Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

Fungi in Biogeochemical Cycles

Fungi have important roles in the cycling of elements in the bio-
sphere but are frequently neglected within microbiological and
geochemical research spheres. Symbiotic mycorrhizal fungi are
responsible for major transformations and redistribution of
inorganic nutrients, while free-living fungi have major roles in
the decomposition of organic materials, including xenobiotics.
Fungi are also major biodeterioration agents of stone, wood,
plaster, cement and other building materials, and are important
components of rock-inhabiting microbial communities. The aim
of this book is to promote further understanding of the key roles
that free-living and symbiotic fungi (in mycorrhizas and lichens)
play in the biogeochemical cycling of elements, the chemical and
biological mechanisms that are involved, and their environmental
and biotechnological significance. Where appropriate, relation-
ships with bacteria are also discussed to highlight the dynamic
interactions that can exist between these major microbial groups
and their integrated function in several kinds of habitat.

The British Mycological Society promotes all aspects of fungal
science. It is an international society with members throughout
the world. Further details regarding membership, activities, and
publications can be obtained at www.britmycolsoc.org.uk.

GEeoFF GADD is Professor of Microbiology, Head of the Division
of Environmental and Applied Biology, and Deputy Research
Director in the School of Life Sciences at the University of
Dundee.

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

Fungi in Biogeochemical
Cycles

EDITED BY

GEOFFREY MICHAEL GADD

School of Life Sciences
University of Dundee

% CAMBRIDGE
@) UNIVERSITY PRESS

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

CAMBRIDGE UNIVERSITY PRESS
Cambridge, New York, Melbourne, Madrid, Cape Town, Singapore, Sao Paulo

Cambridge University Press
The Edinburgh Building, Cambridge CB2 2RU, UK
Published in the United States of America by Cambridge University Press, New York

www.cambridge.org
Information on this title: www.cambridge.org/9780521845793

(© British Mycological Society 2006

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without

the written permission of Cambridge University Press.

First published 2006
Printed in the United Kingdom at the University Press, Cambridge
A catalogue record for this publication is available from the British Library

ISBN-13 978-0-521-84579-3 hardback
ISBN-10 0-521-84579-3 hardback

Cambridge University Press has no responsibility for

the persistence or accuracy of URLSs for external or
third-party internet websites referred to in this publication,
and does not guarantee that any content on such

websites is, or will remain, accurate or appropriate.

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

In loving memory of my mother, Mary (Sheila) Gadd, who
encouraged my love of the natural world from an early age

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter
More information

Contents

List of Contributors
Preface

1

Geomicrobiology: relative roles of bacteria and fungi
as geomicrobial agents

Henry L. Ehrlich

Integrated nutrient cycles in boreal forest ecosystems —
the role of mycorrhizal fungi

Roger D. Finlay and Anna Rosling

Fungal roles in transport processes in soils

Karl Ritz

Water dynamics of mycorrhizas in arid soils

Michael F. Allen

Integrating ectomycorrhizal fungi into quantitative
frameworks of forest carbon and nitrogen cycling
Erik A. Hobbie and Hdakan Wallander

Role of arbuscular mycorrhizal fungi in carbon and
nutrient cycling in grassland

David Johnson, Jonathan R. Leake and David J. Read
The role of wood decay fungi in the carbon and
nitrogen dynamics of the forest floor

Sarah Watkinson, Dan Bebber, Peter Darrah, Mark
Fricker, Monika Tlalka and Lynne Boddy

Relative roles of bacteria and fungi in polycyclic
aromatic hydrocarbon biodegradation and
bioremediation of contaminated soils

Carl E. Cerniglia and John B. Sutherland

page ix
XVvil

28
51

74

98

129

151

182

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

viil Contents

9 Biodegradation and biodeterioration of man-made
polymeric materials 212
Hristo A. Sabev, Sarah R. Barratt, Malcom
Greenhalgh, Pauline S. Handley and Geoffrey
D. Robson

10 Fungal dissolution and transformation of minerals:
significance for nutrient and metal mobility 236
Marina Fomina, Euan P. Burford and Geoffrey
M. Gadd

11 Fungal activities in subaerial rock-inhabiting
microbial communities 267
Anna A. Gorbushina

12 The oxalate—carbonate pathway in soil carbon
storage: the role of fungi and oxalotrophic bacteria 289
Eric P. Verrecchia, Olivier Braissant and Guillaume

Cailleau

13 Mineral tunnelling by fungi 311
Mark Smits

14 Mineral dissolution by ectomycorrhizal fungi 328
Hdkan Wallander

15 Lichen biogeochemistry 344

Johnson R. Haas and O. William Purvis
16 Fungi in subterranean environments

Joachim Reitner, Gabriela Schumann and Karsten 377
Pedersen

17 The role of fungi in carbon and nitrogen cycles in
freshwater ecosystems 404

Viadislav Gulis, Kevin Kuehn and Keller Suberkropp
18 Biogeochemical roles of fungi in marine and estuarine

habitats 436
Nicholas Clipson, Marinus Otte and Eleanor Landy
Index 462

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

Contributors

Michael Allen

Center for Conservation Biology
Departments of Plant Pathology and Biology
University of California

Riverside

CA 925210334

USA

Sarah R. Barratt
Faculty of Life Sciences
1.800 Stopford Building
University of Manchester
Manchester M13 9PT
UK

Dan Bebber

Department of Plant Sciences
University of Oxford

South Parks Road

Oxford OX1 3RB

UK

Lynne Boddy

Cardiff School of Biosciences
Cardiff University

Main Building

Park Place

Cardiff CF10 3TL

UK

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

X List of Contributors

Olivier Braissant
Institut de Géologie
Université de Neuchdtel
11, rue Emile Argand
CH-2007 Neuchdtel 7
Switzerland

Euan P. Burford

Division of Environmental and Applied Biology
Biological Sciences Institute

School of Life Sciences

University of Dundee

Dundee DDI1 4HN

Scotland UK

Guillaume Cailleau
Institut de Géologie
Université de Neuchdtel
11, rue Emile Argand
CH-2007 Neuchdtel 7
Switzerland

Carl Cerniglia

National Center for Toxicological Research
HFT250

US Food and Drug Administration

Division of Microbiology

3900 NCTR Road

Jefferson

AR 72079

USA

Nicholas Clipson

Department of Industrial Microbiology
University College Dublin

Belfield

Dublin 4

Ireland

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

List of Contributors

Peter Darrah

Department of Plant Sciences
University of Oxford

South Parks Road

Oxford OX1 3RB

UK

Henry L. Ehrlich

Biology Department

Rensselaer Polytechnic Institute ( RPI)
110 8th St

Troy

NY 12180

US4

Roger Finlay

Department of Forest Mycology and Pathology
Swedish University of Agricultural Sciences
SE-75007 Uppsala

Sweden

Marina Fomina

Division of Environmental and Applied Biology
Biological Sciences Institute

School of Life Sciences

University of Dundee

Dundee DD1 4HN

Scotland UK

Mark Fricker

Department of Plant Sciences
University of Oxford

South Parks Road

Oxford OX1 3RB

UK

Geoffrey M. Gadd

Division of Environmental and Applied Biology
Biological Sciences Institute

School of Life Sciences

University of Dundee

Dundee DD1 4HN

Scotland UK

X1

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

xii List of Contributors

Anna A. Gorbushina
Geomicrobiology

ICBM

Carl Von Ossietzky Universitat
Oldenburg

POB 2503

D-26111 Oldenburg

Germany

Malcolm Greenhalgh
Arch Biocides
Hexagon House
Blackley

Manchester

UK

Dr Vladislav Gulis

Department of Biological Sciences
University of Alabama

Tuscaloosa

AL 35487

USA

Johnson R. Haas

Department of Geosciences|Department of Environmental Studies

Western Michigan University
Kalamazoo

MI 49008

USA

Pauline S. Handley
Faculty of Life Sciences
1.800 Stopford Building
University of Manchester
Manchester M13 9PT
UK

Erik A. Hobbie

Complex Systems Research Center
University of New Hampshire
Durham

03824

USA

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

List of Contributors

David Johnson

Department of Plant and Soil Science
University of Aberdeen

Cruickshank Building

St Machar Drive

Aberdeen AB24 3UU

UK

Kevin Kuehn

Department of Biology
Eastern Michigan University
Ypsilanti

MI

US4

Eleanor Landy

School of Biomedical and Molecular Sciences
University of Surrey

Guildford GU2 7XH

UK

Jonathan R. Leake

Department of Animal and Plant Science
University of Sheffield

Alfred Denny Building

Western Bank

Sheffield S10 2TN

UK

Marinus Otte
Department of Botany
University College Dublin
Belfield

Dublin 4

Ireland

Karsten Pedersen

Goteborg University

Department of Cell and Molecular Biology
Box 462

SE-405 30 Goteborg

Sweden

xiil

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

Xiv List of Contributors

O. William Purvis
Department of Botany

The Natural History Museum
Cromwell Road

London SW7 5BD

UK

David J. Read

Department of Animal and Plant Science
University of Sheffield

Alfred Denny Building

Western Bank

Sheffield S10 2TN

UK

Joachim Reitner

Gottinger Zentrum Geowissenschaften CZG
Abt Geobiologie

Universitdt Gottingen

Goldschmidtstr. 3

D-37077 Gottingen

Germany

Karl Ritz

National Soil Resources Institute
Cranfield University

Silsoe MK45 4DT

UK

Geoffrey D. Robson

School of Biological Sciences
1.800 Stopford Building
University of Manchester
Oxford Road

Manchester M13 9PT

UK

Anna Rosling

Department of Earth & Planetary Science
University of California

Berkeley

CA 94720-4767

USA

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

List of Contributors

Hristo A. Sabev

Faculty of Life Sciences
1.800 Stopford Building
University of Manchester
Manchester M13 9PT
UK

Gabriela Schumann

Gottinger Zentrum Geowissenschaften CZG

Abt Geobiologie
Universitdt Gottingen
Goldschmidtstr. 3
D-37077 Gottingen
Germany

Mark Smits

Laboratory of Soil Science and Geology

Wageningen University
POB 37

6700 AA Wageningen
The Netherlands

Keller Suberkropp

Department of Biological Sciences

University of Alabama
Tuscaloosa

AL 35487

US4

John B. Sutherland

National Center for Toxicological Research

HFT250

US Food and Drug Administration

Division of Microbiology
3900 NCTR Road
Jefferson

AR 72079

USA

XV

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles

Edited by Geoffrey Michael Gadd
Frontmatter
More information

XVi List of Contributors

Monica Tlalka

Department of Plant Sciences
University of Oxford

South Parks Road

Oxford OX1 3RB

UK

Eric P. Verrecchia
Institut de Géologie
Université de Neuchdtel
11, rue Emile Argand
CH-2007 Neuchdtel 7

Switzerland

Hakan Wallander

Department of Microbial Ecology
Ecology Building

Lund University

22362 Lund
Sweden

Sarah Watkinson
Department of Plant Sciences
University of Oxford

South Parks Road

Oxford OX1 3RB

UK

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521845793
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521845793 - Fungi in Biogeochemical Cycles
Edited by Geoffrey Michael Gadd

Frontmatter

More information

Preface

In praise of geomycology

Interactions between the microbially dominated biosphere and
the geosphere have and are profoundly affecting our planet and all life
on it. Geomicrobiology can be defined as the study of the role that
microbes have played and are playing in processes of fundamental impor-
tance to geology, and within the diffuse boundaries enclosed by this
definition, fungi are important components. Some of the major geological
processes affected by microbial activities include mineral formation,
mineral degradation (including weathering, bioleaching, soil and sediment
formation), element cycling and fossil fuel genesis and degradation. The
cycling of component elements from organic and inorganic substrates
as a result of these processes can be termed biogeochemical cycling,
which again emphasizes the interplay between physicochemical and bio-
logical mechanisms. The study of the roles and importance of fungi as
agents of geological change can be termed geomycology and fungi are
ideally suited for this purpose. The branching, filamentous mode of
growth allows efficient colonization and exploration of solid substrates
while extracellular release of enzymes and other metabolites mediates
many organic and inorganic transformations. Considerable physical
force can arise from hyphal penetration while translocation of resources
through the mycelium enables exploitation of environments where nutri-
ents have an irregular distribution. Fungi can attack silicates, carbonates,
phosphates and other minerals while their carbonaceous predilections are
well-known, extending to recalcitrant organic molecules of natural origin,
e.g. lignin and chitin, or from anthropogenic activity, e.g. pesticides and

other xenobiotics.
While considerable attention has been directed towards bacteria in geo-
microbiology because of their incredible environmental and metabolic
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diversity, which includes major transformations in anaerobic environ-
ments such as the deep subsurface, fungi have received less attention or
are rather taken for granted, biogeochemical activities being submerged in
more general perspectives. For example, fungi are more commonly asso-
ciated with organic matter decomposition and therefore carbon (and
nitrogen) cycling, although it should be appreciated that every stable
element can be associated with living organisms: any decomposition pro-
cess involves cycling of all constituent elements present in dead organic
matter including those accumulated from the environment. Fungi are
often associated with phosphate mobilization from inorganic sources yet
little attention is given to the fate of associated metals and other compo-
nents in minerals. Symbiotic fungi such as mycorrhizas, associated with
the vast majority of plant species, have an enormous influence on plant
growth and nutrient cycling while lichens are primary rock colonizers and
therefore involved in the very earliest stages of rock and mineral transfor-
mation, and soil development. As well as being of major importance in the
plant root-soil acrobic zone, our knowledge of the boundaries of the bio-
sphere are being extended continually and fungi are now known to be
components of such habitats as the deep subsurface and aquatic sediments,
and ‘extreme’ locations such as those of high salinity or containing high
levels of toxicants. Biogeochemical activities of fungi are also relevant to
the natural attenuation of polluted habitats and the bioremediation of
organic and inorganic pollution, but, on the negative side, are also
involved in the biodeterioration of stone, wood, plaster, cement and
other building materials.

The prime objective of this book is to highlight the roles and importance
of fungi in biogeochemical cycles and give an account of the latest under-
standing of the physical, chemical and biological mechanisms involved and
their significance in the biosphere and for other organisms. Where appro-
priate, relationships with bacteria are also discussed to highlight the
dynamic interactions that can exist between these major microbial groups
and their integrated function in several kinds of habitat. The chapters are
written by leading international authorities and represent a unique syn-
thesis of this subject area, hopefully with broad appeal not only to mycol-
ogists and microbiologists but to environmental scientists, geologists, earth
scientists, ecologists and environmental biotechnologists.

I would like to thank all the authors who have contributed to this work
in an enthusiastic manner, and all at Cambridge University Press who have
facilitated progress. In Dundee, special thanks go to Diane Purves who
greatly assisted communication, collation, editing and formatting of
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chapters. Finally, I would like to thank the British Mycological Society
and the Society for General Microbiology whose wholehearted initial joint
support for a Symposium in this area provided the impetus for subsequent
development and production of this book, and my family, Julia, Katie and
Richard.

Geoffrey Michael Gadd
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