4) rows, asymmetrically-oval to -cylindric,
oriented slightly oblique to mycorrhizal surface, reaching endodermis, tangentially
(20)50-65(80) pm, radially (13)20-30(35) um, CC, =ca. 58 um, CC,=(1.2)2.4(4.2),
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Fig. 5a, b. Young rhizomorphs: surface partially covered by irregularly shaped, apparently non-
septate, thin peripheral hyphae; with indistinet nodia.

hyphal cells in one row, cells 2-3 um wide. - HARTIG NET in plan view of a sparsely
lobed palmetti-type, lobes 2-2.5(3) um wide, occasionally with septa.

COLOUR REACTION WITH DIFFERENT REAGENTS: MANTLE AND RHIZOMORPH PREPARATIONS:
KOH 15%: outer mantle surface greenish; lactic acid: n.r. (no reaction); Melzer's
reagent: possibly no reaction, but mantle too dark to test this feature .

REFERENCE SPECIMEN FOR PICEA ECTOMYCORRHIZA: Norway, Akershus, Nannestad,
2 Sept. 2004, leg. U.Kaljalg 100002, myc. isol. R.Agerer (in M).

MOoLECULAR ANALYSES: fungal rDNA ITS sequences of the ECM root tip and
Pseudotomentella humicola fruitbody were 100% identical.

Discussion

Pseudotomentella humicola is the second species of the genus where the ECM are
described in detail. The first species was P. tristis (P.Karst.) M.J.Larsen (Agerer
1994). Lately a second species of the genus, P. larsenii Koljalg & Dunstan (Kaljalg
& Dunstan 2001) was shown to form ECM. Further we will compare ECM formed
by P. tristis and P. humicola because P. larsenii lacks ECM description in detail. Its
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Fig. 6a. Young, slightly differentiated thizomorph, with clamped hyphae and a few thin peripheral
hyphae. - Fig. 6b. Star of mantle surfacc: stars with peripheral acuminate hyphal cells, cells of star
centre glued by a dense matrix.

ECM status with Eucalyptus sp. was confirmed by molecular analyses. Also,
P. larsenii is found only in Australia while two other Pseudotomentella species are
found in Northern hemisphere. Both, viz. P. tristis and P. humicola ECM, can be
distinguished particularly by their colour. Whereas the ECM of P. tristis are blue
and were growing on Salix those of P. humicola are dark brown to blackish and are
formed on Picea abies (L.) Karst.. Apart form these morphological differences the
anatomy of both ECM differs considerably. Pseudotomentella tristis did not form
rhizomorphs, in contrast to P. humicola that produces a slightly differentiated type
with nodia and conical side-branches and it is, at least in older ontogenetical stages,
densely covered by irregularly shaped, repeatedly ramified, densely entwining thin,
apparently non-septate peripheral hyphae. Whereas the surface hyphae of the
rhizomorphs are clampless, as are generally the mantle hyphae of P. humicola ECM,
the internal hyphae bear clamps. Clamps are generally lacking in ECM of P. rristis.
This is in agreement with the anatomy of fruitbodies: Pseudotomentelia humicola
forms clamps, they are completely lacking in P. tristis fruitbodies (Agerer 1994,
Kéljalg 1996). The outer mantle layers are without any pattern in P. fristis (Agerer
1994), but furnished with distinct rings or even star-like structures in P. humicola.
Both species have a gelatinous matrix between the mantle hyphae. Due to the dark
mantle, tests for amyloidy are impossible in P. humicola, a feature characteristic of
P. tristis ECM (Agerer 1994).
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Fig. 7a. Conical side branch of an older rhizomorph covered by irregularly shaped, repeatedly
ramified, densely entwining thin, apparently non-septate peripheral hyphae. - Fig.7b. Older rhizomorph
with internal clamped hyphae and covered by irregularly shaped, repeatedly ramified, densely entwining
thin, apparently non-septate peripheral hyphae in surface view (below) and optical section (above).

Both hitherto characterized Pseudotomentella species, belong to a group of Thele-
phoraceae that possesses plectenchymatous mantles and lacks cystidia on the mantle
surface. All other species of this family form, as far as studied, either
pseudoparenchymatous mantles and/or cystidia. Within the genus Tomentella
plectenchymatous mantles and lacking cystidia apply for T. ferruginea (Pers.) Pat,
(Raidl & Miiller 1996) and Tomentella brunneorufa M.J.Larsen (Agerer & Bougher
2001). Tomentellopsis submollis (Svrcek) Hjortstam, the only species of this genus
where ECM have been characterized to date, fits also to this combination of characters.
All five mentioned species can well be kept apart with respect to their mantle structure
and the organization of their extramatrical mycelium. Exclusively P. tristis does not
form rhizomorphs on ECM, although the fruitbodies can sometimes possess them,
but these rhizomorphs are delineated as dimitic, composed of thicker hyphae and of
long, non-septate and apparently unbranched thin ones (Kaljalg 1996). Tomentella
brunneorufa is characterized by the same type of rhizomorph as in P. tristis fruitbodies,
whereas P. humicola and T. ferruginea are furnished by rhizomorphs that reveal
nodia, conical side-branches and repeatedly ramified, densely entwining thin,
apparently non-septate peripheral hyphae. Tomentellopsis submollis, however, forms
only undifferentiated, uniform-compact rhizomorphs (Agerer 1999, Agerer &
losifidou 2004, Agerer 2006).

Pseudotomentella humicola is distinct from Tomentella ferruginea by the ring- to
star-like arrangement of outer mantle hyphae. This contrasts to the plectenchymatous
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mantle without any pattern of T. ferruginea. In addition, only P. humicola forms a
gelatinous matrix between the ring-like arranged mantle hyphae. The leading hyphae
(Agerer 1999) of T. ferruginea rhizomorphs bear bar-shaped crystals and the hyphae
are covered by fine warts (Raidl & Miiller 1996). Both features are lacking in
P. humicola.

Ring- or star-like arranged hyphae on the mantle surface are also characteristic of
ECM of Bankeraceae (Agerer 2006). Star-like patterns were found on ECM of Bankera
Juligineoalba (J.C.Schmidt) Coker & Beers ex Pouzar (Agerer & Otto 1997, 1998)
and Phellodon niger (Fr.) P.Karst. (Agerer 1992a, 1993a), whereas ring-like or
indistinctly ring-like patterns occur on mantles of Boletopsis leucomelaena (Pers.)
Fayod (Agerer 1992b, 1993b), Hydnellum caeruleum (Hornem.) P Karst. (Kernaghan
2001); H. peckii Banker (Agerer 1993c, d), and Sarcodon imbricatus (L.) P.Karst.
(Agerer 1991a, b). The rhizomorphs of these species differ considerably in structure
from those of Pseudotomentella humicola. Bankera Jfuligineoalba, Hydnellum
caeruleum, H. peckii, and Phellodon niger reveal uniform-compact rhizomorphs
without any differentiation, clamps are lacking. For Boletopsis leucomelaena and
Sarcodon imbricatus, however, phlegmacioid rhizomorphs (Agerer 1999, Agerer &
losifidou 2004} are reported. Both species possess clamps. An important difference
to P. humicola ECM is the carbonisation (Agerer 1987-2002; Agerer & Rambold
2004-2005) of the ECM of H. peckii, Phellodon niger, and Bankera fuligineo-alba.

ECM of Bankeraceae are known to produce chlamydospores (Agerer 2006; Agerer
& Rambold 2004-2005), a feature lacking in P. humicola, but occurring in a few
Pseudotomentella species, in P. atrofusca M.J.Larsen (Kdljalg 1996, Melo et al.
2002), P. rhizopunctata Martini & Hentic (Martini & Hentic 2003), and P. vepal-
lidospora M.J.Larsen (Kéljalg 1996). But chlamydospores are, with exception of
Tomentella guadalupensis Martini & Hentic (Martini & Hentic 2005), unknown in
Tomentella fruitbodies and ECM (Larsen et al. 1994; Melo et al. 2000, 2002, 2003,
2006; Kaljalg 1996). The identical very specialized structure of the chlamydospores
of T. guadalupensis (Martini & Hentic 2003) and those of H ydnellum peckii (Agerer
1993c¢) perhaps indicates a closer relationship between these two species, as for
Agaricales, Walther et al. (2005) could show that anamorphs provide valuable
characters for a natural classification. But considerably more studies have to focus
on ontogeny and final structure of thelephoralean chlamydospores.

Two turther, but still unidentified ECM are suggested to belong to Thelephoraceae
or Bankeraceae and indicate certain similaritics to Pseudotomentella humicola.
Pinirhiza discolor (Golldack et al. 1998) mantles are undifferentiated, hyphae are
clampless, and form chlamydospores on slightly differentiated rhizomorphs, Pinirhiza
stellannulata (Golldack et al. 1996) forms ring- to star-like mantles, undifferentiated
thizomorphs, and lack clamps.

In conclusion, the ECM of Pseudotomentella humicola can be clearly distinguished
from any other ECM comprehensively described to date by the presence of star-like
hyphal mantle pattern, by a gelatinous matrix, by lacking cystidia, by nodia and
conical side-branches forming rhizomorphs that are tightly enveloped by a layer of
thin, irregularly and repeatedly branched hyphae. It requires further studies whether
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the rhizomorphs of P. humicola are convergently evolved to identically shaped ones
of some Tomentella species (e. g. T. ferruginea) or whether this special rhizomorphal
structure could indicate a closer relationship.
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Conclusions

The EM (ectomycorrhizae) communities can be strongfluenced by a range of forest
management practices (reviewed by Jagteal, 2003) and in particular numerous field researches
reported as harvesting outcomes declines of EMrsitye Harvesting significantly decreased the
thickness of the humus layer as well as decreakieghumber of EM root tips both metre root
length and per unit humus volume, like to repottgdviahmoodet al. (1999), in a swedish spruce
forest.

Other sylvicultural practises have an impact onrtiaen parameters of the EM community: i.e. the
abundance and diversity of mycorrhizal fungi areegally negatively affected by clear-cuttirapd

its main disturbance effect on the community are quantiisda loss of inoculation potential n,
or/and due to the decrease in inputs of carbon fnost plants, or/and a combination of drastic
changes in the environmental conditions (Orlaneierl, 1990; Sutton 1993; Hagermaat al,
1999; Durallet al, 1999; Byrdet al, 2000; Clineet al, 2005). Alsostrong thinning can modify the
ectomycorrhizal community structure as reportedoldrBeech stands (Bué# al, 2005) and ira
declining pedunculate oak forest (Mostaal, 2007)

The aim of these researches was to understand dbgbfe effects of coppicing on the EM
community structure in 7 different Beech standsdamparable (for the main stand features and
the beech presence), chosen for their high prodtycand for their very frequent utilization since
the past. Following the objectives fixed by theokyProtocol, the European Union and the Italian
Government promoted actions towards the developroeEménewable resources (Bernedti al,
2004). Short rotation coppices could be importastruments to enforce these policies. In these
context the possibility to reduce the rotatioroals Beech stands with sustainable effect on the
ecosystem and without a loss of biodiversity cdadda new opportunity of study.

In the present work the results confirmad £ctomycorrhizal community structure investigared
beech coppices of different age was typical wigpeet of the occurrence of few abundant species
and many others with significantly lower abundara® reported in precedent investigations
(Groganet al, 2000; Horton & Bruns, 2001; Taylor, 2002; Montbkiccet al, 2004; Mosceet al,
2007; Scattolinet al, 2008). A dominance of Thelephoroid and Cortineesaus fungi was also

observed. This composition is well-known, becawssent studies discussed the evidence of that
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EM are frequently formed by the Basidiomycote or@leelephorales (Jakuet al, 2005; Kdljalg

et al, 2000; 2001; 2002) and by the presenc€oftinarius species, (Kjgller 2006 Cenococcum
geophilumwas the most frequently detected species in egelaisd in each sample date, whether
occurring in dolomitic and calcareous sites, prdpale to its known ability to produce antifungal
compounds active against several filamentous fgKgide et al, 2005) and to its high drought
tolerance (Neves Machado, 1995; Jastyal, 2003). Morphological, anatomical and molecular
investigations revealed a total of 60 anatomotydghese 35 were unknown éragussylvatica

up to now (De Romaet al, 2005). 7 not described ectomycorrhizae were asdigo family or
ordinal level ThelephoralesBoletales Pezizales, Sebacinaceae, Thelephoraced®)to genus
(Amphinemasp., Boletus sp., Cortinarius sp., Craterellus sp., Entoloma sp., Hydnum sp.,
Hygrophorussp., Inocybesp., Laccaria sp., Lactarius sp., Ramariasp. Sebacina sp.Tomentella
sp.), 3 to species(Cortinarius ionochlorus, Cortinarius infractus, yigrophorus penarius)3
ectomycorrhizae not identified at present were mesd in detail Fagirhiza byssoporioides,
Fagirhiza entolomoideg$;agirhiza stellata) while 3 remained unidentified.

The achieved results demonstrated that along a®agpice frequency gradient (2 to 48 years, with
25 years being the rule), the main EM community apaaters, like tips’ vitality and
mycorrhization, changed only in the vertical dstition with a major abundance of EM not vital in
the organic soil layers confirming only partialliiet work of other authors (Baiet al. 2006).
Moreover the ecological indexes attested thatittmess and evenness varied only on the temporal
scale (related to the different collections), they were not correlated with the coppice frequency
or the slope, partly confirming available inforneettifrom clear-cutting and thinning experiments
(Buéeet al, 2005; Clineet al, 2005; Mosceet al, 2007), and explainable with an hypothetical
resilience,as an “adaptive diversity”.

No relevant differences in the EM spatial and weattdistribution with the shoot age were revealed
in the two years of the research, leading to th@othesis that the coppice treatment in these Beech
stands, did not have a significant and direct e¢ftetthe EM richness and community structure
since 2 to 48 years from coppicing. In fact the tivatiate analyses demonstrated that the EM
presence, richness and distribution was never ynassociated with the shoot age, but strongly
related to stands conditions like slope steepnedstae soil moisture. Also the ecological features
of the EM species like the hydrophobicity or thepleration types (Agerer 2001) didn't define
particular conditions in the soil correlated to theppices effect. Due the high presence of
hydrophilic EM species equal distributed in all gies, it was impossible to find a clear correlati
between these ecological features and the copgiaggency.

Furthermore, when the MID (Morisita index) was apglwith significant results, the most frequent

species always revealed an aggregated distribgtiothe vertical distribution MID was always
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significant showing 39 species aggregated in ttes sfor the first spatial collection in June 2005
was significant for all species, in the secondectibn, in October 2005, this index was significan
for only 23 species compared to the total of 46cEsecollected, while for the last collection in
June 2006, it was significant for 19 species coegao 29 total species) supporting the hypothesis
that micro-scale effects (i.e. antagonistic intécas among species) prevail on macro-scale
features (i.e. humus and bedrock type, plant ag@yeviously shown (Bruns 1995; Toljandgral,
2006; Gebhardet al, 2007).

Bruns (1995) in fact attested the very differemygcal-chemical situations present in a forest so
contribute to create this spatial heterogeneity #ns involved in the maintenance of high ECM
fungal diversity, as confirmed also by other wafksljanderet al, 2006; Gebharet al, 2007). But
only few studies have examined the micro-spatgribution of individual ECM species in relation
to soil factors, as a possible result of the edesysesilience (Toljandeat al, 2006; Gebharet al,
2007; Mosceet al, 2007; Scattoliret al, 2008).

The response of the EM community to the repeatecipukation of litter and humus layers, that
was documented to be strongly through coppicingckityy 1992), needs more detailed
investigations, because in this study no clearedsffices were found between the organic and
mineral soil layers, contrasting previously res(tsyper & Landeweert, 2002; Baiet al, 2006.
Taking into account the stability of the EM comntyras a possible indicator of plant health status
(Wargo 1988; Fellner & Caisova, 1994; Causiral, 1996; Montecchiet al, 2004; Moscaet al,
2007, Scattolinet al, 2008), “Short rotation” practices in Beech fosesbuld be considered a
sustainable activity, according to the new trend€U energetic policies, aimed fwomote the
increase of renewable energetic resouaeaslability (Cutini 2001). From this point of wie new
guidelines could be provided for the sylvicultunreanagement. For assessing ecosystem resilience
within the context of the global change, the idemttion of the ecological features determining
this “adaptive diversity” in EM communities, willake more and more importance (Dahlberg
2001).Further investigations to verify if and howigh and repeated coppice frequency can cause
irreversible alterations in EM biodiversity are ded.

The results here reported, on the mycorrhizadygfrophoruspenariuson Fagus sylvaticaseems to

be more important not only for the systematic atpbéat also from the ecological point of view.
This mycorrhizae was described and compared ta sffexies, and showed a similar behavitur
that ofEntoloma saepiunon Rosasp. LikeE. saepiumH. penariusshowed an attitude to digest
the root meristem and the young root cells, in eagitic-like activity. The Hartig net was not
formed, although a very thick gelatinous mantle posed by infrequently clamped hyphae
embedded in a very distinctive matrix providing thgcorrhiza with an almost transparent mantle

was present. To get more information about its bela the stable carbon and nitrogen isotope
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ratios of its mycorrhizae were studied, revealingematived™N values, similar to that of non-
mycorrhiza roots and of many typical ectomycorrhiza5**C values did not reveal important
information..

As previously suggested in other ectomycorrhizahisipses (Schwacke & Hager 1992; Saleer
al., 1996), the wide and unspecific host reactionscgeduoyH. penariuscould be effective against
other microorganisms, in accordance with well kndwduced resistance” strategies (Stickeanl,
1997; van Looret al, 1998).

Further anatomo-physiological analysesthnpenariusbehaviour in different tip age and seasons,
and on its potential ability to induced a non-speqgplant resistance to possible parasites are
therefore of main importance.

This work reports also 2 descriptions of new ectoonghizal species?seudotomentellaumicola

on Picea abiesand Sistotrema muscicolan Castanea sativa. P. humicanow the thirdspecies

of this genus, proven to form ectomycorrhizae agemn P. tristis and P. larsenii, while the
ectomycorrhizal status @istotrema muscicoles shown for the first time unequivocally, althdug

already previously sistotremoid DNA had been exg@ddrom ectomycorrhizae.
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Abstract — The ectomycorrhizal community structurein Beech coppices of different age

The species composition of ectomycorrhizal (ECM)gal communities can be strongly influenced
by the sylvicultural practises, abiotic and bid@ctors, which determine interactions among the
species. In order to determine the influence ofciygpicing on EM community, shoot age, bedrock
types, exposure, slope, humus features, soil dondjtsampling points locations were taken into
account as the most representative and influenf@atprs in these soil ecological dynamics. In
summer 2005, 2006 and 2007, in 7 [2-48-years-okBdh Fagus sylvaticgL.) Karst.] coppices
located in the Province of Trento (northern Italy)nonitoring on the the root tipes was applied to
compare these sites, and to give an additionaium&nt like a synthetic biological indicator foeth
traditional management strategies.

In the present study the results confirmee €ctomycorrhizal community structure investigated

7 beech coppices of different age was typical witbé occurrence of few abundant species and
many others with significantly lower abundan@znococcungeophilumwas the most frequently
detected species in each site and in each samide Marphological, anatomical and molecular
investigations revealed a total of 60 anatomoty@dghese 35 were unknown éragussylvatica

up to now. The investigations on the community cosiion can be considered a great contribution
to the biodiversity of the Beech forest, with fodetailed species descriptionEagirhiza
byssoporioidesFagirhiza entolomoided=agirhiza stellataandHygrophorus penariusAdditional
investigations using stable isotopes were necessamderstand the parasitic attitude shown by
this species in these coppices.

The investigation of the ECM community compositi@pecies richness evenness, and dispersion,
vitality and rate of mycorrhization) in relation &hoot age and to the main ecological factors
revealed the absence of a real reaction to thpiciag, and the major importance of the slope or
other ecological conditions to understand the gzedistribution.

An aggregation of the species was releaved, buspgbeies features didn't show a clear correlation
with the ecological stand conditions, concerning$patial distribution and the soil horizons.

The results suggest that the coppice treatmenegcB, didn't have a significant effect on the EM
community structure since 2 until 48 years frompiojpg. Considering the stability of the EM
community as a bioindicator of the ecosystem mssile, it can be supposed that a rational
coppicing treatment could be a sustainable humawitgccompatible with the ecosystem dynamics
under these environmental conditions. Two more EMscdptions were performed:

Pseudotomentellshumicola on Picea abiesand Sistotrema muscicolaon Castanea sativa.

228



Riassunto — La struttura della comunita ectomicorizica in cedui di faggio di diversa eta.

La composizione e la struttura delle comunita eaomiziche (EM) possono essere fortemente
influenzate dalle pratiche selvicolturali, che gigingono ad altri fattori abiotici e biotici, che
determinano le interazioni tra le specie. Sonoi st@amnpiuti degli studi per determinare l'effetto
della ceduazione sulla comunita EM, considerandiocipalmente l'eta dei polloni (epoca
dellultima ceduazione), tipo di substrato, I'espose, la pendenza dei siti, le caratteristichede
forme di humus, del suolo e le condizioni di pretie perché meglio descrivevano la dinamica
ecologia del suolo. E' stato realizzato un monggia sfruttando un campionamento basato sullo
studio degli apici radicali, effettuando diverselevi negli anni 2005, 2006 e 2007 in cedui di
faggio[Fagus sylvaticgL.) Karst.] (ceduati 2-48 anni fa) situati nelleopincia di Trento (Nord
Italia). Lo scopo dello studio alla base di questonitoraggio € stato di fornire uno strumento
addizionale (come l'indice di stato ectomicorriziacquelli usati tradizionalmente per la gestione d
guesti siti. La struttura della comunita EM nei giedggetto di studio & apparsa riconducibile a
guella tipicamente riportata in letteratura, coesenza di poche specie frequenti e una maggioranza
di specie rareCenococcum geophilutla specie dominante in tutti i campionamenti &uitti i siti.

Le analisi morfologiche, anatomiche e molecolamrt@ permesso di definire 60 anatomotipi.
Queste ricerche hanno contributo allo studio deitaliversita nei boschi di faggio, con 35 specie
mai osservate fino ad ora. Tra queste, 4 speci® staite descritte in dettaglidzagirihiza
byssoporioided~. entolomoided-. stellatae Hygrophorus penarius

Quest'ultima specie é stata oggetto di ulteriatamini, impiegando anche saggi agli isotopi, perché
ha manifestato un'attitudine parassitaria nel 2806el 2007. Gli studi condotti sui principali
parametri che permettono di definire la strutturardh comunita EM (come la ricchezza di specie,
la dispersione delle stesse, la vitalita e il grddamicorrizazione) in relazione all'eta dei pollenai
fattori ecologici principali, ha permesso di definun‘assenza di reazione da parte della comunita
stessa alla ceduazione. La distribuzione delleisp&enaggiormente correlata ad alcune variabili
stazionali (pendenza e umidita), che alla frequehzaeduazione. E' stata rilevata un‘aggregazione
delle specie nei siti, ma nessuna chiara corral@zica concerne le caratteristiche ecologiche delle
stesse e le condizioni stazionali, sia per quaiwarda la distribuzione superficiale sia per la
distribuzione secondo il profilo umico. | risultgieliminari di questo studio suggeriscono l'ipotes
che la ceduazione in boschi di faggio con questatistiche stazionali, non abbia alcun effetto
significativo sulla struttura della comunita EM pereta del ceduo compresa tra i 2 e i 48 anni. Se
si considera inoltre la stabilitd del consorzio EtMne bioindicatore della resilienza dell'ecosistema
si pud supporre che la razionale ceduazione passituire in questi siti, un esempio d’attivita

selvicolturale sostenibile.
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