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Dear Colleagues,

On behalf of the organizing committee, it is our great pleasure to welcome each of you to
the First Global Soil Biodiversity Conference - Assessing soil biodiversity and its role for
ecosystem services - in Dijon, France.

The conference has been designed to meet and discuss current research efforts in the
emerging scientific field of soil biodiversity and its links to earth processes, and to
promote interdisciplinary collaboration. The goal of this meeting is promote scientific
research on the role of soil biodiversity for soil functions and their translation in
ecosystem services, and to integrate such understanding into international
environmental agendas, sustainable policy and land management decisions.

Over the next three days we will hear keynote addresses from some of the top experts in
soil biodiversity from across the globe. Papers chosen by the Scientific Review
Committee from over 750 submitted abstracts will be presented in plenary sessions, with
concurrent evening sessions. Posters will be displayed in two rounds to allow adequate
time for presentation and discussion. On the final day, we will celebrate World Soil Day
as we discuss the future of soil biodiversity research in connection with scientists,
stakeholders and policy makers for sustainable soil management.

We hope that you enjoy the Conference and that by sharing your research and
interactions with colleagues from around the world, ideas and collaborations will be
formed to move the field of soil biodiversity and your own personal interests forward.
Enjoy the beautiful city of Dijon, France in December.

Yours sincerely,

% e 1

Philippe Lemanceau Diana H. Wall

Chair, ECOFINDERS Professor and Science Chair
Institut National de la Recherche Global Soil Biodiversity Initiative
Agronomique (INRA) University Distinguished Professor
Head, UMR Agroécologie Department  Director, School of Global

Dijon, France Environmental Sustainability

Colorado State University, USA
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The conference will be held in the Palais des Congrés, Dijon, France (http://www.dijon-congrexpo.com/en/).

Located in the centre of Dijon, the Palais des Congrés has grown with the city that surrounds it. The modern
building is served by a direct tram service (Auditorium station, Line T1) from the train station.

The city of Dijon is capital of the Cote-d'Or ‘département’ and of the Burgundy region. Dijon has one of the
best preserved medieval centres in France. It is easy to walk and see the sites, with lots of pedestrian walking
streets. You'll sample some of France's finest cuisine and drink great Burgundy wines at dinner or at one of the
many wine bars in town (http://www.visitdijon.com/en/).

Registration desk

The Symposium registration desk will be located in the reception hall of Palais des Congres. The registration
desk will be open from 13:00 at 16:00 on Tuesday 2" December and from 8:00 at18:00 during the following
days of the conference for queries and registration.

Badges & Security

For security reasons and for catering purposes please ensure that you wear your badge throughout the
conference.

The color coding of the badge holder strips is as follows:
Grey : Chairs and Keynote speakers
: Scientific and Organizing Committee
Red : Staff
Black : Delegates

Language

The language of the conference will be English.

Speakers

Please upload your ppt file in the reception hall at the latest half a day before your presentation.

Session locations

The Conference sessions will be held in the Amphitheatre Romanée Conti and Morey St Denis (Video
transmission) on the ground floor, beginning at 4:15 on Tuesday 2™ December. Please see the full program for
oral sessions, poster sessions, and catering times.

Activities Room Name

Registration Reception hall
Conference Sessions Amphitheatre Romanée Conti and Morey St Denis
Poster Sessions Hall des Grands Echézeaux
Author Workshop Santenay - Chablis
Evening sessions 1 and 3 Santenay - Chablis
Evening sessions 2 and 4 Morey St Denis
SBB editors meeting Santenay - Chablis
Efiltorlal Boa_rd of Soil Biology and Santenay - Chablis

iogeochemistry

A lounge room, Mercurey, will be available on the first floor.


http://www.dijon-congrexpo.com/en/�
http://www.visitdijon.com/en/�

Cocktail, coffee break & Lunch

The registration fee includes the following catering arrangements:

Catering Dates Times Room Name
Arrangements
. Tuesday 2 . . Hall des Grands
Cocktail Wednesday 3 18:30-21:00 Echézeaux
Wednesday 3 Please see Hall des Grands
Coffee break Thursday 4 the full Echézeaux
. program for Foyer
Friday 5
timings Reception Hall
Lunch Wednesday 3 13:00-14:00 Chambertin
Thursday 4
Lunch
- Author workshop Tuesday 2 12:30-15:00 Santenay-Chablis
- Michael Swift’s workshop Wednesday 3 13:00-14:00 Santenay
- Nina Koele Wednesday 3 13:00-14:00 Chablis
- GSBI Committee Thursday 4 13:00-14:00 Santenay-Chablis

Cocktails will be during the poster sessions, guided Tour of Dijon City and evening sessions.

Conference Dinner

The conference dinner will be held in ‘Le Chateau de Marsannay’ (http://www.chateau-marsannay.com/uk/).

The ‘Chateau of Marsannay’ is in the Cote de Nuits, in the heart of a very old winemaking village whose first
traces date back to a thousand years ago.

The estate of the ‘Chateau of Marsannay’ begins 7 kilometers from the south of Dijon, at the gateway to the
‘Route des Grands Crus’ and leads down to Vosne-Romanée.

Posters

Posters of session 1 (P1.001 to P1.232) should be displayed at the latest by 4 pm on Tuesday 2nd and
removed that same day at the latest by 9 pm.

Posters of session 2 (P2.001 to P2.232) should be displayed at the latest by 8am30 on Wednesday 3rd and
removed that same day at the latest by 9 pm.

Wi-Fi

Wi-Fi will be available, free of charge in the Palais des Congrés during the conference hours, the password will
be available at the registration desk.

Social Media Guidelines

Please use #GSB14 as the event hashtag and include @theGSBI when tweeting about the conference. Social
media is a great way to inform a wider audience about the conference. We request that you do not share
details about a presentation if requested by the speaker and refrain from sharing information about
unpublished data without permission. Do not share photos of slides or poster presentations without prior
consent.

Certificates of attendance and presentation

Certificates of attendance are available at the registration desk.
Please ask to the registration desk on the final day of the conference if you require a certificate of
presentation.



http://www.chateau-marsannay.com/uk/�
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Tuesday 2 December 2014

12:30-3:00 Author Workshop: Soil Biology and Biochemistry workshop for early career scientists (only
on pre-registration)

1:00-4:00 Registration

4:15-7:00 Opening Session

4:15-4:30 Introduction: Dr. Diana Wall, Chair of GSBI, Dr. Philippe Lemanceau, Chair of
EcoFINDERS

4:30-5:30 Introductory lecture: Dr. Ladislav Miko
Title: Ugly and dirty friends for millennia - still little known and unrecognised

5:30-7:00 Poster session from n° P1.001 to P1.232 (cocktail)

6:30-7:30 Editorial Board of Soil Biology and Biogeochemistry

6:30-7:30 Optional: Guided Tour of Dijon city (departure at 6:30 in front of registration desk)

7:00-9:00 Evening Session 1: Soil Ecology Education (10 minutes each)

Chair: Dr. Loren Byrne, Roger Williams University, United States.

1. A happy families game on soil biodiversity - Chevallier, T.

2. Zizare Earthworm Lab: Soil ecology education at preschool - Albizu, O.

3. A K-12 activity using a homemade centrifuge to explore soil biodiversity - Emery, S.

4. "Don Erasmo's milpa": a short story about the below-ground of indigenous
polycultures in Mexico - Negrete-Yankelevich, S.

5. Can soil organisms become our best teachers? Exploring soil biodiversity as an
ecosystem service provider of excellent environmental education - Byrne, L.

6. Integrating the complexity of soil with interactive games: The soil web and the black
box - Barois, |., Aranda-Delgado, E.

Break (10 min)

7. Sharing knowledge about worms and aggregates on the transamazonian highway -
Lavelle, P.

8. Using soil monoliths to teach soil ecology - Vancampenhout, K.

9. The ECOTROP field-school: integrating DNA barcoding into an education program
for the census of soil invertebrate biodiversity in Lopé National Park, Gabon -
Decaens, T. & the ECOTROP team

10. Enhancing soil biology education through service-learning and community
engagement - Grossman, J.

11. A masterclass to train extension workers on best management practices for soil
biodiversity - Hanegraff, M.

Evening Session 2: Living apart together - linkages between plants and soil organisms
and their impact on ecosystem functioning
Chair: Dr. Aurore Kaisermann, University of Manchester, England.
1. Tree species diversity effects on soil microbial biomass, diversity and activity across
European forest types - Carnol, M.
2. Hidden effects of large herbivores on plant competition through plant-soil feedbacks -
Medina-Roldan, E.
3. Fungal role in carbon flow in the rhizosphere along a chronosequence of abandoned
agricultural soils - Hannula, S.E.
4. Ectomycorrhizal symbiosis - cure or cause of forest nitrogen limitation? — Franklin, O.
5. How a native shrub affect soil nematofauna and microbial communities when growing
millet in Senegal - Lardy, L.
6. How soil organisms interact with plant hormone signaling pathways — Blouin, M.

Discussion

15




Wednesday 3 December 2014

Session 1: Discovery and observation: Assessing soil biodiversity to determine status and trends

Chair: Dr. Paul Eggleton, Natural History Museum, England

8:30-9:00 Keynote lecture - Dr. Wim van der Putten
Title: Trends in Soil Biodiversity Research and Applications
9:00-10:30 4 oral presentations (20 minutes each, including discussion)
1. Beta diversity and human impact in soil communities - Caruso, T.
2. Unearthing 'old growth' mycorrhizas in ancient ecosystems - Hart, M.M.
3. Unearthing ancient nematode DNA - possible proxy of past ecosystem features? -
Vestergard, M.
4. Ethanol's growing demand and belowground biodiversity: soil macroinvertebrate
community responses to sugarcane expansion in Brazil - Franco, A.L.C.
10:30-11:00 Coffee break/Networking

Session 2: Tracking and monitoring: Understanding current, and predicting future distribution patterns of soil

organisms

Chair: Dr. Nobuhiro Kaneko, Yokohama National University, Japan

11:00-11:30

Keynote lecture - Dr. Noah Fierer

Title: Predicting soil microbial responses to global change factors

11:30-1:00

4 oral presentations (20 minutes each, including discussion)

1.
2.

A framework to synthesize global soil biodiversity data - Ramirez, K.S.

The Microbial Landscape in Soils - Biogeography of Soil Microorganisms in the
German Biodiversity Exploratories - Kandeler, E.

Predicting and understanding the effects of land use on soil bacterial communities
over large scales - Griffiths, R.

Evaluating soluble aluminum as a mechanism driving bacterial community structure

in terrestrial soils from continental to microcosm scales - Welty-Bernard, A.W.

1:00-2:00

Lunch

16




Session 3: Untangling the linkages: Elucidating relationships between soil biodiversity and ecosystem
functioning and ecosystem services
Chair: Dr. Bobbi Helgason, Agriculture and Agri-Food Canada, Canada

2:00-2:30 Keynote lecture - Dr. Laurent Philippot
Title: Linking soil microbial diversity, nitrogen cycling and greenhouse gas emissions
2:30-4:00 4 oral presentations (20 minutes each, including discussion)
1. Functional microbial diversity, traits and interactions as modulating factors of
methane and nitrogen cycling in soils - Bodelier, P.L.E.
2. Importance of community structure for GHG emissions - Lessons learned from
genomes and metagenomes - Hallin, S.
3. Soil biodiversity as a driver of ecosystem sustainability - van der Heijden, M.G.A.
4. Resource pulse can alleviate the biodiversity-invasion relationship in soil microbial
communities - Falcao Salles, J.
4:00-4:30 Coffee break/Networking
4:30-5:30 3 oral presentations (20 minutes each, including discussion)
5. Network architecture of rhizosphere bacterial community and ecological
similarity with the pathogen predicts plant protection from an infection - Yang, T.J.
6. Absence of large soil predators lead to a decline of lower trophic levels and slower
decomposition in temperate beech forests of northwest Spain - Melguizo-Ruiz, N.
7. The influence of soil macrofauna on soil aggregation in agro-ecosystems of sub-
Saharan Africa depends on management intensity - Ayuke, F.O.
5:30-7:00 Poster session from n° P2.001 to P2.232 (cocktail)
6:30-7:30 Optional: Guided Tour of Dijon city (departure at 6:30 in front of registration desk)
7:00-9:00 Evening Session 3: A New Research and Education Initiative: The Global Soil Ecological

Urban Network
Chairs: Dr. Rich Pouyat, US Forest Service and Dr. Katalin Szlavecz, Johns Hopkins
Univ., United States
1. Processes and Patterns of Nematode Biodiversity in Urban Soils - Grewal, P.S.
2. Filling the gap in the knowledge of urban soils organisms: ants and earthworms of
urban parks - Vergnes, A.
3. Soil invertebrates as indicators of soil quality in urban vegetable gardens - Joimel, S.
4. A multi-city comparison of urban soil ecosystem function - Szlavecz, K.
Discussion

Evening Session 4: Global harmonization of methods for structural and functional

diversity of soil organisms: A GSBI Initiative. (15 minutes each)
Chair: Dr. J6rg Rombke, ECT Oekotoxikologie GmbH, Germany.
1. Standard methods for the assessment of structural and functional diversity of soil
organisms: a critical overview - Rémbke, J.
2. Soil invertebrate functional traits - Hedde, M.
3. Which bioindicators are suitable for soil quality monitoring and risk assessment?
From relevance study to transfer tool development - Péres, G.
4. A tiered approach for high-resolution characterization of the soil faunal community via
DNA metabarcoding - de Groot, G.A.
5. Edaphobase - The online soil-zoological data warehouse — Russell, D.J.
6. Biomes of Australian Soil Environments (BASE): a dataBASE of Australian soil
microbial diversity - Mele, P.M.
Discussion

17




Thursday 4 December 2014

Session 4: Assessing the pressures and threats: Impacts of global change on soil communities, ecosystem

functioning and ecosystem services

Chair: Dr. Maria Iglesias Briones, Universidad de Vigo, Spain

8:30-9:00 Keynote lecture - Dr. David Wardle
Title: Aboveground-belowground responses to global change drivers: tales of islands, fires
and invaders
9:00-10:30 4 oral presentations (20 minutes each, including discussions)
1. Predicting soil bacterial responses to multi-factor global change with trait-based
modeling - Le Roux, X.
2. Future climate alters soil biodiversity and carbon storage of northern peatlands -
Lindo, Z.
3. Impacts of global climate change on the leaf-litter arthropod community: effects of
altered detrital input and rainfall extremes in two long-term field experiments in a
deciduous forest - Wise, D.H.
4. Are there links between the responses of soil biota and ecosystem functioning to
elevated CO,, N deposition and warming? A global perspective - Garcia-Palacios, P.
10:30-11:00 Coffee break/Networking

Session 5: Strategies for management and conservation: Practices to maintain and enhance ecosystem

services provided by soil biodiversity
Chair: Dr. Edmundo Barrios, World Agroforestry Centre (ICRAF), Kenya

11:00-11:30 Keynote - Dr. Junling Zhang
Title: Can nutrient management strategy improve diversity of arbuscular mycorrhizal fungi in
intensive agroecosystems?
11:30-1:00 4 oral presentations (20 minutes each, including discussions)
1. Land use legacies and agrodiversity from the below-ground perspective: Los Tuxtlas
case study - Negrete-Yankelevich, S.
2. Tropical pasture heterogeneity and soil arthropod biodiversity: bad plants also help -
Andrés, P.
3. Biodiversity and ecological succession as indicators of compost maturity and quality -
Neher, D.A.
4. Are sustainable agricultural practices sustaining larger earthworm populations? A
quantitative review using meta-analysis - Schmidt, O.
1:00-2:00 Lunch

18




Session 6: Extending the knowledge base: The social and economic value of soil biodiversity
Chair: Dr. Fatima Maria de Souza Moreira, Universidade Federal de Lavras, Brazil

2:00-2:30 Keynote lecture - Dr. Kate Scow
Title: Assessing the economic and social values of soil biodiversity
2:30-4:00 4 oral presentation (20 minutes each, including discussions)

1. Soil natural capital: Can we use it to close future yield gaps and reduce agricultural
risks? - Hedlund, K

2. Farmer knowledge and use of soil biodiversity: a global synthesis illustrated with case
studies - Pauli, N.

3. Measuring changes in agricultural land quality: The case of the Italian farms -
Zoupanidou, E.

4. On the value of soil biodiversity and ecosystem services— Foudi, S.

4:00-4:30 Distinguished lecture: Dr. Diana Wall
Title: Soil Biodiversity: Big impact of small creatures
4:30-6:30 Coffee break/networking
6:30 Conference dinner (departure by bus at 6:30 in front of registration desk)

Friday 5 December 2014, World Soil Day

Session 7: Setting the agenda for the future: Bridging scientific knowledge and applications for soil and land

management
Chair: Dr. Philippe Lemanceau, INRA, France
8:30-8:50 Summarising what
science brings so far in Keynote lecture - Dr. Richard Bardgett
terms of knowledge and | Title: Digging into the future: future challenges for soil biodiversity
what are the future research
challenges
8:50-9:10 Keynote lecture - Dr. Michael Swift
Views and experiences Title: Applying soil biological knowledge to the management of
on applications of soil soil fertility and other ecosystem services: the Tropical Soil
biodiversity knowledge Biology and Fertility experience
9:10-9:30 for soil and land Keynote lecture - Dr. Ben Delbaere
management Title: Going underground — why soil biodiversity matters to
stakeholders
9:30-9:50 Keynote lecture - Dr. Michael Stocking
Further knowledge Title: Mainstreaming Soil Biodiversity to Deliver Both Global
required to overcome Environmental Benefits and Human Development
9:50-10:10 remaining bottle necks Keynote lecture - Dr. Antonio Bispo
Title: Soil biodiversity: from science to bioeconomy
10:10-10:45 Coffee break
10:45-12:30 Panel Discussion: How to translate scientific knowledge in soil policies and for soll
management? What are the bottlenecks for such translation? Moderator: Kristin Ohlson
12:30-13:00 Presentation of crowd sourcing video - Dr. Ciro Gardi
Presentation of the Global Soil Biodiversity Atlas - Dr. Alberto Orgiazzi

19
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Panel Discussion “How to translate scientific knowledge in soil policies and for soil management?”
Early Career Scientists’ Statement

Current threats to soil biodiversity demand global scientific, political and

economic actions to ensure the functioning of ecosystems for future generations

Biodiversity is now a well-accepted and understood concept of functional importance that
is used ubiquitously! However, ‘biodiversity’ describes more than the organisms we can
see aboveground - like plants, birds, and mammals. Biodiversity also includes the most
diverse and complex ecosystem on the planet: SOIL! “Soils contain over 98 per cent of the
genetic diversity in terrestrial ecosystems”. Yet, most of this belowground biodiversity is
not visible, and, therefore, it is often overlooked in discussions regarding conservation of

global biodiversity or its contribution to ecosystem services.!

Belowground biodiversity is critical to maintaining ecosystem functioning and global
sustainability, and deserves the same attention as aboveground biodiversity. To reach this
goal, we will face bottlenecks at the scientific, economic, and political level. Questions that
must be addressed include: are policy-makers aware of soil biodiversity’s importance?
Are scientists providing the evidence to support soil biodiversity’s importance to

stakeholders and policy makers?

The Early Career Scientists group proposes to use the First Global Soil Biodiversity

Conference to give Soil Biodiversity a voice!

As a whole, the soil ecosystem provides myriad ecosystem services, both from its physical
and chemical properties (e.g. nutrients, water, and texture), as well as from its biological
properties (e.g. all the organisms living in the soil). Furthermore, the physical/chemical
properties are intrinsically linked with soil biology. Soil biodiversity should be recognized

as a crucial player in guaranteeing the functioning and the quality of soil. Taken together,

1 In fact, soil biodiversity is not addressed in the Global Biodiversity Outlook (GBO-3) from the UN
Convention on Biological Diversity (Secretariat of the CBD, 2010), and is not referred to in the popular
International Union for Conservation of Nature (IUCN) Red List of Threatened Species (IUCN, 2012).
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the soil ecosystem with its biodiversity and concomitant ecosystem services provide a
common denominator for all terrestrial ecosystems (e.g. agriculture, forests, grasslands,

peatlands, deserts, and urban areas).

Numerous major anthropogenic pressures and threats are also exerted on soil and its
biodiversity: from soil pollution and sealing to soil erosion and intensive human
exploitation. As a consequence of these many pressures, soil-dwelling organisms are also
under threat. In fact, the possible decline in soil biodiversity has been identified as one of
the major issues that will need to be dealt with in the coming years. Yet, despite the clear
threat, the overall relationship between pressures on soils and belowground organisms
has been poorly investigated to date. A common framework and, consequently, suitable
policies to protect soil biodiversity are still missing. This is mainly due to 1) the difficulty
in disentangling how these real threats affect soil biodiversity, 2) the lack of standardized
procedures, and 3) the lack of data on the distribution of soil organisms at large scale are

crucial contributors to this gap in policy and management.

Further complicating efforts, soil processes do not occur within a time scale that is easily
grasped by human society. For example, soil formation is a process that takes thousands
of years, but it can take only a matter of minutes to degrade soil. Therefore, tangible,
operational, strategic policies and goals must be established to ensure sustainable soil
management, to guarantee long-term ecosystem functioning of soil and to preserve and
value soils and soil biodiversity. This challenge is global and cannot be limited to countries

or even continents. It must be a global collaboration.

We, a group of early career scientists from all over the world, would like to actively
contribute toward identifying and overcoming these bottlenecks to establish policies and
initiatives to preserve the invaluable resource that is the soil ecosystem as a whole. Given
the strong link between soil biodiversity and ecosystem functioning and considering that
functioning ecosystems are necessary for a sustainable human society, we hope that
policy makers, research institutions, and other scientific and non-scientific stakeholders
will support us in taking an active role and encourage us to express our passion and
willingness to contribute toward the responsible use of soils for the sake of our generation

and generations to come.
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[K01]
Ugly and dirty firends fro millenia - still little known and unrecognised.Introductory
lecture
L. Miko*
1European Commission, Belgium, ’Czech University of Life Sciences, Czech Republic

Soil organisms were studied since the times of Charles Darwin, and despite the fact that their
role for soil and ecosystem processes is generally known and recognised as crucial, study of
soil ecosystems and their components remains to be an open challenge. Broad variety of soil
living organisms remains unknown and unrecognised, due to the complexity of both soil system
itself and it's study, and often also because of lacking expertise and sufficient capacity. Absence
of species-level information complicates ecological studies and interpretations. Despite of
increasing interest in last few decades, both human and financial resources dedicated to study
soil life are not sufficient.

Challenges related to soil health and functioning in globalised world, in connection to
intensification of agriculture, forestry and growing urbanisation are growing. Human caused soil
degradation affects the whole society in many ways, with ever growing impacts on food
production and quality, resource efficiency, biodiversity and ekosystém function and
consequently on human well-being and overal economy.

Yet, the transfer of available scientific knowledge to policy decisions, as well as recognistion of
need to extend the study of soil ecosystem in order to adress the challenges, is difficult and
slow. Despite of several global and regional initiatives, adopted documents and programmes,
only little is translated into direct action at public policy level and implemented in practice.
Nevertheless, individual farmers or farmers organisations, or some private companies, may
serve as examples of growing interest and positive developments, which may pave the wayfor
broader demand for soil biological studies and their practical application.

The lecture will address these problems, discuss the soil biology science-policy interface and
analyse possible reasons. Using the experience from national and supra-national (EU-level)
decision making, possible solutions will be proposed and analysed in terms of their feasibility
and policy-attractiveness. Some opportunities and possible innovative solutions for future
developments will be summarised in conclusion.

Keywords: soil biology - policy interface, challenges and opportunities, human and financial
resources
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[K02]
Trends in soil biodiversity research and applications
W.H. van der Putten*
Netherlands Institute of Ecology, The Netherlands

Soil ecology research has made enormous progress during the past ten or twenty years by
revealing how soil biota contribute to plant community dynamics and the regulation of
aboveground biodiversity. However, the role of soil biodiversity in these interactions has only
rarely been examined. Unlike in plant ecology, where plant species, functional groups, or trait
diversity may be varied relatively easy, such studies in soil have been constrained by the myriad
of species, functional groups and traits present below ground. Still, much progress has been
made by examining consequences of global change scenarios of changes in land use, climate,
and introduced exotic plant species. These studies initially have been hampered by adequate
possibilities to quantify and qualify belowground communities, but recent developments in
molecular identification methods are facilitating these approaches enormously. Originally, in soil
food web studies soil biodiversity has been organized into feeding guilds, which may be
considered as a predecessor of the functional group, or trait approach in aboveground ecology.
Currently, novel developments take place in network approaches, which may provide novel
insights into transient states and key groups or interactions that may prevent, or promote
transitions in soil community composition. Another novel development is to consider the role of
soil biodiversity in eco-evolutionary dynamics, for example by studying the role of soil biota in
controlling invasive exotic plant species. These are some major new trends in soil biodiversity
research that may have important potential for applications, for example in enhancing
sustainability of agriculture. Awareness is growing how soil communities can be made nutrient
use efficient and resilient against extreme events and other environmental disturbances.
However, new fundamental insights are needed in order to design soil systems for future
agriculture that will yield high amounts of food, feed, and biomass from ecosystems with highly
nutrient use efficient and resilient properties. Therefore, we may capitalize on recent advances
in soil ecology research in order to further understand the organization and functioning of
belowground biodiversity and use this knowledge for enhancing sustainability of life in a rapidly
changing world.
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[K03]
Predicting soil microbial responses to global change factors
N. Fierer*, J.W. Leff
University of Colorado, USA

It is relatively easy to demonstrate how global change factors can impact belowground microbial
communities and processes at individual sites. It is far more difficult to predict the effects of
global change factors across sites that represent a broad range of climates, soil types, and
biota. Our limited inability to predict effects across ecosystems makes it difficult to build any
broader understanding of how soils across the globe will change in response to future
conditions.

To address this knowledge gap, soil microbial ecologists need replicated, cross-site
investigations. As just one example, | will discuss an ongoing study being conducted across 25
international grassland sites with the goal of building a predictive understanding of how elevated
nutrient inputs impact soil microbial communities and their functional attributes. Through marker
gene sequencing, we demonstrate that elevated nutrient inputs to soils elicit substantial
changes in bacterial, fungal, and archaeal community composition, changes that are largely
consistent across the grassland sites. To better understand how these shifts in community
composition relate to alterations in microbial function, we subsequently performed shotgun
metagenomic sequencing on samples from replicated control and nutrient amendment plots
from six of the grassland sites (72 samples in total). Although the functional attributes of the
microbial communities differed most strongly between sites, N and P amendments also had
significant impacts on the functional attributes of the belowground communities within sites.
These results suggest strong concordance between shifts in soil microbial community
composition and function with elevated nutrient inputs. Moreover, the results are consistent with
the hypothesis that alterations of soil microbial community structure may be a key mechanism
driving changes in soil C sequestration under elevated nutrient deposition.
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[K04]
Linking soil microbial diversity, nitrogen cycling and greenhouse gas emissions
L. Philippot*
INRA, France

Microbial communities have a central role in ecosystem processes by driving the Earth’s
biogeochemical cycles. However, the importance of microbial diversity for ecosystem
functioning is still debated. This talk will highlight how trait-based approaches can help
understanding the role of microbial diversity in soil functioning. For this purpose, denitrification,
a microbial process involved in N-cycling, was selected as a model functional ftrait.
Denitrification is a microbial respiratory process during which soluble nitrogen oxides are used
as alternative electron acceptor when oxygen is limiting. It is involved in ecosystem services
such as filtering but also disservices. Thus, denitrification can results in considerable losses of
nitrogen, which is the most limiting nutrient for crop production in agriculture. It is also
responsible for emissions of nitrous oxide, one of the six greenhouse gases considered by the
Kyoto protocol. Using both naturally assembled and artificially manipulated communities, | will
show how the diversity of the denitrifier community relates to process rates and N20 emissions.
This talk will also illustrate how the analysis of spatial patterns of traits can help bridging
microbial community ecology and ecosystem process in terrestrial environments.
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[KO05]
Aboveground-belowground responses to global change drivers: tales of islands, fires
and invaders
D. Wardle*
Swedish University of Agricultural Sciences, Sweden

Recent syntheses show that soil biotic responses to global change phenomena are highly
context-dependent, with both their magnitude and direction being influenced both by the
characteristics of the ecosystem and the global change driver under consideration. Here | show,
through each of two field-based examples, how a major global change driver may impact on the
soil biota, and the consequences for carbon sequestration and plant production. The first
example involves fire, a major disturbance agent in many ecosystems worldwide and one that is
strongly impacted by global climate change. | use results from studies on lake islands to show
that reduced fire frequency leads to long term soil fertility decline, alterations in the abundance
and diversity for many belowground groups, and feedbacks that impair plant growth and
promote carbon sequestration. Importantly, reduced fire frequency causes shifts in the soil
fungal community towards taxa that produce recalcitrant residues, contributing greatly to
ecosystem carbon storage and related ecological processes. The second example involves
invasive biota; while there is increasing recognition that global change is not causing consistent
local-scale diversity decline, it is causing major shifts in community composition through biotic
homogenization. Here | will use two examples from New Zealand forests, each showing how an
invasive mammal (a herbivore, and a predator) has cascading effects that impact adversely on
the soil food web. These also reveal that this reduction in soil biota does not have clear-cut
consequences for either carbon sequestration or plant biomass production, because of partial
decoupling of the soil biota from ecosystem processes. These examples show that global
change phenomena can be powerful drivers of the soil community, but that the extent of effects
and consequences for ecosystem processes are often not simple or straight forward, and
therefore need to be considered on a case by case basis.
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[K06]

Can nutrient management strategy improve diversity of arbuscular mycorrhizal fungi in
agroecosystems?

J. Zhang*, W. Liu, Z. Fu, X. Li
China Agricultural University, China

Appropriate nutrient management is important to minimize nutrient losses from intensively
managed agricultural ecosystems in China. Soil microorganisms are vital components of the
rhizosphere. Exploring the community structure and function of arbuscular mycorrhizal fungi
(AMF) in response to nutrient management is important for sustainable landuse management.
We have undertaken a comprehensive comparison of the vertical distribution of the AM fungal
community in soil and its temporal structure in maize roots among different N or P management
treatments over a five-year period at a field experimental site located in an intensive agricultural
area on the North China Plain. This region is an important agricultural production region in
China which provides more than 75 % of the national wheat crop and 35 % of the maize
production. A significant difference in AMF community structure was observed between the
control and fertilizer treatments but less significant between the N or P application strategies.
Soil pH, Nmin and/or Olsen-P contents were the major soil properties affecting the soil AMF
communities while vertical distribution was influenced mainly by soil electrical conductivity. Crop
phenology had a stronger influence on the temporal shifts of AMF communities in maize roots.
Our results provide evidence for the importance of nutrient management in maintaining AM
fungal diversity. Changes in soil chemical properties due to fertilization should be integrated in
nutrient management strategies to reduce the negative impacts on AMF communities induced
by fertilization. Excessive N inputs induced significant changes in soil physic-chemical
properties, especially soil acidification, may have negative impacts on AMF communities.
Furthermore, we also found that the indigenous AM are crucial for early seedling growth,
particularly for plants with small seeds and low P reserves and when seedlings exhibit P
deficiency. Our results have implications for the importance of maintenance of intact hyphal
networks in intensive agroecosystems.
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[K07]
Assessing the economic and social value of soil biodiversity
K.M. Scow*", S. Fonte', E. Dominati®, L. Pincus’
"Univ of California Davis, USA, 2AgResearch, New Zealand

Much of the natural capital of soils--with the ecosystem goods and services it produces--is
inextricably connected to its biodiversity; thus valuing of soils is impossible without valuing soil
biodiversity and vice versa. The social and economic value of soil biodiversity, per se, is
beginning to receive the attention it deserves in ecosystem service frameworks. Farmers have
long recognized these values; however, knowledge has become secondary or lost as
agricultural management practices have become more reductionist. Interviews with farmers in
California, Bolivia and Uganda indicate that, for at least some, the social and economic values
of soil biodiversity are tightly linked; social values (e.g. spiritual, inspirational, educational) guide
farmers in creating conceptual models of soil that help to define and evaluate their on-farm
practices. Among scientists, recognition of the social (particularly educational) value of soil
biodiversity is evident in the development of the concept of soil health, use of soil
organisms/activities as bioindicators, and in helping to communicate the importance of soil
biodiversity in the resilience of agroecosystems. Researchers are beginning to develop
evaluations that explicitly consider the economic value of soil biodiversity in agriculture and
other land management systems. We provide examples of estimates of economic costs to
farmers in different regions of implementing practices that promote soil biodiversity, costs
incurred from not considering biodiversity, and long-term pay off from biodiversity investments.
Reconnection to and new understanding (for farmers and other land managers, researchers,
policy-makers) of the social and economic value of soil biodiversity is leading to practices and
systems that preserve/increase soil’s natural capital and its services. And for society at large,
the discovery and appeal of the social value (e.g., inspirational) of soil biodiversity--"soil is
alive”--is expanding public support for soils far beyond what previously existed.

Keywords: economic value, social value, agriculture, soil biodiversity
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[K08]
Soil biodiversity: Big impact of small creatures
D.H. Wall*, R.D. Bardgett, T. Fraser et al
Colorado State University, USA

Soils are living dynamic interfaces that are inhabited by millions of largely unseen and unknown
microbial and animal species that are intimately interacting with life above-ground. Soil
biodiversity is key to the maintenance of soil functioning and plant production, but is generally
overlooked in global policies addressing food security, climate change, loss of biodiversity and
desertification. Today, there is growing recognition of the integral role of soil biodiversity in
ecosystems, such that the Global Soil Biodiversity Initiative (GSBI) was founded in 2011. By
promoting interactions between scientists, policy makers, land managers and other end-users,
the GSBI aims to increase the implementation of findings on the benefits of soil biodiversity and
identify ways to restore and conserve it. Recent scientific advances in methods for studying soil
biodiversity have accelerated knowledge on the identity of species, the factors determining their
biogeographical patterns, and their key role in biogeochemical cycling in terrestrial ecosystems.
Soil biological communities provide invaluable services to society such as decomposition,
cleansing of water, regulation of pests, and nutrient cycling for food, feed and fiber production.
Soil biodiversity, and consequently above-ground biodiversity and functioning, may be affected
by land use change, tillage, agrochemical use, GMOs, nitrogen enrichment and climate change.
In a rapidly changing world, restoration and conservation of soil biodiversity is, therefore, critical
in order to sustain our soil resource and the rapidly growing world population. Moreover, the
management of soil biodiversity for ecosystem services is relevant to the sustainability of global
lands and has caught the attention of policy makers and all interested in sustaining biodiversity,
healthy soils, people and global biogeochemical processes for our future earth.
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[K09]
Digging into the future: future challenges for soil biodiversity research
R.D. Bardgett*
The University of Manchester, UK

The last two decades have witnessed enormous leaps in our understanding of how soil
biodiversity is distributed and how it regulates the structure and functioning of terrestrial
ecosystems. The question now is how to take this research effort forward. In this short talk, | will
identify what | consider to be some of the major challenges facing soil biodiversity researchers
in the future. Among these challenges is the need for a more theoretical approach to soil
biodiversity research, developing new models to explain patterns of belowground community
organisation and to improve understanding of how changes in soil communities impact
ecosystem functioning. There is also a need to unpick diversity responses, in terms of the
relative roles of genetic, species, and functional diversity in driving ecosystem processes, and to
better understand how eco-evolutionary responses of soil communities to rapid environmental
change impact ecosystem functioning and aboveground community dynamics. Finally, | argue
that a key goal of soil biodiversity research should be to integrate this understanding into future
management for sustainable food production and climate mitigation.
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[K10]
Applying soil biological knowledge to the management of soil fertility and other
ecosystem services: The TSBF experience
M.J. Swift*
Tropical Soil Biology and Fertility Institute, Kenya

This paper addresses the question posed to the final session of this conference - How fo
translate scientific knowledge in soil policies and for soil management? What are the bottle
necks for such translation? — by drawing on the experience of the TSBF Programme.

The Tropical Soil Biology and Fertility Programme (TSBF) was created with the explicit objective
of ‘determining the management options for improving tropical soil fertility through biological
processes’. It should be noted that the philosophy was not necessarily that of organic
agriculture - the exclusion of all industrial inputs — but that of optimising the use of biological
resources where pragmatically possible. Thus the major approach to soil nutrient management
at the scale of farming systems is that of the joint use of organic and mineral nutrient sources
(Integrated Soil Fertility management, ISFM) with a focus on improving methods for organic
matter management supported by research on biological processes and relevant soil biota. The
purpose over the longer term and at higher scales of influence was nonetheless to correct the
balance in tropical soil management away from practices and policies where the
recommendations required an almost total reliance on industrial inputs to ones where biological
resources were optimised. With the onset of public concerns about climate change and loss of
biodiversity the TSBF programme evolved to address the soil-based aspects of these issues
and broadened its targets to the management of ecosystem services beyond soil fertility and the
conservation of below-ground biodiversity.

The objectives and context of TSBF nonetheless remain relatively specific. The paper will
explore what useful insights the experience of TSBF and its national and international partners
bring to the general issue of translating biological knowledge into practices for soil management
and the policies necessary to support and implement them. — taking into account the varieties in
content and scale of scientific knowledge, management practices and policies.
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[K11]
Going underground - why soil biodiversity matters to stakeholders
B. Delbaere*
ECNC, The Netherlands

The notion that soil biota and the functional groups in which they are classified represent
certain ecosystem functions that deliver ecosystem services in support of human well-being is
receiving wide acceptance. The ecosystem services are provided to individuals and groups in
society, to what is called the ‘stakeholders’. But who are they? And what do ecosystem services
mean in practice to them? This presentation will illustrate a number of these essential
connections. This is not based on scientific research or economic valuations. Rather it is based
on observations from many years of work in the field of science-policy-society interaction for
biodiversity conservation in Europe. This has involved a wide range of stakeholders, from
scientists to European policymakers, from spatial planners to schoolchildren. Although most of
this experience stems from experience with above-ground biodiversity, the presentation will
demonstrate that the same principles hold for below-ground biodiversity, and that stakeholder
engagement is essential to support sustainable management of soil biodiversity.

Keywords: stakeholders, science-policy-society interaction, ecosystem services
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[K12]
Mainstreaming soil biodiversity to deliver both global environmental benefits and human
development
M. Stocking*
University of East Anglia, UK

Mainstreaming’ is the process of including a typically side-lined topic or item into commonly
accepted thought — the ‘mainstream’ — with the view to influencing dominant institutions.
Because environmental issues often have a low profile, they are widely by-passed in the
development of policy and practice by local, national, regional and even global institutions. ‘Soil
biodiversity’ is one such topic that is both elusive to grasp and difficult to include in wider policy;
indeed it suffers double jeopardy in bringing two terms, ‘soil’ and ‘biodiversity’ that have little
resonance with policy-makers and only scant evidence of importance to society. Mainstreaming
‘soil biodiversity’ requires not only demonstrating its utility but also identifying its value and
central role in ecosystem services and human well-being. It is insufficient to expect policy-
makers and the wider public to accept de facto our exhortations and rhetoric without satisfactory
evidence and examples where soil biodiversity clearly brings societal and developmental
benefits.

Mainstreaming per se is a core objective of the Strategic Plan of the Convention on Biological
Diversity (CBD) and its Aichi Targets. Strategic Goal A is to “Address the underlying causes of
biodiversity loss by mainstreaming biodiversity across government and society.” By 2020, for
example, Target 2 specifies that “biodiversity values have been integrated into national and
local development and poverty reduction strategies and planning processes and are being
incorporated into national accounting, as appropriate, and reporting systems.” This is an
ambitious objective.

As the financial mechanism of the global environment conventions such as the CBD, the Global
Environment Facility (GEF) has been addressing the challenge in a variety of ways.
Mainstreaming has been a component in at least 300 biodiversity projects, many of which adopt
the relatively new integrated format of being multi-focal; that is, combining climate change, land
degradation and biodiversity strategic objectives, along with co-benefits for human
development. This coupling of biodiversity with issues of global relevance such as climate
change that are well accepted, and issues of domestic relevance such as agriculture and land
deterioration, is a major step forward for biodiversity. The current state of practice in biodiversity
mainstreaming has recently been reviewed by STAP-GEF, from which lessons may be drawn
on how to achieve a higher profile for soil biodiversity.

The most recent new programmatic format for the GEF is the creation of what are called
Integrated Approach Pilots for the Sixth Replenishment phase of the GEF, 2014-2018.
Prominent in the |APs is the fostering of sustainability and resilience by addressing high-profile
topics such as Food Security with a mix of investments that not only can be justified in
delivering global environmental benefits but also support key developmental topics. In its
present stage of planning, the Food Security IAP is seeking to safeguard ecosystem services
for smallholder agriculture, which underpins food security for over 70 percent of the Sub-
Saharan African population that is dependent heavily on assets provided by nature.

The paper will report on how the GEF is thus playing a prominent role in overcoming the most
pervasive bottleneck for ‘soil biodiversity’; its perceived lack of relevance to and demonstration
of values for human society.
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[K13]
Soil biodiversity: From research to bioeconomy
A. Bispo*
ADEME, France

We know for years that soils are living environments where all the principal taxonomic groups
existing in terrestrial ecosystems can be found (Swift et al., 1979). Soil organisms probably
represent as much as 25% of the 1.5 million described living species worldwide (Decaéns et al.,
2006). The resulting activity of soil communities has a direct impact on the ecosystem services
provided by soils such as food and fiber production, water purification or climate regulation
(Gardi et al., 2010).

Knowledge on soil biota diversity and activity made significant progress in recent years thereby
enabling laboratories to propose soil biology analyses, as it has been done for many years with
soil physico-chemistry analyses (Lemanceau et al., 2014). At national, European and
international levels several research projects succeeded in developing and testing methods to
measure soil biodiversity and organisms activity (Bispo et al., 2009, Dequiedt et al., 2011, Peres
et al.,, 2011, Lemanceau, 2011). Such protocols are now available (http://ecobiosoil.univ-
rennes1.frfADEME-Bioindicateur/fiches-outils.php) and some are even standardized (see 1ISO
23611-1 to 6 and ISO 11063). However being able to measure does not mean that people will
ask for such analysis unless results meet their concerns.

In the coming years, farmers’ competitiveness will increasingly depend on their ability to reduce
production costs and less rely on expensive commodity such as energy: they must learn how to
substitute oil by soil. Measuring soil biodiversity and organisms activity should provide them with
information which could help them to use less fertilizer and pesticides. At the same time soil
biologists should also advise them on how to manipulate soil biota either by changing soil
management practices (e.g. tillage) or crop rotations. Research should now concentrate on
such issues to be able to give valuable information to farmers and start the “bioeconomy” of soil
organisms. Information on soil biota (diversity and activity) may also be very useful for other
fields as soil remediation, biotechnology and biocontrol turning soil into a new Eldorado.
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[01.1]
Beta diversity and human impact in soil communities
T. Caruso*
Queen's Uniersity of Belfast, UK

Soil communities are astonishingly diverse not only in terms of species richness but also in
terms of spatial and temporal changes in species composition and abundance, known as beta
diversity. Beta diversity depends on several processes such as stochastic events (e.g.
dispersal), environmental filtering and niche partitioning, and also biotic processes such as the
complex network of direct and indirect interactions linking above-ground and below-ground
systems. Surprisingly, soil beta diversity is poorly studied and | propose that the study of beta
diversity can provide soil ecologists with a powerful tool to monitor community dynamics in
response to disturbance, global change, and restoration strategies. | here show how the
controversial neutral theory of biodiversity, which | use as a null model, and a quantitative, novel
definition of beta diversity (BD) offer an innovative starting point. When levels of BD are
compared to the predictions made by neutral models, three possible outcomes can be
observed: BD equals neutral prediction or is larger (divergence) or smaller (convergence) than
the neutral prediction. | show how different processes and sampling regimes can lead to these
outcomes. For example, increasing the heterogeneity of soil spatial properties usually causes
observed BD to be significantly higher than what predicted by neutral models. Also, species
most responsible for the observed pattern can be detected. Understanding the mechanistic
processes that underlie patterns of beta diversity in soil communities will be one of the future
challenges of soil ecologists. Approaches such as community phylogenetics and a better
understanding of the trophic ecology of soil species will be the key to tackle this challenge and
understand the spatial and temporal structure of soil biodiversity

Keywords: beta diversity, disturbance, modelling, community dynamics
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[01.2]
Unearthing 'old growth' mycorrhizas in ancient ecosystems
M.M. Hart*
University of British Columbia Okanagan, Canada

Arbuscular mycorrhizal (AM) fungi associate with the roots of most plants and affect many
ecosystem functions. Unfortunately, most of what we know about these fungi is based on
studies from managed landscapes. Given that AM fungi exist in all ecosystems with a variety of
plants, we may be underestimating their diversity and functioning. In particular, AM fungal
communities in old ecosystems may represent late seral AM fungal communities. If so, they
should contain more novel taxa compared to younger, more heavily disturbed ecosystems,
which have been well, characterised.

| tested the effect of tree age, ecosystem age and disturbance on AM fungal community
composition in a rarely studied and ancient system, the Cedar/Hemlock forests of the Pacific
Northwest. | used Western Red Cedar as my target host because is the only exclusively AM
tree in North American temperate forests and can live in excess of 1000 years. These forests
exist along a chronosequence ranging from <200 years to >50 000 years old.

| found that older ecosystems contain significantly different AM fungal communities than
younger stands. Within these stands, there is also evidence that the AM fungal community
shifts from younger to older trees. Distance from disturbance was also highly significant.
However, despite uniform climatic and host conditions, cedar stands differed significantly from
each other, indicating high levels of beta and gamma diversity. | will discuss patterns in
compositional changes and indicator taxa, as these data are currently being analysed.

Understanding the true biodiversity of AM fungi is essential if we are to preserve the
immeasurable services they provide. Because old ecosystems and large trees are threatened
globally, we must quickly work to identify and understand the role of these ‘old growth’ microbial
communities, before they are gone.

Keywords: Arbuscular mycorrhizal fungi, Mycorrhizas, Community, Biodiversity
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[01.3]
Unearthing ancient nematode DNA — possible proxy of past ecosystem features?
M. Vestergard*, M. Rasmussen, J. Haile, R. Rgnn, E. Willerslev
University of Copenhagen, Denmark

During the last decade major developments in retrieval and sequencing of DNA fragments from
prehistoric sediments have prompted an entirely new field of DNA-based reconstruction of
prehistoric ecosystems. Valuable information on ecosystem features can be inferred from soil
nematode assemblages, and here we attempt to add analysis of ancient nematode-DNA from
permafrost sediments to the palaeoecological proxy toolbox.

For decades, it has been debated whether dry, productive arctic steppe vegetation, or
alternatively less productive and less palatable moist herb-tundra vegetation supported the
large populations of iconic ice-age herbivores such as woolly mammoth, woolly rhino, wild
horses and steppe bison that roamed ice-free landmasses of the Northern hemisphere during
the Pleistocene.

In contemporary sub-Arctic ecosystems we identified soil nematode taxa that were indicators of
either contemporary moist tundra vegetation or subarctic steppe. Subsequently, we extracted,
amplified and sequenced DNA fragments for the identified indicator taxa from Arctic permafrost
sediments ranging from 6.7-39 ky in age to demonstrate the past occurrence of these taxa in
Pleistocene and Holocene sediments.

In accordance with reconstructions based on plant-derived DNA, tundra-affiliated nematode
taxa were almost exclusively retrieved from sediments that were younger than 10 ky. Hence,
both nematode- and plant-DNA based proxies indicate a transition after the last glacial
maximum (15 ky ago) from steppe-dominated Pleistocene landscapes towards the moist
tundra-dominated habitats that we find in the Arctic today.

Keywords: Ancient DNA, Soil nematodes, Palaeoecology, Arctic
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[01.4]
Ethanol’s growing demand and belowground biodiversity: Soil macroinvertebrate
community responses to sugarcane expansion in Brazil
A.L.C. Franco*', M.R. Cherubin’, M.L. Bartz*, D. Baretta’, D.H. Wall*, C.E.P. Cerri', C.C. Cerri'
"University of S&o Paulo, Brazil, ?Universidade Positivo, Brazil, *Santa Catarina State
University, Brazil, *Colorado State University, USA

The ethanol’s growing demand has driving the recent sugarcane expansion from pasturelands
in Brazil. Potential direct impacts on biodiversity of aboveground organisms from this land use
transition have been theorized as limited. Belowground, however, there are important changes
in soil environment with the sugarcane crop establishment that can greatly alter the
macroinvertebrate community composition, with potential effects on soil quality and
multifunctionality, once these animals are key players of ecosystem engineering processes.

We addressed the soil macrofaunal community responses to the most common land use
change in sugarcane expansion areas in Brazil, the world’s largest producer.

We sampled 3 field sites to represent the northern, center, and southern region of the Brazilian
sugarcane belt. In each field site was identified a chronosequence with the three land uses
considered in this study: native vegetation (NV), pasture (P), and sugarcane crop (SC).

Termites and ants were the most abundant taxa. The mean density increased from NV to P and
decreased sharply from P to SC in all sites. An average reduction of 89% in the size of the total
soil macrofaunal community was observed when sugarcane replaces pasture (or a reduction of
74% compared with NV), besides a loss of 39% of soil macroinvertebrates taxonomic richness
(total loss of 53% compared with NV). The overall diversity index dropped from 1.6 under NV to
1.0 under P, and to 0.7 in SC soils. The community of generalist predators was the mostly
affected functional group with a reduction of 78%. About 6.4 Mha of land will be required by
2021 for sugarcane expansion in Brazil to achieve ethanol’'s demand.

Our results draw attention for an unpredicted biodiversity loss due to sugarcane expansion from
pasturelands in soils belowground and warrant efforts to understand the implications of altering
belowground communities on the performance of agroecosystems.
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the 0-30 cm soil layer as a function of the land use sequence native vegetation — pasture —
sugarcane. n = 9, error bars denote standard error of the mean.

Keywords: bioenergy crops, environmental sustainability, land use change, macrofauna
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[02.1]
A framework to synthesize global soil biodiversity data
K.S. Ramirez*"*, W.V.D. Putten', D.H. Wall®
"Netherlands Institute of Ecology, The Netherlands, *Colorado State University, USA, >German
Centre for Integrative Biodiversity Research, Germany

Soils contain an immense amount of biodiversity; yet, with an estimated 10-100 million
organisms belonging to over 5000 taxa in a handful of soil, our understanding of the spatial and
temporal distribution of soil organisms, and the factors controlling distribution remains
incomplete. While data is rapidly accumulating, there is a lack of coordination and networking
among the different information sources characterizing soil biodiversity. Here, we present a
proposal to bring together and synthesize soil biodiversity information for use in current and
future research efforts, and for informing policy and management decisions. In April 2014, the
Global Soil Biodiversity Initiative (GSBI) held a workshop at the Germany Centre for Integrative
Biodiversity Research (iDIV) to propose a framework to link soil biodiversity data globally. The
group outlined the potential practical applications and theoretical advances from such a
synthesis, including research questions that could be answered, and proposed an action plan to
link disparate soil biodiversity data. Briefly, the action plan addresses both the logistics of linking
various datasets and impending challenges. The effort will be led by the GSBI, will link with the
well-established Global Biodiversity Information Facility (GBIF) platform, and be structured to
accept input from the scientific community and other biodiversity synthesis efforts (e.g.
Edaphobase). Practically speaking, a global synthesis of soil biodiversity data will require
participation and contribution from the entire soil biodiversity community. Here we present on
the outcomes and products of the first planning workshop; future meetings will also need to
address the resources necessary for such a large proposal and outline a clear timeline and
precise goals to be reached. With the rapid influx of soil biodiversity information, now is the time
to take the first steps forward in establishing a global platform to link data and make them
available for use in ecological studies.

Keywords: biodiversity synthesis, global, biogeography, Global Soil Biodiversity Intiative
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[02.2]
The microbial landscape in soils - biogeography of soil microorganisms in the german
biodiversity exploratories
E. Kandeler*', K. Regan1, R. Boeddinghaus1, S. Marhan', J. Overmann?®, M. Friedrich®, R.
Daniel4, H. Arndts, M. Bonkowskis, M. Schioter® et al
"University of Hohenheim, Germany, °DSMZ, Germany, *University of Bremen, Germany,
*University of Géttingen, Germany, *University of Cologne, Germany, ®Helmholtz Zentrum
Miinchen, Germany, "Helmholtz Zentrum UFZ, Germany, 8Max-Planck-Institute for
Biogeocheminstry Jena, Germany, Technische Universitét Miinchen, Germany, 10University of
Bern, Switzerland

In the framework of an initiative to advance biodiversity research in Germany, three exemplary
large-scale and long-term research sites were established to understand the role of land use
and management for biodiversity and to understand the role of biodiversity for ecosystem
processes across Germany (www.biodiversity-exploratories.de). This platform is used to
investigate the effects of land use intensity on single trophic levels, interacting organisms, as
well as foodweb structures. We identified general relationships between abiotic soil properties
and soil biota across spatial scales, ecosystems (forest and grassland) and different land-use
intensities. Whereas abiotic soil properties and climatic conditions mainly explained differences
in microbial community structure and function on the regional scale, on the local and plot scale
differences were related to the land use intensity level. In 2011, we tested whether microbial
biogeography of a grassland plot (10 m x 10 m) changes over the growing season. We sampled
the plot (60 samples within a grid of 20 cm x 20 cm) six times within one season to cover the
different stages of substrate release and nutrient demands of plant communities. Microbial
community spatial structure (based on PLFA data) was positively correlated with the local
environment in spring and autumn, while the density and diversity of plants had an additional
effect in the summer period. Spatial relationships among plant and microbial communities were
detected only in the early summer and autumn periods when aboveground biomass increase
was most rapid and its influence on soil microbial communities was greatest due to increased
demand by plants for nutrients. Individual properties exhibited varying degrees of spatial
structure over the season. Finer phylogenetic resolution of microbial groups using next
generation sequencing helped determine the importance of plant species density, composition,
and growth stage in shaping microbial community composition and spatial patterns.

Keywords: microbial biogeography, ecosystem functioning, up scaling, long-term experiment
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[02.3]
Predicting and understanding the effects of land use on soil bacterial communities over
Iarge scales
R. Griffiths*', B. Thomson', M. Bailey', P. Lemanceau® et al
'CEH Wallingford, UK, INRA Dijon, France

Bacteria contribute the largest proportion of the soil genetic pool, and along with other soil
organisms are thought to be key drivers of various biogeochemical cycles. There is therefore
widespread scientific interest in how bacterial biodiversity is affected by land use change and
how this affects soil functionality and ecosystem services. From a policy perspective also, there
is a need to provide relevant indicators of change in soils so as to establish target criteria to
assess soil degradation and the efficacy of mitigation procedures.

This talk will discuss results from over one hundred local land use transitions on soil biodiversity
and soil properties, using datasets from both large scale soil biodiversity surveys such as the
UK Countryside Survey, and more recent targeted sampling within the EU funded
EcoFINDERS project and other UK initiatives. We firstly show that bacterial communities are a
particularly sensitive component of soil biodiversity for use as indicators of change in soils.
Secondly we illustrate that bacterial communities in bulk soils are strongly driven by soil
parameters, and that this knowledge of broad biodiversity gradients from large scale surveys
can be used to predict and explain change within local land use transitions. In particular we
show that the magnitude of variation in bacterial biodiversity is related to the specific land use
transition context, and also relates to the relative change in soil parameters such as pH and
organic matter. Finally we will discuss the results in terms of specific bacterial indicators of
change, and demonstrate that similar bacterial taxa can be indicators of either intensively
managed or pristine soils depending upon the specific context of the land use transition with
respect to the wider soil biodiversity physical-chemical gradient.

Keywords: Soil, bacteria, land use, change
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[02.4]
Evaluating soluble aluminum as a mechanism driving bacterial community structure in
terrestrial soils from continental to microcosm scales
AW. Welty—Bernard*1'2, K. Heckman®, N. Fierer*, C. Rasmussen®, J. Chorover’, E. Schwartz®
"National Institute of Agricultural Research, France, *Northern Arizona University, USA, *USDA
Forest Service, USA, *University of Colorado, USA, *University of Arizona, USA

Soil pH has increasingly been implicated as the most effective predictor of bacterial community
structure across a broad spectrum of soils. However, difficulty arises in ascribing hydronium
ions as a mechanism because pH covaries with an exhaustive list of soil properties, some of
which are not routinely measured. We evaluated Al toxicity, a soil parameter closely linked to
pH, as a driver of bacterial communities at multiple spatial scales using molecular and culture-
based techniques and predictive modeling. Al is a ubiquitous component of soils directly
responsible for global declines in crop production and forest health over the past five decades.
We used KCl-exchangeable Al as a proxy for A**, the dominant, toxic Al species in soils below
pH 6.

Across 67 soils from a previous cross-continental study in the Americas, we found that
community structure as measured by UniFrac distances was significantly correlated with Al
(r=0.94). We also found a significant linear relationship between phylogenetic diversity and Al
(R2=0.61). AIC model selection indicated that Al alone best explained variation although models
incorporating Al and %base saturation, a measurement of soil nutrient status and buffering
capacity, performed almost as well.

A. - S To further constrain the relationship
between Al and pH and bacterial
composition, we compared community
fingerprints along a well characterized,
regional gradient of pH and Al in Pinus
ponderosa ecosystems in the
e southwestern USA. Approximately 90%
5w of the most abundant orders,
representing approximately half of the
e overall community, tracked the Al and
Fe-oxyhydroxide content of the soils.
Surprisingly, a culture-based study from
the gradient using selective media
(hydronium ion or Al additions) indicated
that the abundance of culturable
acidophiles did not correlate with pH
S wa whereas Al-tolerant bacteria varied
predictably with Al and Fe content and
Unconstrained NMS ordination based on UniFrac distance metric showing pH .

dissimilarities between bacterial assemblages from 67 sites in the Americas.
Sample exchangeable Al concentrations (A) and %base saturation (B)

represented categorically on each plot. Aridisols were identified as outliers due of i i

Na content and exiremes in andify and excluded from subsequent staistical Thes? results Sque_St that Al _IS a hlghly
analyses. Soil variables are plotted as a bi-plot using Pearson correlation

coefficients. The circle radius represents a coefficient of 1.0. The cations and plaUSIble me(:;hanllsm ! WhI_Ch may
CEC were transformed using the function log(0.01+x) prior to analysis. Su persede preV|0us |nterpretat|0ns_

Keywords: diversity, aluminum, pH, soil
microbiology

48



[03.1]
Functional microbial diversity, traits and interactions as modulating factors of methane
and nitrogen cycling in soils
P.L.E. Bodelier*', M. Meima-Franke', A. Daebeler?, M.M. Hefting®, H.J. Laanbroek'?, Z. Jia*
"Netherlands Institute of Ecology (NIOO-KNAW), The Netherlands, 2Universiz‘y of Vienna,
Austria, 3University of Utrecht, The Netherlands, 4Nanjing Institute of Soil Science, China

Despite intensive research there are still large uncertainties in global greenhouse gas balances
and observed dynamics therein. Soils, including their inhabiting microbes and their traits, are
major sources and sinks of atmospheric methane. The potential of microbial diversity, traits and
interactions in improving our understanding of the dynamics in GHG balances is the aim of this
study. Methane-oxidizing bacteria (MOB) are the only biological sink of methane globally
thereby performing an important ecosystem service. Similarities in enzymology between MOB
and ammonia oxidizing bacteria and archaea (AOB and AOA) enable these groups of microbes
to simultaneously consume methane as well as ammonia thereby potentially modulating
methane oxidation and nitrification. We assessed the functionally active MOB, AOB, AOA and
nitrite oxidizers (NOB) in soil incubations by using a combination of stable isotope probing
(PLFA, DNA, proteins) and molecular (QPCR, NGS) community assessment techniques to
single out the active species at high resolution. Methane consumption was significantly related
to MOB diversity. Next to this, active methanotrophs suppressed ammonia and nitrite oxidation
in the studied soils by outcompeting the nitrifiers for ammonium. The active MOB were restricted
to only one or two phylotyg)es whose relative abundance was affected by the amount of nitrogen
applied. Similarly, active 3co, incorporating AOB, AOA and NOB phylotypes were differentially
affected by availability of nitrogen and nitrogen-consuming MOB. By assessing the
biogeochemicaly active species we clearly demonstrate that important ecosystems functions
and services are modulated by a very limited amount of microbial phylotypes and the way they
interact. Predicting effects of climate change, land-use change or management may be
facilitated by incorporation of their traits into process-based models. Incorporating traits into life-
strategy frameworks as has been done for plants maybe a way to link functional microbial
diversity to ecosystem functioning.

Keywords: methane oxidation, microbial diversity, nitrification, stable isotope probing
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[03.2]
Importance of community structure for GHG emissions - Lessons learned from genomes
and metagenomes
D.R.H. Graf, G. Bonilla-Rosso, C.M. Jones, S. Hallin*
Swedish University of Agricultural Sciences, Sweden

The only enzyme known to reduce the greenhouse gas nitrous oxide (N,O) is the N,O
reductase, encoded by the nosZ gene among bacteria and archaea. Using nosZ as a proxy for
the trait N,O reduction, we compared 652 denitrifier genomes across 18 phyla to examine if this
trait differed among taxa, preferred habitats or denitrifiers belonging to either of the two mutually
exclusive nir types (nirS and nirK). To also determine if the nir subtypes reflect different
ecological roles, the gene phylogenies were compared with the distribution of individual
lineages in 11 environmental metagenomes.

Gene co-occurrence patterns were not randomly distributed across taxa and nosZ also
displayed a higher frequency of co-occurrence with nirS than with nirK-type denitrfiers. The
presence or absence of a gene coding for nitric oxide reduction largely explained this pattern.
Thus, nirS denitrifiers are more likely to be capable of complete denitrification to N, than nirK
types and thereby contribute less to N,O emissions. A greater degree of shared evolutionary
history between nosZ and nirS was detected; however 30% of the nosZ organisms did not
possess any other denitrification gene suggesting an important role as N,O consumers. We
identified 9 nirS and 16 nirK lineages, which corresponded with contrasting metabolic
requirements. In the metagenomes, these lineages differed significantly in relative abundance
between habitats indicating physiological and ecological differences amongst the lineages. This
implies that the lineages are not functionally redundant. Our results remark the need for
physiological characterization of each lineage and a reinterpretation of their ecological role in
the environment in relation to nitrogen cycling. Gene co-occurrence patterns were also non-
randomly distributed amongst preferred habitat categories, with nosZ occurring more frequent
than expected among aquatic organisms. We demonstrate that the denitrification pathway is
highly modular, thus underpinning the importance of community structure for N,O emissions.

Keywords: genomics, metgenomics, GHG emissons, nitrogen cycling
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[03.3]
Soil biodiversity as a driver of ecosystem sustainability
M.G.A. van der Heijden*, F. Bender, L. Kéhl, C. Wagg
1Agroscope, Switzerland, 2University of Zurich, Switzerland

Soil organisms can play a key role in ecosystems by enhancing nutrient uptake, plant
productivity and plant diversity. The importance of soil biota for the sustainability of ecosystems
is still unresolved. Here we show that soil organisms and soil biodiversity can enhance the
sustainability of natural and agricultural ecosystems by reducing nutrient leaching losses after
rain and promoting nutrient uptake. Experiments performed in indoor mesocosm and in outdoor
lysimeters, showed that an increased abundance of mycorrhizal fungi and other soil biota,
reduced leaching losses of nitrogen and phosphorus. The reduction of nitrogen leaching losses
in outdoor lysimeters was substantial (a reduction of up to 80 kg N/ha/year) pointing to the key
role of soil biota in nutrient cycling. Mesocosms experiments with experimental grassland further
revealed that nutrient losses depend on the composition of fungal communities and were
reduced in microcosms with enhanced soil biodiversity. Our results indicate that changes in soil
communities and the loss of particular groups of soil biota threatens ecosystem
multifunctionality and sustainability.

Keywords: ecosystem sustainability,, mycorrhizal fungi, soil biodiversity, nutrient cycling
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[03.4]
Resource pulse can alleviate the biodiversity-invasion relationship in soil microbial
communities
C.A. Mallon’, F. Poly®, X. Le Roux?, I. Marring", J.D. van Elsas’, J. Falcao Salles*’
1University of Groningen, The Netherlands, Université Lyon 1, France

Invasive species have the potential to affect the functioning of ecosystems and the extent of this
impact is tightly linked to the level of biodiversity at a local scale. There is no general theory that
ties together all the factors influencing what is colloquially known as the diversity-invasion
relationship, whereby more diverse communities resist invasion better than less diverse
communities. The roles of species richness, resource use, and resource availability are central
to many hypotheses explaining the diversity-invasion phenomenon but are generally not
investigated together. Here, we created a large diversity gradient of soil microbial communities
by either assembling communities of pure bacterial strains or removing the diversity of a natural
soil. Using data on resource use capacities of the soil communities and the invader E. coli,
gathered from 71 carbon sources, we quantified the niches available to the community by using
the metric community niche, as well as the remaining niche available to the invader. A strong
positive relationship between species richness and community niche across both experiments
indicated the presence of resource complementarity. Moreover, community niche and the
remaining niche available to the invader well predicted invader abundance (up to 96% of the
variance), suggesting that increased competition in communities of higher diversity limited
community invasibility and underscored the importance of resource availability as a key
mechanism through which diversity hinders invasions. As a proof of principle, we subjected
selected invaded communities to a resource pulse, which indeed allowed the invader to recover
after nearly being eliminated in some communities and progressively uncoupled the link
between soil microbial diversity and invasion. In summary, our results demonstrated that (i)
resource competition drives invasion, (ii) biodiversity increases resource competition and
decreases invasion through niche preemption, and (iii) resource pulses favour invasion even in
diverse communities.

Keywords: biological invasion, bacterial diversity, resource use mechanism, diveristy-invasion
relationship
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[03.5]
Network architecture of rhizosphere bacterial community and ecological similarity with th
e pathogen predicts plant protection from an infection
A. Jousset, Z. Wei, T.J. Yang*, V.P. Friman, Q.R. Shen, Y.C. Xu
"Imperial college London, British Virgin Islands, Utrecht University, The Netherlands

Host-associated microbial communities form an irreplaceable line of defense against
pathogens with animals and plants 2 While it has been shown that species rich
communities are generally good at resisting pathogen invasions®®, there is a growing
interest to understand the mechanisms linking community composition to pathogen
suppression. Here we used a bipartite resource networks approach to examine which
community characteristics of commensal rhizosphere bacterial communities (richness,
nestedness, connectedness and niche overlap with the pathogen) best predict pathogen
suppression in vitro and in vivo. We first used microcosm experiments to demonstrate
that Ralstonia solanacearum pathogen is most suppressed when commensal trophic
networks of the resident communities are weakly nested, highly connected and when
their resource use niche clearly overlaps with the pathogen. We then used a greenhouse
experiment with tomato plants to extend our predictions to actual host protection. Again,
disease suppression was associated with nested and highly connected trophic networks
overlapping with the pathogen. In addition, weak interspecific competition (high niche
differentiation) within the commensal communities further reduced disease severity. No
direct antagonism between R. solanacearum and biocontrol bacteria was found, which
suggests that pathogen suppression was driven by resource competition. Together
these results suggest that interaction network architecture of a commensal rhizosphere
bacterial community, and its ecological similarity with the pathogen, robustly predicts
host protection from pathogen invasion, providing an ecological approach to engineer
microbial communities to improve plant health.

Keywords: Ralstonia solanacearum, Microbial biodiverity, Ecosystem function
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[03.6]
Absence of large soil predators lead to a decline of lower trophic levels and slower
decomposition in temperate beech forests of northwest Spain
N. Melguizo-Ruiz*"?, G. Jiménez', E. De Mas', J. Pato®, S. Scheu®, D.H. Wise*, A.T. Austin®, J.
Moya-Larafio’
'Estacion Experimental de Zonas Aridas (CSIC), Spain, Research Unit of Biodiversity
(UO/CSIC/PA), Spain, 3Georg August University of Géttingen, Germany, 4University of lllinois,
USA, 5University of Buenos Aires, Argentina

Soil food webs are the result of complex interactions with variable controls from different trophic
levels, which often has consequences for ecosystem processes. Bottom-up control occurs
when higher productivity from lower trophic levels affects the density and biomass of top
predators, whereas top-down control arises when generalist predators indirectly affect carbon
and nutrient turnover through their impact on prey abundance. This study focused on the
potential of top predators to structure the soil food web and leaf-litter decomposition in eight
temperate beech forests sites of varying rainfall (1000-1500 mm) in northwest Spain. We tested
if changes in the density of large predators affect prey density of different trophic levels,
potentially cascading down to decomposition rates. We conducted a field experiment where we
manipulated the presence of top-predators by removing or adding large arthropod predators in
experimental plots, with simultaneous evaluation of leaf litter decomposition. After one year,
predator removal had a surprisingly negative effect on the total abundance of soil fauna,
particularly fungivore abundance, suggesting that the overexploitation of resources due to
reduced predation, as well as the reduction of intermediate predators may have caused a strong
decline in these prey populations. Springtails were significantly larger in predator removal plots,
suggesting either a plastic response mediated by a growth-reproduction trade-off or that larger
springtail species were favoured in the absence of predators. Finally, we found a significant
reduction in litter decomposition with predator removal, which is consistent with the result that
predator removal decreased fungivore populations and thus slowed decomposition rates and
nutrient turnover. There was no interaction with site precipitation, suggesting that the effects of
predators were similar and independent of rainfall. This study suggests a strong top-down
control on the structure of the soil faunal community with important consequences for carbon
and nutrient turnover in these forest ecosystems.

Keywords: soil food webs, top-down control, rainfall, decomposition rate
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[03.7]
The influence of soil macrofauna on soil aggregation in agro-ecosystems of sub-Saharan
Africa depends on management intensity
F.O. Ayuke*', B. Vanlauwe?, M.M. Pulleman’, D. Odee’, L. Brussaard®, J. Six'
7University of Nairobi, Kenya, ?International Institute for Tropical Agriculture (lITA), Kenya,
3NERC Centre for Ecology and Hydrology, CEH Edinburgh, UK, 4Department of Plant Sciences,
University of California, USA, 5Wageningen University, The Netherlands

The effects of soil macrofauna on soil organic matter (SOM) and soil structure are rarely
considered when developing sustainable management practices. We investigated the relative
importance of earthworms and termites, in addition to soil- and climatic factors in influencing soil
aggregation in 12 long-term field experiments in East and West Africa. Aggregate size
distribution, SOM and soil texture, as well as the taxonomic diversity, abundance and biomass
of earthworms and termites were measured in arable systems under contrasting management
and a nearby fallow. Aggregate stability indices, SOM, and diversity, abundance and biomass of
earthworms and termites were generally higher in the fallows compared to the arable systems.
Factor analysis indicated that under fallow, 45.9% of the sample variation was explained by
factor I, which was related to SOM, precipitation, clay content and earthworm indices, and
17.8% by factor I, which was related to termite indices. Under arable systems, 42.4% of the
sample variation was explained by factor I, which related to SOM, precipitation and clay and
20% by factor Il, which related to earthworms and termites. Regression analysis indicated that
under fallow, the two factors explained 92.6% for total macroaggregates (TM) and 87.5% for
microaggregates within macroaggregates (mM). Under arable cropping, the two factors
explained 98% for TM and 100% for mM. We conclude that earthworms, and to a smaller extent
termites, are important drivers of soil aggregation, together with climate, SOM and soil texture.
However, the role of soil macrofauna in affecting soil aggregation is reduced with increasing
management intensity and soil disturbance due to cultivation, whereas the relative contribution
of SOM and clay is increased.

Keywords: Soil macrofauna, Agroecosystem, Soil aggregation, Management intensity
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[04.1]
Predicting soil bacterial responses to multi-factor global change with trait-based
modelling
X. LE ROUX* et al
INRA, France

The structure and functioning of ecosystems are impacted by human activities. Altered
precipitation, elevated atmospheric CO, concentration, and rising nitrogen (N) deposition are
occurring simultaneously and affect both resource availability and disturbance dynamics. Many
studies have reported the effects of single global change factors on the functioning of the soil
microbiota, and fewer have reported the effects of multiple, interacting global change factors,
but descriptive studies of environmental change effects on soil bacteria remain insufficient to
understand the mechanisms that determine their diversity and activity in soil and their
responses to global change. However soils harbor a tremendous diversity of bacteria and
breaking down the soil bacterial diversity into functional units and predicting their responses to
multifactorial global changes remains intractable. In this context, trait-based approaches that
reduce community complexity to key functional attributes (traits) are particularly promising.
Despite recent progress, these approaches are still in their infancy in soil microbiology.

Here, we tested the hypothesis that classifying soil nitrite oxidizing bacteria (NOB) based on a
few traits can identify the key controls over changes in the community composition and activity
of these bacteria and predict their responses to global environmental change. First, we show
that changes in N availability largely drive the Nitrobacter-to-Nitrospira ratio in soil under the 8
global change treatments tested. Second, a marked increase in the availability of organic
carbon and nitrite, under relatively low oxygen tension, explains the emergence of mixotrophic
Nitrobacter under the (high CO2 x high nitrogen x high precipitation) treatment. Third, at least
three functional groups are needed to predict the response of NOB and their activity to the
global change scenarios. Our results are a starting point for representing the overwhelming
diversity of soil bacteria by a few functional types that can be incorporated into models of
terrestrial ecosystems and biogeochemical processes.

Keywords: functional traits, global change factors, trait-based modelling, nitrifiers
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[04.2]
Future climate alters soil biodiversity and carbon storage of northern peatlands
Z. Lindo*, B.A. Branfireun, A. Asemaninejad, G.R. Thorn
The University of Western Ontario, Canada

Northern peatlands are the world’s largest terrestrial carbon (C) store, actively sequestering C
due to slow decomposition rates under high water table, low temperature and poor nutrient
conditions. Changes in temperature and moisture regimes are expected to directly alter
decomposition rates in northern peatlands, alongside changes in aboveground (plant) and
belowground (fungal, faunal) biodiversity.

In a large-scale mesocosm study, we subjected 100 intact, vegetated peat monoliths (25 kg) to
elevated temperatures, increased atmospheric CO,, and two water table levels over 18 months
in a factorial design to determine the individual and synergistic effects of climate change factors
on decomposition, and fungal and microarthropod soil biodiversity. We assessed the initial
fungal and fauna communities in the top 5 cm peat, measured changes in soil biodiversity and
assessed decomposition rates using litterbags over 12 months, and quantified the soil
biodiversity in the top 5 cm peat after 18 months. Carbon dioxide flux (soil respiration) and
dissolved organic carbon (DOC) loss were also measured as ecosystem-level variables.

During the experiment, increased temperature changed the aboveground plant community from
Ericaceae and Sphagnum-dominated to graminoid-dominated systems. Lowered water table
and increased temperature significantly increased decomposition rates, and increased the
abundance and species richness of soil microarthropods. Temperature was the major driver of
fungal community shifts, increasing the relative abundance of saprotrophic fungi under elevated
temperature. At the ecosystem-level, CO, flux and DOC loss increased under all future climate
conditions suggesting an overall reversal of carbon storage to carbon release concomitant with
observed changes in soil biodiversity. Whether northern peatlands will continue to store carbon
under future climate scenarios will depend on the direct effects of climate on ecosystem- and
community-level responses, as well as the interaction between the two. Understanding changes
in soil biodiversity is an important factor in predicting global carbon budgets.

Keywords: climate change, soil microarthropods, fungal communities, decomposition
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Impacts of global climate change on the leaf-litter arthropod community: Effects of
altered detrital input and rainfall extremes in two long-term field experiments in a
deciduous forest
D.H. Wise*', K.L. Lawrence®, J.R. Lensing3
7University of lllinois at Chicago, USA, ’General Dynamics Information Technology, USA,
3University of Kenucky, USA

Introduction: By altering temperature and rainfall, global climate change will alter rates of detrital
input and microbial growth, with likely impacts upon the detritus-based arthropod community of
the leaf-litter horizon.

Methods: We investigated impacts in two 3-yr experiments in a deciduous forest. In Study 1 we
altered rates of detrital input in open and fenced 4-m?plots. In Study 2 we simulated extremes
of rainfall predicted by climate-change models in 14-m* fenced plots at two sites (dry and moist
organic soil horizons). Perturbations occurred during the growing season, and arthropod
densities were sampled by litter sifting and litter extractions 2x each season (summer and fall).

Results: In Study 1 effects of detrital manipulation on community structure were more
pronounced in the fall, and the degree of divergence between experimental treatments
increased over time (FIG. 1).
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FIGURE 1. Effect of resource (detritus) supplementation upon arthropod community structure
in Study 1 over time. Principal Coordinates Ordinations (Gower’s Distance, 18 variables defined O Control
by taxon-sampling method combinations). The overall Resource x Year (R x Y) interaction is
significant (P = 0.002, PERMANQVA). P-values for Resource Treatment from corresponding @ + Detritus
PERMANOQVA’s for each Year. The Resource x Year (R x Y) interaction is significant both seasons
(P’'s = 0.04, 0.003; Summer, Fall). Seasons are analyzed separately because (R x Y) x Season is
significant (P = 0.04). Open and Fenced plots have been pooled because there were no
interactions between Fencing and [(R x Y) x Year] or [(R x Y) x Season] (P's = 0.22, 0.67).

Densities of several taxa were positively correlated with resource supplementation in two
consecutive years (entomobryid, hypogastrurid, onychurid and sminthurid Collembola; Diptera
and Coleoptera). In contrast, Thysanoptera and larval Lepidoptera were negatively associated
with increased detrital input.  Web-building spiders were initially more numerous in
supplemented plots, but by Year 3 were less dense in the resource-supplementation treatment.

In Study 2 the rainfall treatment altered community structure over time (FIG.2).
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FIGURE 2. Effect of the rainfall manipulation upon arthropod community structure in Study 2 over time. Principal
Coordinates Ordinations (Gower’s Distance, variables defined by 55 taxon-sampling method combinations). The
Rainfall x Year (R x Y) interaction is significant (P = 0.002, PERMANOVA). P-values for Rainfall Treatment from
corresponding PERMANOVA'’s for each Year. Although Season and Site significantly affected community structure,
these treatments have been pooled for these ordination plots because interactions between (R x Y) and both
Season and Site are not significant (P’s = 0.71, 0.83).

Several taxa were consistently 2x more abundant in the High rainfall treatment: tomocerid
Collembola, spiders, and Symphyla. Treatment x time interactions were less prevalent than in
Study 1, with no indication of an altered response by web-weaving spiders over time. For most
taxa the rainfall effect was greater on the drier site.

Discussion: Both perturbations substantially altered community structure, but temporal
patterns were distinctly different. First, not all major taxa responded in a similar fashion to
increased detritus or higher rainfall. Secondly, community equilibrium will be reached only after
several years, especially for perturbations of detrital input.

Keywords: arthropods, leaf litter, detrital input, rainfall
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Are there links between responses of soil microbes and ecosystem functioning to
elevated CO,, N deposition and warming? A global persPective
P. Garcia-Palacios*'?, M.L. Vandegehuchte2'3, E.H. Shaw?, M. Dam**, K.H. Post?, K.S.
Ramirez*®, Z.A. Sylvain®®, C.M. de Tomasel®, D.H. Wall®
"Centre d’Ecologie Fonctionnelle & Evolutive, France, >Colorado State University, USA, *Snow
and Landscape Research WSL, Switzerland, 4University of Copenhagen, Denmark,
®Netherlands Institute of Ecology, The Netherlands, ®Canadian Forest Service, Canada

A comprehensive understanding of how the impact of global change on soil biota translates into
altered ecosystem functioning is required for adequate predictions of future ecosystem states. A
prerequisite for meeting this objective is a synthesis of relationships between global change
effects on soil biota and ecosystem processes, which, however, is currently lacking. We used
meta-analysis and structural equation modeling to assess whether effects of global change
drivers (elevated CO,, N deposition and warming) on soil biota abundance (total microbial
community, fungi and bacteria) explain effects of these drivers on ecosystem functioning (plant
biomass, soil C and N cycle). Across-taxa soil microbial abundance modulated the responses of
ecosystem functioning to N deposition and warming, but not responses to elevated CO, which
were dependent on the soil taxon and ecosystem process in question. For example, fungal
abundance responses to elevated CO, were positively correlated with those of plant biomass
but negatively with those of the N cycle. In studies that simultaneously assessed global change,
soil biota and ecosystem functioning, precipitation, soil fauna, P cycle and litter decomposition
were clearly underrepresented. Future studies will need to address these research gaps, and
use realistic global change rates and metrics of soil community composition, to improve current
predictions of how global change will impact ecosystem functioning.

Keywords: global change, meta-analysis, ecosystem functioning, soil microbial abundance
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Land use legacies and agrodiversity from the below-ground perspective: Los Tuxtlas
case study
S. Negrete-YankeIevich“, |. Maldonado-Mendoza®, E. Martinez-Romero®, W. Sangabriel-
Conde’, A. Légez-LépezB, M.E. Mancera-Lépez2
'Instituto de Ecologia AC, Mexico, “Instituto Politécnico Nacional, ClIDIR-Sinaloa, Mexico,
%Instituto de Ciencias Genémicas, UNAM, Mexico

Land use intensification of naturally thin and nutrient poor soils has often been invoked as the
prime explanation for reductions in food production in tropical mountains (Fig.1)

Sources
1 Stuart1978 3500 +
2 Perales 1992 3000
3 Chavelier andBuckles 1995 1 1 °
4 Buckles andErnestein 1996
2500 - ®° o o Los Tuxtlas (Santa Marta)
5  ACICRUO-UACH/SEMARNAP ;
1997a pe]
b i
6  ACICRUO-UACH/SEMARNAP 2 2000 == Veracruz state
1997b ©
< 5
7 Blanco 1987 o 1500 A °
X 3
8 Eillita1998 PR ‘3:05
9  Lazosand Paré2000 1000 - 3o b1 0
o
10 Barois etal 2003b s °
500 - °
11 Durantand Lazos 2004 1 12
12 Ramirezand Ramirez2006 0 °

1960 1970 1980 1990 2000 2010
Year

Fig. 1. Maize productivity decline in Los Tuxtlas

Little is known about the relative importance of land use legacies and current practices (like
agrodiversity reduction) on soil functioning. For Los Tuxtlas, Mexico we (1) used the BGBD-
Mex database to statistically model the cumulative effects of plot use history on sail fertility (10
indicators) and biodiversity (10 soil functional groups) and (2) experimentally investigated the
consequences of aboveground crop diversity reduction (intra e interspecific) on the genetic
diversity and function of native mycorrhiza and nitrogen fixing bacteria in indigenous maize
polycultures (BioPop project).

The legacy of cropping years explained 8-22% of the variability in soil fertility and 5- 22% of
belowground taxa richness (Mixed Models). The capacity of soils to establish mycorrhizal
symbiosis diminishes with decreasing diversity of cultivated plants, while available P (Bray)
increases with the diversity of crops (Fig. 2).
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Fig. 2. Agrodiversity effect on mycorrhizal colonization and P availability

Compared to an introduced hybrid, some native maize landraces and their symbionts were
much more efficient in obtaining P from very deficient soils (Fig. 3).
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Fig. 3. Arbuscular mycorrhiza colonization and P uptake in native maize landraces and a hybrid

Many bacterial isolates from nitrogen-fixing nodules corresponded to bradyrhizobia closely
related to native bradyrhizobia from the forest and novel groups were found. This being the first
report of nodule bacteria from P. lunatus in its Mesoamerican site of origin and domestication.
The interactions of land use legacies with current agricultural practices may be hampering the
natural mechanisms that native polycultures have to cope with naturally thin and nutrient poor
soils. The immense variety of locally developed crops benefits from symbiotic relationships with
an equally diverse array of coevolved soil microorganisms. Understanding such a network is
allowing us now to develop locally tailored technologies aimed at improving productivity and
conserving an invaluable indigenous below-above ground heritage.

Keywords: Traditional maize polycultures, Arbuscular mycorrhiza, Nitrogen Fixing bacteria,
phosphorus defficiency
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Tropical pasture heterogeneity and soil arthropod biodiversity: Bad plants also help
P. Andrés*'? S. Santamaria®, J.G. Palacios-Vargas®, B.E. Mejia Recamier®, R. Iglesias®, X.
Espadaler’
"Center for Ecological Research and Forestry Applications (CREAF), Spain, 22Natural Resource
Ecology Laboratory (NREL), Colorado State University, USA, 3Autonomous University of
Barcelona, Spain, *Universidad Nacional Auténoma de México, Mexico

Biodiversity and landscape heterogeneity usually correlate positively despite evidences of the
opposite for particular faunal groups, and understanding the relationship between biodiversity
and landscape structure is essential for proper land management.

We worked in dry tropical forests transformed to pastures to determine effects of soil cover
heterogeneity on epigeic arthropod biodiversity.

During the rainy and dry seasons, we placed pitfall traps in three farms occupied by pastures
except for some shrubs and monospecific stands of Acacia pennatula ("carbonales") and a
small remnant of native forests. Arthropods were sorted and the most active groups were
classified to species -springtails and ants- or to family -beetles-. Alfa diversity was characterized
by Margalef and Shannon indexes and Beta diversity was defined as changes in indexes as
several habitats are pooled. Spatiotemporal differences between communities and species
contribution to differences were evaluated by MDS, ANOSIM and SIMPER analyses.

Unexpectedly, activity-density was only slightly depressed by drought. However, during rains
arthropod activity was equitably distributed among all vegetation types while, in the dry season,
pastures were deserted and more that 50% of the activity was sheltered under A. pennatula.
There also was a seasonal shift in taxa relative activity, with water-dependent collembolans
accounting for 75% of the activity during rains and several species of drought-adapted ants
providing for 61% during drought. Species richness and biodiversity always responded
positively to pasture diversification with shrubs and carbonales but with particular
spatiotemporal patterns depending on bioindicators. Carbonales were the main contributors
(even more than native forests) to global springtail biodiversity in the wet season and to beetle
biodiversity during drought. Shrubs contributed more than carbonales to ant biodiversity.

Although fungicidal and allelopathic, A. pennatula is relevant for epigeic arthropod biodiversity in
dry tropical silvopastoral systems, probably due to physical shelter provided by roots and fallen
wood.

Keywords: Dry tropics, Landscape complexity, Arthropod epigeic biodiversity, Soil biodiversity
management
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Biodiversity and ecological succession as indicators of compost maturity and quality
D.A. Neher*, H. Steel
1University of Vermont, USA, *Ghent University, Belgium

Compost is an aerobic heat-producing process, during which organic waste is degraded by
microorganisms to humus-like material. Compost has been touted as a solution for organic
waste management, soil fertility, weed management, suppression of diseases, and promoting
plant growth. For economic reasons, commercial composters have focused on the thermophilic
phase to kill pathogens and weed seeds by maintaining a temperature between 55-77°C for a
minimum of 15 days. However, biological control agents recolonize the pile in the subsequent
curing phase. Nonetheless, literature is replete with inconsistent findings attributed to
differences in recipe, composting process, and maturity. Chemical and physical indicators of
maturity are imprecise. As a complement to these indicators, we empirically evaluated the
composition of microbes and nematode communities as biological indicators of compost
maturity and ability to suppress disease. At the end of the thermophilic phase, bacteria were
dominated by thermophilic groups including Firmicutes, Actinobacteria, and gamma-
Proteobacteria; fungi were primarily thermo-tolerant Ascomycota such as Dothideomycetes and
Urotiales; and nematodes were mostly bacterial-feeding enrichment opportunists and fewer
general opportunists. Mid-cure and end of cure are characterized by a different and more
complex community. Bacterioides became more dominant than gamma- Proteobacteria and an
increase of actinobacteria reflect reduced nutrient availability. Wood decay fungi were
prominent. Nematodes shifted from dominance of bacterial-feeding/predators to increasing
importance of fungal-feeding general opportunists. Based on these successional patterns and
the advantages nematodes possess over microbes as indicators, a nematode based index for
compost maturity is proposed. Our studies indicate that curing is critical for the biological
compost component and its benefits. For example, in an on-farm experiment, mature hardwood
bark compost reduced disease severity of early blight on Brassica crops. We propose that
compost is disease-specific and, therefore, the recipe and maturity stage need to be tailored
specifically by pathogen type and/or dispersal mode.

Keywords: compost, biological indicators, nematode communities, disease suppression
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Are sustainable agricultural practices sustaining larger earthworm populations? A
quantitative review using meta-analysis
O. Schmidt*', M.J.I. Briones®, M. Hoogmoed®, M. Pulleman®, L. Brussaard®
"University College Dublin, Ireland, *University of Vigo, Spain, *Wageningen University, The
Netherlands

Recognition is growing of the need for sustainable agricultural systems that encompass high
crop productivity as well as the provision of ecosystem services. Thus, reducing the level of
mechanical soil disturbance, either by decreasing ploughing depth (shallow tillage), loosening
the soil without turning it (non-inversion tillage) or by direct seeding without any soil cultivation
(no-till) are becoming increasingly adopted as alternative tillage practices worldwide.
Earthworms are frequently used as indicators of soil quality under different tillage systems, and
they have important functions in reduced tillage systems including a reduction in soil
compaction and water runoff due to biogenic structures created by larger earthworm
populations. However, earthworm abundance is also influenced by abiotic factors, such as soil
texture, pH and temperature and moisture regimes and by food availability, which can override
the effects of tillage and could explain the great variability in the observed responses across
published studies.

Tillage effects on earthworms are of great interest in many research areas including agro-
ecology, soil science, hydrology, agronomy and wildlife conservation, and many narrative
reviews have been published. Here, we performed a quantitative review on the impacts of
reduced and no-tillage practices on earthworm communities using meta-analysis, an analytical
approach that gives different weights to published, collated studies based on replication and
variability so that a statistically confirmed pattern emerges. Using data from published field
studies (150 studies, 225 abundance and 124 biomass comparisons), we focused on the
effects of different tillage practices on the abundance and biomass of earthworms. We also
explored the modulating effects of rainfall, soil clay and C contents, pH, external chemical
inputs, duration of experiments and earthworm sampling methods on earthworm populations
under conventional and reduced tillage systems. This study provides the first global quantitative
review of tillage effects on earthworm populations.

Keywords: Earthworms, Tillage, Meta-analysis, Review
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Soil natural capital: Can we use it to close future yield gaps and reduce agricultural
risks?
K. Hedlund*1, M. Brady1'3, R. Cong1, E. Nelson?
"Lund university, Sweden, ’Bowdoin College, USA, *Swedish agricultural university, Sweden

The soil natural capital, which is the capacity of soil biodiversity to generate ecosystem services
is important for arable production systems. We ask here whether soil ecosystem services can
be used in decisions to close yield gaps and reduce risk taking in production and market prices.
Here we present novel models that can give the value of natural capital in decisions concerning
agricultural management, that has effects on both farmers economy and may mitigate
environmental problems from agricultural intensification. With a production function approach of
data from long-term agricultural field experiments in Europe and the US were used to value
changes in soil natural capital in relation to agricultural management. We demonstrate that
dissipating soil organic carbon (SOC) and soil ecosystem services, will reduce both future
attainable yields and fertilizer use efficiency, and thereby the value of soil natural capital. The
reason for the lower fertilizer use efficiency with lower SOC, according to our results, is that
additional fertilizer is needed to compensate for reduced levels of ecosystem services
associated with lower SOC. We find that higher soil natural capital buffers yield variance against
adverse weather and reduces reliance on external inputs. Further we address a view on how to
use the value of soil ecosystem services when porposing strategies to close future yield gaps.
We show the impact of soil ecosystem services and soil fertility on yields across the EU, using
spatial econometric techniques by estimating yield functions in relation to fertiliser applications
and climate. This allows for a comparison among policies and strategies that involves both
private and social values of soil ecosystem services. Our approach makes it possible to quantify
changes in soil natural capital and thereby value it in soil management decisions both on and off
farm, which could help to promote globally sustainable agriculture through optimization of
ecosystem services.

Ref: Cong et al 2014. Managing soil natural capital: An effective strategy for mitigating future
agricultural risks? Agricultural systems DOI: 10.1016/j.agsy.2014.05.003

Keywords: valuation, agriculture, ecosystem services
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Farmer knowledge and use of soil biodiversity: A global synthesis illustrated with case
studies
N. Pauli*, L.K. Abbott
University of Western Australia, Australia

The role of soil biodiversity and biological processes in on-farm management is receiving
greater attention. This is a global trend, limited not only to management of smallholder farming
systems, but also encompassing the drive to increase soil carbon stores in broadacre farming,
and to improve understanding of the ecosystem services provided by soil biota. Underpinning
this research and practice is farmer knowledge and use of soil biota and soil biological
processes. To date, there has been relatively little research on this topic, and the research that
exists has not been systematically reviewed. Our paper presents the first global review of
published farmer knowledge of soil biota and soil biological processes. A thorough review of
journal databases uncovered 44 papers on the topic; 42 of these reported original research,
and two presented reviews (of largely inaccessible literature) for defined geographic areas.
Study areas were drawn from 29 countries, including 21 studies from African countries, 10
papers from Central and South America, eight from Asia, five from North America and three
from Oceania. No published studies on this topic were found for Europe. Almost half (20) of the
papers addressed multiple soil fauna taxa, while 19 focussed on a single taxonomic group
(commonly earthworms or termites). The ‘knowledge-practice-belief’ complex of framing local
knowledge was used to critically analyse the main topics of the papers and identify key gaps in
existing research. We illustrate our synthesis with case studies from a smallholder system in
Honduras, and from broadacre grain farming in Western Australia, in order to highlight how
local knowledge of soil fauna can be used in agriculture in a diverse range of settings. The
results of the synthesis presented here offer insights for land management, agricultural
extension and education, land use policy and future research on sustainable agriculture.

Keywords: Local knowledge, Biodiversity management, Agricultural management,
Ethnoecology
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Measuring changes in agricultural land quality: The case of the Italian farms
E. Zoupanidou*
University of Geneva, Switzerland

Soil is a vital pore for life and particularly for agriculture. Since the agricultural sector constitutes
a large part of the economy of several countries, this indicates the need for land management
practices. This study tries to address the link between soil biodiversity and soil services and
particularly the contribution of soil quality to agricultural production. The main objective of the
research is to estimate the economic value of soil biodiversity and its interplay with crop
biodiversity. In the absence of precise data to measure farms soil nutrient stocks overtime, it is
necessary to evaluate the intertemporal role of one period’s yields affecting the next period’s
yields. By relying on a large panel dataset, we develop methods, using econometric techniques,
to examine the interaction between soil biota functions, crop biodiversity and agricultural
practices as well as to understand the factors that may influence the current and future use of
soil ecosystem services.

This paper offers a preliminary examination of agricultural production with respect to fertility
management within the Italian farms. We use dataset from a long-term study from the lItalian
Farm Accountancy Data Network (RICA). Farm selection is developed according to three
variables of stratification: geographical location, type of farming and economic dimension. The
preliminary findings indicate that crop diversification and soil fertility have a positive effect on
farmer welfare and Crop diversification can be a potential strategy to improve or maintain soil
fertility.

An important characteristic of this study is the use of a large panel dataset that allows the
capture of changes over time and the consideration of past events that influence the current
outcomes.

By further work this study aims to provide a reliable framework to secure farm crop production
and encourage the development and new methods adaption by farmers, and contribute to the
policymaking for future development of land resources.

Keywords: Sustainable agriculture, Soil quality, Crop diversification, Ecosystem function
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On the value of soil biodiversity and ecosystem services
S. Foudi*
Basque Centre for Climate Change, Spain

This paper provides a framework to understand the source of the economic value of soil
biodiversity and soil ecosystem services and maps out the pathways of such values. We clarify
the link between components of the economic value of soil biodiversity and their associated
services of particular relevance to soils. We contend that soil biodiversity and associated
ecosystem services give rise to two main additive value components in the context of risk and
uncertainty: an output value and an insurance value. These are illustrated with examples from
soil ecology and a simple heuristic model. The paper also point towards the challenges of
capturing such values highlighting the differences between private (individual) and public
(global) sources of value
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A happy families game on soil biodiversity
T. Chevallier*!, C. Guellier?, E. Blanchart', J. Sapijanskas’, A. Bispo?, D. Chirpaz', C. Chenu*,
D. Arrouays®
'IRD, France, >’ADEME, France, *Ministére de I'Ecologie, France, *AgroParisTech, France,
°AFES, France

Soil biodiversity is exposed to global changes, which may alter its functions and the services it
provides for human well-being. Yet, soil biodiversity is largely unknown to children and the
general public. While the size of soil organisms partly explains this situation, the paucity of
awareness-raising activities targeted towards the wider public is responsible for such a lack of
knowledge and interest.

In 2013, a game “the hidden life of soils” was designed by scientists and teachers for young
audiences to discover soil biodiversity and understand soil ecological functioning. This Happy
Families card game, in the style of Go Fish!, contains 42 playing cards (7 families with 6
representatives). Each card includes the name of the family, of the representative of the family,
and of the other members of the family (Fig. 1). It also includes a large photo and description:
the size of the representative, a short sentence on the diet of the organism or a short sentence
to explain the photo. The simplicity of the rules makes the game accessible to virtually anybody
while making players observe and memorize unknown organisms within their groups
(mesofauna, microfauna...). lllustrations, texts and designs have been carefully selected to be
both informative and attractive.

Name of the family s | pesofauna ramiy
Representative of the family = Collembola

Other members of the family m) :(vu:‘mrm s

Photo of the representative =)

Short description, diet, size, . S
on fungl a cteria. "

functionin sails... Actual size 0,5 mm

Fig. 1 Example of paying cards from the hidden life of soils

This easy-to-use and easy-to-transport pedagogic tool is used in different educational settings
and for a large public from children to students. lllustrations, texts and designs of the cards and
the supplemental educational booklet (Fig. 2) allow different uses at different level.
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Fig. 2 The supplemental educational booklet either for parents of teachers describing the size
distribution of the soil organisms and trophic networks

The game was distributed in schools and environmental associations. It is also available to free
download on the internet (http://www.gessol.fr). Three months after the launch, the French
webpage of the card game still received 2000 visits over a single week. We are developing an
English version (available next December).
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This game is a simple and efficient pedagogic tool to illustrate the astonishing levels of
heterogeneity of life in soil and hint at the role of biodiversity on ecosystem functioning.

Keywords: Education, playing cards game, school, soil organisms

71



[OE1.05]
Can soil organisms become our best teachers? Exploring soil biodiversity as an
ecosystem service provider of excellent environmental education
L.B. Byrne*
Roger Williams University, USA

Sustainable, thriving human societies depend on the conservation and management of
biodiversity and ecosystem services. Those, in turn, depend on the actions of environmentally
literate citizens who understand environmental issues and use ecological knowledge for
decision making. Since soil biodiversity has critical roles for supporting human well-being, it
should feature prominently in environmental education programs that seek to foster higher
levels of people’s environmental literacy. This should be easily accomplished because soil
organisms have many characteristics that suggest their utility for environmental education: they
are easy, quick and inexpensive to find in urbanized environments; many are fascinating,
beautiful and fun to interact with. Also, their relatively small, less-well-known and underused
stature can spark people’s curiosity. Nevertheless, soil biodiversity is often overlooked in
education programs, and most people’s soil literacy is probably relatively low. This presentation
explores opportunities to cultivate the recognized but under-examined ecosystem service of
teaching with a focus on using “soil organisms as teachers” (a.k.a. educational service
providers). Many possibilities exist to develop creative, hands-on education resources and
activities that integrate soil organisms, such as living soil bins, scavenger hunts, and “outdoor
classrooms” to dig in. A case study from Rhode Island, USA illustrates how a soil ecologist
partnered with a local environmental education center to create soil biodiversity exhibits and
teaching materials with outcomes that can be adapted in other places and contexts.
Additionally, soil ecologists should help develop “soil surveys” (quizzes, questionnaires) to
assess whether people’s environmental literacy is improved by soil biodiversity education
experiences. Such efforts by those who understand and love soil organisms the most is needed
to cultivate the valuable ecosystem service of teaching by soil organisms. This enhanced
service may help environmental education programs excel in fostering both the soil-specific and
general environmental knowledge needed to support more sustainable soil-literate societies.

Keywords: Environmental literacy, Environmental education, Teaching, Soil exhibits
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[OE2.1]
Tree species diversity effects on soil microbial biomass, diversity and activity across
European forest types
M. Carnol*', L. Baeten®, B. Bosman', H. De Wandeler?, B. Muys2
1University of Liége, Belgium, ’KU Leuven, Belgium, *Ghent University, Belgium

Increasing tree species diversity in forests might contribute to ecosystem-service maintenance,
as well as to the reconciliation of regulating, provisioning and supporting services within the
frame of multifunctional and sustainable forestry. Individual tree species influence
biogeochemical cycling through element deposition (throughfall, litterfall), and through microbial
activities in the soil. Yet, the influence of mixing tree species on these ecosystem processes is
unclear, in particular concerning the microbial diversity and activity in soils.

Here we synthesize results from the Exploratory Platform of the FunDivEUROPE project
(http://www.fundiveurope.eu/). This network of 209 comparative plots covering a tree diversity
gradient of 1 to 5 tree species was established in existing mature forests in 6 European regions.
These six focal regions represent a gradient of major European forest types from boreal to
Mediterranean forests. We analysed the impact of tree species diversity and the role of other
controlling factors on the metabolic diversity of soil bacteria (BIOLOG Ecoplate), soil microbial
biomass (fumigation-extraction) and potential nitrification (shaken soil slurry) in the forest floor
and the upper organo-mineral soil horizon.

Mean values of microbial biomass carbon ranged from 240 (Poland) to 1762 (Germany) mg kg'1
in the forest floor and from 4197 (ltaly) to 11207 (Finland) mg kg'1 in the upper organo-mineral
horizon. Tree diversity and soil water content were important controlling factors. Statistical
models predict microbial biomass to increase in both horizons by 7-8% with each step increase
in tree diversity. Metabolic diversity of soil bacteria (% of substrates used) showed high
variability both within and between sites. Further results analysed with mixed linear models will
be presented and discussed.

Keywords: forest soil, microbial biomass, nitrification, metabolic diversity
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[OE2.2]
Hidden effects of large herbivores on plant competition through plant-soil feedbacks
E. Medina-Roldan*', J. Paz-Ferreiro®, R. Bardgett®
"Xi'an Jiaotong-Liverpool University, China, Universidad Politécnica de Madrid, Spain, The
University of Manchester, UK

Large herbivores can influence plant community composition and thus ecosystem structure and
function. One way is by affecting plant-plant interactions directly (trough grazing and/or
trampling, for instance). However, it is less explored if large herbivores can modify plant
interspecific competition indirectly through herbivores’ effects on soil (by modifying soil microbial
communities and/or soil processes; such plant-soil effects are known under the umbrella term of
“plant-soil feedbacks”). We tested the hypothesis that herbivores would affect — via plant-soil
feedbacks — the strength of interspecific interactions between two graminoids which occur at
contrasting densities under grazed and ungrazed conditions in upland British grasslands
(Nardus stricta L. and Eriophorum vaginatum L.). We grew N. stricta and E. vaginatum
individuals in a controlled competition experiment using two soils with indications that their
microbial communities and properties differed (a long-term grazed upland grassland where N
stricta is dominant and a contiguous 6-years grazing exclosure dominated by Calluna vulgaris
(L.) Hull. and E. vaginatum). Our design allowed us to exclude confounding effects due to
variation in plant species densities and separate herbivore-driven plant soil feedback effects on
interspecific and intraspecific competition in our target plant species. At the end of the
experiment, soils from the long-term grazed grassland exhibited higher nitrogen (N)
mineralisation rates and soil microbial activity in accordance with previous field measures, but
soil microbial biomass Carbon: N ratio did not differ between grazed and ungrazed areas.
Surprisingly, herbivores affect plant competition asymmetrically through plant-soil feedbacks by
increasing the strength of interspecific competition of the superior competitor (N. stricta) over
the inferior one (E. vaginatum) more than they increase intraspecific competition as a result of
higher N availability (which coincides with field abundance of these species under grazing
conditions). Our results are the first, as far we know, to show such an asymmetrical grazing-
driven plant-soil feedback.
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[OE2.3]
Fungal role in carbon flow in the rhizosphere along a chronosequence of abandoned
agricultural soils
S.E. Hannula*, E. Morrién, J.A. van Veen
Netherlands Institute of Ecology -KNAW, The Netherlands

Many of the ecosystem services provided by soils, such as plant growth, organic matter cycling,
carbon sequestration and pathogen suppression occur through actions of microbes. Here, we
present results on the structure of and the diversity within fungal communities active in soil
along a chronosequence of ex-arable fields in The Netherlands (Veluwe LTO). These fields are
typically managed by low-intensive grazing while undergoing a transition from an arable system
into species-rich grassland. We hypothesized that the role of fungi in soil processes would
increase with increased time after abandonment and that this would have further consequences
to soil functioning. In order to assess the short term fate, turnover and retention of recent plant-
assimilated carbon and study active soil communities in these systems, intact soil cores were
collected and pulse labelled with >CO,. The fungal contribution to the processes was evaluated
using PLFA-SIP and community structure and diversity was analysed using DNA-SIP combined
with 454-sequencing.

Percentage of &'3Cin fungi

ulongterm
u Mid term

W Recent

% of excess microbial '3C in fungi

1 day 1 week 2 weeks

Figure 1. The percentage of the root derived labeled carbon incorporated into fungal biomass

Upon labelling, most of the root derived 3C was found in fungal biomass. Interestingly, fungi in
the cores from long-term abandoned fields received significantly more carbon from the plants
than the fungi in the short-term abandoned fields in which bacteria dominated (Figure 1). We
further observed that the changes in energy channels further affected the higher organisms.
The active, °C labelled fungi, in the rhizospheres were analysed and interaction networks of
species were constructed to entangle the reasons for the found differences. These results
highlight the importance of fungi in the grassland rhizosphere and their role in the carbon
cycling. We will discuss these results in relation to the soil biodiversity and ecosystem function.

Keywords: Fungal Ecology, Rhizosphere, Microbial Biodiversity, Ecosyctem funcion
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[OE2.4]
Ectomycorrhizal symbiosis - cure or cause of forest nitrogen limitation?
O. Franklin*, T. Nasholm, P. Hogberg, M.N. Hogberg
"IIASA- International Institute for Applied Systems Analysis, Austria, 2Swedish University of
Agricultural Sciences, Sweden

Introduction: Recent large-scale labelling experiments in the forests of Sweden have brought
into question a long-held theory of biology: that the ectomycorrhizal fungi found on tree roots
interact with trees in a symbiotic relationship that is always beneficial for both the fungi and the
trees. These fungi, including many edible mushrooms, are particularly common in boreal forests
where nitrogen limits tree growth. But in contrast to the current paradigm we showed that the
fungi may be the cause rather than the cure for the nitrogen scarcity. In the experiments, we
found that rather than alleviating nitrogen limitation in soil, the fungi maintain that limitation by
transferring less nitrogen to the trees when nitrogen is scarce than when it is abundant in the
soil.

Methods: A new theoretical model was developed to explain the experimental findings, by
simulating the interaction between individual fungi and plants. It suggests that since each
individual organism competes with others in trading carbon and nitrogen, the system as a whole
may function more like a capitalistic market economy than a cooperative symbiotic relationship.

Results: The competition among trees makes them export excessive amounts of carbon to the
fungi, which seize a lot of soil nitrogen and further aggravate the trees’ nitrogen limitation. On
the other hand, this self-sustained nitrogen limitation may prevent non-mycorrhizal plants from
invading and therefore confers a competitive advantage of the mycorrhizal strategy despite
hampered tree growth.

Discussion: Due to the dominant role of ectomycorrhizal symbiosis in boreal forest, these
mechanisms may have large and unexpected consequences for forest growth under a
changing climate. For example, the expected CO, fertilization of forest growth may be
eliminated or even reversed.
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Keywords: boreal forest, ecosystem, market model, game theory
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[OE2.5]
How a native shrub affect soil nematofauna and microbial communities when growing
millet in Senegal
S. Diakhate', M. Gueye', N.H. Diallo’? A.O. Ba®, D. Masse', M. Sembene*, R.P. Dick®, L.
Chapuis-Lardy*® et al
"LMI IESOL, Senegal, 2| aboratoire National de Recherches sur les Productions Végétales,
Senegal, 3ELISOL Environnement, France, *UCAD, Laboratoire de Biologie et Gestion des
Populations, Senegal, The Ohio State University, USA, ®IRD, Institut de Recherche pour le
Développement, France

Woody shrubs commonly co-exist with annual food crops in farmers’ fields throughout the
Sahel. Management strategies that deliberately include the native shrub Piliostigma reticulatum
in Senegalese cropping systems results in better crop yields. This work focuses on soil
microbial communities and nematofauna as potential key actors of the observed benefits.

Topsoils (0-10 cm) were collected in an existing experimental design at Nioro-du-Rip (Sénégal):
(i) bare soil (treatment serving as a control, C), (ii) millet cultivation without external inputs (M
treatment), (iii) shrub canopy (noted as P for Piliostigma reticulatum), and (iv) millet and P.
reticulatum association integrating shrub pruning and mulching at crop seedling (M+P). The
different trophic groups of soil nematofauna were characterized and related indices were used
as indicators of the soil food web. Soil microbial communities were characterized by combined
methodological approaches including PCR-DGGE of 16S rDNA and ITS gene, functional
diversity (MicroRespTM) analysis and enzyme activity measurements.

The structure and enrichment indices of the nematode community were significantly higher in
M+P treatment. The abundance of the plant feeders (especially the Hoplolaimidae family)
decreased when Piliostigma reticulatum was associated to the millet. Non-metric
Multidimensional Scaling (NMS) of soil microbial community data revealed a shift in structure of
both bacterial and fungal communities. Arylsulfatase and urease activities were significantly
affected by the shrub. However functional diversity (MicroRespTM) of microbial communities was
not affected by the shrub.

The presence of P. reticulatum in millet cultivation provided more bacterivorous nematodes with
indirect effect of nitrogen cycling and less plant-parasitic nematodes that further enhance millet
productivity. The changes in structure and functioning of the soil microbial communities
probably contribute to nutrient cycling as well. Further research should clarify interactions within
the soil food web and impacts on soil fertility.

Keywords: Agroforestry, Piliostigma reticulatum, Nematode, PCR-DGGE
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[OE2.6]
How soil organisms interact with plant hormone signalling pathways
R. Puga-Freitas, M. Blouin*
Université Paris-Est Créteil Val de Marne, France

Plants interact with a large number of soil organisms. For a long time, these interactions have
been the research area of soil ecologists and trophic relationships and physico-chemical
modifications of the soil matrix were generally proposed as mechanisms underlying plant-soil
organism interactions.

However, some specific symbioses and diseases have been well characterized at the
molecular level by plant biologists and microbiologists. These interactions involve a physical
contact between soil organism and plant. They are mediated through signal molecules that play
upon the different plant hormonal signalling pathways, leading to modifications in plant
development and defence. Nowadays, the role of signal molecules emerges as an important
feature of interactions between plants and free-living soil organisms.

In this work we discuss genetic and physiological evidences of hormone signalling involvement
in plant response to physically associated but also free-living soil organisms, for very different
taxa ranging from the micrometer to the centimetre scales. The same hormone signalling
pathways seems to be activated by very different kinds of soil organisms such as bacteria,
nematodes, collembola and even earthworms, with common consequences on plant growth,
development and defence.

Plant hormonal homeostasis appears to be the corner stone to understand and predict the
issue of the multiple interactions that plants entertain with the community of soil organisms.

Keywords: plant hormone signalling pathway, plant development and defence, micro-, meso-
and macro-fauna, microorganisms

79



[OE3.1]
Processes and patterns of nematode biodiversity in urban soils
P.S. Grewal*
University of Tennessee, USA

Little is known about belowground biodiversity in urban ecosystems. We have identified key
processes that affect patterns of nematode species and functional diversity and structuring of
nematode food webs in urban ecosystems. Results reveal that processes including land use,
urban age, physical disturbance, chemical inputs (intended or unintended), and anthropogenic
alterations in habitat structural complexity and heterogeneity influence nematode species and
trophic diversity and structuring of nematode communities in urban ecosystems. Nematode
communities tend to be less diverse and more disturbed in well-managed urban lawns
compared to urban vacant lots and community or market gardens. Fertilizer applications
negatively affect soil nematode biodiversity and food web structural complexity, whereas
pesticides seem to have little effect. Nematode communities tend to be less diverse at the
urban fringe compared to the urban core, likely due to more recent physical disturbance
associated with urban development at the urban fringe. Nematode abundance and species
richness increase with urban age and correlate positively with soil C, organic matter, and pH,
which also increase along urban age. Nematode abundance and species richness however did
not correlate positively with soil C, organic matter and pH along the distance to road gradient,
suggesting a negative effect of contaminants associated with roads. Using multiple regression
analysis we determined that a combination of heavy metals As, Cd, and Cr, and soil texture and
organic matter are significant predictors of nematode abundance and community indices in
urban soils. Bacterivore and fungivore nematodes were negatively correlated with As and
positively with Cr and Zn; whereas plant parasitic nematodes were positively correlated with Cd,
Cr, and Zn. Channel index was negatively correlated with Cd, Cr and Zn. Overall, the results
show that soil nematode food webs in urban ecosystems are highly disturbed, less diverse,
immature, and lack structural complexity compared to nearby forest ecosystems.

Keywords: soil biodiversity, soil food webs, nematodes, urban ecosystems
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Filling the gap in the knowledge of urban soils organisms: Ants and earthworms of urban
parksKey words: Urban soils, earthworms, ants, initial conditions, urban parks,
community ecology
A. Vergnes“’z, F. Dubs1, A. Muratet3, T. Lerch1, M. Blouin'

"Université Paris-Est Créteil, France, ’Muséum National d’Histoire Naturelle, France, 3Conseil
Général de la Seine-Saint-Denis, France

Over half of the world’s population lives in cities. Humans are the most in contact with urban
soils but the biodiversity they shelter is paradoxically among the least known. The ecological
drivers that shape soil organisms in the urban context are still to be addressed. Indeed, most of
urban soils are man-made (technosols) and without most organisms. Colonization framework
questions emerge such as the importance of age since their construction, initial conditions of
soils or landscape properties.

We studied 20 patches of lawn located in parks around Paris (France) with different ages (from
2 to 64 years) and with two types of technosols: all with mineral anthropogenic backfill and with
(TS) or (NTS) without top soil, which represent the initial conditions of the soils. Normalized
Difference Vegetation Index (NDVI) around patches, management practices and soil physico-
chemical properties have also been recorded (%C, %N...). We sampled soil macrofauna taxa
that have major impacts in soil functioning and are considered as ecosystem engineers: ants
and earthworms.

We collected 17 earthworm species and 12 ant species that are common. For earthworms, we
highlighted a major effect of the interaction between the age and the type of technosols. Along
time, we observed a decline of abundance and species richness in NTS patches whereas those
indicators increased in TS patches. The difference in the initial conditions of the soils strongly
affected earthworms. The NDVI showed a positive effect meaning that colonization was more
efficient when habitats were present around the recently constructed technosols. For ants, no
significant effect was observed which means that local process such as competition could be
more important than colonization as they have high dispersal capabilities.

This study highlighted the importance of initial conditions for those key organisms and
participated to fill the gap in the knowledge of urban soils.

Keywords: Urban soils, Earthworms, Ants, colonisation
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[OE3.3]
Soil invertebrates as bioindicators of soil quality in urban vegetable gardens
S. Joimel*"?, C. Schwartz'?, A. Auclerc'?, J. Bel™?, P. Branchu®, E-D. Chenot'?, J.N.
Consalés*®, M. Hedde?, J.L. Morel"?, J. Cortet*® et al
"Université de Lorraine, France, ’INRA, France, *CEREMA, France, “CNRS, France, °Université
de Provence, France, *Université Paul-Valéry Montpellier, France

Do human activities systematically alter the ecosystems functioning by negative effects on soil
biodiversity? Human activities are known to potentially alter physical, geochemical and
biological properties of ecosystems. SUITMAs (Soils in Urban, Industrial, Traffic, Mining and
Military Areas) are major supports of these man-modified ecosystems. Among these soils, some
might play a key role in developing biodiversity in urban areas like vegetable gardens.
Gardening is a very common practice in many industrialised and developing countries.
However, the functioning and the ability of garden soils to provide support for biodiversity are
underrated. What is the effect of urbanisation on taxonomic and functional biodiversity in
vegetable gardens? A functional trait-based approach for soil invertebrate communities has
been recently developed to understand the species responses to their environment (BETSI
project funded by the Fondation pour la recherche sur la biodiversité).

This work was conducted to (1) compare springtail communities in France, using data
collections from several national databases, along a gradient of land use (forest, agriculture,
and urban vegetable gardens and (2) to assess the taxonomic and functional springtail
biodiversity in French garden soils along an intensity gradient of gardening practices.

Fifteen gardens were selected using soil data, environment and gardening practices out of the
104 gardens of the French national survey on garden soils (JASSUR-ANR) conducted in
contrasted climatic areas (Continental, Oceanic and Mediterranean). Correlations between
characteristics of collembolan community (e.g. species richness, functional trait distribution)
were established. Results showed that urbanization and changes in land use did not always
translate to a lower taxonomical and functional structure of springtail communities. However, the
functional structure tended to vary with changes of gardening practices.

Functional traits as indicators will allow a more precise understanding of the effects practice
changes have on springtail communities in urban environments.

Keywords: functional traits, springtails, gardens, urbanisation
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[OE3.4]
A muIti-citzy comparison of urban soil ecosystem function
K. Szlavecz*', R.V. Pouyat’, S. Cilliers®, C. Csuzdi*, M. Dombos®, E. Hornung®, D.J. Kotze’, S.
Mishra®, H. Setéla’, D.E. Schmidt® et al
"Johns Hopkins University, USA, 2USDA Forest Service, USA, *North-West University, South
Africa, 4Eszterhézy K. College, Hungary, ®Institute for Soil Sciences and Agricultural Chemistry,
Hungary, ®Szent Istvan University, Hungary, "University of Helsinki, Finland, ®University of
Maryland, USA

Urban soils vary from relatively undisturbed in remnant habitats to highly disturbed in developed
areas. As such, these soils form a continuum of human effects and provide excellent
opportunities to study the impact of anthropogenic factors on soil ecosystem services.

We have recently initiated a Global Urban Soil Ecological and Education Network (GLUSEEN)
to allow for a multi-city comparison to answer the following questions: (1) What is the response
of soil community structure and decay rates in urban soils at local, regional and global scales?
(2) Do differences in soil biodiversity among urban soil ecosystems relate to functional changes
in the decomposer subsystem?

In a pilot study we conducted experiments in five cities: Baltimore, USA; Helsinki and Lahti,
Finland; Budapest, Hungary; and Potchefstroom, South Africa. Four habitat types, ruderal, lawn,
remnant and reference were selected, each replicated five times. We measured basic soil
characteristics, and assessed the earthworm and microbial communities. To follow
decomposition rates we deployed nylon teabags as a common substrate.

In cities with forest as the native habitat, we detected similar trends across the habitat types:
soil organic matter concentration was lower, and pH was higher in the disturbed than in the
reference sites. Among cities, absolute differences were higher in the reference sites than in the
ruderal sites: for SOM 47.05% and 1.99% and for pH 2.1 and 0.7, respectively. NMS ordination
of all 16S (Bacterial and Archaeal) sequences revealed a strong separation of Baltimore from
the rest of the cities across the Atlantic. Both city and habitat type effects were significant.
Within cities, microbial communities were strongly correlated both with soil organic matter and
pH.

In both managed (lawn) and disturbed (ruderal) soils, anthropogenic effects dominate natural
soil forming factors. Soil communities partially reflect this, but biogeographical factors still play a
role in community assembly.

Keywords: urban soils, microbial diversity, decay rate
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[OE4.1]
Standard methods for the assessment of structural and functional diversity of soil
organisms: A critical overview
J. Roembke*', F. Martin-Laurent®
'ECT Oekotoxikologie GmbH, Germany, ’INRA, UMR Agroecologie, France

Lack of standardized methods limits the ability to make comparisons across datasets and
develop new global and regional experiments and assessments (such as the Global Soil
Biodiversity Assessment (GSBI)). The main goal of this talk is to synthesize the current
methodological approaches to measure structural and functional diversity of soil organisms and
to identify gaps and ways to improve the methods to allow for comparable datasets. This
exercise is urgently necessary because there are several ongoing regional and global soil
biodiversity studies that are not coordinated with one another in terms of the methodological
approach. Therefore, in a first step standard methods to sample, identify, determine and assess
soil organisms currently in use or proposed all over the world will be critically evaluated, using
well-accepted criteria such as ecological relevance, practicability of usage in terms of resources,
time and costs, level of standardization etc. Methods addressing both soil organisms
(population) structure and functions will be included, with a special focus on relatively new
molecular methods based on DNA extraction. Soil microbes as well as soil invertebrates will be
covered. In particular, the activities of the Technical Committee (TC) 190 of the International
Organization of Standardization (ISO) will be highlighted, since ISO guidelines (= standard
methods) are legally accredited by many national or international authorities when putting
conservation laws and regulations into practice. Finally, detailed recommendations will be
proposed regarding gaps in the available set of standards, to identify a list of new methods most
urgently needed. Finally, we will discuss the ones that have to be developed from scratch and
the ones which could be developed based on available methods, already used by the scientific
community. We propose to organize this whole process under the umbrella of GSBI in order to
ensure a truly global approach for the assessment of soil biodiversity.

Keywords: Standardisation, Structural diversity, Functional diversity, Harmonization
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[OE4.2]
Soil invertebrate functional traits
B. Pey'?, J. Nahmani®, A. Auclerc®, Y. Capowiez', D. Cluzeau®, J. Cortet®, T. Decaéns’, L.
Deharveng®, F. Dubs®, S. Joimel®, M. Hedde*' et al
"INRA, France, °CESAB/FRB, France, °CNRS, France, *Université Rennes 1, France,
SUniversity Michigan, USA, ®Université Paul Valéry Montpellier 3, France, 'Université Rouen,
France, 8IRD, France, *Université de Lorraine, France, "°Université Lille 1, France, "' University
of Naples Federico ll, Italy

Soil invertebrates are assumed to play major roles in ecosystem dynamics. Functional traits
represent one of the main opportunities to bring new insights in the comprehension of soil
invertebrate assemblage against environment. They are properties of individuals which govern
their responses to their environment. As no clear conceptual overview was done for soil
invertebrate trait definitions, we first stressed that previously-described concepts of traits are
applicable to soil invertebrate ecology after slight adaptations. A decade of literature on the use
of traits for assessing the effects of environment on community assembly was then done. A
major proportion of articles was dedicated to the effect of only one kind of stress in limited
space scales. This review revealed that trait-based approaches contribute to improve
predictability of community assembly against environment as it contributes to explain general
patterns of assembly rules. But underlying mechanisms are far for being frequently assessed.
Furthermore, literature allowed assuming that trait-based approaches are reliable whatever the
environmental gradient considered. But it did not allow concluding over eco-regions. This
review also highlighted methodological advantages and drawbacks. First, trait-based
approaches provided complementary information towards taxonomical ones. Second, literature
revealed methodological shortcomings. It could be for instance the heterogeneity of the trait
names which can impede the data gathering or the use of traits at a species level which can
impede the scientific interpretation. To overcome these shortcomings, the last part aims at
proposing some solutions and perspectives. It concerns notably the development of a trait
database and a thesaurus to improve data management.

Keywords: Community ecology, Soil fauna, Disturbance, Ecological preference
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[OE4.3]
Which bioindicators are suitable for soil quality monitoring and risk assessment? From
relevance study to transfer tool development
G. Péres*'?, B. Pauget®, J.J. Bessoule*®, D. Cluzeau?, J. Cortet®’, O. Faure®, K. Laval’, C.
Mouginm, L. Ranjard”, A. Bispo'?et al

1INRA-Agrocampus Ouest, France, “Université Rennes 1, France, *Université Franche Comté,

France, *Université Victor Segalen Bordeaux 2, France, ’LEB Aquitaine Transfert, France,
®Université de Lorraine, France, ’Univ. Paul-Valery Montpellier, France, 8ENS des Mines de St-
Etienne, France, °ESITPA, France, INRA PESSAC UR 251, France, "'INRA-LMSE, Université

de Bourgogne, UMR MSE, 21065 Dijon, France, "2Université de Bourgogne, France

Introduction- Considering the few number of bioindicators available for soil risk assessment and
soil characterization, a national research programme has been set up in France by the French
Agency For Environment and Energy Management (ADEME) to develop indicators able to
judge about soil degradation and/or remediation of its properties and functions. Objectives of
this “Biolndicator programme” are to (i) develop and validate methods for measuring soil
biodiversity and soil functions, (ii) test the sensibility and complementarity of the bioindicators
for the characterization of different perturbations (contamination, modification of soil uses), iii)
identify relevant bioindicators or endpoints for different purposes (ecological risk assessment,
monitoring of soil quality..), iv) transfer the results to stakeholders (policy makers, farmers,
research board) by providing suitable tools.

Methods- 22 research teams are involved. 47 bioindicators are tested (microorganisms, fauna,

flora) in a large panel of situations (47 situations including agricultural, industrial and forest
sites) and sampled at the same moment by applying standardised sampling protocols. A
common database allows the management of the high number of data (200.000).

Results- Bioindicator programme initiates a first national benchmark i.e. baselines values for
the different biological groups. It provides relevant tools (battery of bioindicators, biological
index) adapted to different environmental targets such as i) evaluation of the impact of
agricultural practices (crop rotations, reduced tillage, organic and pesticides management), ii)
evaluation of the bioavailability of industrial contaminants, iii) evaluation of the biological state
of contaminated soils in order to orientate their future use, iv) soil monitoring of biological state
at large scale. Moreover, it provides communication tools, such as bioindicator technical sheets
and web-interface addressed to stakeholders (http://ecobiosoil.univ-rennes1.frfADEME-
Bioindicateur/).

Conclusion- this10 years research programme, unique at the European Union scale, permits to
improve the knowledge on soil biodiversity and its functioning, and provides tools to
stakeholders for future soil management.

Keywords: Bioindicator, soil quality, risk assessment, monitoring
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A tiered approach for high-resolution characterization of the soil faunal community via
dna metabarcoding
G.A.de Groot*1, S. Geisenz, R. Schmeltze’, A. Vizcaino4, D. Stones, D. CostaG, l. Laros1, J.P.
Sousa®, B.S. Griffiths’, P.H. Krogh® et al
"Alterra - Wageningen UR, The Netherlands, NIOO, The Netherlands, >ECT Oecotoxikologie
Gmbh, Germany, *AllGenetics, Spain, °Teagasc, Ireland, ®IMAR-CMA, Portugal, "SRUC, UK,
SAarhus University, Denmark

Characterization of the huge soil faunal diversity still relies heavily on the slow and expert-
dependent morphological identification. This hampers our ecological understanding of spatial
and temporal diversity of many faunal groups, as screening many samples at high taxonomic
detail is not a realistic proposition. DNA-based approaches, especially high-throughput DNA
metabarcoding assays, potentially solve this issue, but the development of such methods
targeting soil fauna lags far behind that of soil microbes.

Within the EU FP7-project ECOFINDERS, we developed and tested a framework for automated
identification of six different groups of soil fauna at high taxonomic detail, with a single
integrated method. We adopted a tiered approach, in which a general eukaryotic marker is
used to screen for the presence of different eukaryotic clades and a set of more specific
markers is simultaneously analyzed to obtain high resolution data for six different groups: mites,
collembola, enchytraeids, nematodes, earthworms and protists. New primer sets, as well as
reference barcode datasets were established for several of them. Here, we show the results of
two test runs based on 454 pyrosequencing.

In the first run, artificially created DNA pools of known composition were analysed to test to
which extent the taxonomic composition could successfully be retrieved. Preliminary results
show that for all groups the majority of species in the DNA pool were recovered by the
metabarcoding approach. By comparing results for DNA pools that contained different relative
amounts of DNA of the six groups, we could show that for most markers the number of taxa of
the targeted group recovered depended on the presence of DNA from non-targeted groups. In
the second run we moved towards the analysis of actual soil (¢)DNA extracts, comparing the
results of morphological identification by those of molecular identification based on the same
soil samples.

Keywords: NGS sequencing, soil fauna, methodology, diversity
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[OE4.5]
Edaphobase - The online soil-zoological data warehouse
D.J. Russell*', U. Burkhardt’, H. Hofer?, S. Lesch', S. Rick', J. Rémbke®, W.E.R. Xylander’
1Senckenberg Museum of Natural History Gérlitz, Germany, “State Museum of Natural History
Karlsruhe, Germany, *ECT Oekotoxicologie GmbH, Flérsheim, Germany

Edaphobase is a non-commercial data warehouse on soil organisms (up to now including
Nematoda, Collembola, Oribatida, Gamasina, Chilopoda, Diplopoda, Isopoda, Enchytraeidae,
Lumbricidae) publically available at http://portal.edaphobase.org/. lts data is furthermore
regularly uploaded to the Global Biodiversity Information Facility (GBIF) network. Edaphobase
combines data on taxonomy, zoogeography and ecology of these organisms in a
comprehensive manner. Data are derived from publications, unpublished results of field studies
(theses, reports), collection data from German museums and research institutions as well as
raw research data. Data types (= entities) comprise modern taxonomic thesauri, geographical
references, soil parameters, vegetation, meteorological data, sampling and extraction methods,
quantity of collected organisms, identification methods, preparation techniques and behavioural
data. The focus is presently on Germany and neighbouring countries, but some data from other
European countries is included and can be incorporated more intensely in the future.
Edaphobase offers a wide range of tools for data inclusion (data-input client, GIS-tool, semi-
automatic literature analysis) and data exploration. Simple queries are possible as well as more
sophisticated analyses of different data groups. Specific applications include, e.g., the
elucidation of species-specific habitat preferences (niche space), distribution patterns or
environmental influences on population densities.

Keywords: Data warehouse, Soil faunal biodiversity, Niche space, Biogeography
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[OEA4.6]
Biomes of Australian Soil Environments (BASE): A dataBASE of Australian soil microbial
diversity
A. Bissett', P.M. Mele*?, A. Fitzgerald3, A. Young1
"CSIRO National Facilities and Collections, Australia, 2AgriBio, DEPI & Latrobe University,
Australia, *BioPlatforms Australia Ltd, Australia

The Biomes of Australian Soil Environments (BASE) initiative is a community effort to
develop a publicly accessible database that encourages discovery and observation of soil
microbial communities across Australia’s diverse natural and agricultural ecosystems. It
represents an expanding “National Framework Dataset” that provides baseline information on
microbial communities from Australian and Antarctic soils and allows exploration of the
determinants of these microbial properties at a continental scale.

This dataBASE has been designed to capture the diversity of soil bacterial, archaeal and
eukaryotic communities and so far has collected over 1000 individual soil samples. The data
comprises 16S rRNA gene bacterial and archaeal sequences, fungal ITS sequences and 18S
rRNA eukaryotic sequences and non-amplification derived metagenomic sequences (using a
MiSeq sequencer). Each soil sample, collected according to a standardised protocol
(www.bioplatforms.com.au/special-initiatives/environment/soil-biodiversity) also generates a
rich suite of edaphic variables (moisture; texture; ammonium and nitrate content; total nitrogen,
phosphorus, potassium, sulphur, total carbon, organic carbon, conductivity, pH, copper, iron,
manganese, zinc and exchangeable cations and soil particle size) as well as non-edaphic site
variables (elevation, slope, aspect), regional climate variables, overlying plant community
composition and detailed land-use history. These samples represent diverse biomes (eg
agricultural land, desert, rainforest, grassland, coastal heathland, savannah), different
geographic regions (tropical, subtropical, temperate, polar) and a wide range of edaphic and
climate characteristics. There have been few attempts to collect microbial data to populate
diversity databases in such a systematic and controlled way with all chemical and molecular
analyses carried out in a single laboratory, ensuring reproducibility and inter-sample
comparability.

We will present the dataBASE and its repository and demonstrate how it is being used to model,
map and ultimately to manage Australia’s diverse soil ecosystems.

Keywords: Biomes, Soil, Diversity, Metagenomics
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[P1.001]
Germany x Brazil: GHG and microbiology - a comparative of soil under country - specific
legume cultivation
A.C. Stieven*1'2, K.H.E. Meurer”, D.T. Campos1, E.G. Couto1, H.F. Jungkunst2
"Mato Grosso Federal University, Brazil, ’Koblenz-Landau University, Germany

The conversion of land for cultivation of energy crops in Europe and the simultaneous demand
for soybean (e.g. As animal feed) have an impact on land use and management in non-
European countries, such as Brazil. Changes of land use come along with inevitably alterations
in the carbon and nitrogen cycles of the soil. This consequently affects, among other things, the
microbial activity in the soil and therewith the emission of greenhouse gases (GHG). In this
study we compared microbial number and measurements of GHG emissions (CO,-C, N,O-N,
CH;-C) from two soils under legume cultivation in Germany and Brazil. The legumes were
country-specific, which means pea cultivation (Pisum sativum) in Germany and soybean
(Glycine max) in Brazil. In general, pea is a typical catch crop, but on the studied plot (Bad
Lauchstadt, Saxonia-Anhalt) it was grown permanently, in Brazil soybean is the most important
catch crop, is cultivate during October until February. Microbiology account and GHG
measurements were made during an incubation experiment in the laboratory, in August 2013.
Emissions from soil under soybean cultivation were measured in central Brazil (Campo Verde,
Mato Grosso) from October/2013 until February/2014. First results do not show huge
differences in the amounts of microorganisms number and emissions from both soils. The total
bacteria was, in average, 1,1 x 10° in Brazil and 2,6 x 10° in Germany, and total fungi was 1,1 x
10* in Brazil 9,2 x 10° in Germany (CFU g solo™). As expected, emissions of N,O-N were higher
compared to soil under cultivation with winter rape. This can be explained by the ability of
legumes to fix nitrogen in the soil. In terms of total microbiological number the soils were very
similar, too, but it can be stated that in general the diversity of microorganisms is higher in
Brazilian soils.

Keywords: C/N, land use, soil-plant-atmosphere
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[P1.002]
Agroforestry systems in the north of mato Grosso (Brazil): The microbiological dynamic
in the soil
A.C. Stieven*1'2, K.H.E. Meurerz, D.T.S. Campos1, F.J. Wruck3, E.G. Couto1, H.F. Jungkunst2
"Mato Grosso Federal University, Brazil, ’Koblenz-Landau University, Germany, 3Embrapa Rice
and Beans, Brazil

The adoption of conservation tillage systems and soil management and tillage systems
integration have emerged as an alternative to contribute to the environmental sustainability of
agroecosystems. The management systems that integrate crop-livestock-forest management
(iCLF) aim to reduce environmental degradation and maintain sustainable productivity for a
longer period of time. The aim of this study was to quantify the number of colony forming units
of total bacteria and fungi in soil under iCLF system installed five years ago in the northern
region of Mato Grosso state, Brazil. The samples were collected in 5 treatments in May 2012
and 2013, at a depth 0-10 cm. To determine the microbial community the method of serial
dilution and plating on selective medium was used. The treatment under eucalyptus (double
row) showed a higher number of colonies of bacteria and fungi in the two years evaluated, with
6.3 x 10°and 7.5 x 10* CFU g soil'" for bacteria and fungi, respectively. However there was a
decrease in the number of microorganisms in all treatments in 2013 compared to 2012,
regarding the same treatment (2.3 x 10° and 8.6 x 20° CFU g soil”" for bacteria and fungi,
respectively). Since 2011 the treatments, except the forest, were grazed by cattle. Moreover,
the amount of precipitation in 2011 was almost the double comparing the precipitation in 2012.
These two factors could explain the high number of microorganisms in the year 2012 in all
analyzed systems. We concluded that the amount of precipitation and the management are
responsible for visible changes in the number of microorganisms in the soil and affected the
microbial activity, as well.

Keywords: bacteria and fungi, integrated system, land use
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[P1.003]
Protist diversity and function in soils
S. AdI*
University of Saskatchewan, Canada

| will review our modern conceptualization of protist diversity that | published for the Int. Soc.
Protistology in 2012, focusing on lineages that occur in soil, with example of what these
organisms are and their function in soils. | will review the discussion on why the published data
indicate that protist species are not distributed everywhere, but consist mostly of rare local
species. This highlights limitations of microscopic identification based on morphology and
emphasizes extensive cryptic diversity within morphotypes. We published estimates of
expected number of terrestrial protist species, and | will focus on where the estimates are
inaccurate and how they will be improved. We tabulated all ~200 primers typically used in
protist identification through SSU sequence analysis, to analyse their specificity and utility in
environmental genomics. | will describe how this information can improve primer selection for
different target lineages by considering the non-target lineages that are also amplified, when
planning environmental genomics projects. | will show example environmental genomics data
and the taxonomic resolution that can be obtained.

To understand what all this protist diversity does in the soil, we have used radioactive isotopes
and stable isotopes to look at food web interactions. In published protocols and experiments we
have described some of the interactions with nematodes and microarthropods. | will show
example data to reflect on some of the conclusions. It is clear that feeding on protists is more
extensive and widespread than previously known. Using functional response curves, we have
detailed growth rates and feeding rates of many species on various bacteria or protists. This
data allows us to estimate the contribution of protists to mineralization and nutrient transfer in
soils. From these calculations the contribution of protist to soil respiration and bacteria turnover
can be estimated, and extrapolated to biogeochemical scales.

Keywords: protist, food web, diversity, genomics
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[P1.004]
Invasion by Conyza canadensis (L.) Crong. alters activity of soil enzymes in Kashmir
Himalaya, India
N. Rasool*', Z.A. Reshi’, B.A. Wafai’, M.A. Shah'
1University of Kashmir, India, °Baba Ghulam Shah Badshah University, India

Despite widespread occurrence and abundance of Conyza canadensis in Kashmir Himalaya,
limited information exists about its impact on the soil microbial communities and activity of soil
enzymes. Hence, we assessed the impact of C. canadensis invasion on activity of various soil
enzymes across variable sites at three developmental stages (pre-flowering, flowering, and
post-flowering). Results revealed that activity of all soil enzymes (protease, acid and alkaline
phosphatases, urease and asparaginase) was negatively influenced by C. canadensis,
invertase being the only exception. Soil microbial biomass as well as soil microbial activity also
decreased in the invaded patches. These results allowed us to conclude that invasion by C.
canadensis alters functional attributes of soil in Kashmir Himalaya.

Keywords: Alien plant invasion, Conyza canadensis, Soil enzymes, Soil microbial biomass
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[P1.005]
Belowground carbon allocation by plant functional groups and soil type alter microbial
community composition and nutrient cycling in tropical Eucalyptus plantations
R. Murugan*1’2, F. Beggi1, S. Kumar
1University of Kassel, Germany, 2Universiz‘y of Agricultural Sciences, India

We studied the influence of plant functional groups on soil microbial community composition
and nutrient cycling in a tropical Eucalyptus forest ecosystem with different plantation age and
soil types by means of stem girdling (SG) and understory removal (UR). Fungal and bacterial
communities were characterized using phospholipid fatty acids, and ectomycorrhizal fungi
(EMF) colonisation was estimated visually. Total bacterial and saprotrophic fungal biomass was
highest in soils treated with SG, followed by UR, through modification of plant belowground C
allocation and N supply. EMF root colonisation, biomass of EMF, arbuscular mycorrhizal fungi
(AMF) and the fungal-to-bacterial ratio were lowest in these soils. We found that EMF, AMF and
the fungal-to-bacterial ratio were highest in sandy loam soils with a high C/N ratio and low pH.
The fungal-to-bacterial ratio was higher in 5-year-old than in 15-year-old plantation. We
propose that girdling of trees and removal of understory plants are important ecological
components, due to their modification of plant belowground C allocation and N supply as key
determinants of microbial community composition. Our results highlight the fact that soil abiotic
factors play an important role in shaping the microbial community and nutrient cycling in tropical
forest ecosystems.

Keywords: girdling, microbial community composition, mycorrhizal fungi, plant-soil relationship
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[P1.006]
Effects of eucalyptus plantations in termite species richness
A. SANTOS*' R. ZANETTF, A.L. EVANGELISTA?, B.F. VIQUE®, M.E. SERAFIM'
"IFMT Campus Céceres, Brazil, *Universidade Federal de Lavras, Brazil, *Vallourec
Competence Center Florestal, Brazil

The Brazilian Cerrado (savanna) biome is considered one of the 25 hotspots in the world with
approximately 30% of the biological diversity of Brazil. In this biome, termites also have a great
diversity. Moreover, the termites have ability to adapt to many different types of habitats, from
humid forests to semi-arid environments. The objective of this study was to analyze the effect of
eucalyptus plantation on the termites diversity in a new planting area, eucalyptus abandoned
for 25 years, and native Cerrado (control). The study was carried out in the eucalypt plantations
in the municipality of Jodo Pinheiro (17°56'49.1" S; 46°05'50.5"W), Southeast Brazil, where the
native vegetation consists of Cerrado, with average altitude of 889 m and annual average
temperature of 24.3°C. The modified transect sampling methodology of Jones & Eggleton
(2000) was used in the systems; three transects of 20x2m in each system; with assessments at
90 days before and 90 and 180 days after planting the seedlings. We used generalized linear
models (GLMs) to examine differences in richness per sampling points between systems. If
significant, factor levels were compared through contrast analysis by aggregating level and
comparing deviance change. All analyses were performed with R software. Fifty-three termite
species belonging to the families Termitidae (96%) and Rhinotermitidae (4%) were found. The
contrast analysis models showed that the observed richness did not differ among systems at
the first assessment time (90 days before), but there were variation in subsequent times,
between areas newly cultivated and uncultivated (eucalyptus abandoned for 25 years and
Cerrado) (Figure 1). The results indicate no difference in the diversity of termites from Cerrado
and 25 years after the abandonment of farming activities with eucalyptus, but the management
for eucalyptus planting have impact in termite diversity.
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Figure 1. Richness of termites species at 90 days after, 90 days before and 180 days after
planting in three systems (new planting area, eucalyptus abandoned for 25 years and native

Cerrado). (Lowercase letters represent systems in the same time and capital same system in
the time).

Keywords: eucalyptus, survey termite diversity, sampling termites, wood production impact
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[P1.007]
Association of arbuscular mycorrhizal fungi on growth and nutrient assimilation of
pioneering plants growing on nutrient-limited river bank soil
A. Sarkar*, T. Asaeda, Q. Wang, M.H. Rashid
Saitama University, Japan

An experiment was conducted to find out the effects of arbuscular mycorrhizal fungi (AMF) on
the growth and nutrient absorption of pioneer plants growing in the soil collected from early
succession area of Arakawa River bank, Kumagaya city, Saitama Prefecture, Japan. Three
herbaceous plants, Pharagmites japonica (Gramineae), Miscanthus sacchariflorus (Gramineae),
Polygonum cuspidatum (Polygonaceae) were selected for our experiment due to their vigorous
growth and highly dense population in river banks. Spores (Gigaspora margarita) were collected
from the commercial product namely ‘Serakinkon’ which was purchased from the central glass
company, Tokyo, Japan. The initial colonizer P. cuspidatum showed very low level of AM
colonization (0.2%-0.5%) whereas the average colonization level of P. japonica and M.
sacchariflorus were 24-33% and 23-28% respectively. AMF colonization increased the
chlorophyll content, plant dry mass, N, P, K, Mg, and Fe concentration of the P. japonica and M.
sacchariflorus plant’s roots, stems, and leaves when applied with natural and sterilized soil. In
all cases, maximum values showed when P. japonica and M. sacchariflorus plants were applied
with natural soil in combination with AMF, but Ca concentration decreased as colonization level
increased. N retention of P. japonica and M. sacchariflorus plants from the soil were significant
when colonization level was high. P. cuspidatum showed no or a negative response to AM
colonization in all cases except chlorophyll content. So, AMF have some potential effect on river
bank vegetation growth especially for P. japonica and M. sacchariflorus.

Keywords: Arbuscular mycorrhizal fungi, Phosphorus, Nitrogen, Primary succession area

97



[P1.008]
Assessing soil biodiversity: sampling and replication trade-offs
M.A. Minor*
Massey University, New Zealand

Collecting soil biodiversity data is often expensive and time-consuming. Quantifying the trade-
offs between the sampling effort and the quality of biodiversity assessment is an important part
of research framework. Similarly, selecting an appropriate spatial scale when designing
experiments is of crucial importance for soil biodiversity research, as many groups display
spatial dependence and spatially structured diversity patterns at small and intermediate scales.
Spatial autocorrelation in soil biodiversity data violates the assumptions in inferential statistics
and affects the results of classical tests of significance and regression analysis. Correct
replication, estimation of required sampling effort and knowledge of underlying spatial variability
in community structure and abundance of soil fauna are essential for soil biodiversity
assessment.

Using real data, we illustrate diversity patterns in communities of soil mites (Acari: Oribatida),
and the implications of these patterns for trade-offs in biodiversity assessment. Sampling effort
is discussed in relation to sample-based rarefaction curves from different environments. The
distribution patterns at the metacommunity level are analyzed as the decay in community
similarity with increase in intersample distance. The results are used to provide methodological
suggestions for sampling effort, replication, and spatial layout of soil biodiversity studies
involving Oribatida.

Keywords: biodiversity assessment, Oribatida, sampling effort, distance decay
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[P1.009]
Diversity of methanotrophic bacterial transcripts in boreal mesotrophic fen using stable
isotope probing of RNA with next-generation sequencing
K. Peltoniemi*, T. Tuomivirta, H. Juottonen, H. Fritze
Finnish Forest Research Institute, Finland

Boreal peatlands store about 30% of global soil carbon and are a significant source of powerful
greenhouse gas, methane (CH4). When CH4 produced by methanogenic archaea in anoxic
peat layers reaches the upper oxic part, methanotrophic bacteria (MOB) oxidize a part of it to
carbon dioxide (CO2). Yet MOB are important biological brakes of climate warming, still little is
known about the most metabolically active MOB and their diversity in boreal peatlands. In order
to study the functional MOB, we took six peat core samples from the mesotrophic fen-type site
of Lakkasuo peatland complex located in the middle of Finland. We cut cores into 10 cm sub-
samples and determined the potential methane oxidation activity from them. Sub-samples from
0-10 cm layer (from the peat surface) that exhibited the most active oxidation rates were
selected for stable-isotope probing (SIP) experiment. Samples were incubated with 13CH4
followed by nucleic acids extraction. DNase treated samples were subjected to isopycnic
density gradient centrifugation with cesium trifluoroacetate (CsTFA) to isolate fractions that
originated from metabolically active MOB which have incorporated 13C-label into their nucleic
acids. Total RNA was isolated from chosen fractions by isopropanol precipitation. Samples from
fractions were pooled and subjected to ribosomal RNA removal with Ribo-Zero Magnetic Kit for
Bacteria. Transcripts were amplified and reverse transcribed with Ovation RNA-Seq System V2
kit followed by fragmentation and next-generation sequencing with lllumina’s NextSeq 500
sequencing system. Results that we will obtain from NSG data will reveal transcripts and the
diversity of metabolically active MOB in boreal peatland samples.

Keywords: methanotrophs, peatland, transcript, NGS

99



[P1.010]
Open invitation to methanotrophic bacteria by peatland Sphagnum mosses
H. Fritze* et al
Finnish Forest Research Institute, Finland

| will summarize the following publications

Larmola T, Tuittila E-S, Tiirola M, Nykanen H, Martikainen PJ, Yrjala K, Tuomivirta T & Fritze H
2010. The role of Sphagnum mosses in the methane cycling of a boreal mire. Ecology 91: 2356-
2365. doi.org/10.1890/09-1343.1

Putkinen A, Larmola T, Tuomivirta T, Siljanen H, Bodrossy L, Tuittila E-S & Fritze H 2012. Water
dispersal of methanotrophic bacteria maintains functional methane oxidation in Sphagnum
mosses. Frontiers in Terrestrial Microbiology 3:15. doi: 10.3389/fmicb.2012.00015

Larmola T, Leppénen S, Tuittila ES, Arva M, Merila P, Fritze H & Tiirola M 2014. Methanotrophy
induces nitrogen fixation during peatland development. Proceedings of the National Academy of
Sciences of the United States of America 111: 734-739. doi:10.1073/pnas.1314284111

Putkinen A, Larmola T, Tuomivirta T, Siljianen HMP, Bodrossy L, Tuittila ES & Fritze H 2014.
Peatland succession induces a shift in the community 1 composition of Sphagnum associated
active methanotrophs. FEMS Microbial Ecology 88: 596-611. DOI: 10.1111/1574-6941.12327

to show the importance of ecosystem services, C and N acquisition to Sphagnum mosses,
provided by methanotrophic bacteria in peatlands.

Keywords: Sphagnum moss, methanotrophs, C-cycle, N-cycle
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[P1.012]
Using metagenomics to investigate microbial mechanisms underlying climate change-
associated carbon release from peatlands.
C. Potter*, C. Freeman, N. Fenner, J. McDonald, P. Golyshin, S. Creer
Bangor University, UK

Peatlands contain a third of global soil carbon, but are threatened by anthropogenic climate
change, including a potential increase in drought events. Drought leads to a well-documented
release of carbon dioxide from peat, which is thought to result from increased activity of
microbially derived phenol oxidase enzymes. Phenol oxidases degrade inhibitory phenolic
compounds, which accumulate under waterlogged conditions. It is well established that drought
affects microbial community composition, but so far, insights into the taxonomic and functional
mechanisms underpinning the release of carbon have been limited by the approaches
employed. Over the last 25 years, a number of DNA-based techniques for elucidating microbial
community characteristics have been developed, including earlier ‘fingerprinting’ techniques
(e.g. ARISA) and more recently, metagenomic and SSU rRNA gene amplicon-sequencing
approaches. In particular, metagenomic sequencing can be used to identify functional genes
and infer environmental metabolic pathways, potentially leading to a greater understanding of
the functional mechanisms of ecosystem responses to external stressors. During this project,
temporally-explicit drought manipulations will be carried out in different peatland habitats using
controlled mesocosms and a field experiment. ARISA fingerprinting will be used to initially
delimit radical shifts in microbial community composition, in order to identify key samples for
amplicon and shotgun metagenomic sequencing. Replicated metagenomics will be
complemented by biogeochemical assays to help understand the mechanisms underpinning the
release of carbon. Here, results are presented from ARISA fingerprinting of bacterial and fungal
components of the microbial community during drought in three peatland habitats, along with
corresponding biogeochemical data. This will be the first time peat microbial communities have
been monitored over the course of a drought experiment, and the first results to show the
response of fungi to drought in bog and fen habitats.

Keywords: Peatlands, Drought, Phenol oxidase, ARISA
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[P1.013]
Soil biodiversity and the stabilitg of multiple ecosystem functions
S. Pellkofer*'?, C. Wagg', Y. Hautier®, B. Schmid’, M.G.A. van der Heijden?
1University of Zurich, Switzerland, 2Agroscope, Switzerland, 3University of Minnesota, USA

Soil microbes, although for the most part unseen, represent the largest portion of life on this
planet and are crucial for the functioning of terrestrial ecosystems. But, soil community
composition is dependent on soil history and may consequently alter the sensitivity of soil
communities to biodiversity loss. Increased biodiversity supports ecosystem functioning as
different organisms perform dissimilarly when abiotic conditions fluctuate over space and time.
However, the ability of diverse soil communities to maintain multiple ecosystem functions in the
face of a changing climate is not well known. We focused on understanding the link between
soil community composition and diversity as a mechanism for stabilizing multiple ecosystem
functions. To do this, soil was collected from three sites with varying soil histories. Within each
we created a soil community diversity gradient based on species body size. Multiple ecosystem
functions were traced over a one-year period for each soil community planted with a standard
grassland plant community in self-contained microcosms. A reduced water regime was applied
at regular intervals as a fluctuating environmental condition so that the stability in overall
ecosystem performance could be assessed in relation to soil community composition and soil
biodiversity loss.

Overall, greater soil biodiversity was found to improve plant productivity and diversity,
decomposition of organic matter, C sequestration, and N turnover between above and
belowground systems. Moreover, greater soil biodiversity improved the stability of many of
these ecosystem functions. Our results are the first to link biodiversity stability theory in
belowground communities with aboveground ecosystem stability. Understanding this
relationship is a field of study that will become increasingly relevant, as variability in
environmental conditions is predicted to increase around the globe.

Keywords: Soil Biodiversity, Ecosystem Functioning, Stability, Global change
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[P1.014]
Fungi inhabiting decaying Norway spruce logs: species diversity and habitat preferences
determined by 454 sequencing
T. Rajala*, T. Tuomivirta, T. Pennanen, R. Makipaa
Finnish Forest Research Institute, Finland

Fungi are the most important decomposers in boreal forests and they are used as forest
biodiversity indicators. Along with tree decay, wood density decreases and fungal species
change. Studies on fungal succession and habitat preferences have traditionally based on fruit
bodies on logs classified to different decay stages and concentrated on polypores species,
meaning that many species have escaped detection. Lately DNA-based high-throughput
sequencing has enabled detection of basically all wood-inhabiting species.

We studied fungal community inhabiting decaying Picea abies logs by using pyrosequencing.
Our aim was to model habitat preferences of common species in respect of wood density.
Altogether 535 logs from five unmanaged forest sites in Southern Finland were sampled to
represent the whole decay succession from recently fallen until heavily decayed trees. DNA was
extracted from sawdust, amplified and sequenced by using 454 GS FLX System. Obtained raw
data (500908 fungal-ITS1 reads) was processed by Mothur software. The responses of fungi on
wood density gradient were modelled with generalized additive mized models.

Sequence data split to 932 OTUs (97% similarity) and fungal richness peaked in smallest
density, i.e. in most heavily decayed wood. Most of the reads were identified as Basidiomycota
(76%) and Ascomycota comprised 14% of reads. White and brown rotters both comprised 13%
of reads whereas mycorrhizal fungi, which preferred heavily decayed wood, covered even 12%
of reads. Observed species habitat preferences were mostly consistent with previous fruit body
findings. Abundance of the most common identified species Coniophora olivaceae decreased
with decreasing wood density, whereas Xeromphalina campanella peaked in most decayed
substrate and Phellinus viticola had optima at mid-decay phase. Altogether we modelled
abundance of 42 species or genera as function of wood density. These predictive models can
be linked to wood decomposition models and forest stand simulators that are used in forest
planning.

Keywords: wood-inhabiting fungi, decomposition, wood density, Picea abies
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[P1.015]
Effects of irrigation, effluent dispersal and dairy conversion on soil quality and
earthworms in New Zealand pastures
B.O. Manono*, H. Moller
University of Otago, New Zealand

New Zealand pastoral farming is undergoing intensification. This is notable in Waimate District,
a drought prone region that was traditionally associated with extensive sheep farming, but
which is now converting to intensive dairying supported by irrigation and effluent dispersal. We
investigated the effects of this intensification on earthworms and soil quality across six
treatments: (a) dairy pastures with (i) added effluent, (ii) added water through irrigation, (iii)
effluent and water added together, and (iv) neither water nor effluent added; and (b) sheep/beef
pastures (v) without irrigation, and (vi) with irrigation. Altogether 615 sites were sampled in 205
paddocks from 41 farms. Four earthworm species were observed dominated by Aporrectodea
caliginosa. Maximum earthworm density occurred where both effluent dispersal and irrigation
occurs. Aporrectodea longa appeared to be driven locally extinct in irrigated soils. Nutrients
levels were highest in irrigated and effluent treated soils and lowest in the untreated ‘control’
soils. Irrigation and effluent dispersal reduced soil bulk density. There were reduced nutrient
levels and more compact soils in land converted to dairy production but this effect is slight when
irrigation accompanies farm conversion. Soils had higher water holding capacity where
earthworms were abundant but there was no evidence of direct relationships between
earthworm abundance and soil quality measures. This calls into question the utility of
earthworm abundance as an indicator to guide sustainable soil management. Further, the
comparative lack of anecic worms in irrigated soils calls for urgent research to assess its
implications for farming sustainability.
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Impact of drought on soil microbial diversity with special reference to Phosphate
solubilising microbes in different aqro-ecosystems of Kachchh, western India
S. Sharma*', G.A. Thivakaran®
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Introduction

Phosphorus (P) is an essential plant nutrient. Although abundant in soils in both inorganic and
organic forms, it is frequently a major limiting factor for plant growth as it is in an unavailable
form for root uptake. Given that most soils are deficient in plant-available P and that P fertilizer
represents a significant cost for agricultural production throughout the world, there is interest in
using soil microorganisms as inoculants to mobilize P from poorly available sources in soil.
Phosphate solubilizing microorganisms (PSM) can solubilize and mineralize P from inorganic
and organic pools of total soil P and make it plant available. The present study was undertaken
in Kachchh, western India which is a very unique ecological zone in terms of unique
topography, seismic instability and erratic rainfall. These factors affect the agriculture in this
area which is dependent mainly on rains.

Methodology: Agricultural fields practicing different amendment practices were earmarked and
for three years with different rainfall patterns the rhizospheric soils were analysed for TMC (total
microbial count), PSM (Phosphate solubilising microbes), and available and total P status.

Results: The results demonstrated that organically amended farms were able to maintain good
soil health in terms of PSM and beneficial soil microbes as compared to integrated farming
systems which had a high dependence on chemical fertilizers and this holds true even for
stressed conditions like drought. Moreover the organically amended soil exhibited good soil
nutrient dynamics for all three years.

Conclusion: This study points to the idea that maintaining a good soil microbial diversity even
during stressed conditions as drought can go a long way in maintaining a good soil health and
eventually the yield and quality of produce. This study supports the central idea of organic
based farming for a sustainable ecosystem.
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Nematode food web diversity as tool to assess soil processes and function
L. Ruess*
Humboldt-Universitat zu Berlin, Germany

Nematode assemblages in soil reflect substrate texture, climate, biogeography, organic inputs
and anthropogenic disturbance. Nematodes use a wide range of resources and their diverse
biological interactions result in a key role in soil food webs. By addressing the changes in
horizontal as well as vertical food web diversity the nematode faunal analysis concept allows to
determine soil conditions and health, e.g. major decomposition pathways, nutrient status or
disturbance. Thus nematodes are an ideal group to assign ecosystem processes.

Changes in land use and its intensity are important determinants of biodiversity. Shifts in forest
management, i.e. tree species identity and diversity, affect proportions of readily decomposable
to recalcitrant compounds via related shifts in litter composition. Such resource diversity at the
base of the soil food web is highly relevant