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Abstract

Theburning of oll shaleprovideselectricity for the people of

Estonia The resulting ash and tailings hills are desolate,
environmentally toxic, and prohibitive to potential plant

colonizers However,plants eventuallycolonizethe hills. Rare
terrestrial orchids are among the first colonizers,surprising
since successfulorchid establishmentrequires associations
with specificmycorrhizalfungl. We assessedhe composition
of the soil fungal communityto determine the availability of

suitable fungal symbionts We extracted DNAfrom the soill,

PCRamplified fungal ribosomal(ITS)and mitochondrial DNA,
and sequencedthe PCRproducts Mycorrhizal fungi are

abundantand dominatethe soiHfungalcommunity Moreover,

the prevalenceof symbioticfungi in the ashhill soilsenables
orchids to populate this harsh, polluted environment

Althoughthe initial carbonsourcefor maintainingthesefungi

In the soil remains unclear, once orchids have become
established, the potential development of mycorrhizal
networks may facilitate colonization by later arriving

propagules Importantly, the successfulestablishment of

orchid specieson ash hills indicates that highly impacted

habitats should be regardedas important opportunities for

rare andcriticallyendangerecspeciesonservation

Introduction

Estonia relies on vast reserves of oil shale to produce
electricity The mining and burning of oil shaleis extremely
iInefficient and produceslarge quantities of tailings and ash
(Vallnerand Sepp1993. Overthe past century, large hills of

semicokeashhavebeenbuilt in northeasternEstonia Young
ash hills are barren landscapes,and after several years,
Populusseedlingsare transplantedto stabilizethe hills (Fig 2).

Eventually, native plants begin to colonize Astonishingly,
amongthe first colonizersare rare terrestrial orchidsfrom the

Dactylorhiza Epipactisand Orchis genera (Fig 3). These
orchidsare considerechabitat specialistsyet they are capable
of colonizing these new (<100 vyr), unigue locations

Furthermore, successfulorchid establishmentis dependent
upon the supply of organic carbon to the seedling from

specific mycorrhizal fungi (Rasmusseri995. Although the

fungal symbiontsassociatingwith severalorchid specieson

the ashhills havebeenidentified (Sheffersoret al. 2008, the

distribution of fungalinoculain the soilis unknown Giventhe

obligate mycorrhizal associationfor orchids, assessingsoit

fungal community composition Is crucial to understand
successfuestablishmenof orchidson ashhills.
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Figure 1. Estoniais the northern-most Baltic state
and has a population of 1.4 million people The
burning of oil shale provides electricity for most of
the nation, and ash hills are abundant in the
northeasternregionnearNarva
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Figure2. (A)Anoll shaleashhill plantedwith
Populus seedilngan northeasternEstonia (B)
The soils on the ash hills are mostly bare,
containing little organic material (C) An
Epipactisatrorubensindividual establishedin
the ash

Figure 3. The orchid species found on the ash
hills are more typically found in meadows; (A)
Epipactisaatrorubens (B)E.palustris (C)Orchis
militaris, and (D)Dactylorhizasp.
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Figure 4. Fungal ITS phylogenies show that
some fungi isolated from the ash hill soils are
members of the genusomentellan the
Thelephoracea€A) and the genubBiocyben
the Cortinariacea€B)

Methods

We collected60, 5 ml soil samplesn the vicinity of existingE

atrorubens populations on the ash hill in September2009

We extracted DNAfrom 2 ml of each soil sampleusingthe

MoBio UltraCleanSoil DNAIsolation kit, and performed PCR
using the following combinationsof fungal specific primers

ITf-ITS (Gardesand Bruns 1993, ITSORITSIOF (Taylor
and McCormick2008), and IT3f ¢cCNI2f (Tayloret al. 2003

for ribosomallTSregiorn and ML5-ML6 (Brunset al. 1998 for

mitochondrialDNA We obtainedPCRproductsfrom 48 of the

60 samples Most samples contained several unique PCR
products,likely due to the presenceof multiple fungalspecies
presentin eachsample Asmany asfour fungal specieswere

found in individualsoil samples We usedbacterialcloningto

IsolateindividualPCRoroductsfrom mixed samplesandthen

sequencedhe isolated DNA Fungalspecieswere identified

by BLAS Bearchesgainstthe GenBanldatabase

Results and Discussion

The majority of the fungal speciesidentified in the ash hill

sollswere from the Thelephoraceaén 51.7% of samplesand

the Cortinariacead33.3%), both families composedof fungi

forming ectomycorrhizalassociationgFigs 4 and 5). Other
mycorrhizalfungi (Russulasp. and Tulasnellaceaeand dark
septateendophytes(Pezizaleswere presentin 4 soil samples
Saprotrophic fungi (Mortierella sp., Phoma sp., and

Plectosphaerellap.) were found in only 6 samples Theash
hill soilscontainvery little organicmaterial, likely sufficientto

support only modest growth of saprotrophicfungl.  The
majority of carbon availableto the soil fungal community is

derived from the roots of the sparse plant community,
possiblyaccountingfor the prevalenceof mycorrhizalfungal
speciesn the soil samples Althoughfew of the soil samples
contained fungi associating with orchids reported by
Shefferson et al. (2008, many orchids associate with

ectomycorrhizalfungi (McCormicket al. 2004). We suggest
the potential for mycorrhizal networks connecting Populus
and orchid individualsand between orchid individuals,and

that suchnetworksincreaseorchidrecruitment

Mycorrhizal fungi allow for increased plant tolerance to
drought stress, heavy metal toxicity, and other unfavorable
edaphicconditions associateawith ash hills and mine spoils
(Smithand Read2008. The natural colonizationof orchids
on ash hills revealsa unique avenuefor the conservationof
rare species and the rehabilitation of severely polluted
habitats
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Figure5. Fungalspecieswvere found in 48 of the 60 soll
samplesand mostsamplescontainedmultiple different
fungl. Fungi from the mycorrhizal fungal families
Thelephoracea@nd Cortinariaceaeare commonin the
ash Converselysaprotrophicfungiarerelativelyrare.
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