
 

So
se
 

oil ca
ecurit

arbon
ty an

P
2
 

n seq
nd ec

Proceed
7-29 M

quest
cosys

dings of
May 201

tratio
stem 

f the In
13 Reyk

on fo
serv

nternati
kjavik I

or cli
vices 

Guðmund
Fra

Arna Björk
Bjarn

Luc

ional co
celand

mate

Edite
dur Halldór
ancesca Ba
k Þorsteinsd
i D. Sigurd

ca Montana

Andrés Arn

onferen
  

e foo

2

Report EUR

ed by
rsson 
ampa 
dóttir 
sson 

arella 
and 

nalds

nce

od

2 0 1 4

R 26540 EN



 
European Commission 

Joint Research Centre 
Institute for Environment and Sustainability 
 
Contact information Luca Montanarella Address: Joint Research Centre, Via Enrico Fermi 2749, TP 280, 21027 Ispra (VA), Italy E-mail: luca.montanarella@jrc.ec.europa.eu Tel.: +39 0332 78 5349 Fax: +39 0332 78 6394 
 
https://ec.europa.eu/jrc 
 
Legal Notice 

This publication is a Science and Policy Report by the Joint Research Centre, the European Commission’s in-
house science service. It aims to provide evidence-based scientific support to the European policy-making
process. The scientific output expressed does not imply a policy position of the European Commission. Neither
the European Commission nor any person acting on behalf of the Commission is responsible for the use which
might be made of this publication. 
 
All images © European Union 2014 
 
JRC88412 
 
EUR 26540 EN 
 
ISBN 978-92-79-35595-0  
 
ISSN 1831-9424 
 
doi: 10.2788/17815 
 
Luxembourg: Publications Office of the European Union, 2014 
 
© European Union, 2014 
 
Reproduction is authorised provided the source is acknowledged. 
 

Abstract 

The international conference SOIL CARBON SEQUESTRATION for climate, food security and ecosystem
services – linking science, policy and action (SCS2013) took place in Reykjavik Iceland on 27. – 29. May 2013.
The conference was organized by the Soil Conservation Service of Iceland, the Agricultural University of Iceland
and the Joint Research Centre of the European Commission (Collaboration Agreement No 31059) in partnership
with a group of international and UN agencies, universities and non-governmental organizations. The scientific
soil community acknowledges that there is an urgent need to communicate better the value of soil carbon to a
broader public. The message so far has not actively reached the media, the public and policy makers. The
SCS2013 conference brought together a broad spectrum of soil carbon experts, in order to link science, policy
and action on soil carbon sequestration issues. Approximately 200 people from 40 countries from all continents
attended the conference: young and high level scientists; present and future leaders in restoration and land
management; administrators and policymakers. The conference received extensive media coverage, both in
Iceland and globally. Despite coming from different countries and backgrounds, with varied scientific interests and
convictions, the overall message was that soil and soil management, specifically soil carbon, needs be a
substantial part of the solution in mitigating climate change, ensuring food security and providing ecosystem
services. Furthermore soil conservation, preservation and restoration could be considered as “win-win” processes
for meeting other goals. The SCS2013 conference represented an excellent example of bridge between
scientists, land managers and policy makers. The EC was actively involved in the conference and is still willing to
bridge the communication gap between science and policy and to continue to act as interface. The conference
proceedings aim to present how the potential role of soil carbon sequestration has been discussed along different
sessions (forest/ cropland/ revegetation/ desertification/ wetland/ rangeland/ verification) and from different
perspectives. 
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Preface 
Soil is fundamental to our life and soil organic matter is the second largest carbon pool on the 
planet, after the oceans. Releasing to the atmosphere just a small fraction of the carbon stored in 
soils, by soil degradation and erosion, runs the risk of wiping out the savings that other sectors are 
achieving in order to contain anthropogenic greenhouse gas emissions. On the other side, carbon 
sequestration in soils is a promising cost-effective, natural means to aid in limiting global 
warming, and has numerous co-benefits. With this in mind; why is soil carbon not high on the 
political agenda and how can we increase awareness of this precious resource?   
The conference SOIL CARBON SEQUESTRATION, for climate, food security and ecosystem services 
was held in Reykjavík, Iceland, 26-29 May 2013. It was organized with the objective to highlight 
the potential of soil carbon sequestration as a tool to meet pressing global issues such as climate 
change and food security. This report contains the presentations and a summary of discussions 
held at the conference. 
The conference was organized by the Soil Conservation Service of Iceland, the Agricultural 
University of Iceland and the Joint Research Centre of the European Commission in partnership 
with a group of international and UN agencies, universities and non-governmental 
organizations.  The aim of the conference was to review the state of science, identify tools for 
enhancing soil organic carbon sequestration and recommend means to bridge the gap between 
science, policy and action. Among topics discussed were land use and land restoration practices 
that enhance soil organic carbon, how to verify carbon sequestration and linkages with UN-FCCC 
and post-Kyoto goals, agreements, and negotiations. More than 200 participants from over 40 
countries attended the conference.  
Restoration of degraded soils and ecosystems is vital for mitigation of global climate change and 
securing ecological, economic, social and political balances. Maintained or improved soil fertility is 
a prerequisite for multitude of important ecosystem services, benefits balances of fluxes between 
water, land and atmosphere as well as food and forest production. Restoration and protection of 
Soil Organic Carbon (SOC) is therefore a key to a solution of many of the most pressing global 
challenges facing mankind. 
Highlighting the importance of the soil and the multiple benefits of soil organic carbon 
sequestration for mankind has never been more needed than now. This was the mission of the 
conference. On behalf of the conference organizing committee I express my sincere thanks to all 
participants of the conference, partners, sponsors, invited speakers and others who contributed to 
the conference SOIL CARBON SEQUESTRATION, for climate, food security and ecosystem services. 

Gudmundur Halldorsson 
Chair of the Conference Organizing Committee – Soil Conservation Service of Iceland 
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goes to the members of the Organizing Committee and the support of their respective institutes. 
The conference was initiated by Sveinn Runólfsson, director of SCSI and Andrés Arnalds, vice 
director of SCSI, whose tireless efforts and enthusiasm created this event. The support of AUI led 
by Ágúst Sigurðsson rector and the powerful engagement of professor Bjarni Diðrik Sigurðsson 
was also invaluable. 
The logistical operations of the Forum were facilitated by a number of dedicated individuals; 
especially Arna Björk Þorsteinsdóttir (Conference Secretariat), Guðjón Magnússon of the SCSI and 
Francesca Bampa of the EC-JRC. Most valuable inputs were also given by: Anna María 
Ágústsdóttir, Jóhann Thorarensen, Óðinn Burkni Helgason, Magnús H. Jóhannsson and  Þórunn 
Pétursdóttir of the SCSI; Jón Guðmundsson, Margrét Jónsdóttir, Guðrún Óskarsdóttir, Guðjón 
Helgi Þorvaldsson and Helena Marta Stefánsdóttir of AUI; Hreinn Óskarsson of the IFS; and Utra 
Mankasingh of the University of Iceland. 
Preparation and setup of Book of Program and Abstracts was in the capable hands of Arna Björk 
Þorsteinsdóttir, Margrét Jónsdóttir and Francesca Bampa. Preparation and setup of the 
Proceedings was also eloquently conducted by Arna Björk Þorsteinsdóttir and Francesca Bampa. 
Further thanks are given to the staff of Iceland Travel, particularly Björk Bjarkadóttir and Jónbjörg 
Þórsdóttir and to the staff of Grand Hotel Reykjavík for their tireless efforts. Excellent media 
reporting of the conference was provided by Stephen Leahy, International Environmental 
Journalist. Profuse thanks are given to the SCS staff at Gunnarsholt for their warm hospitality and 
a memorable visit.  
Finally, the Conference´s success would not have been possible without the support of the 
Conference participants, whose contributions, enthusiasm and continued interest ensured a 
meaningful venue for collaboration and an opportunity for future progress, and a memorable 
event. 
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Foreword 
It has been a great honour and a pleasure for me to act as the chair of the Scientific Committee of 
this important conference. Soil Organic Carbon is recognized as a fundamental component of the 
pedosphere and is the object of increasing attention from the side of scientists as well as from the 
policy making side at all levels: global, regional, national and local. This Conference has provided 
the great opportunity to bridge the gap between the soil carbon research community and the 
policy makers. The high scientific level of the presentations together with the contribution by 
policy makers active at National, European and Global level has delivered a reach debate 
triggering new ideas and collaborations among participants. These proceedings will provide to the 
readers the opportunity to capture part of the scientific evidence and the open questions that 
were debated at this Conference. 
The Conference was not only stimulating, but also very timely, given the growing interest in the 
policy-making community towards soil carbon and soils in general. The establishment of the 
Global Soil Partnership (GSP), hosted by FAO as well as the initial operation of the newly created 
Intergovernmental Technical Panel on Soils (ITPS) have created new impetus towards addressing 
soil protection at global level. The GSP, as an open partnership for governments as well as NGO’s 
and other stakeholders, enables the creation of a “coalition of the willing” towards effective soil 
protection and sustainable soil management in the world. This new initiatives has led as a first 
tangible result to the formal adoption by the UN General Assembly of the decision to establish an 
annual World Soil Day (5th of December) and an International Year of Soils in 2015. These new 
awareness raising initiatives will certainly further fuel the increasing interest by governments and 
citizens for the burning issue of preserving soils for future generations. Soils are a limited, non-
renewable, natural resource. We need to protect them for future generations and therefore they 
should be urgently included into the sustainable development agenda. The conclusions of the 
Rio+20 Conference on Sustainable Development address the issue of the on-going depletion of 
our soil resources and call towards the development of a land degradation neutral world. Losing 
organic carbon from soils is one of the most important consequences of land degradation and 
therefore we need to urgently revert this negative trend. Developing effective indicators for land 
degradation need to take into full account the depletion of soil organic carbon. Including soil 
organic carbon as one of the indicators towards achieving sustainable development requires solid 
science and technology for monitoring and verification of such targets. This Conference has 
substantially contributed to the further understanding of soil organic carbon and its implications 
for policy makers. 
Let me conclude that as for previous events, the Soil Conservation Service of Iceland and the 
Agricultural University of Iceland have proven to be the perfect hosts for such unique type of 
conferences. Iceland is perfectly placed to bridge between different cultures, different disciplines 
and different interests and agendas. It’s unique location allows for open and constructive 
dialogues combined with “out of the box” thinking and reflections that are not easy to mirror in 
other locations in the world. The location, combined with the well-established tradition in soil 
conservation and restoration programmes, have made it possible to again achieve a very 
successful Conference. I would like to thank the organizers and all contributors and participants 
for this great achievement. 

Luca Montanarella 
 Chair of the Scientific Committee -  European Commission – DG JRC 
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Executive summary 
The international conference on SOIL CARBON SEQUESTRATION for climate, food security and 
ecosystem services – linking science, policy and action took place in Reykjavik Iceland on 27th  – 29th 
of May 2013. The conference was organized by the Soil Conservation Service of Iceland, the 
Agricultural University of Iceland and the Joint Research Centre of the European Commission in 
partnership with a group of international and UN agencies, universities and non-governmental 
organizations.  
The conference brought together an audience representing a broad spectrum of disciplines and 
interests to link science, policy and action on soil carbon (C) sequestration issues and to 
demonstrate the possibility to conserve and restore soil organic carbon for a multiple of win-win 
benefits. Despite coming from different countries and backgrounds, with varied scientific interests 
and convictions, the overall message was that soil needs be a substantial part of the solution in 
mitigating climate change. At the same time restoration of soil quality is crucial for meeting a 
multitude of other goals such as food and water security and avoiding local to global conflicts. 
The science and means for verification of absorbed C needs to be strengthened, but above all we 
need to explore the questions “how can we make soil sexy?” and “how can we build bridges over 
the gap between science, policy and action?” Although the scientific community has 
acknowledged the soil as our new soldier in fighting climate change, this message has not 
reached the media, the public or policy. There is an urgent need to remedy this. The value of soil C 
needs to be better communicated to the broader public, policy makers educated and a focus set 
on better collaboration between scientists, land managers, public and policymakers. In general soil 
awareness needs to be enhanced, and the native interest and passion for soils expressed by young 
kids must be appreciated and motivated.  
Approximately 200 people from 40 countries from all continents attended the conference SOIL 
CARBON SEQUESTRATION for climate, food security and ecosystem services – linking science, policy 
and action. The forum featured young scientists; high level scientists; present and future leaders in 
restoration and land management; administrators; and policymakers. The conference received 
extensive media coverage, both in Iceland and globally. This was in part through the attendance 
of Stephen Leahy, an international environmental journalist and co-winner of the 2012 Prince 
Albert/United Nations Global Prize for Climate Change Reporting. A strong focus was brought to 
the importance of soils and that “keeping and putting C in its rightful place needs to be the 
mantra for humanity if we want to continue to eat, drink and combat global warming” (Inter Press 
News Network - http://www.ipsnews.net/2013/05/peak-water-peak-oilnow-peak-soil/). 
The conference objectives were:  

1. Highlight the potential of soil organic carbon (SOC) sequestration as a key option in 
mitigating climate change, and how this can benefit ecosystem functioning, food security 
and human wellbeing. 

2. Review the state of science and identify knowledge gaps. Among topics to be discussed 
are land use and land restoration practices that increase SOC and how to verify C 
sequestration and linkages with UNFCCC and post-Kyoto goals. 

3. To identify important tools for enhancing SOC sequestration, analyse incentives and 
disincentives, and propose future policies. 

4. To recommend means to bridge the gap between science, policy and action in restoring 
SOC for multiple benefits. 
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These objectives were addressed in a poster session and the following oral sessions: 
1. Setting the stage. Overview of the global status of C in soils and the multiple benefits of 

SOC sequestration. 
2. SOC sequestration - potential of different soils and habitats: (a) forests, (b) cropland, (c) 

revegetation and desertification, (d) rangeland/grassland, and (d) wetland.  
3. SOC sequestration - verification, permanency and action. Verification and permanency of 

SOC sequestration; financing of SOC sequestration; and SOC sequestration in praxis – 
case studies. 

4. Synergies and policy. Identification of tools for enhancing SOC sequestration and linking 
science, policy and action.  

In his words of welcome Andres Arnalds, assistant director of the Soil Conservation Service of 
Iceland, reminded the audience of the globally important role of soil C sequestration. Much land 
has been degraded and there is an urgent need to return as much as possible of a misplaced 
resource, the C molecule in CO2, back to Earth where it can be stored in soils and vegetation.  
Such actions will strengthen the pillars for sustainability – the economic, environmental, social and 
cultural foundations for our future. 
The conference was opened by the President of Iceland: Mr. Olafur Ragnar Grimsson. He 
underlined the need to acknowledge soil as our new soldier in fighting climate change and 
expressed his concern about rapid melting of glaciers due to warming global climate as the 
humanity lives in an ice dependant world. President Grimsson concluded that a wake-up-call of 
action is required to break the deadlock in climate change negotiations and actions.  
Following an introduction of the conference context and objectives, the first session started with 
an enthusiastic and motivating presentation by Professor Anne Glover, Chief Scientific Adviser to 
the President of the European Commission.  Despite soil´s fundamental importance for sustaining 
life on this planet, it does not grab the attention of the media, citizens and policy-makers. 
Scientists need to take a key role in persuading, through education and outreach activities, a very 
broad range of stakeholders that soil is important. Scientists must realise that their job has just 
begun when scientific papers are published.  
Mrs. Wellencia C. Mukaru, speaking on behalf of fellows to the UNU - Land Restoration Training 
Program, brought attention to the need for increased funding of C projects as a win-win solution 
in the quest for land quality. Among solutions to make such projects more feasible would be to 
reduce initial transaction costs, improve institutional capacity, reduce cost of monitoring and 
verification of sequestered C and make such projects more attractive to smallholders. 
“Soils are like a bank account. You should only draw out what you put in" said professor Rattan Lal 
of the Ohio State University.  There is no such thing as cheap food; the cost of production should 
be included in the cost of food. We lose 9.5 ha (hectare) of soil every minute and 24.7 ha of 
forests are deforested every minute.  We need to pay the full price of C emissions; water use and 
soil degradation. We should provide payments to farmers for ecosystem services.  
Mr. Luca Montanarella, European Commission, Joint Research Centre, brought attention to the 
unknowns of C sequestration that include data and trends analysis and an updated global 
inventory of soil organic carbon. Monitoring could detect changes over time, but only few 
national actions are occurring. FAO and the Global Soil Partnership are pushing the need for new 
global soil map to replace over 50 year old maps. Soils are the current policy gap in climate policy 
said Asger Olesen, from DG Climate Action of the European Commission. He stressed the need at 
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the EU and other policy levels for robust soil C data for C accounting, monitoring and tracking 
land use on organic soil.  
The last group of presentations of the first day was overview oriented and prepared for parallel 
sessions on scientific and technical issues the following day. Among key issues discussed was the 
need to consider the role of water in evaluating C fluxes in boreal forests. While effects of land use 
change and forest management on biomass C stocks are relatively well known, the effects of soil C 
stocks are scarcely reported and less consistent. It would be desirable to evaluate SOC 
sequestration as one of several ecosystem services. Regarding rangelands and revegetation, there 
are large but very variable potentials. Globally, rangeland could potentially sequester between 34 
and 75 GT C per year. Improved management of cropland is a win-win strategy in increased soil 
fertility, increasing production, and mitigating climate change. Northern peat accumulating 
wetlands cover approximately 3% of the world's land area but hold up to one-third of the global 
organic C. If destabilized, the effect on climate could be large. These introductory presentations 
were followed by sessions addressing soil C sequestration potentials within different soils and 
habitats and an extensive session dealing with verification, permanency and action. 
The last day dealt with soil and global goals: How to ensure that soils are part of the solution? The 
main focus was on the need to link scientific knowledge and policy to inspire action. During a 
plenary session Hafdis Hanna Aegisdottir, Director of the UNU-Land Restoration Training 
Program, illustrated the importance of such capacity building programs as a fruitful platform for 
linking science, policy and action to combat land degradation and restore degraded land with 
multiple benefits for climate, food security and ecosystem services.  Ronald Vargas Rojas, the 
Global Soil Partnership (GSP), addressed the urgent action needed to reverse increasing soil and 
land degradation, with C sequestration as a crosscutting action. FAO is committed through the 
GSP to place the sustainable management of soils at the decision making agenda.   
Ian Hannam, University of New England, Australia, emphasized the need for international and 
national legal frameworks for management of soil C sequestration, and gave examples of such 
developments in Mongolia and China. Frameworks are also needed for assessing the complex, but 
immense, economic value of soil ecosystem services as presented by Jon Orvar Jonsson, University 
of Iceland.  
Hugi Olafsson and colleagues from Iceland Ministry for the environment described Iceland´s 
climate change policy. Afforestation, revegetation and other practices that soak up C from the 
atmosphere are a significant part of Iceland´s strategies; restoring biodiversity, combating land 
degradation and desertification and improving food security. Iceland has emphasized that the 
complex nature of monitoring and measurement in the LULUCF should be dealt with by improving 
the science and monitoring, but not by sidelining these important tools as a mitigation option. 
Increased soil C sequestration is a win-win strategy, as healthy soils equal healthy crops, healthy 
livestock and healthy people. Marginal land creates marginal living which creates unstable 
societies. José L. Rubio, Centro de Investigaciones sobre Desertificación- CIDE, Spain, discussed 
how crisis develop if the soil capacity to provide goods and benefits is disrupted and it implies 
societal, economic and environmental security dimensions. Richard Thomas, UNU-INWEH, 
addressed the need to rise soils above the current impasse and gridlock in international arenas. 
Soils should be part of a development agenda and be interdisciplinary, including social-, 
economic-, political-, ethical- and aesthetic aspects. An economic focus is a key. These aspects fit 
well under the UNCCD outlined goal of Zero Net Land Degradation, recently included in the UN´s 
“The future we want”. 
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In his summing up – Linking science, policy and action, Charles W. Rice, Kansas State University,  
emphasized the large mitigation potential of soil C sequestration and the need to find ways to 
feed billions more without harming our soils or the broader environment. Mankind needs to 
address the critical question:  How can the limited natural resources of the Earth sustain the 
production of sufficient food, fibers and energy for a growing on even less land, with less water, 
using less energy, fertilizer and pesticide? To bring about awareness and change, new key 
messages need to be developed and they must be tailored to the wide spectrum of the different 
interest groups involved. In a wrap-up session with reporting from sessions participants discussed 
ways to ensure that soils are part of the solution to the global goals. Or, more simply, how to 
make the soil sexy!  
The conference was concluded by Mr. Mr. Sigurdur Ingi Johannsson, Icelandic Minister for the 
Environment and Natural Resources. He reminded the audience that the level of CO2 in the 
atmosphere had recently passed 400 parts per million. This highest level since three to five million 
years ago is a stark reminder to us all to develop successful action plans to prevent global 
temperatures from rising to dangerous levels. Soil C is a climate change issue, but also essential to 
agriculture, food security and biodiversity. These issues are ever more pressing as the world 
population increases from 7 billion to a projected 9 billion in 2050. The science of soil C may seem 
a specialized field, but it is of utmost policy relevance for the future of the planet. 

Field trip 
The conference was preceded by a conference excursion in south Iceland on 26th . May focusing 
on land condition related issues and the links between land management and restoration 
activities and C sequestration.  Over 150 participants experienced first-hand the history of 
ecological degradation of vegetation and soils in Iceland since human settlement, about 1100 
years ago, and saw how the processes of desertification can render fertile ecosystems into barren 
wastelands (i.e. deserts) in a humid environment. In Gunnarsholt, at the headquarters of the Soil 
Conservation Service of Iceland, visitors went to an exhibition at the education centre 
Sagnagarður were the unique centennial story of soil conservation and land reclamation in Iceland 
was demonstrated. The field trip participants visited the Hekluskogar, where efforts are being 
made to restore native woodlands on extensive plains of volcanic ash in the vicinity of Mt. Hekla, 
inspected exotic forest plantations and wetlands. This tour gave the settings for central issues in 
the conference: the effect of land use on the processes of land degradation and the possibilities to 
reverse these processes through linking of science, policy and action. 

SoilTrEC Training Event 
The conference was attended by many early carrier scientists that then participated in a Training 
Event titled Land use practice and sustainable use of soil. It was a part of workshops  organized by 
each partner of the FP7 Environment funded SoilTrEC project, expanding knowledge of farming 
approaches and their impacts on farming sustainability.   
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Conclusion and recommendations 
The major conclusion from the conference SOIL CARBON SEQUESTRATION for climate, food 
security and ecosystem services is that the soil must be considered as the new soldier in combating 
climate change; soil is an essential part of the solution. To accomplish this following actions are 
recommended:  
 

a. The value of soil carbon needs to be better communicated to the media, the broader 
public and policy makers. Hands on education of the young, mentoring of new personnel 
and education of policy makers needs to be put on the agenda.  

b. Communication and collaboration between soil scientists, land managers, public and 
policymakers is needed and should be matched with people’s experiences and values. 

c. The environmental cost of production, such as through soil erosion, needs to be reflected 
in the pricing of agricultural goods. 

d. We need small but well oriented projects, developed by local people and based on sound 
knowledge and holistic environmental management. 

e. The issue of smallholders, especially in developing countries, needs to be included in the 
search for solutions to land quality and climate change. 

f. Policymaking needs to better incorporate the enormous potential of private sector 
involvement in improving land management. 

g. There is a need to revive national infrastructures for a more systematic storing and 
management of soil data. 

h. Science needs to affect policy and be turned into action. 
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Session 1: Soil Carbon – A Foundation 
for our Future 
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Rapport 
Rapporteur: Bjarni Diðrik Sigurðsson 
Agricultural University of Iceland 

Session 1 was a plenary, overview session, where keynote speakers gave talks on different issues 
related to the conference’s goals. Presentations under this session addressed: (1) how to build 
bridges between science, policy and action, (2) how to implement SOC-related actions in the 
developing countries, (3) mapping global SOC status, (4) future global importance of SOC 
sequestration, (5), the need for more SOC data for policymaking, and (6) SOC 
sequestration/retention in different ecosystems. 
Building bridges between science, policy and action is urgently needed. Although 99% of our 
calories come from the soil at present soil issues are not on top of the agenda in policy. This may 
relate to the fact that more than 50% of humans live in urban environments and are not in contact 
with soils. Therefore, scientists must realise that their job has just begun when scientific papers are 
published, as increasing interest and common knowledge in/on soil is needed and scientists must 
be active in this process. 
More SOC data is needed for the policy as it is not enough that we understand land use changes 
(LUC) and SOC issues – we need to be able to proof to policy-makers that LUC has truly an effect. 
Soils are currently a “policy gap” in for example climate policy. Most FP7 funding has gone into 
process-based studies, but now more regional/national/global soil information is needed so policy 
makers will put soil issues higher on the priority list. New map of global SOC status shows that in 
total 1.200 Pg of SOC are stored in 0-100 cm layer (473 Pg in the 0-30 cm layer). New, updated, 
global SOC map is scheduled for 2015. DG JRC with the European Soil Data Centre (ESDAC 
http://esdac.jrc.ec.europa.eu/) is a focal point which gathers SOC information for agriculture, 
climate and environmental policies within EU, but more SOC monitoring at a global scale is 
urgently needed. 
Climate change mitigation and food security are both issues that cannot be solved without 
starting to work much more on SOC issues globally. There are four key areas where these issues 
are of paramount importance: i) permafrosts, ii) the Third Pole; iii) tropics, and iv) wetlands. 
Yields ha¹־ have to go up to feed the global population in the future because of population 
increase, change in diet and loss of soils by degradation. Seed-based solutions are not going to 
solve the food security issues if global (especially tropical) soil conditions continue to deteriorate. 
Agriculture and land management have to become the major solution to both the food and 
greenhouse gase (GHG) problems. Therefore, it is crucial to implement SOC related actions in the 
developing countries. In Africa and Central-Asia small scale SOC projects have been established, 
which include some win-win with SOC projects for small scale landowners; including income 
possibilities or enhancing other ecosystem good production for landowners. 
Wetlands cover about 3% of the global land area, but contain 20-30% of the terrestrial SOC 
stocks. Both draining and climate change pose a threat to those SOC stocks. It is highly important 
to protect these vulnerable SOC stocks that have been accumulated during the past 10-20.000 
years. Wetland restoration (rewetting) will become a valid mitigation action within the post Kyoto-
process. Iceland and Belarus initiated this action within UNFCCC and it has been formally accepted 
to include it for the second commitment period. Wetlands are integrated in a network of forests 
and croplands on higher/drier sites interlinked with wetlands, streams and lakes. A considerable 
part of the SOC can be transported by water. In Boreal ecosystems transport dissolved of organic 
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C can be 45% of net NEP (net ecosystem production), mostly by horizontal transport on/in surface 
soil layers. This can be modified by management and must be taken into account in relation to 
mitigation efforts. 
In forest ecosystems SOC issues are less studied than biomass. In general, converting cropland, 
heathland or degraded land into forest gives large increase SOC, whereas conversion of grassland 
gives insignificant increases in SOC. SOC quality is also an issue on which more information in 
needed. Changes in forest management can be of importance. This leads to larger effects in the 
forest floors than in mineral soils. Non-CO2  GHGs should always be included and more intensive 
use of forest biomass causes concern, but may have less effect than anticipated. 
Considering croplands it is important to define C-sequestration as net removal of atmospheric 
CO2 at a global scale, since local effects are not necessarily true C sequestration. Therefore, it is 
important to make life-cycle analysis to include all emissions involved with changed cropland 
management to sequester SOC. Only maximizing C sequestration in croplands may sometimes not 
the best policy; substitution of fossil fuels by cropland bio energy may be as effective tool to 
reduce atmospheric CO2. Fertilization (i.e. N) generally increases SOC stocks in croplands – but 
N2O emissions have to be included. No tillage works to sequester SOC in croplands in warmer 
climates – but less so in colder climates. No proof for a net SOC increase in Sweden after “No 
tillage”, when not only topsoil was measured. 
Considering rangelands, the predominant land use is livestock grazing; which often (together with 
fire and drought) is the main disturbance factor in the ecosystems, often leading to soil erosion; 
which is the main avenue of SOC loss. Therefore, sustainable land use (e.g. grazing control) and 
revegetation of eroded rangeland soils is highly important. However, it is impossible to store more 
SOC without N at high latitudes and need to include the N-cycle in human actions. Rangelands 
and degraded land have high potential for SOC sequestration. Globally it would be possible to 
sequester 0.34 Pg C yr-1 in rangeland soils with proper management and revegetation measures.  
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There's a lot of excitement in a handful of dirt - so why don't we talk about 
it more? 
Anne Glover, Chief Scientific Adviser to the President of the European Commission 
European Commission, Berlaymont 08/039 Rue de la Loi 200, B-1049 Brussels, Belgium 

How can we make soil more interesting? How can we build bridges over the gap between science, 
policy and action? 
Despite its fundamental importance for sustaining life on this planet, soil does not grab the 
attention of the media and, hence, the attention of policy-makers and citizens. As a consequence, 
it is difficult to put the protection of soils high on the policy agenda although there is an urgent 
need for action. This may relate to the fact that more than 50% of humans live in urban 
environments and are not in contact with soils. 
Soil underpins our Planet’s life support systems. While soil is invisible to most people it provides 
an estimated 1.5 to 13 trillion dollars in ecosystem services annually (Van der Putten et al. 2004 
and European Soil Bureau Network 2005). Soil is one of the world's most precious resources: 
without soil, human life would simply not exist. We are learning more and more about its 
complexity and its role in filtering our water, regulating carbon flow, supporting plant growth and 
of course providing a home for the microbes that are essential for nutrient turnover.The dirt 
beneath our feet is like a magical world filled with tiny, wondrous creatures. A mere handful of soil 
might contain a half million different species including ants, earthworms, fungi, bacteria and other 
microorganisms. Soil provides nearly all of our food – only one percent of our calories come from 
the oceans.  
Soil is the second biggest repository for carbon next to the oceans. There is more carbon stored in 
soil than in the atmosphere and in vegetation combined. Soil therefore plays an important role in 
the global climate system, but its ability to continue to retain the huge amounts of carbon it 
stores has been weakened in recent decades, largely due to unsustainable land management 
practices and changes in land use. Research suggests that, as a result of these changes, soils are 
releasing large amounts of carbon into the atmosphere, threatening to undermine reductions in 
emissions made elsewhere, such as in industry or transport. 
Soil is also a part of our natural and cultural heritage and to protect it is an ethical obligation. 
Many of the activities of our ancestors can still be recognised through detailed studies of the soil. 
In fact, the soil is one of our main sources of information on the history of man before he was able 
to write.  
The main conservation challenge lies in the fact that it can take over 500 years to produce 2 cm of 
top soil. Protection and restoration of this highly valuable resource should therefore be prioritized. 
Soil degradation is a continuing problem worldwide and this needs to be counteracted. Scientists 
have a key role to play: apart from improving our understanding of soil functions, they have a job 
to do and that is, through education and outreach activities, persuading a very broad range of 
stakeholders that soil is important. Hands-on soil education of young children should be 
encouraged in particular – children love soil, from eating it onwards, and it is important that they 
do not lose this affection for soil throughout their lives. Scientists must realise that their job has 
just begun when scientific papers are published. 



scs2013 - session 1                                                                                                                   5                           
 

Soil carbon and the quest for land quality: experiences from Africa and 
Central Asia 
Azamat Isakov, David J. Z. Liabunya, Enock Ssekuubwa, Idrissa Soumana, Merkeb W. Bezabeh, 
Mohamadou H. Gabou, Olive Chemutai, Salifu Wahabu, Tserennadmid Bataa, Wellencia C. Mukaru 
& Zhyldyz Shigaeva 

United Nations University Land Restoration Training Programme. 

Land degradation is a substantial source of carbon emission, mainly due to anthropogenic 
activities that change soil carbon sinks into carbon sources. In Africa and Central Asia, the main 
drivers are population pressure, deforestation, overgrazing, poverty and land tenure insecurity. All 
these culminate into deteriorating soil conditions, which negatively impacts livelihoods, especially 
among the poorest in society who depend heavily on land resources for survival. The increase in 
atmospheric CO2 has attracted international attention because of its impact on global climate. 
Poorer countries release much less atmospheric carbon compared to richer countries in the terms 
of industrial emissions. The Kyoto protocol was established to prevent a further increase in 
atmospheric CO2 and includes options for financing carbon projects in developing countries, in 
addition to numerous voluntary mechanisms. 
Carbon sequestration projects in developing countries have large potential for climate change 
mitigation. This provides a win-win solution and has attracted a number of carbon sequestration 
funding projects, which have positive impacts on land quality, climate and society. Carbon projects 
in Africa include: the Plan Vivo project in Uganda, the Acacia Community Plantation in Niger and 
the Humbo Assisted Re-generation in Ethiopia. There are only a few small projects on soil carbon 
sequestration in Central Asia, although there is potential for sequestering considerable industrial 
emissions there. These projects may provide roles for farmers in global carbon sequestration, 
which is critical if projects are to make the desired impact on carbon management and to ensure 
that projects do not compromise farmer livelihoods and food security. 
There is still limited funding for projects in Africa and Central Asia, with only a fraction of the 
global carbon finance going to such projects. For the small landholders, carbon projects may be 
unattractive due to high initial transaction costs. Project expansion is constrained where projects 
are directly implemented by national government ministries, which are unfamiliar with local 
conditions and cannot target smallholders. The lack of clear and defendable rights to land and 
forest, limits commitment to supply carbon offsets. Many African countries face political instability 
and unpredictable governance systems, which makes carbon sequestration investment risky given 
their long-term nature. There is a lack of institutional capacity in many African and Central Asian 
countries to organize and promote opportunities for funding carbon projects. Also, the difficulty 
of verifying the amount of carbon sequestered, limits the potential of these countries to acquire 
carbon funding. Identifying solutions to these challenges would stimulate carbon funding in Africa 
and Central Asia, and help improve soil conditions, local communities' livelihoods, and reduce the 
effects of climate change globally. 
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Global Status of Soil Carbon 
Luca Montanarella*, Roland Hiederer, Francesca Bampa 
European Commission, DG JRC, Institute for Environment and Sustainability, Via E. Fermi, 2749I-
21027, Ispra, Italy. 

Abstract 

While estimates of global soil organic carbon (SOC) stocks have become available over the last 30 
years an updated global inventory is currently still missing. Most estimates are based on 
fragmented data collected in different time frames and using different methodologies for 
sampling, data analysis and interpretation. Current global estimates suggest that approximately 
2,344 Gt of organic C is stored in the top three meters of soil, with 54% or 1,500 Gt of organic C 
stored in the first meter of soil and about 615 Gt stored in the top 20 - 30 cm. Unfortunately the 
source data are so heterogeneous that it is not possible to attach a clear timestamp to these 
values. Given the relevance of the changes in SOC stocks for climate change evaluations and 
projections, there is an urgent need to establish a clear baseline to be used for benchmarking 
changes in SOC levels over time. Especially in areas subject to massive changes in SOC stocks, like 
the boreal soils affected by permafrost, there is the need for an updated reliable inventory based 
on a consistent sampling procedure. Some initiatives at regional level are now taking shape. The 
Africa Soil Information Service (AFSIS) and the European Soil Information System (EUSIS) are 
examples of such operational soil monitoring systems allowing for reliable assessment and 
accounting of SOC changes. In the future there will be the need for a global system based on a 
network of the existing regional and national systems, which will allow for full accounting and 
verification of SOC at global scale. A strong driver for establishing such a joint system could be the 
full recognition within UNFCCC and the related LULUCF processes of the relevance of the SOC 
pools and the requirements to carefully monitor and report for any changes in this pool under the 
Kyoto Protocol. The recently established Global Soil Partnership (GSP) by FAO could be a very 
effective framework for developing such a collaborative system of SOC verification and 
accounting. 

Introduction 

The assessment of the global status of soil organic carbon (SOC) is of high relevance not only for 
climate change related considerations but also for the other functions that organic carbon (OC) is 
performing in soils. OC is of crucial importance for soil fertility, for maintaining an efficient 
buffering capacity of soils and for increasing soil water holding capacity. In addition, high SOC 
content usually correlates with higher biodiversity in soils building complex soil biota and 
ecosystems. For the time being global SOC estimates are only available as a single value, 
aggregated from regional estimates or from global SOC maps. 

 Global SOC stocks estimates 1.

Over the years various authors published global estimates of SOC stocks to a depth of 1 meter. 
The global estimates are derived from the analysis of soil profiles databases or the FAO Digital Soil 
Map of the World (DSMW; FAO, 1995). For results, without a spatial component of the estimates, a 
non-exhaustive comparison of estimates is presented in Table 1. 
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Table 1: Comparison of global SOC stock estimates 

Global SOC stock to 1m depth 

Pg C 

Source 

1,146 Schlesinger, 1995 

1,4571 Meentemeyer et al., 1985 

1,576 Eswaran et al, 1993 

1,220 Sombroek et al, 1993 

1,462-1,548 Batjes, 1996 

1,500 Lal, 2004; IPCC, 2006 
1 for undisturbed soil 

The variations in the estimates are comparatively small, given the amount of data processed. A 
reason for the similarities is: the very limited number of independent sources of global soil data 
and the partial compensation of for regional variations in SOC content, when using pedo-transfer 
rules for bulk density calculation. 

 SOC stocks by climatic region 2.

For more detail on the distribution of SOC stocks, estimates were also made reflecting different 
climate regions or life zones. A comparison of global estimates of SOC stocks by climatic region is 
presented in Fig. 1. 

 

Figure 1.  Comparison of global soil organic carbon estimates by climatic region to 1 m depth. 

The estimates by climatic region or life zones (Fig. 1) show much larger variations than the global 
estimates (Table 1). Variations are due to the depth range considered and uncertainties about 
organic carbon (OC) content in wetlands, particularly peat. 
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 SOC stocks from global SOC maps 2.1.

Evaluating the interaction of SOC with climate change or with land use changes and land 
management practices is essential. For many modelling purposes data on SOC density in form of 
spatial layers, both for topsoil and subsoil are needed. To assess SOC at global scale global 
consistent datasets of high quality and spatial resolution are necessary. Current assessments are 
generally based on obsolete data collected during the 1950’s - 60’s and compiled in form of the 
FAO Digital Soil Map of the World (DSMW; FAO, 1995). The DSMW vector data has a scale of 
1:5,000,000 and represents many soil parameters in form of categorical values, which limits the 
use of the data in models, relying on continuous quantitative data. 
Maps of SOC density with a spatial resolution of 5 arc minutes or finer and largely based on the 
DSMW, are available from the International Geosphere - Biosphere Programme (IGBP; Global Soil 
Data Task Group, 2000) or the Natural Resources Conservation Service (NRCS; 2006). From these 
maps, estimates of global SOC stocks were extracted. The European Commission DG JRC prepared 
also SOC density maps based on the FAO DSMW and on the default SOC density given by IPCC 
(2006) for climatic regions and soil types. The Harmonized World Soil Database (HWSD) 
(FAO/IIASA/ISRIC/ISS-CAS/JRC, 2009) was amended specifically for mapping global SOC stocks in 
the topsoil and subsoil (Hiederer & Köchy, 2011). 
A comparison of the global estimates derived from these spatial data is given in Table 2. 

Table 2: Comparison of global SOC stock estimates from global SOC maps (Hiederer et al., 2011) 

Global SOC stock  

Topsoil Subsoil Topsoil + Subsoil  

Pg C Pg C Pg C Source 

  1,376 NRCS 

  1,494 IGBP 

697  1,500 IPCC1, 2 

554 901 1,455 FAO DSMW3 

669 716 1,416 Amended HWSD 

1 Global estimate from 4th IPCC Assessment Report for topsoil + subsoil 
2 Estimate from default reference values for mineral soils under native vegetation 
3 Equivalent spatial coverage to IPCC estimate 

The same global SOC estimates derived from global soil maps show close aggregated estimates. 
However, the values should not be seen as confirmations of a global SOC stock of approximately 
1,500 Pg C (Table 1), since to a large extent, the underlying data is closely related to the FAO 
DSMW or on profile data from which the FAO DSMW was compiled. There are, however, larger 
differences when comparing topsoil and subsoil SOC stocks. 

 Discussion 3.

Systematic collection at global scale of SOC data still has to materialize. As a consequence of the 
lack of measured data, many estimates are based on the extensive use of pedo-transfer rules or 
functions, which derive SOC stocks from basic soil informations like soil name, texture classes, land 
use, climate and temperature regimes. More recently existing data have been compiled in a new 
raster product at 1km resolution, the Harmonized World Soil Database (HWSD) that is currently 
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the basic input layer for all global scale modelling exercises requiring soil data and information. 
The modelling community compiled the HWSD since basic data were still missing or were not 
provided in a consistent manner by the soil science community. 

Conclusions 

Even so SOC is raising the attention of policy makers and stakeholders at international - national 
levels, a systematic collection of SOC data is still missing. Besides few initiatives at national and 
local level, there is no coherent approach to SOC data collection at global scale. Therefore all 
existing assessments on this important C pool are still based on rather old and unreliable data sets 
collected more then 50 years ago. A new collective effort towards a detailed assessment of SOC at 
global scale is needed. Such an effort cannot only be based on a top-down global initiative but 
needs to take into account the need to develop national capacities for the regular SOC monitoring 
and assessment. Such capacity building effort at national level will be even more needed in the 
future, when reporting obligations on SOC will increase in the framework of on-going climate 
change negotiations and agreements. 
Europe is already playing a leading role in this area, with the development of a regular monitoring 
system on SOC based on the Land Use/Cover Area frame Statistical Survey (LUCAS) performed by 
the EU statistical office (Eurostat) in close collaboration with the other European Commission 
services. Monitoring, verification and reporting of SOC must be based on solid data and 
measurements, performed according to the highest quality standards. A global standardization 
effort is needed in order to make the increasing number of measurements comparable across the 
various national and regional initiatives. The newly established Global Soil Partnership (GSP) of 
FAO and its Intergovernmental Technical Panel on Soils (ITPS) could play a leading role in this 
needed area of standardization of methods and measurements. Only with such a global 
coordination it will be possible to obtain a new and updated assessment of the global status of 
SOC. 
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Soil Carbon Sequestration 
Rattan Lal* 
Carbon Management and Sequestration Center, The Ohio State University, Columbus, OH 43210 
USA 

Introduction 

World soils constitute the largest terrestrial carbon (C) pool, estimated at about 4000 Pg (Pg = 
1015g = 1 billion or gigaton) to 3-m depth. The soil C pool has two components: soil organic C 
(SOC) and soil inorganic C (SIC) pools. The SOC pool is highly reactive and plays an important role 
in the global C cycle (GCC). It can be a source or sink of greenhouse gases (GHGs) depending on 
land use and management. Soils have been source of GHGs ever since the dawn of settled 
agriculture about 10k to 12k years ago, because of conversion of natural to managed ecosystems 
through deforestation, biomass burning, land drainage, mechanical seedbed preparation and 
nutrient mining through extractive farming practices. Thus, soils of agroecosystems contain lower 
SOC pool than their counterparts under natural ecosystems. The magnitude of SOC loss in 
agroecosystems may be 20-40 Mg C/ha. The loss of SOC is generally more from tropical than 
temperate ecosystems, coarser than fine-textured soils, and those managed by extractive farming 
than science-based inputs. Accelerated erosion and other degradation processes aggravate the 
depletion of SOC pool. The projected climate change, accelerated erosion, and the attendant 
increase in soil temperature may exacerbate the rate and magnitude of SOC depletion. Thus, the 
objective of this article is to identify global hot spots or regions where the SOC pool is prone to 
severe depletion with climate change, describe processes and practices of restoration of the SOC 
pool to improve soil quality, enhance net primary productivity (NPP), off-set anthropogenic 
emissions, and adapt to and mitigate the abrupt climate change. 

 Biomes with Ecologically-sensitive Soil Organic Carbon Pools 1.

The world population reached the 7 billion mark on 31st October 2011 (Smith, 2011). The 
population is expected to reach 8.1 billion by 2030, 9.6 billion by 2050, and almost 11 billion by 
2100 (UN, 2013). The increase in energy demands and fossil fuel combustion would accelerate the 
climate change, and further deplete the SOC pool. Three ecoregions that are most sensitive to the 
projected climate change, where the SOC pools are highly vulnerable to depletion, and which can 
aggravate emissions of GHGs because of the positive feedback are: (a) the Himalayan Tibetan 
ecoregions, (b) the permafrost or Cryosols, and (c) the tropical regions.  

 The Third Pole 1.1.

The Himalayan-Tibetan region, also called the Third Pole because of its large snow mass, covers 
seven countries (Afghanistan, Bangladesh, Bhutan, China, India, Myanmar, Nepal), with a total area 
of 344 Mha (million hectare) under the Hindukush Himalayan region. Nearly one-third of the 
world’s non-polar ice is in the Himalayan regions.  
The Himalayan system is source of 11 rivers with a total watershed area of ~700 Mha and total 
population of >2.1 billion residing in the watershed of these rivers (Table 1, ICIMOD, 2009). Thus, 
decrease in the water flow of these rivers would affect the wellbeing of ~30% of the world 
population.  
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Table 1: Land area and population in each watershed of the river system originating from the 
Himalayas. (Adapted from ICIMOD, 2009). 

Basin 
Area 
(106km2) 

Population 
(106) 

Year Countries 

1. Amu 0.309 50 2010 Uzbekistan, Krygystan, 
Tajikistan, Afganistan 

2. Bramhaputra 0.71 625 2009 China (Tibet), Nepal, Bhutan, 
Bangladesh, India 

3. Chao Phraya 0.16 23 2000 Thailand 

4. Ganges 1.08 501 2001 China, Nepal, India, and 
Bangladesh 

5. Indus 1.08 178 2003 Afghanistan, Pakistan, India and 
China 

6. Irrawaddy 0.41 37.2 2008 Myanmar 

7. Mekong 2.6 300 2005 China, Myanmar, Laos, Thailand, 
Cambodia and Vietnam 

8. Red River 0.17 28 2002 China, Vietnam 

9. Salween 0.27 6 2003 China, Myanmar, and Thailand 

10. Tarim 1.02 5 1999 China 

11. Yangtze 1.8 430 2004 China 

12. Yellow 0.75 106 2006 China 

TOTAL 10.36 2289   
 
The annual water runoff of these 11 rivers is 96,089 m3/s with a total sediment load of 120.8 Tg/yr 
(Table 2) (Tg = teragram = 1012g = million metric ton).  
With a large cropland area within the watersheds of the Himalayan rivers, agricultural activities 
strongly impact the micro and mesoclimate, and the global carbon cycle. The NPP of both natural 
and managed ecosystems is high, making these regions a large potential C sink. In addition, 
erosion-induced transport of SOC may lead to emission of about 0.50 Pg C (as CO2 or CH4) (Table 
3). While providing food (feed, fodder, fiber and fuel) to 2.1 billion people, the C sink capacity of 
the terrestrial ecosystems within these river basins can be greatly enhanced through sustainable 
intensification of these resources. 
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Table 2: Annual runoff and sediment transport by rivers originating from the Himalayas.  

River System 
Runoff 
(m3/s) 

Sediment 
(106Mg/yr) 

1. Amu 1397 100 

2. Bramhaputra 19,200 721 

3. Chao Phraya 883 9 

4. Ganges 11,600 316 

5. Indus 2644 100 

6. Irrawaddy 12,564 364 

7. Mekong 10,314 170 

8. Red River 3740 40 

9. Salween 5370 271 

10. Tarim 767 21 

11. Yangtze 25,110 470 

12. Yellow 2500 118,200 

TOTAL 96,089 120,782 

 
Table 3: Annual runoff and sediment transport by rivers originating from the Himalayas. 

Total Sediment Discharge : 121 x 109 Mg/yr 

Assuming SOC Concentration : 0.2% (w/w) 

Thus, SOC Transported : 0.25 Pg/yr (Buried) 

Assuming a delivery ratio : 10% 

Thus, total SOC displaced : 2.4 Pg/yr 

With emission of 20% : 0.50 Pg/yr 

 

 Permafrost 1.2.

The land area of the permafrost soils, also called the Cryosols, is estimated at about 1.88 Mha 

(Table 4). These soils are a major reservoir of SOC, with estimated amount of ~500 Pg to 1-m 
depth (Tarnocai et al., 2009, Table 5), and ~1500 Pg to 3-m depth (Jungkust et al., 2012). With the 
projected temperature increase, expected to be much higher in the arctic regions than elsewhere, 
there are risks of melting of these permafrost soils with a larger positive feedback (National Snow 
& Ice Data Center, 2008). Thus, adaptation and mitigation strategies must be adopted to minimize 
risks of thawing of permafrost. In the long-term, finding viable alternatives to fossil fuel is the 
solution to avoid drastic perturbations of the GCC.  
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Table 4: Land area of the permafrost soils. (Tarnocai, et al., 2009) 

 Area (103 km2) 

Pemafrost zone North America Eurasia Total 

Continuous 2.9 7.3 10.1 

Discontinuous 1.4 1.6 3.1 

Sporadic 1.1 1.4 2.6 

Isolated Patches 1.2 1.8 3.0 

TOTAL 6.6 12.1 18.8 

 
Table 5: The soils organic carbon pool in the permafrost. (Tarnocai, et al., 2009) 

 SOC Pool (Pg, 1-m depth) 

Pemafrost zone North America Eurasia Total 

Continuous 78 220 299 

Discontinuous 30 38 67 

Sporadic 26 37 63 

Isolated Patches 31 36 67 

TOTAL 165 331 496 

 

 Tropical Ecoregions 1.3.

Tropical ecoregions cover a land area of 49.7 x 106 km2 between the tropics of Cancer and 
Capricorn. Of this total, the land area (106 km2) is 6.2 under moist savanna, 4.7 under dry humid, 
6.3 under typic humid, 2.9 under per humid and 29.6 under other ecoregions. Tropics cover 40% 
of Earth’s surface, receive 50% of the world’s rainfall, and contain 53% of world’s potentially arable 
land. Savanna and forest ecosystems have been widely converted into agroecosystems (e.g., 
croplands and grazing lands). Because of the rapid decomposition under continuously high 
temperatures and strong susceptibility to erosion by water and wind, soils of the agroecosystems 
are severely depleted of their SOC pool. The severity and extent of depletion are also dependent 
on the widespread use of extractive farming (soil mining) practices by smallholder and subsistence 
farmers. Therefore, soils of the agroecosystems in the tropics are strongly depleted and have a 
large C sink capacity, which can be filled through conversion to a restorative landuse, and 
adoption of recommended management practices. Management of SOC pool in soils of the 
world’s agroecosystems must be based on the following considerations: 

• For each unit of land cleared, tropical biomes lose almost twice as much C (120 vs. 63 Mg 
C/ha) and produce less than 50% of the annual crop yield (1.7 vs. 3.8 Mg/ha/yr), 

• For each 1 Mg C ha ¹־  gained in the rootzone, soils of the tropics produce less than those of 
temperate regions,  

• Input use efficiency of soils of the tropics can be greatly enhanced by improving SOC pool 
to above the threshold, and 

• Including soils/ terrestrial C pools in developing nations in the overall climate change 
solution while feeding the growing and increasingly affluent world population is an 
important strategy. 
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 Soil Carbon Sequestration  2.

Soil C sequestration implies transfer of atmospheric CO2 into the soil C pol of long mean 
residence time either as humus or as secondary carbonates. The rate of C sequestration ranges 
from 0 to 1 Mg/ha/yr as humus and 2-5 Kg/ha/yr as secondary carbonates (Lal, 2004). The 
potential of SOC sequestration is limited in soils of the dry tropics (Lam et al., 2013). The strategy 
of SOC sequestration as humus is to create a positive C (and N, P, S, and H2O) budget in soil 
through conversion to a restorative land use and adoption of recommended management 
practices (RMPs). Some examples of RMPs include conservation agriculture (CA) with retention of 
crop residue mulch and incorporation of cover crops in the rotation cycle along with the use of 
complex cropping systems and integrated nutrient management (e.g., manuring), agroforestry, 
and other conservation-effective measures. The strategy is to adopt sustainable intensification (SI). 
The SI implies producing more from less through improvement of soil quality. In practice it means 
more agronomic production per unit of land area, per drop of water, per unit input of fertilizers 
and pesticides, per unit of energy, and per unit of CO2-C emissions. 

 Rational of Soil Carbon Sequestration 3.

The principal benefits of SOC sequestration are to restore the quality of degraded/desertified 
soils, enhance amount and quality of water resources, improve use efficiency of inputs (e.g., 
nutrients, water), increase biodiversity, and sustain agronomic productivity. Whereas, SOC 
sequestration cannot completely mitigate the climate change, it is a good thing to do because of 
its numerous ancillary benefits. Furthermore, a judicious governance of soil resources is essential, 
and favorable policies must be identified and implemented to promote the adoption of RMPs. 
Creating another income stream by payments to land managers for provisioning of ecosystem 
services is an important option. 

Conclusions 

1. Three terrestrial hotspots of climate change are the Himalayan-Tibetan ecosystems, the 
permafrost/Cryosols, and the tropics. 

2. Soils of the agroecosystems in general but those of the tropics in particular are depleted of 
their SOC pool. The magnitude of depletion is high for those prone to degradation by 
erosion and other processes and managed by extractive farming practices for a long-time. 

3. The soil C sink capacity can be filled by conversion to a restorative landuse, and adoption 
of RMPs (e.g., CA, mulch farming, manuring). 

4. Among numerous ancillary benefits of SOC sequestration are improvements in soil quality, 
increase in use efficiency of inputs, increase in agronomic productivity, improvement in 
water resources and biodiversity, and increase in the land value. 

5. Conversion to a restorative landuse and adoption of RMPs can be promoted through 
trading of C credits, and payments for provisioning of ecosystem services 

6. Soil C sequestration is a win-win option, has adaptation and mitigation impacts, entails 
numerous ancillary benefits, and is needed regardless of the climate change. 
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We need soil carbon data! 
Asger Olesen 
DG Climate Action, European Commission 

Carbon accounting of soils: recent development and future perspectives for climate 
legislation – and why real progress relies upon soil carbon data in the EU and worldwide.  

Ever since the signing of the Kyoto protocol in 1997, the land use sector has been the odd one out 
among sectors in global and EU climate policy. Recently, however, policy initiatives and legislation 
have picked up speed. The understanding of the intrinsic inter-linkages and feedbacks between 
climate, land management and soil carbon has been greatly improved, and several UNFCCC 
parties have put in place – or are actively developing – GHG reporting and accounting systems 
that can translate land monitoring and soil data into IPCC compliant GHG information; thereby 
potentially steering policy initiatives. 
At the 2011 COP in Durban, a important decision on LULUCF was reached as a part of the "Durban 
platform", which sets the stage for climate policy development for the land use sector. Even more 
recently, the EU committed itself legally to a roadmap that commits all Member States to fully 
include all agricultural and forest land in their climate policies post-2020. Essential to this goal and 
to the development of sound and feasible policies, are appropriate, timely and reliable soil carbon 
data.  
In a mid-term perspective, the EU climate policy framework will need ever more soil carbon data. 
It should thus frame and underline how the international soil science community can assist in 
bringing the climate agenda forward, through the delivery of a highly important key element – soil 
information. 
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Carbon fluxes from boreal forests – the role of water  
Leena Finér  
Finnish Forest Research Institute, B.O. Box 68, 80101 Joensuu, Finland 

The major carbon (C) flux to forest ecosystems occurs through photosynthetic CO2 uptake by 
vegetation. Water is needed in photosynthesis and the transport of assimilates from the leaves to 
other plant organs. Transpiration occurs as an inevitable consequence of CO2 uptake via stomata 
and the plants’ “trade” water with C. Low water availability is decreasing forest ecosystem C 
fixation on a global scale more than the surplus of water, as opposed to many boreal regions 
where the excess of water is limiting tree growth. The availability of water is also controlling the 
allocation of C between below-ground and above-ground forest biomass. In addition to its roles 
in photosynthesis and the allocation of fixed C, water flow is a significant C carrier, which 
retranslocates C within the forest ecosystem and transports C to water courses. The present paper 
focuses on the transport of the dissolved form of C with water flows through the boreal forest 
ecosystems to the watercourses. The impacts of forest management and climate change on C 
fluxes are also discussed. Rainfall deposits some C to the forests and dissolves organic C directly 
from the vegetation on its way through the forest canopy. Water, which reaches the forest floor 
and percolates through the different soil horizons, transports C released from decomposing 
organic matter. In boreal forests most of that C is transported as dissolved organic C (DOC), which 
also contains elements other than C. The DOC fluxes are high below the organic soil horizons and 
decrease in the mineral soil where C is retained by different soil processes. When water moves 
only in the organic soil horizons towards the watercourses, the retention of C is small and the 
leaching of DOC is high. Globally, the amounts of C leached from terrestrial ecosystems can 
comprise up to 10% of C fixed in the forest ecosystem’s net primary production (Schlesinger 
1991). In the recipient water ecosystems DOC acts in several ways: it sediments to the bottom of 
the water body, it provides energy for water organisms, and gives colour to the water, preventing 
light penetration and photosynthesis in the deeper water layers.  
In boreal catchments, C fluxes to the water courses are increased by forest management 
operations such as clear-cuttings and forest drainage as a result of increased water fluxes and 
enhanced decomposition of organic matter and subsequent formation of DOC. Carbon fluxes are 
also proposed to increase as a result of climate change and the decrease in acidifying deposition. 
Increased trends in the leaching of DOC to water bodies from terrestrial ecosystems have already 
been reported from temperate and boreal catchments. Forest management operations and 
extreme weather events like rainstorms and floods can also increase soil erosion, resulting in the 
transport of C in particulate form. 
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Potentials for soil carbon sequestration in forestry: influences of changed 
land use and management 
Lars Vesterdal*  
Dept. of Geosciences and Natural Resource Management, University of Copenhagen 

Land use change and forest management effects on biomass carbon (C) stocks are relatively well 
known, but effects on soil C stocks are more scarcely reported and appear less consistent. Soil 
organic C (SOC) stocks are spatially variable due to soil heterogeneity and it is a further challenge 
to detect relatively small land use change or management-related changes in the large SOC 
stocks. Forest SOC stocks are largely controlled by the balance between above- and belowground 
litter C inputs and outputs of C by heterotrophic respiration. A land use change- or management-
related effort to sequester SOC in forest ecosystems would need to influence these input or 
output processes. The demand to account for SOC stock changes following land use change and 
the option to account for forest management effects under the Climate Convention and the Kyoto 
Protocol has led to more SOC research during the last decade. This paper will review some of the 
evidence regarding SOC sequestration and identify some challenges for future research. 

Forests and land use change: Does afforestation sequester SOC? 

Recent changes in agricultural policies and targeted afforestation programs have led to natural or 
planned afforestation of former grassland and cropland throughout Europe (Fuchs et al. 2013). 
Several recent field-scale and meta-analysis studies have highlighted that rates of SOC 
sequestration following afforestation depends on previous land use, e.g. rates of SOC 
sequestration are higher in afforested cropland than in afforested grassland (e.g. Poeplau et al. 
2011). However, uncertainties are large, and little is known about temporal dynamics, the key 
processes and stability of sequestered SOC. 

Forest management effects on SOC 

A few recent studies have synthesized evidence regarding forest management effects on SOC (Lal 
2005, Jandl et al. 2007), but generalizable quantitative information is limited for specific 
management issues. Some of these are e.g. change in tree species and species diversity, rotation 
length, management intensity, continuous cover forestry, harvesting intensity and soil drainage. 
Current trends in forest management may support (reduced drainage) as well as compromise (e.g. 
whole-tree harvesting) SOC sequestration. 

Future challenges: disentangling mechanisms behind SOC stock differences 

For targeted use of afforestation and forest management to sequester soil C we need to move 
from empirical studies to characterization of processes responsible for soil SOC stocks. We must 
identify the processes related to C input and output, particularly belowground that control SOC 
stock differences. We should also study forms and stability of SOC along with bulk SOC stocks. 
Management decisions are based on a wide range of criteria apart from SOC sequestration. The 
next step would be to evaluate SOC sequestration as one of several ecosystem services to address 
possible synergies or trade-offs between SOC sequestration and other ecosystem services.  
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The Potential of Soil Carbon Sequestration in Revegetation and Rangelands 
Olafur Arnalds* 
Agricultural University of Iceland 

Carbon levels in soils depend on factors such as soil type, environmental conditions and land use 
history.  Much of Earth’s ecosystems are in a degraded stage, including extensive rangelands.  This 
degradation has led to nutrient depletion reflected by lower carbon levels in the soils, reported 
worldwide. A substantial proportion of elevated carbon levels in the atmosphere result from 
depletion of soil organic carbon pools due to land use.  Rangelands cover about 40% of Earth and 
modest changes in C storage in rangeland ecosystems can potentially modify the global C cycle. 
Improved management of grazing lands and restoration of severely degraded land generally 
results in accumulation rates in soils of 0.1–2 t C ha-1, but rates vary with factors such as initial 
carbon levels in the soils, the ecology of the site (including hydrology, vegetation and soils), 
climate, and with potential of the site, and management practices. These factors influence the 
energy accumulation (primary production), nitrogen stocks and accumulation, the water cycle and 
organic matter decomposition dynamics. Biological soil crusts are often essential in accumulating 
nitrogen stocks in rangeland systems, vital for energy harvesting with photosynthesis by higher 
plants, but crusts are sensitive to overgrazing.   
State-transition models give better view of both degradation and restoration pathways than linear 
relationships, but are often overlooked in carbon research, as is different state of the land and its 
potential.  Research findings show that moderate grazing and even heavy grazing of functional 
ecosystems (good condition) has often little effects, even positive, on carbon levels.  Conversely, 
research also shows that there are strong links between grazing intensities, different states of the 
land, and carbon levels in the soils. Care should be exercised in applying results from one state, 
ecosystem or grazing system to the other for drawing conclusions on grazing impacts and 
carbons sequestration. Assessment of land condition (state) and potential is therefore essential for 
determination of carbon sequestration potentials in relation to management practices. Carbonates 
(inorganic carbon) are important for carbon dynamics in many dryland soils as well as grazing 
induced shifts between C3 and C4 plant groups.   
Restoration of severely degraded land can potentially lead to large increase in stored carbon, as 
the initial carbon levels are usually low but high in fully restored systems, both aboveground (e.g., 
forests) and in soils (e.g., wetlands, Andosols, grasslands).  Reported carbon sequestration rates 
are similar or higher than those reported for rangeland management.  Sequestration potential is 
greatest where degradation is most severe relative to the potential of each site.  Iceland serves as 
an example of a huge carbon sequestration potential, due to low levels in severely degraded 
systems and high potential of fully restored Andosols and sub-Arctic ecosystems, including birch 
forests.   
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Carbon sequestration in cropland – management strategies evaluated in 
long-term field experiments in northern Europe 

Thomas Kätterer*1, Holger Kirchmann2 Gunnar Börjesson2 and Martin A. Bolinder3 
1 Swedish University of Agricultural Sciences (SLU), Department of Ecology, Box 7044, 75007 
Uppsala, Sweden, 2 Swedish University of Agricultural Sciences (SLU), Department of Soil and 
Environment, Box 7014, 75007 Uppsala, Sweden,  3 Université Laval, Department of Soils and 
Agrifood Engineering, 2425 rue de l’Agriculture, G1V 0A6 Québec, Canada 

Introduction  

The historic expansion of agricultural land has led to large soil organic carbon (SOC) losses (Lal 
and Follett, 2009). The present net loss of C from tropical vegetation and soils caused by land use 
change is according to recent estimates 1.3 ± 0.7 Pg C yr-1, which corresponds to approximately 
17 % of the CO2 emissions caused by fossil fuels and cement production (Pan et al., 2011). As soil 
SOC stocks are generally higher in grassland and forest ecosystems, land use conversion into 
cropland results in most cases in a net increase of CO2 emissions from soils (Poeplau et al., 2011).  
Cropland management has been proposed as a cost-effective option for soil carbon sequestration 
(Freibauer et al., 2004). Previous estimates of the sequestration potential in European soils (e.g. 
Freibauer et al., 2004) were very optimistic. However, biological C sequestration is limited and its 
finite and reversible effects with respect to climate mitigation have been documented (Paustian et 
al., 1998; Andrén and Kätterer, 2001). Moreover, options where local and short-term accumulation 
of soil C rather than long-term C sequestration have been accounted are the major reason for too 
optimistic estimates. We emphasize that the term ‘carbon sequestration’ should only be used for 
options leading to additional retention of  C in soils (Powlson et al., 2008; Kätterer et al., 2013a) by 
a net removal of C from the atmosphere through photosynthesis resulting in soil organic matter 
pools with long turnover times. However, changes in management practices that reduce CO2 
emissions from soils compared to the status quo will also contribute to mitigation even if this will 
not lead to a net C sequestration in soil. 
The objective of this paper is to evaluate C sequestration strategies in Nordic croplands based on 
a synthesis of results from long-term field experiments considering the indirect effects of land use 
change in order to meet human demands for food, feed, fibres and energy. 

 Framework for evaluating C sequestration options 1.

Carbon inputs to soil are driven by photosynthesis, i.e., the fixation and transfer of atmospheric 
CO2 into plants. Net primary production (NPP) determines the amount of photo-synthetically-
fixed C that can potentially be sequestered in soil organic matter (Bolinder et al., 2007). The 
impact of different management options on C sequestration is evaluated within the boundaries 
set by the framework outlined in Fig. 1. Our main hypothesis is that the most effective strategies 
are based on an increase of photosynthetically-acquired carbon per unit area.  A more effective 
production on present cropland reduces the need for deforestation and the risk for land 
degradation. In addition, increased recycling of waste products originating from crop production 
is a way to increase C sequestration. However, this applies only to additional recycling compared 
to the status quo scenario and material that already is almost entirely recycled such as farmyard 
manure does not cause additional C sequestration. During recent years, crop residues have 
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domestic waste resulted in significant SOC increases to a depth of 35 cm. However, due to the 
short experimental period of only 13 years, differences between the N-fertilized treatment and the 
bare fallow control have not yet become significant.  
Based on these and other on-going studies, we estimate that the management impact on the 
upper subsoil detectable in a decadal time scale is about half of the effect found for the upper 20 
cm layer. Thus, the effect of N fertilization on SOC in the upper 20 cm presented above should be 
scaled up with about one third. Consequently, each kg of N fertilizer applied in these experiments 
result on average in approximately 1.7 kg C accumulation in the soil profile.  
In many of our long-term experiments, N fertilizer rates have been set a long-time ago, according 
to agricultural practices in the 1950th or 1960th, and have not been changed. Compared with 
present agriculture, these N rates are relatively low and even the highest rate (150 kg N ha-1 yr-1) is  
lower than the amount required for economical optimum yields. The yield response curves to N 
fertilization are therefore quite steep and fertilizer use efficiency is decreasing only slowly with 
higher application rates of N fertilizer. This probably explains the linear relationship between N 
fertilization and SOC changes (Fig. 2) and implies that increases in N intensity will result in extra C 
return to soil as long as N efficiency is high.     

 Tillage and soil C sequestration  4.

Both positive and negative effects of tillage on SOC stocks have been reported in the literature as 
reviewed in several recent studies summarized by Kätterer et al. (2013a). In the following, we 
provide a brief summary of the main findings relevant for Nordic conditions. In several reviews, 
the importance of crop production response to tillage operations has been emphasized. 
According to a recent meta-analysis, annual C inputs to soil were the only factor that could 
significantly explain differences in soil C stocks between tillage systems (Virto et al., 2012). 
Increases in SOC under no-till are likely to occur as long as C inputs are at least equal or greater 
than 85% of those in tilled systems (Ogle et al., 2012). In a review of European data, it was shown 
that yields under no-till were, on average, 8.5% lower than those under conventional tillage, albeit 
results varied between countries and soil types (Van de Putte et al., 2010). Under Scandinavian 
conditions, tillage effects on crop yields are small (Rasmussen, 1999). Mouldboard ploughing 
resulted in higher soil C than shallow tillage in a Swedish study (Etana et al., 1999). However, there 
was no difference between tillage systems when differences in crop residue C inputs and transfer 
of soil between adjacent plots through soil management were considered. Differences in sampling 
depth, climatic, hydrological and edaphic conditions make it difficult to draw general conclusions 
from the large number of studies and reviews reported in the literature (Kätterer et al., 2013a). 
Eventual positive effects of reduced tillage on the climatic footprint of agriculture may also be 
offset by increased N2O emissions. No-till systems emitted 10% more N2O than conventional tilled 
systems in eastern Canada (Rochette et al., 2008). When conditions for similar NPP can be 
achieved, reduced tillage offers agronomic benefits for Nordic conditions, in particular for erosion 
control (Prasuhn, 2012). The main climate effect of reduced tillage under Nordic conditions is 
probably the lower need of fossil fuels for tillage operations (West and Marland, 2002). Previous 
estimates of the sequestration potential of reduced tillage, up to 0.8 Mg C ha-1 yr-1 by Freibauer et 
al. (2004) are likely somewhat too optimistic for Nordic conditions. 

 Rotations with increased frequency of perennial crops 5.

Forage-based crop rotations under Nordic conditions often include perennial forage crops, which, 
especially at high latitudes, are kept for more than three years. These systems have components of 
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both grassland and cropland and are, therefore, expected to have C stocks somewhere between 
those of permanent grassland and cropland. A summary of data from 15 long-term sites showed 
that, on average, 0.1 to 1.1 Mg ha-1 yr-1 more carbon was retained in soils in ley-arable compared 
to exclusively annual systems. The magnitude of the effect was depending on species 
composition, management, soil depth and the duration of the studies (Kätterer et al., 2013a).   
The major driver for relative differences in SOC stocks between annual cropping and perennial ley 
systems is the higher C input to soil in ley systems typically allocating more C to the below-
ground biomass (Bolinder et al., 2007). Furthermore, roots contribute relative more to the 
formation of stable SOC than above-ground residues (Kätterer et al., 2011). Higher biomass 
production also increases transpiration, which usually leads to lower temperatures and moisture 
contents in soil and, therefore, to decreased decomposition of soil organic matter (e.g. Kätterer 
and Andrén, 2009). 
In agro-ecosystems with annual crops, NPP can be significantly increased by catch crops or other 
intercropping methods mimicking perennial systems (Chirinda et al., 2012). Perennial grain crops 
are also an option if yield depressions compared to annuals can be overcome in the future.  

Conclusions  

Long-term agricultural field experiments integrating management options over decades allow 
stringent evaluation of changes in SOC and are essential for calibration and validation of models 
predicting future trends. Management strategies that were identified to be most effective for SOC 
sequestration were all primarily dependent on the total amount of photo-synthetically-acquired C 
per unit area. Improving management of croplands to gain higher yields is a win-win strategy that 
will lead to more carbon sequestration and increased soil fertility. Among the options 
investigated, minimizing the time when soil is bare, fertilization with N and increased recycling of 
organic material were found to be effective.  
Mineral N fertilization increased soil carbon stocks significantly down to a 40 cm depth, on 
average by 1.7 kg C ha-1 for each kg of N applied. This response should be considered in soil C 
balance studies. High N use efficiency is a prerequisite for positive effects on SOC but also for 
reducing emissions of nitrous oxide. 
A summary of data from 15 long-term sites showed that, on average, 0.1 to 1.1 Mg ha-1 yr-1 more 
carbon was retained in soils in ley-arable compared to exclusively annual systems, depending on 
species composition, management, soil depth and the duration of the studies. Thus, a shift from 
annual to perennial forage crops is a good strategy for SOC balances. Intercropping systems, e.g., 
annual with catch crops can also contribute to C sequestration.   
However, C sequestration practices are finite and reversible and only effective when they result in 
increased carbon input relative to that of previous management. They also need to be evaluated 
within well-defined boundaries. For example, increasing C stocks through large applications of 
manure in one field does not mean that more C has been sequestrated. The mass of manure 
available in a region is determined by the number of animals, and overall soil C gains across the 
region are the same, regardless of how this manure is distributed across fields. Furthermore, 
strategies resulting in C sequestration are not necessarily best for mitigation if, for example, losses 
of other GHGs  are increased. 
Possibilities to decrease C emissions by reduced tillage were found to be limited under Nordic 
conditions. Extensive crop production methods lead to lower C stocks due to lower NPP but also 
due to decreasing SOC in deforested areas that need to be converted into agricultural land to 
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cover human needs. Intensification of crop production is probably the most effective mitigation 
option and a prerequisite for preventing further areal expansion of agriculture.  
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Carbon Dynamics of Northern Peatlands: Importance of Carbon Stock 
Preservation 
Hlynur Óskarsson 
Agricultural University of Iceland 

Northern peat accumulating wetlands, or peatlands, cover approximately 3% of the world’s 
terrestrial area. Yet they contain up to one-third of the global organic soil carbon and hence are 
important in the overall cycling of carbon (Gorham 1991; Tarnocai et al. 2009).  Because of 
prevailing waterlogged conditions decomposition rates are slow in these systems and organic 
matter accumulates over time.  In the long term northern peatlands have thus been important 
sinks for atmospheric carbon and are estimated to store around 450 Pg carbon (Gorham 1991; Yu 
et al. 2010).  Currently undisturbed peatlands are considered weak sinks for atmospheric carbon 
(Frolking et al. 2011).  Anthropogenic drainage of peatlands has been shown to significantly alter 
carbon dynamics and in many instances turn peatlands from being a weak sink to a strong source 
of carbon to the atmosphere (Maljanen 2010; Frolking et al. 2011). The very high carbon density 
per unit area signifies that despite peatlands having a relatively small global coverage they have 
the potential of significantly affecting the climate if destabilized; hence emphasis should be placed 
on mitigating or halting the loss of peatlands. 
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Rapport 
Rapporteur: Lars Vesterdal 
University of Copenhagen 

The session covered five major themes related to SOC sequestration in forest soil: (1) land use and 
land use change, (2) management and tree species selection, (3) climate change, (4) detection of 
temporal change in SOC stocks, and (5) processes behind land use change and management 
effects 
In general, land use change to forested land leads to SOC sequestration. However, this depends 
on previous land use, site properties, land use history, species used and time since land use 
change. Presentations showed that SOC sequestration in former croplands was more consistent 
than in former grasslands. Secondary forest development after logging of primary forest can 
restore SOC stocks given time, but conversion of native/primary forest to plantation can lead to 
SOC losses depending on plantation species and their litter input. However, more information is 
needed on which properties and processes make plantation forests inferior or similar in soil C 
stocks to those of native/primary forest. Published studies indicate that relatively labile organic C 
is sequestered in forest soil following land use change, but this can be manipulated by species 
selection. The magnitude of soil C sequestration in forest soil is time and ecosystem related, as 
soil C sequestration in the first decades after land use change was shown to play either a larger or 
smaller role depending on ecosystems studied. 
Management and tree species selection was shown to have a significant effect on SOC 
sequestration in forest soil. Selection of tree species affects SOC dynamics and there are 
differences between different types of plantations (introduced vs. native, high productive vs. low-
productive) with regards to effects on SOC. There is some evidence of over yielding/synergistic 
effect of mixed stands on SOC regulating processes – but not under drought. Less intensive 
management in the German Alps increased SOC stocks, mainly in forest floors, and silvopastoral 
management systems were shown to establish synergies in climate andorganic matterinput 
leading to SOC sequestration. However, tree species diversity effects must be better addressed in 
rigorous designs and there is a need for better data on management system effects: continuous 
cover forestry, mixed stands etc. – also for model validation. 
Two presentations addressed the effect of increased soil temperatures due to climate change on 
SOC. A repeated inventory study in the German Alps showed SOC loss related to warmer summer 
temperatures. Similarly, studies in Iceland, using a natural gradient from geothermal warming, 
showed increased decomposition of litter with increased soil temperatures. However, more 
information is needed on the effects of changes in soil temperatures on input vs. output of C from 
soils. 
Methods for detection of temporal change in SOC stocks were addressed in several presentations. 
SOC stock and stock change estimates simulated by two SOC models in Sweden have been 
verified by field sampling. In Iceland, biomass C stocks in forests have been estimated and field 
sampling conducted for verification of SOC stocks. It was shown that sampling of the whole soil is 
important for proper assessment of SOC change. However, detecting small changes in large SOC 
pools is difficult and such studies will imply large uncertainty as it is hardly realistic to obtain 
required sample sizes. Furthermore, model results of SOC stocks are very dependent on factors 
like litter input data including roots and understory which is time-demanding to obtain and often 
unavailable. 
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Processes behind LUC and management effects were also addressed in several presentations. In 
general, belowground processes are a black box that should be opened: ectomycorrhiza, root 
litter, DOC and macrofauna are known to be important but in which sites/contexts? However, 
belowground processes are increasingly recognized as important factors and ectomycorrhiza has 
been shown to affect C input as well as organic matter decomposition rate. Drought effects and 
forest structure effects on C output fluxes from soils were shown to be important and the need to 
partition soil respiration fluxes was stressed. It is also important to study how we can better 
directorganic matterinto stable mineral soil C pools (forest floor to mineral soil and from POM to 
mineral-associated OM) as well as how we can develop operational methods for characterization 
of SOC stability. 
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Organic carbon stocks in soils of the Northern Limestone Alps as affected by 
historical forest management intensity, land use change from forestry to 
extensive dairy farming, and recent climate change 
Jörg Prietzel†† & Dominik Christophel 
Lehrstuhl für Bodenkunde, Wissenschaftszentrum Weihenstephan, Technische Universität München. 
Emil-Ramann-Str. 2, D-85354 Freising, Germany 

Organic carbon (OC) stocks in soils of mountain ecosystems are important not only as sinks or 
sources of atmospheric C; they also contribute significantly to site fertility (rooting zone, storage 
compartment of plant-available water, nutrient supply) and to various ecosystem service functions 
of mountain forest ecosystems (e.g. hydrological regulation function). In our study, effects of 
historical long-term (i) extensive (single-tree or partial harvesting) and (ii) intensive forest 
management (repeated clear-cut) as well as (iii) land use change from forestry to extensive dairy 
farming, and (iv) recent climate warming on the OC stocks in forest soils (forest floor – O layer; 
mineral topsoil 0-30 cm depth) of the Northern Limestone Alps were assessed. This was done in a 
space-for-time substitution approach, including paired plots at sites with different intensity of 
historical forest management (3 unmanaged, 3 extensively and 11 intensively managed forest 
stands) or different land use (long-term intensive forestry, long-term extensive dairy farming; 11 
sites). Effects of recent climate warming on soil OC stocks were quantified at 12 sites by 
comparison of soil inventories conducted in the 1970ies/1980ies and in 2011.  
Despite considerable spatial small-scale heterogeneity of OC stocks in the investigated soils, 
effects of historical forest management, land use change, and recent climate change could be 
identified in our study. Compared to unmanaged forest, extensive historical forest utilization 
resulted in marked decreases of forest floor OC stocks (from on average 11 to 3 kg/m²; -72%) and 
total soil OC stocks (from on average 17 to 9 kg/m²; -44%). Forest floor OC stocks of historically 
intensively managed forests (repeated clear-cuts) were on average 1.4 kg/m² and thus 55% 
smaller than the forest floor OC stocks of extensively managed forests; total soil OC stocks were 
on average 8 kg/m² and thus 15% smaller than the respective OC stocks of extensively used 
forests. Land use change from forestry to extensive dairy farming resulted in reduced soil OC 
stocks (on average: -22%) and in most cases was associated with a complete loss of the O layer. 
During the recent 25-35 years, OC stocks in forest soils of the German Alps on average have 
decreased by 9%. The decreases were mostly caused by losses of forest floor OC stocks, whereas 
mineral soil OC stocks remained more or less constant. Our results suggest that the predicted 
climate warming is likely to result in further OC losses of soils in the Northern Limestone Alps, 
particularly after forest ecosystem disturbances (e.g. forest fires, insect infestations, windthrow) 
which are supposed to occur more frequently under future climate. On the other hand, a 
considerable amount of carbon (>2 kg C/m²) could be sequestered in the soils of the Northern 
Limestone Alps by reforestation of man-made grassland or by change from intensive to less 
intensive forest management (2 kg C/m²). 
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Soil organic carbon changes following abandonment and natural 
afforestation of grasslands in the southern Alps 
Claudia Guidi‡‡1,2, Mirco Rodeghiero1, Lars Vesterdal2 & Damiano Gianelle1 
1Sustainable Agro-ecosystems and Bioresources Department, IASMA Research and Innovation 
Centre, Fondazione Edmund Mach, Via E. Mach 1, 38010 San Michele all'Adige, (TN), Italy. 2Dept. 
Geosciences and Natural Resource Management, University of Copenhagen, Rolighedsvej 23, DK-
1958 Frederiksberg C, Denmark  

Land use change can induce significant alterations in soil organic carbon (SOC) stocks, causing C 
sequestration or CO2 release. In the European Alps, the abandonment of marginal mountain 
grasslands and their invasion by tree species is the dominant form of land use change. While an 
accumulation of SOC on forest floor is commonly reported, the impact on the mineral soil is still 
unclear. Moreover, the effect on SOC fractions characterized by different stability need to be 
clarified. The main objective of this study was to quantify the effect of abandonment and natural 
afforestation of mountain grassland on SOC, considering both SOC stocks and its physically 
separated fractions.  
The study area is located in a pre-alpine area of the Trentino region (Italy). We compared four 
land uses representing a transition from grassland to forest: I) managed grassland; II) grassland 
abandoned 10 years ago; III) natural afforested grassland abandoned after 1973; IV) reference 
forest, already present in 1861. The afforested area and the reference forest are dominated by 
Norway spruce (Picea abies (L.) Karst.) and beech (Fagus sylvatica L.). Three plots were selected 
within each land use and were sampled with eight soil cores to a depth of 30 cm. To assess 
changes in SOC stocks, we measured bulk density, stoniness, root biomass and organic carbon 
content. Changes in SOC fractions were assessed using aggregate size fractionation and size-
density fractionation procedures. 
Preliminary results showed higher soil C concentrations in the mineral soil of forest sites 
compared to grassland. This can be attributed to higher C inputs and lower mineralization rates, 
due to enhanced soil aggregation and protection of soil organic matter. Considering the total soil 
layer investigated, C sequestration mainly occurred in the forest floor, while no significant SOC 
accumulation was detected in the mineral soil. The aggregate size fractionation revealed an 
increase in C stored in large macroaggregates following afforestation and a decrease in the silt 
and clay size fraction (<53 μm). The strongest changes shown through the size-density 
fractionation procedure were a three-fold increase in C stored in the particulate organic matter 
(POM) and a decreasing trend in the mineral-associated heavy fraction from grassland to forest. 
The results of this study suggest that natural afforestation of subalpine grassland can increase 
SOC stocks but also leads to an increase in the more labile SOC fraction. 
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Ectomycorrhizal fungi contributes significantly to soil organic matter 
formation 
Håkan Wallander1, Mark Smits2, Alf Ekblad3 & Johan Bergh4 
1Microbial Ecology Group, Department of Biology, Lund University, SE-223 62 Lund Sweden. 2Center 
for Environmental Sciences, Hasselt University, Building D, Agorlaan, 3590 Diepenbeek, Limburg, 
Belgium. 3Örebro University, School of Science & Technology, SE-701 82 Örebro, Sweden. 4Swedish 
University of Agricultural Sciences, Southern Swedish Forest Research Centre, PO Box 49, SE-23053 
Alnarp, Sweden 

Large amounts of carbon are allocated belowground to the extramatrical mycelium (EMM) of 
ectomycorrhizal fungi (EMF) in boreal forests. The general view of rapid turnover of EMM has 
been challenged by recent findings, and calculations of C budgets are in support of a slower 
turnover, perhaps 1-3 times yr-1. Here, we use an isotopic approach to estimate the amount of 
carbon sequestered by EMM in control and fertilized Norway spruce stands in southern Sweden. 
Sand-filled ingrowth mesh bags amended with maize compost (a C4 plant with a specific isotopic 
signature) were used to estimate a contribution of EMM to C sequestration of up to 1000 kg C per 
hectare in control, and 300 kg C per hectare in fertilized stands over the three-year experimental 
period. Furthermore, the maize amended substrate became significantly more hydrophobic, 
especially in control stands, suggesting that EMF reduced the decomposability of the soil organic 
matter. Using pyrolysis-MS to characterise the substrate showed that intact lignin from the maize 
compost declined over time while oxidized lignin increased, especially on control sites. This 
suggests that EMF have a positive effect on lignin decomposition, or that saprophytic fungi 
entering the mesh bags are more active in control stands. N–containing compounds declined over 
time in control stands but not in fertilized stands suggesting that EMF removed N from the maize 
compost in the control stands but not in fertilized stands.  
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Soil respiration from various surface types within a young afforestation area 
in East-Iceland  
Brynhildur Bjarnadóttir1 & Bjarni D. Sigurdsson2 
 1University of Akureyri, Sólborg v. Norðurslóð, 600 Akureyri, Iceland, 2Agricultural University of 
Iceland, Hvanneyri, 311 Borgarnes, Iceland 

Eddy covariance measurements of net ecosystem exchange (NEE) were carried out during three 
years (2004-2006) over a young Siberian larch (Larix sibirica) plantation in East-Iceland. The 
research area was an afforestation site; previously a grazed heath land that was site-prepared and 
planted in 1991-1992. The main aim of the study was to focus on how ecosystem carbon 
sequestration was developing in such an establishing (‘Kyoto’) forest. The results showed that the 
young plantation was already sequestering carbon only 12-14 years after the afforestation and soil 
scarification took place.  
Measurements on NEE were separated into two components, gross primary production (GPP) and 
the total ecosystem respiration (Re). It was found that the observed annual variation in carbon 
equestration rate (NEE) was more related to the variation in the carbon efflux (Re) than variation in 
the carbon uptake (GPP) (see Bjarnadottir et al. 2009). Additional studies on the soil respiration 
were therefore done to better understand the drivers behind the annual variation in carbon 
sequestration.  
During the same three years, independent measurements of chamber soil respiration flux were 
made in different surface types within the research area. In the presentation these results will be 
presented and compared to the overall Re from the eddy covariance measurements, to better 
understand if certain surface types were governing the response of Re and thereby the observed 
annual variation in the ecosystem carbon sequestration.  
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The impact of afforestation in Iceland on soil and biomass C stocks 
Bjarni D. Sigurdsson§§ 
Agricultural University of Iceland, Hvanneyri, IS-311 Borgarnes, Iceland  

Introduction  

Since the late 1980s there has been a dramatic increase in the area of planted forests in Iceland, 
so that now 1/3 of the country’s forested area is planted forests, mostly conifers planted since 
1990 (the age limit for a valid ‘Kyoto-forest’). This means that afforestation provides Iceland with 
an opportunity to potentially offset substantial carbon dioxide (CO2) emissions in accordance with 
Art. 3.3 of the Kyoto Protocol (Sigurdsson & Snorrason, 2000).  
It is well established that afforestation of coniferous forests in Iceland leads to the sequestration 
of relatively large amounts of carbon (C) into forest biomass (Sigurdsson & Snorrason, 2000; 
Snorrason et al., 2002). However, the effect of afforestation on pre-existing soil organic carbon 
(SOC) stocks has been much less studied in Iceland (Bjarnadottir et al., 2007). 
The aim of the present work was to quantify the 50-year changes in biomass and soil organic C 
stocks following afforestation by the main coniferous tree species of treeless, grazed heathlands. 
Secondly, carbon stocks were also measured in native old-growth woodlands or forests of downy 
birch (Betula pubescens). 

1. Methods 

In the present study, named ICEWOODS, changes in both aboveground and belowground carbon 
stocks were measured for the three most used tree species in afforestation in Iceland, Siberian 
larch (Larix sibirica), lodgepole pine (Pinus contorta) and Sitka spruce (Picea sitchensis). Different 
age-classes of each forest type were selected, resulting in chronosequences representing the first 
40-50 years following afforestation with each species. Control sites included both unforested 
heathland, comparable to that used for afforestation, as well as old-growth downy birch (Betula 
pubescens) native forests.  
At each site, ecosystem carbon stocks were quantified by detailed inventory measurements and 
soil sampling. Further information about the methodology can be found in Sigurdsson et al. 
(2005) and Elmarsdóttir et al. (2007).  

2. Results and Discussion 

The study showed that all forest types contained more C as SOC in the top 30 cm of soil than was 
found in biomass stores (Fig. 1-3). The SOC contents were lower in eastern Iceland under Siberian 
larch and downy birch than in western Iceland under coniferous and downy birch stands. 
Apparently there is a relatively large spatial variation within Iceland in the amount of SOC in 
otherwise similar ecosystems. This has previously been explained by, for example, by the relatively 
large impacts of aeolian processes in different parts of the country (Óskarsson et al., 2004).  
The largest components of the ecosystem C-stock are: i) soil organic matter (SOC), ii) woody 
biomass when forests become older than ca. 20 years and iii) root biomass (Fig. 1-3). Other 
ecosystem C stocks, including litter, coarse woody debris, snags and ground vegetation, were 
relatively small in the Icelandic case, which is mainly explained by the fact that these forests are all 
young (<50 years) and also rather intensely managed. Self-thinning therefore rarely play an 
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important role. Litter C stocks increased, however, but ground vegetation C stocks decreased with 
age (Fig. 1-3).  

 

Figure 1. Ecosystem carbon (C) stocks in grazed heathland (left), afforested heathland with 12, 19, 36 
and 50 year old Siberian larch (Larix sibirica) and old-growth native downy birch forest (right) in 
eastern Iceland. The stocks are divided into, from below, soil organic carbon (SOC), living roots 
(Roots), litter layer (Litter), coarse woody debris (CWD), living ground vegetation (Veg), standing 
dead trees (Snags) and living trees (Tree). Aboveground stocks were positive and belowground stocks 
negative. SOC stocks refer to top 30 cm of soil.  

 

Figure 2. Ecosystem carbon (C) stocks in grazed heathland (left), afforested heathland with 14, 39 
and 46 year old lodgepole pine (Pinus contorta) and old-growth native downy birch forest (right) in 
western Iceland. Aboveground stocks were positive and belowground stocks negative. Soil organic 
carbon stocks refer to top 30 cm of soil. Legends are found in Figure 1. 

The total aboveground stocks increased at different rates for different tree species, indicating 
differences in their growth strategy and stand management (Fig. 1-3). Aboveground mean annual 
C sequestration was highest in 45 year-old lodgepole pine stands that had not yet been thinned 
(Fig. 2), or equal to 11.2 t CO2 ha-1 year-1. The mean annual aboveground C sequestration was 5-7 t 
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CO2 ha-1 year-1 in the Siberian larch and Sitka spruce stands of similar age (Fig. 1 and 3), but these 
had all been thinned.  
The largest initial change when grazed heathlands were protected and afforested was an increase 
in SOC stocks (Fig. 4), but as time passed more and more C was sequestered in aboveground 
biomass (Fig. 1-4). It was also shown that SOC increased with age following afforestation in all 
forest types (1.3-3.0 t CO2 ha-1 year-1) during the initial 50 years (Fig. 1-3). This finding of 
increasing SOC stocks following heathland afforestation in Iceland is in accordance with earlier 
studies published by Snorrason et al. (2002) and Bjarnadottir et al. (2007).  
The partition of SOC build-up in the ecosystem C sequestration was significant (P=0.03; Fig. 4) and 
all the stands showed such increases in SOC stocks following afforestation (grazed heathlands 
always had the smallest stocks). It was noteworthy that in many cases, older coniferous forests 
accumulated higher amounts of SOC than was found in old-growth downy birch woodlands 
(Figure 1-3), indicating that growth rate and litter quality may both be important determinants of 
SOC build-up. 
A relatively high variance in the measured SOC accumulation between forest types and sites (Fig. 
4) indicated, however, that there is still an uncertainty as to the effects of afforestation on 
Icelandic SOC stocks and future studies should be conducted to better understand the causes for 
such variability.  

 

Figure 3. Ecosystem carbon (C) stocks in grazed heathland (left), afforested heathland with 9, 34, 43 
and 45 year old Sitka spruce (Picea sitchensis) and old-growth native downy birch forest (right) in 
western Iceland. Aboveground stocks were positive and belowground stocks negative. Soil organic 
carbon stocks refer to top 30 cm of soil. Legends are found in Figure 1. 
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Figure 4. Relative distribution of carbon sequestration taking place in living aboveground stocks 
(green triangles – dashed line) or dead-organic matter stocks, mostly found belowground (circles and 
unbroken line). Also shown is the coefficient of determination (r2) and significance (p) for non-linear 
regression between time since afforestation and relative impact on given stock.  

Conclusions  

The main finding reported here is that SOC stocks were always higher in native old-growth downy 
birch woodlands than under grazed heathlands. Secondly that accumulation of SOC stocks always 
occurred in the present study when such heathlands were afforested by coniferous trees. The SOC 
stocks in the coniferous forests sometimes surpassed the SOC stocks in the native old-growth 
forests within 50 years. The relative contribution of SOC accumulation to the change in the 
ecosystem C stocks was highest during the initial years following the afforestation (land use 
change), but later aboveground biomass accumulation was the dominant factor in their ecosystem 
C sequestration, both in relation to heathlands and old-growth downy birch forests. 
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A meta-analysis of soil carbon stock change following afforestation in 
Northern Europe 
Teresa G. Bárcena1, Lars Vesterdal1, Lars P. Kiær2, Helena Marta Stefánsdóttir3, Per Gundersen1 & 
Bjarni D. Sigurdsson3 
1University of Copenhagen, Department of Geosciences and Natural Resource Management, 
Frederiksberg, Denmark. 2University of Copenhagen, Department of Plant and Environmental 
Sciences, Frederiksberg, Denmark. 3Agricultural University of Iceland, Borgarnes, Iceland 

Afforestation influences soil organic carbon (SOC) stocks in terms of magnitude, direction (gain, 
loss or no change) and duration. Due to data shortage at regional or national scales, global 
datasets have commonly been evaluated by meta-analysis to address the effects of land use 
changes on SOC. Here, we present a meta-analysis of relative change in SOC within the Northern 
European region, which has not been well represented in previous syntheses. Effect sizes were 
reported as log response ratios (RR) for each pair of agricultural (control) and afforested plots. To 
quantify effects of afforestation on SOC stocks in forest floors and mineral soils (0-10 cm and 0-
20/30 cm), we tested the influence of different former land use classes, such as croplands and 
grasslands, forest age and forest type on SOC stock changes. Secondly, we investigated the 
influence of study design, since SOC stock estimates from control/afforested plots have an implicit 
spatial dependency according to the experimental approach used. This has not been accounted 
for in meta-analyses of afforested soils before. In addition, changes in SOC stocks (in 0-10 cm) 
were expressed on equivalent soil mass and fixed depth to estimate possible differences in effect 
size related to these two SOC accounting methods.  
We found an overall positive effect of afforestation on SOC accumulation with age, supported by 
the oldest age classes (>30 years). This effect was enhanced when the forest floor was included in 
the total SOC stock, in particular for coniferous forests. Afforestation on former grasslands had a 
negative (RR= -0.06, for both soil depths) non-significant (p> 0.05) effect on SOC stocks. In 
croplands, effects depended on the soil layer and were significantly positive (RR= 0.14, p< 0.05) in 
0-10 cm, while negative and non-significant (RR= -0.01, p>0.05) in the 0-20/30 cm layer. This 
suggests that cropland to forest conversion increases SOC stocks in top-soils within a decadal 
time scale. Results derived from a meta-regression of cropland afforestation alone, showed that 
the effect size had a significant overall increase of 0.7% per year for the 0-20/30 cm and became 
1.3% per year when forest floors were included. Failure to account for different study designs and 
their implicit spatial dependency resulted in an overestimation of the RR; however, there was no 
influence on the main trends. Lastly, effect sizes were underestimated if the SOC stocks were 
based on fixed depth rather than equivalent soil mass.  
We conclude that significant SOC sequestration in Northern Europe occurs after cropland to forest 
rather than grassland to forest conversion and that C accumulation takes place after > 30 years 
since land use change.  
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and litter decomposition in a Sitka spruce forest in southern Iceland 
Edda Sigurdis Oddsdottir***1, Ella Thoen2,3, Håkan Wallander4, Kesara Anamthawat-Jonsson3 & 
Bjarni D. Sigurdsson5  
1Icelandic Forest Research, Mogilsa; 2University of Oslo, Norway; 3Faculty of Life and Environmental 
Sciences, University of Iceland; 4Microbial Ecology Dept. of Biology, Lund University; 5Icelandic 
Agricultural University of Iceland 

ForHot is a new research project, studying the effects of increased soil temperature on forest and 
grassland ecosystems. The setup of this project is unique, due to soil warming as the results of a 
shift in geothermal area after the earthquakes in 2008. Belowground channels of naturally hot 
water at different soil depths create soil temperature gradients, ranging from +0°C to >+35°C, 
which is an optimal condition to study ecosystem responses to the warming. We studied the 
effects of increased soil temperature on litter decomposition and ectomycorrhizal abundance and 
diversity in a 45 year old Sitka spruce (Picea sitchensis) forest affected by soil warming. 
Preliminary results on the effects of increased soil temperature on ectomycorrhizae were obtained 
by studying ectomycorrhizal root tips on spruce roots from natural soil samples and the growth of 
fungal mycelium into mesh bags in the forest topsoil. The amount and diversity of fungal mycelia 
in bags was assessed. Similarly, the mycorrhizal root-tips were counted and classified, based on 
morphological characteristics.  
The decomposition potential along the soil temperature gradient was assessed by using a 
standard method of comparing easily degradable and more recalcitrant litter (TBI-index) which 
was incubated for 90 days in situ. A litter decomposition of Sitka spruce needle litter was also 
assessed by placing mesh bags with the needle litter on top of the soil and harvesting them with 
regular interval over a one year period. The changes in needle litter mass were calculated and the 
decomposition rates at different temperatures were compared. 
The preliminary results from these experiments indicate that increased soil temperatures can have 
a significant effect on litter decomposition and ectomycorrhizal abundance and diversity.  
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Productivity and C storage in silvopastoral systems with Pinus ponderosa, 
plantations, and pasture on Andisols in Patagonia, Chile  
Francis Dube†††1, Miguel Espinosa1, Neal B. Stolpe2, Erick Zagal2, Naresh Thevathasan3 and Andrew 
Gordon3 

1Department of Silviculture, Faculty of Forest Sciences, University of Concepción, Victoria 631, Casilla 
160-C, Concepcion, VIII Region, Chile. 2Department of Soils and Natural Resources, Faculty of 
Agronomy, University of Concepción, Vicente Mendez 595, Casilla 537, Chillan, VIII Region, Chile. 
3School of Environmental Sciences, University of Guelph, Ontario, Canada.  

No information is available about carbon (C) sequestration potentials in Andisols-based 
ecosystems of the Chilean Patagonia. This study was undertaken to measure the size of C stocks in 
three predominant ecosystems: Pinus ponderosa-based silvopastoral systems (SPS), pine 
plantations (PPP) and natural pasture (PST), and examine how clover affect tree growth and stocks 
of soil C. The C contents of trees and pasture were determined by destructive sampling and dry 
combustion. Soil samples were taken at 0-5, 5-20, 20-40 cm depths in order to determine soil C 
and N. For PPP and SPS, respectively, 38.4 and 53.1 kg tree-1 of total tree C were stored 
aboveground, whereas 21.3 and 23.4 kg tree-1 of total tree C were stored belowground. Tree 
diameter at breast height increased 1 and 2 cm per year in PPP and SPS, respectively, and was 
significantly higher in SPS, an interesting value for the region. Trees in SPS have their growth 
enhanced by lower tree competition and the additional soil N provided by the leguminous 
pasture, resulting in larger amounts of C being sequestered. Soil organic C (SOC) stocks at 0-40 
cm depth were 193.76, 177.10 and 149.25 Mg ha-1 in SPS, PST and PPP, respectively. The 
conversion of PPP to SPS and PST to PPP resulted in an increase of 44.51 Mg ha-1 and a decrease 
of 27.85 Mg ha-1 in SOC, respectively, at 0-40 cm soil depth. A favourable microclimate (air 
temperature, soil moisture) was observed in SPS as well as a synergistic effect between trees and 
pasture. 
Key Words: Andisols, C stocks, N storage, growth, ponderosa pine, silvopasture 

Introduction 

Between 1850 and 2000, atmospheric concentrations of carbon dioxide (CO2) rose from 280 to 
369 ppm. And by August 2010, it increased further to 388 ppm, a 5.1% rise over the last 10 years 
(Tans 2010). The Climate Change 2007 Synthesis Report (IPCC 2007) proposed several 
management strategies in the agricultural sector in order to mitigate CO2 concentrations in the 
atmosphere. Agroforestry systems rate high in this regard. With appropriate management, and 
the use of perennial pastures and fast growing trees, these systems increase soil C sequestration 
in the short term and therefore are effective CO2 sinks. In the remote region of the Chilean 
Patagonia, ranchers are increasingly challenged to maintain pasture and livestock productivity 
because of the windy inhospitable climate, steep topography, and eroded volcanic soils. 
Consequently, the Forestry Research Institute of Chile (INFOR) has recently implemented various 
incentives for landowners to adopt sustainable agroforestry on their properties, mostly 
silvopastoral systems and windbreaks. Agroforestry systems improve the overall productivity of 
the land, control erosion processes, and increase C sequestration capacity. Nevertheless, there is a 
general lack of scientific research on C stocks in silvopastoral systems located in the temperate 
areas of the Southern Hemisphere, especially those established on degraded volcanic soils. The 
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current study is the first to evaluate C sequestration potentials (aboveground and in soil) in 
degraded Andisols-based ecosystems of the Chilean Patagonia. The objectives of this work were 
to (1) measure the size of the C stocks that are present in the vegetation biomass and volcanic 
soils in a natural pasture, a managed P. ponderosa plantation, and a pine-based silvopastoral 
system, and (2) examine how leguminous pasture (Trifolium spp.) affect tree growth and the 
concentration and stocks of soil C. 

1. Methods 

The study took place in the Intermediate Agro-ecological Zone of the Aysén Region of Patagonia, 
one of the most climatically extreme and southern zones of the Chilean territory. The site was 
established in 2002 by the Agricultural and Cattle Development Institute (INDAP) and Forestry 
Research Institute (INFOR) 30 km north of the city of Coyhaique, on a westerly exposed slope at 
730 m altitude, Lat S 45°25’ and Long W 72°00’. The annual precipitation ranges between 1000 
mm and 1500 mm. Mean temperatures fluctuate between 12°C and 14°C in summer and 2°C and 
3°C in winter. The soil of the site is classified as medial, amorphic, mesic Typic Hapludands (Stolpe 
et al. 2010). The study area included several adjacent land-management practices (200 m apart), 
hereafter referred to as treatments: 1) natural pasture with traditional cattle grazing (PST), 2) 18-
year-old plantations of thinned and pruned P. ponderosa (PPP), 3) silvopastoral systems of P. 
ponderosa-arranged in strips (SPS), with pasture alleys of 21 m width between the tree strips (6 m 
wide). In 1991, P. ponderosa plantations were established over the pasture, with a density of 2000 
trees ha-1 and a spacing of 2 m x 2.5 m. In 2003, part of the plantation (5 ha) was thinned down to 
800 trees ha-1 while another 5 ha was thinned to 400 trees ha-1 and converted into a silvopastoral 
system arranged in strips (Dube et al. 2011). The pasture in PST and SPS has a stocking density of 
0.5 cows ha-1, and consisted of a mixture of perennial pastures (Dactylis glomerata, Holcus lanatus, 
Poa pratensis) and legumes (Trifolium pratense, T. repens). 
Treatments were established in October 2007 in a completely randomized design with three 
replicates. The plots had a uniform westerly exposure and a slope of 10-15%. In SPS, each plot 
included three strip rows of pines (6 m wide) and half strip (10.5 m in length along the tree rows) 
of pasture on either side. In both PPP and PST, the plots had only pine and pasture, respectively. 
All plots were fenced with barbed wire and chicken wire to exclude animals. In inventory of PPP 
and SPS was performed in 2007, 2008 and 2009 to determine DBH (diameter at breast height) and 
HT (height). Destructive sampling was performed to determine the weight of different tree 
components. Once the trees were felled, the fresh biomass of trunks, branches, twigs, needles and 
cones were measured using a 45-kg dynamometer. Three sub-samples from each tree component 
were then taken in order to determine the moisture and C concentrations. Total C of every 
component was determined using a Fisons EA1108 CHNS-O Elemental Analyser (Fisons 
Instrument, CA, USA). In order to determine the annual above- and belowground net primary 
productivity of pasture grasses, and simulate animal grazing, the forage material was harvested 
three times during each growing season over a two-year period. Vegetation was cut within 0.5 m2 
quadrats that were permanently established in the plots of every treatment, and located at a 
minimum of 3 m of the edge of the plot to prevent the border effect.  
Soil samples were taken at 0-5, 5-20, 20-40 cm depths to determine C and N stocks in each 
treatment. In each SPS plot, the samples were taken following two transects perpendicular to the 
pine strip, one in each direction at 2.5 m intervals from the edge of the tree strip, up to 10 m on 
either side. In PPP and PST, samples were randomly collected at the same depths in each plot. The 
total organic C and total N were determined using the Elemental Analyser following the dynamic 
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flash combustion technique at 1800°C. The soil moisture (0-20 cm depth) and ambient air 
temperature (+5 cm) were measured every two hours over a 24-month period using EC-20 soil 
moisture sensors and ECT temperature sensors, respectively, that were connected to EM-5B Data 
Loggers (Decagon Devices Inc., Pullman, WA, USA). Within PPP and PST, loggers were randomly 
installed in different locations in each plot, whereas in the SPS, a logger was placed in the middle 
of the tree strip and another one at 2 m from the strip, far from the border of the plot. All 
treatments were analysed with the General Lineal Model procedure of SAS v.9.0 (SAS Institute Inc. 
2003) for completely randomized designs to test the effect of treatments.  

2. Results 

Carbon concentrations (%) and stocks (kg/tree and kg/ha) of the distinct compartments of above 
and belowground biomass from the pines in PPP and SPS are shown in Table 1. The C 
concentrations (%) of individual and total aboveground components were similar in both 
treatments, but there was a significant difference only in the pine needle component, with that 
being higher in SPS. On a tree basis, the C stocks were higher in every component of SPS as 
compared with PPP, but significant differences were found only for twigs (61% higher), needles 
(76%) and cones (100%), total aboveground (38%) and total tree (28%). For PPP and SPS, 
respectively, 64% (38.4 kg C /tree) and 69% (53.1 kg C /tree) of total tree C were stored as 
aboveground biomass whereas 36% (21.3 kg C /tree) and 31% (23.4 kg C /tree) were stored within 
the root system. Additionally, 32 and 39% of total C in PPP and SPS, respectively, was stored in 
branches, twigs, cones and needles, which together represent a potential C input to the soil C 
stock via litterfall and branch pruning. When looking at the data on a hectare basis, there was 
significantly more C stored in roots (82% difference) and trunks (67%) in PPP.  

Table 1. Carbon concentrations (%) and stocks (kg/tree and kg/ha) of different tree components from 
a Pinus ponderosa plantation (PPP) and a silvopastoral system (SPS) in Chilean Patagonia (mean ± 
standard deviation). 

Tree  C%  Kg tree¹־  of C  Kg ha¹־  of C 

components PPP SPS  PPP SPS  PPP SPS 

Trunk 51.4 ± 1.0 a 51.7 ± 0.8 a  19.2 ± 4.8 23.0 ± 4.9  15350 ± 9216 ± 

Branches 52.8 ± 0.5 a 
C

53.4 ± 1.0 a 
C

 9.1 ± 5.9 12.6 ± 3.4  7291 ± 4755 5054 ± 
13 9Twigs  53.7 ± 0.8 a 

C
53.2 ± 1.2 a 

C
 2.3 ± 1.2 3.7 ± 1.1 

b
 1832 ± 952 1478 ± 436 

Needles 55.2 ± 0.3 a 56.2 ± 0.7 
b

 7.6 ± 1.6 13.4 ± 4.1 
b

 6066 ± 1288 5341 ± 
1636Cones 55.5 ± 1.0 a 54.4 ± 0.1 a  0.2 ± 0.1 0.4 ± 0.04 

b
 144 ± 80 a 157 ± 15 a 

Roots 53.2 ± 1.3 a 
C

52.5 ± 1.4 a 
C

 21.3 ± 2.4 23.4 ± 4.8  17057 ± 
1922

9372 ± 
1912 b         

Total 
b d

53.7 ± 0.4 a 
C

53.8 ± 0.4 a  38.4 ± 
13 2

53.1 ± 
12 b

 30683 ± 
10

21247 ± 
086 bTotal 

b l d
53.2 ± 1.3 a 

C
52.5 ± 1.4 a 

C
 21.3 ± 2.4 23.4 ± 4.8  17057 ± 

1922
9372 ± 
1912 bTotal tree 53.6 ± 0.5 a 53.6 ± 0.4 a  59.7 ± 

1
76.5 ± 
1 3 b

 47740 ± 
123 9

30619 ± 
6902 b

Values with the same lower case letter within a tree component and between treatments (PPP and 
SPS) for every group (%, kg/tree or kg/ha) are not significantly different (Student's t test, **P < 0.01). 
Values with the same upper case letter within a column and among tree components (trunk, 
branches, twigs, needles, cones, roots) or among totals (total aboveground and belowground) are not 
significantly different (Tukey's HSD test, *P < 0.05). 
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The difference between PPP and SPS was reduced to only 44% when comparing total 
aboveground C stocks, implying more efficient C storage per tree in SPS. Tree DBH increased by 1 
and 2 cm per year in PPP and SPS, respectively, and DBH was significantly higher each year in SPS 
than PPP (5, 6 and 8%, respectively, in 2007, 2008 and 2009). 
Above- and belowground net primary productivity of pasture ecosystems are presented in Table 
2. Both ANPP and BNPP were higher in 2009 than 2008. In addition, although the mean ANPP was 
slightly larger in PST than SPS, it was not significantly different. However, on a quadrat basis (g/0.5 
m2), ANPP in SPS was 11 and 28% higher than PST in 2008 and 2009, respectively (F. Dube, 
unpublished data 2010). Although the area available for pasture was 22% lower in SPS (due to the 
presence of trees), the overall ANPP was only 14% lower in 2008 and almost the same in 2009. 

 Table 2. Above- and belowground net primary productivity (kg/ha/y) of a managed natural pasture 
(PST), a pine-based silvopastoral system (SPS), and a Pinus ponderosa plantation (PPP) over a two-
year period. Measurements were taken in December 2007 and 2008, and February and May 2008 
and 2009 (mean ± standard deviation). Values with the same lower case letter within a same year 
and among treatments are not significantly different (n/a: not applicable; Student's t test, *P < 0.01).  

 
Aboveground dry biomass yield 
(ANPP) 

 Belowground dry biomass yield (BNPP) 

 Kg ha-1 y-1  Kg ha-1 y-1 

Year PST SPS PPP  PST SPS PPP 

2008 
2954 ± 1027 
a 

2458 ± 828 
a 

n/a  
6010 ± 392 
a 

4697 ± 291 
b 

n/a 

2009 3391 ± 932 a 
3368 ± 594 
a 

732 ± 18 
b 

 
6329 ± 422 
a 

5074 ± 334 
b 

1875 ± 112 
c 

Mean 3173 ± 309 a 
2958 ± 580 
a 

732 ± 18 
b 

 
6170 ± 428 
a 

4885 ± 360 
b 

1875 ± 112 
c 

 
The mean soil C and N concentrations (%) and soil organic carbon (SOC) stocks (Mg ha-1) are 
presented in Table 3. Carbon concentrations were significantly different at 0-5, 5-20 and 20-40 cm 
depths within the three treatments. In PST and SPS, C concentration at 0-20 cm depth was more 
than double the concentration at 20-40 cm depth, while in PPP it was only 1.2 times higher.  
The C/N ratios increased with soil depths but only in PST they were significantly different at all 
depths. Among treatments at every soil depth, the C/N ratios were statistically lower in PPP and 
SPS than PST at 5-20 cm depth. There was a significant difference of SOC stocks (Mg ha-1) at 0-5, 
5-20 and 20-40 cm depths in both PPP and SPS. Among treatments, SOC was similar in the upper 
5 cm in PST and SPS, but almost double and significantly different than in PPP. At the depths of 5-
20 and 0-20 cm, SOC decreased significantly in the order SPS > PST > PPP. At 0-20 cm depth, the 
transition of PPP to SPS resulted in a 69% increase in SOC, but the conversion of PST to PPP 
lowered SOC by 35%. At 0-40 cm depth, SOC generally decreased in the order SPS > PST > PPP 
but a statistical difference was only observed in PPP from the other treatments. Across this depth, 
there was a 30% increase in SOC (44.51 Mg ha-1) that resulted from the conversion of PPP to SPS 
but a 16% decrease (27.85 Mg ha-1) from PST to PPP. It is worth mentioning that SOC stocks at 0-
20 cm depth represent 70, 54 and 70% of total SOC stocks in PST, PPP and SPS, respectively.  
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Table 3. Soil carbon and nitrogen concentrations (%) at distinct sampling locations in a managed 
natural pasture (PST) and a Pinus ponderosa plantation (PPP), and averaged across sampling 
distances in a pine-based silvopastoral system arranged in strip (SPS); C/N ratio; and mean soil 
organic carbon (SOC) stocks (Mg ha-1) at 0-5, 5-20, 20-40, 0-20 and 0-40 cm depths. Measurements 
were taken in the Chilean Patagonia in March 2009 (mean ± standard deviation). Values with the 
same upper case letter within a column and within a same depth among treatments are not 
significantly different (Student's t test, **P < 0.01). Values with the same lower case letter within a 
column and within a same treatment are not significantly different (Tukey's HSD test, *P < 0.05). 

Treatment Soil depth C N C/N SOC 
 (cm) (%) (%)  (Mg ha-1) 

PST 0-5 10.77 ± 0.74 A a 0.86 ± 0.15 A a 12.53 ± 2.88 A a 48.49 ± 3.34 A 

 5-20 5.62 ± 0.08 A b 0.38 ± 0.00 A b 14.68 ± 0.19 A b 75.85 ± 1.06 A 
b 20-40 2.92 ± 0.50 A c 0.19 ± 0.01 A c 15.01 ± 3.63 A c 52.57 ± 9.08 A 

 0-20 6.92 ± 0.15 A 0.50 ± 0.04 A 13.79 ± 1.30 A 124.53 ± 2.74 

 0-40 4.92 ± 0.28 A 0.35 ± 0.01 A 14.13 ± 0.96 A 177.10 ± 10.09 

      

PPP 0-5 6.25 ± 0.08 B a 0.49 ± 0.01 B a 12.67 ± 0.19 A a 28.12 ± 0.37 B 

 5-20 3.89 ± 0.05 B b 0.28 ± 0.02 B b 13.67 ± 1.15 B b 52.49 ± 0.70 B 
b 20-40 3.81 ± 0.43 A b 0.26 ± 0.05 A b 14.51 ± 4.23 A b 68.65 ± 7.70 A 

 0-20 4.48 ± 0.03 B 0.34 ± 0.02 B  13.30 ± 0.78 A 80.61 ± 0.55 B 

 0-40 4.15 ± 0.20 B 0.30 ± 0.02 B  13.83 ± 1.80 A 149.25 ± 7.34 

      

SPS 0-5 10.68 ± 0.35 A a 0.86 ± 0.03 A a 12.43 ± 0.49 A a 48.04 ± 1.57 A 

 5-20 6.51 ± 0.15 C b 0.49 ± 0.01 C b 13.39 ± 0.29 B a 87.94 ± 1.98 C 
b 20-40 3.20 ± 0.21 A c 0.21 ± 0.00 A c 14.89 ± 1.07 A b 57.54 ± 3.73 A 

 0-20 7.57 ± 0.10 C 0.58 ± 0.01 C 13.05 ± 0.36 A 136.23 ± 1.86 
C 0-40 5.38 ± 0.13 C 0.40 ± 0.01 C 13.55 ± 0.46 A 193.76 ± 4.61 

3. Discussion 

The presence of herbaceous legumes (Trifolium pratense and T. repens) could perhaps explain why 
pine needles in SPS contained significantly more C than any other tree components (Table 1). 
Clover was seeded soon after the establishment of SPS 6 years ago, and likely influenced through 
symbiotic fixation the amounts of soil N at 0-40 cm depth that were measured in 2009, which 
were significantly higher than in PPP. Although it may take several years before tree growth can 
be enhanced by soil N enrichment, the results from this study indicated that SPS with leguminous 
pasture alleys had a greater increase of tree diameter compared to PPP. The significantly larger 
amounts of C stored in roots and trunks of PPP on an area basis (kg/ha) were expected 
considering the large difference of the tree densities. However, bigger trees in SPS compensate to 
a certain extent for the lower density, not including the additional C sequestered in pasture roots 
and soil stocks. Considering that individual trees in SPS sequestered 30% more C in the total 
above and belowground biomass compared to PPP suggests that a moderate increase in tree 
density with slight modification to the system design could further enhance C sequestration in the 
tree component. 
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The drought that occurred in summer of 2008 reduced pasture growth in both PST and SPS, as 
compared with productivity in 2009. However, the ANPP in SPS was only slightly lower than PST in 
2008 and almost the same in 2009, which demonstrates the strong influence exerted by trees in 
the creation of a favourable microclimate within the pasture alleys of SPS. Trees in silvopastoral 
systems reduce wind speed and moisture loss via evapotranspiration, and cause an increase of air 
temperature, which help the growth of pasture. The thermal cover provided by trees may help to 
prevent frost damage to the pasture portion and increase the length of the growing season.  
The greater tree density in PPP and increased shading can explain why the mean annual ANPP 
was lower compared with PST and SPS. Throughout the year, at 2 m from the tree strips in SPS, 
the air temperature was higher (2.3°C in 2008 and 1.1°C in 2009) and the soil moisture was greater 
than PST, which helps to understand why ANPP was higher on a quadrat basis (g/ 0.5 m2) in SPS 
than PST. In fact, the mean soil moisture in the pasture portion of SPS was twice as high as that of 
PST during both growing seasons. With respect to the higher annual BNPP encountered in PST as 
compared with SPS, this could be attributed to the harsher environment under which PST is 
growing, forcing the pasture to develop more extensive root systems where photosynthate 
reserves can be stored. Soil moisture over the two-year measurement period was substantially 
lower in PST than SPS, with a mean annual difference of 5%, whereas the annual air temperature 
in PST was almost 1.5°C less (Dube et al. 2011).  
The larger concentrations of soil N in SPS are linked to greater C concentrations and gains in SOC 
storage, which may result in the amelioration of soil fertility (Bambrick et al. 2010). Finally, the 
greater C/N ratio with increasing soil depth in every ecosystem indicates a greater stability of soil 
organic matter and resistance to microbial decomposition (Dube et al. 2009). 
The data suggest that the plantation transition into SPS resulted in more C being sequestered at 
0-20 and 0-40 cm depths in SPS, while there was a significant loss of soil C at the same depths 
after establishing PPP on the natural pasture. Other studies have shown increases of soil C 
following conversion of plantations to intercropping systems (Bambrick et al. 2010) and decreases 
after afforestation of pastures with first-rotation pine plantations (Dube et al. 2009; Ross et al. 
2002). 
The presence of herbaceous legumes since the establishment of SPS resulted in significantly 
greater amounts of soil N stored at any location of SPS than within PPP, and it has been shown 
that soil C and N stocks can be increased by 20-100% with the presence of N-fixing plants 
(Johnson 1992). This is also supported by Sharrow and Ismail (2004), who reported larger amounts 
of soil C in silvopastoral systems with sub clover than in planted forests, due to greater available 
soil N.  
System level carbon distribution shifts, as demonstrated in this study, may be used to assess SOC 
distribution amidst soil horizons in the future. The mean SOC stock ratio at 0-20 to 20-40 cm 
depths was 2.4:1, 1.2:1 and 2.4:1 for PST, PPP and SPS, respectively. The ratio depicts a build up 
trend in the upper 20 cm in PST and SPS, which is twice as much as the ratio seen in PPP, thus 
indicating that SOC is accumulating in the deeper soil horizons in the pine plantation. 

Conclusions 

Several recent studies performed in temperate regions of the world have shown that agroforestry 
as an integrated land use system has greater C sequestration potential than monoculture 
cropping systems, or even forest plantations. In the Chilean Patagonia, the adoption of 
silvopastoral systems appear to be a sustainable practice that optimizes land productivity, 
preserves and increases C and N stocks during centuries, and also contributes to reduce 
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atmospheric CO2. The presence of herbaceous legumes since the establishment of SPS resulted in 
significantly greater amounts of soil N stored at any location of SPS compared with PPP, and the 
larger soil N concentrations are linked to greater C stocks and gains in SOC storage.  
Any new establishment of SPS may consider the recommendations from this study in terms of C 
sequestration. Landowners could either establish new SPS from improved seedlings, gaining 
several years of agroforestry benefits compared to the conversion of existing pine plantations to 
SPS, and avoiding all the problems related to labour requirements and disposal of slash 
associated with the conversion process. However, the establishment of SPS from thinned PPP may 
result in large gains in SOC related to the slow decomposition of the remaining pine stumps and 
coarse roots. 
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Verification of soil organic carbon stock changes in Swedish forests  
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Swedish University of Agricultural Sciences, Dept. of Soil and Environment 

Effective methods for monitoring and determining national carbon budget estimates are 
important to both science and for national carbon budget estimates for all countries reporting to 
the Kyoto protocol. Soil organic carbon (SOC) changes can be monitored through repeated, 
standardised soil inventories but such inventories are rare. However, many countries have national 
forest inventories for monitoring tree biomass changes which can in combination with process 
based soil decomposition models be used to estimate SOC changes. Thus, there is a need to verify 
SOC change estimates by comparing existing methods.  
Swedish Forest Soil Inventory (SFSI) estimates of SOC stocks and SOC changes for forest on 
mineral soils under Scots pine (Pinus sylvestris)/lodgepole pine (Pinus contorta) or Norway spruce 
(Picea abies) were compared with simulations from two process-based models (Yasso07 and Q) 
for the period 1994-2000. Uncertainty of the models estimates was assessed by Monte Carlo 
simulations where uncertainty and variability in litter input, climate variability and parameter 
uncertainty were included in the assessment. Uncertainty in the inventory estimates origin mainly 
from spatial variability (but also from systematic errors). 
The SOC stocks, changes, inter-annual variations and uncertainties were of the same magnitude 
among the different methods. In 2000, the Swedish national stocks were estimated as 73 (±10) 
(95% Confidence Limits) ton C ha-1 with the SFSI data. The models estimated the SOC stocks to 69 
(±9) (95% Confidence Limits) ton C ha-1 (Yasso07 model) and, 67 (+10;-9) (5th & 95th percentiles) 
ton C ha-1 (Q model). Between 1994 and 2000, the mean SOC change estimates were 6.6 (±7) Tg C 
yr-1 (SFSI inventory data); -3.2 (+10.5;-16.9) Tg C yr-1 (Q model simulation); and, 1.7 (±8.8) Tg C yr-1 
(Yasso07 model simulation). 
The uncertainties in the stock estimations originated from litter input for Yasso07 and the 
parameters for Q calculations. In both models, litter input uncertainty was the major source of 
uncertainty for the estimated SOC changes, followed by climate variability and parameters. These 
results indicated that for both inventory and simulation based estimates the level of uncertainty 
was the same. However, the uncertainties sources varied among the methods, which also made it 
difficult to compare the variable sources of uncertainties among the methods. Thus, further 
studies on SOC change estimates with related uncertainties are warranted. 
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The Carbon Inventory of Forest and Forestry in Iceland with a focus of the 
influence of soil carbon fluxes 
Arnór Snorrason & Aðalsteinn Sigurgeirsson 
Icelandic Forest Research 

For many reasons afforestation in Iceland has a great potential for sequestering CO2 from the 
atmosphere and storing it in biomass, dead wood, litter and not least in soil organic matter. 
Historical deforestation and exploitation of natural woodland was followed by destruction of 
remaining vegetation and widespread soil erosion which has resulted in vast areas with very low 
C-stock. These soils can however potentially store a considerable amount of carbon in the trees, 
soil and other pools, if actively afforested. 
Icelandic Forest Research has been running a national forest inventory (NFI) project since 2001. 
After few years of preparation, field measurements began in 2005 on systematic sampling plots in 
two separated strata, cultivated forest and natural birch woodland covering all regions in Iceland. 
From the beginning, the direct aim of NFI was  to collect reliable information for estimating C-
stock changes in forest and to keep a register on the on-going and future net C-sequestration 
following afforestation and other forestry activities. All measurements and assessments in field are 
aimed at meeting that goal. This paper provides a short summary on the methodology and the 
data of interest for the bookkeeping on C-stock change sampled in the field inventory. 
One of the main tasks of the NFI is to prepare and report on an annual basis a GHG inventory 
regarding forest and forestry where carbon plays the main role. This report is then incorporated 
into the annual National Inventory Report of Iceland to the United Nations Framework Convention 
on Climate Change and the Kyoto Protocol.  
The information gathered by sample plot inventory does not give a full picture of all sources and 
sinks so additional information has to be prepared. Most of this information is extracted from in-
country research results, favouring peer-reviewed papers and higher university theses. These 
results are used to construct country-specific removal or emission factors, often divided into 
subclasses with regard to different land types, tree species etc.  Annual activity data in forestry are 
also used, i.e. the amount of locally harvested timber, to estimate losses of carbon stock in 
cultivated forests and number of seedlings planted to model afforestation rate.   Data from past 
forest surveys are also used to estimate historical forest area and carbon stock but care must be 
taken to ensure that these data are comparable to current surveys.  Additional factors in the C-
bookkeeping were derived from other sources than the sample plot inventory and used in 
combination with the sample plot data. Sequestration of SOC following afforestation, has 
significant share in the total C-sequestration in Iceland, especially as the volcanic soils of the 
country are capable of storing large stocks of carbon. 
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Controlling factors of soil respiration in a Bornean tropical rainforest in 
Sarawak, Malaysia 
Mizue Ohashi§§§1, Tomonori Kume2 & Natsuko Yoshifuji3 
1University of Hyogo, 1-1-12, Shinzaikehoncho 670-0092, Japan. 2National Taiwan University, Taipei 
1061, Taiwan. 3Kyoto University, Kyoto 606-8502, Japan 

Tropical forests potentially play a significant role in the stability of global carbon balance because 
of their huge carbon stocks in the ecosystems. Since soil respiration could affect directly the soil 
carbon stocks and indirectly the global C balance, it is important to quantify the amount and 
clarify the mechanisms of soil respiration in tropical forests. Our previous studies showed huge 
temporal and spatial variations of soil respiration in an Asian tropical rainforest in Borneo, 
Malaysia. Soil moisture content was the strongst control of the variation compared to soil 
temperature, suggesting severe drought could decrease soil respiration significantly (Ohashi et al., 
2009). A significant relationship between soil respiration and forest structure was also found, 
suggesting impacts of emergent trees on spatial variation of soil respiration (Katayama et al., 
2009). In this study, we aimed to clarify the impact of drought and the location of emergent trees 
on soil respiration variation in the Bornean tropical rain forest in Sarawak, Malaysia.  
We selected 6 emergent trees of Dipterocarpus aromatica, more than 50 m high and 40 cm 
diameter. Six experimental plots 15 m in diameter were established around the trees and a 
drought treatment was conducted by spreading a transparent sheet under the canopy trees in 3 
of the 6 plots. Soil respiration and environmental factors were measured before and after the 
treatments to know the impact of drought. The measurement locations were arranged linearly, 0.5 
m, 5 m and 10 m apart from the target trees to determine the impact of emergent trees on spatial 
variation in soil respiration.  
After the drought treatment, we determined significant decrease in soil moisture content in the 
treatment plots. The average rate of soil respiration also decreased after the treatment, but the 
difference between the treatment and control plots were not significant. We also found that soil 
respiration at 0.5 m distance from the target trees was much higher than the respiration rate at 
the more distant locations, which supports the idea that emergent trees would be a controlling 
factor of the spatial variation of soil respiration. These results suggest complex controlling factors 
of soil respiration in tropical rainforests. 
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plantations. A case study in the Jomoro district, Ghana 
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Land use change in the tropics is responsible for 12–20% of the human induced GHG emissions 
and is expected to remain one of the largest sources also for the future. However, there is still a 
lack of information about the effect of plantations on the soil organic carbon (SOC) stock after 
deforestation, particularly in the humid tropical zone of Africa (Don et al. 2011). 
In the Jomoro district, in the Western Region of Ghana, tree plantations were the first cause of 
deforestation before the remaining primary forests, originally covering most of the district, were 
protected. A series of chronosequences were reconstructed in each of the three substrates of the 
district [granite (G), Lower Birrimian (LB) and Tertiary Sands (TS)] to determine the effect of 
plantations (i.e. cocoa, coconut, rubber, oil palm) on SOC levels following deforestation. Secondary 
forests and mixed plantations were also included in the study. The highest SOC losses in the 0-30 
cm depth of mineral soil were caused by conversion of primary forests into plantations: a) cocoa -
61% of total SOC stock (54.7±7.8 Mg C ha-1), b) coconut -55% (50±8.3 Mg C ha-1) and c) rubber -
35% (32.1±9.2 Mg C ha-1). Compared to primary forests (~85 Mg C ha-1), the SOC stock of the 0-
30 cm depth under mixed plantations and secondary forests became stable after 50 (68.5 Mg C 
ha-1) and 22 years (62.4  Mg C ha-1) from deforestation, with a loss of 23% and 21% of the original 
SOC stock. Considering the whole profile (0-100 cm) the SOC losses were still clearly evident in all 
the different plantations. No significant (p<0.001) differences were observed between the same 
type of plantation on different substrates.  
Generally, the establishment of plantations, such as those considered in this study, can possibly 
represent a useful strategy whenever natural succession is not effective in rehabilitating degraded 
ecosystems. However, when such plantations are established after deforestation of primary forests 
they lead to a substantial loss of SOC. This suggests that maintaining a permanent vegetation 
cover does not always prevent C losses when SOC rich forests are converted to plantations. 
Secondary forests encroachment is a natural consequence of the abandonment of exhausted 
plantations that should be encouraged before the low nutrients and organic matter levels will 
induce degradation processes. The high amount of SOC lost during the conversion of primary 
forests to plantations also highlights the high potential of soils under plantation to accumulate C 
if reconverted into forests. 
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Abstract 

The effect of Juniperus procera, Cupressus lusitanica, Pinus patula, Eucalyptus saligna, Eucalyptus 
globules and Eucalyptus camaldulensis on soil organic carbon (SOC) and nitrogen (N) pools, 
biomass carbon (C) and N, and on litter decomposition rate was investigated and compared with 
natural forest (NF). The Pinus patula and Eucalyptus species (Eucalyptus globules and Eucalyptus 
camaldulensis) were established on crop land and are adjacent to broad-leaved natural forest site 
on an Andic paleudalf soil. The SOC, N, and bulk density were determined from samples taken in 4 
replicates from 10, 20, 40, 60, and 100 cm depth at Ashoka and Lye sites of Gambo District, 
Southern Ethiopia. Similarly, the biomass C and N of the plantation species and understory 
vegetation were also determined. The litter decomposition rate was studied by nylon net bag 
technique.  Eucalyptus plantations accrue from 134 to 214 Mg ha–1 SOC, 230 to 497 Mg ha–1 total 
biomass carbon (TBC), compared to 420 to 673 Mg ha–1 in NF. These values correspond to 59- 
95% of SOC, 7- 15% of TBC, 13- 20% of the total C-pool compared to that under NF. The N stock 
under Juniperous procera was the highest, while the lowest was under Eucalyptus globulus and 
Cupressus lusitanica. In the litter decomposition experiment, the residual litter mass in the litter 
bag declined with time for all species. Since the observed SOC and N stock under the mixed 
natural forest is higher compared with the mono-cropped plantations, the finding suggests that 
SOC and N sequestration can be enhanced through mixed cropping.  The decomposition rate in 
Pinus patula was relatively lower than that of the other species and the litter production under 
broad-leaved Eucalyptus was comparatively higher than that in coniferous species. The faster rate 
of decomposition is a positive aspect to be considered in relation to species selection for the 
restoration of degraded habitats given other judicious management practices such as prolonging 
the rotation period are adhered to. 
Keywords: Soil organic carbon (SOC), Soil nitrogen (N), Natural forest (NF), Total biomass carbon 
(TBC), Eucalyptus plantations, Ethiopia 

Introduction 

The quality and type of soil may affect the presence and distribution of a wide range of species in 
an ecosystem. In highly fertile and productive soils the species richness and diversity will be higher 
compared to soils that has lost its intrinsic value through unchecked degradation (Sollins, 1998). 
Under similar soil and environmental characteristics, soil carbon, above and below ground 
biomass accumulation vary due to the influence of diverse plant species occupying the habitat. 
Chen (2006) reported that tree carbon storage varies for stands with the same species richness 
while it increases with increasing tree species diversity (Montagnini and Porras 1998). The species 
diversity and richness influences the quantity and quality of litter production. Changes in the 
amount of soil organic carbon in the soil are the result of differences between additions and 
losses (Greenland and Nye 1959; Esser and Lieth 1989; Swift and Anderson 1989).  



scs2013 – session 2a  58  
In Ethiopia, deforestation is the main problem in the larger portion of the country (Munro et al., 
2008; Allen and Barnes, 1985). Very high and still growing demand for grazing and arable land, 
fuel wood and construction material is the major factor contributing to sever deforestation as a 
result of which the native forest resource is severely reduced. In Munessa-Shashemene district, 
Southern Ethiopia, plantations were established by clearing the Podocarpus falactus and Hagenia 
abysinica dominated natural forest (Betre et al., 2000). In the studied sites of Leye and Ashoka, 
which are part of the Munessa Shahemene forest enterprise, exotic eucalyptus species were the 
most used for plantation establishment that includes, Eucalyptus camaldulensis and Eucalyptus 
globulus. The turnover of soil and biomass carbon and nitrogen is not well understood in the 
eucalyptus plantation sites of the studied area. Also, the replacement of natural forest with 
eucalyptus species may lead to poor nutrient release resulting in soil productivity decline in the 
long run. Information on these aspects under tropical conditions as found in Ethiopia is rather 
scanty.  
We hypothesize that the carbon and nitrogen stocks and the under growth biomass of the 
extensively used eucalyptus plantation established on previously cultivated land differ from the 
adjacent natural forest and or croplands (considered as references for the study) and the 
eucalyptus species have different impact on soil and biomass C and N turnover and their 
distribution in the profile. This study investigated the: i) soil and vegetation C and N stocks and 
their distribution in the soil profile (up to 1m depth) (ii) “In situ” decomposition rate and residence 
time of the detritus material under the extensively used coniferous and eucalyptus species of the 
studied site.  

1. Material and Methods 

The study was conducted at Leye and Ashoka, sites of Gambo district which are part of the 
Munessa Shashemene forest enterprise in the rift valley of southern Ethiopia. Leye and Ashoka 
sites lie within 7o17´N and 7o19´N and 38o48´E 38o49´E. The altitude ranges from 2134 to 2294 m 
a.s.l, and the slope from 3 to 18 %. Rainfall is bimodal with mean annual precipitation of 973 mm, 
50% of it falling from July to September. Temperature ranges between the maximum of 26.6°C 
and minimum of 10.4°C across the study area for the period from 1999 to 2007. The plantation 
with Eucalyptus saligna, Cupressus lusitanica and Juniperous procera were established after 
clearing the degraded forest and those with Ecualyptus globulus, Ecualyptus camaldulensis and 
Pinus patula plantations were established on land previously cultivated for 16 years. The soil 
parent materials of the Munessa area are of volcanic origin, principally trachytes and basalts with 
ignimbrites and pumices at the rift valley floor (Solomon et al., 2002). The soils are reddish in 
color, freely drained and of medium to heavy in texture. The soils of Leye and Ashoka are 
classified as Andic Paleudalf in which the profiles have a thick argillic horizon and some Andic soil 
material in the upper soil layers (Soil Survey staff, 1999). 

1.1.  Soil sampling and analysis 

The plantations subjected for the study were approximately of similar age, mode of establishment 
and adjacent to each other. The native climax natural forest (NF) at Ashoka and the crop land at 
Leye were taken as a reference land uses. The sampling was done with four replicates in all sites. A 
main plot of 20 x 20m in four replicates from 1 ha of land was demarcated to assess tree stands. 
From the big plots, sub plots of 5x5 m, were demarcated to assess the lower storey woody 
vegetation. For the determination of the herb and litter biomass and also for bulk soil and core 
sampling purpose, sub-sub plots of 1x1m were demarcated in each sub plot of 5x5 m. In the 
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randomly selected main plot of (20x20 m), the upper storey trees diameter was measured using 
diameter tape while height was measured using Suunto Clinometers PM-5. In sub plots (for the 
lower storey woody vegetation) and sub-sub plots (for undergrowth non woody vegetation), a 
destructive sampling technique was applied. The total woody vegetation in the sub plot (5x5m) 
and the total herb and litter biomass within 1x1m was collected for the above ground biomass 
determination of the site. At each 1x1m sub plot, a pit of 1x1x1 m was dug. Form each pit and 
each replicate; soil samples were collected at 0-10, 10-20, 20-40, 40-60, 60-100 cm depth 
increments. Soil samples were collected in the middle of each interval. The collected soil samples 
were air dried, grounded and passed through a 2mm sieve. These samples were analyzed for their 
physical and chemical properties.  
Separate core samples were drawn from the same pits and interval up to a depth increment of 1m 
depth for bulk density determination. This was achieved by forcing manually a sharp edged steel 
cylinder with the height of 3.7 and a diameter of 5.8 cm (97.8 cm-3) into the soil. The same core 
sampler was used one at a time and emptied into plastic bag. The soil samples were then oven 
dried at 105 °C for ≥24 hrs and weighed using electronic balance. The dry soil was then crashed 
and passed through a 2 mm sieve for determination of percentage gravel and stone for 
calculation of the bulk density of the soil sample. The physical and chemical properties of soils 
were determined by the methods described below. Texture was measured by the hydrometer 
method and the pH was determined by Potentiometer method. The concentrations of total 
organic carbon (TC) and total nitrogen (TN) were measured using a LECO CHN-1000 Carbon and 
Nitrogen Analyzer. Soil organic matter (SOM) was analyzed using titrimetric method (Walkley and 
Black, 1934). The soil organic C was then obtained by dividing the soil organic matter 
concentration by a factor of 1.724 (Kim H.Tan, 2005). 

1.2. Leaf- litter decomposition 

A leaf decomposition experiment using standard litter-bag techniques (Bocock and Gilbert 1957; 
Olson 1963; Anderson and Swift 1983; Paul and and Clark 1989; Anderson and Ingram 1989; Esser 
and Lieth 1989) was conducted for a period of 1 year from July 2007 to June 2008. Mature fresh 
leaf samples from all plantations and natural forest were collected in July 2007. Samples collected 
from the diverse vegetation in the natural forest were bulked in equal proportions and were used 
as reference material for comparison with the decomposition rate of leaf substrate in plantation 
species. The samples were first air-dried under shade for a period of one week and later on they 
were oven-dried at 70 °C until constant weight was achieved. Five grams of oven-dried leaf 
samples were then placed in 1-mm size nylon-mesh bags and nailed onto the forest floor. A total 
of 224 litter-bags in 8 replicates for each of the 7 land uses and 4 decay periods (3, 6, 9, 12 
months) were installed. The litter-bags were collected at 3-month intervals and transported to the 
laboratory and cleaned of ingrown roots, if any, and brushed free of foreign materials. The litter-
bag was then emptied into a paper-bag and oven dried at 70 °C to constant weight. The oven-
dried litter mass was weighed and recorded. Due to damages inflicted by wild animals, only 4 out 
of 8 replicates were recovered by the end of the experiment.  

1.3. Measurements and calculations 

Soil C stock (kg m2) 
Soil C stock (kg m2) in each depth was calculated by the following equation: 

C stock (Mg ha-1) =BD*C conc.*T*CF *10                    (1) 
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Where: 
  C = carbon concentration (g/100g)  
  BD  =  bulk density (kg m-3)  
  T     =  depth thickness   (m) 
  CF  =  correction factor (1- ((Gravel % +Stone %) /100)   
The same equation (Eq.1) was also used for the calculation of total N stock in (Mg ha-1). The total 
soil C and N stocks for the profile (1 m) were calculated by adding the stock from each depth. The 
change (loss/gain of C) in the rate of SOC stock over time was computed by subtracting the stocks 
of plantation stands from that of natural forest and dividing it by the number of years since 
plantation was established. 

1.4.  Biomass sampling and calculations 

Discs were taken at different heights using power saw from a number of harvested trees that 
represents those exotic and indigenous species used extensively in the plantation sites. The disc 
samples were oven dried at 70oC, until constant weight was obtained, and weighed for their dry 
weight determination.  The volume of each disc was computed using the formula Πd2/4 and the 
density of wood (g cm-3) was determined through multiplying the volume by the dry weight of the 
disc. The under storey vegetation biomass was determined by completely removing the bush and 
herb from the sub and sub-sub plots and after weighing and recording the total fresh weight,  a 
small sample of known  fresh weight was oven dried at 70 °C for ≥ 48 hrs up until constant weight 
was  obtained. The total dry mater of understory was then calculated. The oven dried samples of 
litter, herb shrub and bush biomass were crushed using grinding mill. The samples were analyzed 
for their total C and N concentrations by a LECO CHN-1000 Carbon and Nitrogen Analyzer. The 
biomass of plantation and natural forest was computed using the following equations: 
  Wb  =  v*Wd       (2) 
   v  =  Πd2/4*h*f      (3) 
 Where:  
  Wb  =  wood biomass of a tree (kg) 
  Wd =  wood density (g cm-3) 
   Π = 3.14 
                  v  =  solid wood volume (cm3) 
    h  =   tree height (m) 
   f  =  normal form factor 

1.5. The leaf mass loss 

The leaf mass loss, decomposition rate and decomposition rate constants (k) were computed 
using the following equations as described in Olsen (1963): 
               % Mass Loss = 100* (X0-Xt) / X0           (4) 
Where Xt is the mass of litter at time t, and X0 is the initial litter mass at time zero: 

% Mass Remaining in the litter-bag = 100 - % Mass Loss      (5) 
 
The leaf-litter decomposition rate constants (k) were calculated using the negative single 
exponential equation:  
  kt = - ln Xt / X0          (6) 
Where k is the decomposition constant (month-1), and Xt and X0 are the same as above, t is 
decomposition time (in years). 
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 Mean residence time (Rt) of leaf-litter in each treatment was estimated by the inverse of k 
calculated (Waring and Schlesinger 1985): 
                                Rt = 1/k                     (7) 
Half-life periods t (0.5) of decomposing litter samples was estimated from k values using equation 
5: 
  t (0.5) = ln (0.5) / (-k) = -0.693 / (-k)      (8) 
Nutrient loss and/or resorption for the leaf-litter fall were estimated using equation developed by 
(Huang et al. 2007): 
                 Nutrient loss (%) = ((G-L)/G)*100         (9) 
Where G is the initial nutrient concentration in mature green leaves and L is the concentration of 
nutrients in the litter fall. 

1.6. Statistical Analysis  

The effect of plantations on SOC, N, and biomass were analyzed by the general linear model 
procedures of SAS (SAS Inc.2003). The data were subjected to one way analysis of variance. The 
treatment comparison of means for each class variable was carried out using the Student-
Newman-Keuls (SNK) test at α = 0.05. Residual litter mass remaining in the litter-bags and their C 
and N concentrations were analyzed statistically.  

2. Results and discussion 

2.1. Soil organic carbon and nitrogen stocks (1m depth) under plantations and natural 
forest  

The SOC stock under all plantation land uses did not show significant difference apart from that of 
C. lusitanica (Fig. 1a), which was lower than that of under the NF (P<0.05). The N stock under J. 
procera was higher compared to plantations and the reference NF soils, but this difference was 
not statistically significant (Fig. 1b). The tree biomass C (TRC) and N (TRN) under plantation 
species was lower compared to that under NF (P<0.05). But neither TRC nor TRN among 
plantation species did differ significantly. The understory biomass C (UBC) under NF was higher 
than that of all plantations. Similarly next to the NF the UBC under C. lusitanica was higher 
compared to that under P. patula, J. procera, E. globulus and E. camaldulensis (P<0.05). The UBC 
under E. saligna was also higher than that under E. camaldulensis and that under P. patula was 
higher than that under E. camaldulensis. Moreover, the litter biomass C (LC) under the Natural 
Forest was significantly higher only to that under C. lusitanica (P<0.05). But no such significant 
difference was observed in the litter C stock among the remaining plantations. The under storey 
biomass N (UBN) under C. lusitanica and NF was higher than that under the rest of plantations 
(P<0.05). The litter biomass N (LN) under the NF was also significantly different from that under 
plantations (P<0.05). But the LN under plantations did not show any difference similar to LC 
explained above. The total biomass C (TBC) and total biomass N (TBN) under the NF were higher 
than that under plantation stands (P<0.05). The TBC under the NF was nearly 2-3 folds higher than 
that under plantations, while the corresponding difference for TBN varied from 7 to 10 fold. 
However, no such statistically significant difference in the TBC stock among plantation species was 
observed. The total organic  C pool (SOC + TBC) and the total N pool (soil nitrogen + biomass 
nitrogen) under plantation species was significantly lower compared to that under the NF 
(P<0.05). No significant difference was seen in the C and N pools among plantations.      
The results show that the stocks under plantations were significantly lower than those under the 
NF. Soils under C. lusitanica exhibit the lowest stocks compared to the reference as well as the 
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remaining plantation species. The lower stock under C. lusitanica (Demessie et. al., 2013) may be 
partly ascribed to the lower clay content in the upper most layers of the soil profile where the 
larger portion of the SOC and N stock is most often accumulated. Clay is assumed to 
protectorganic matteragainst decomposition and stabilize SOC through adsorption of organics 
onto surfaces of clays or organic complexes (Oades, 1988) and entrapment of organic particles in 
aggregates (Van Veen and Kuikman, 1990). Also, the Cupressus plantation was at the harvesting 
stage where the mature age has negatively influenced the quantity and quality of the stand’s litter 
production capability. This was manifested by the lower detritus mass and the corresponding SOC 
and N concentration along the depth. Hence, this phenomenon among others, like age and 
topography, may have negatively influenced the SOC and N stocks under C. lusitanica to be the 
lowest compared to the reference and the other plantation species. Despite no significant 
difference existed in the C and N stocks among plantations (excluding C. lusitanica), there is a 
tendency that the coniferous species (P. patula and J. procera) accrue more stocks compared to 
the Eucalyptus species. The minor difference in the age of plantation and the mode of plantation 
establishment (on disturbed NF and on previously cultivated lands) showed little effect on the 
accrual of C and N stocks. The interaction between species and land use history was not 
statistically significant and thus the difference may be explained by the inherent characteristics of 
species, site to site variability of soil physical and chemical properties and the management 
practices involved. The result was consistent with that reported by Vesterdal et al. (2002). They 
found that Quercus robura sequestered 2 Mg C ha-1; whereas Picea abies sequestered 
approximately 9 Mg C ha-1 in forest floors over 29 years, after establishment of these species on 
arable land. The establishment of plantations on either the disturbed or previously cultivated land 
had reduced the tree and total biomass C and N compared to the reference NF. This may be due 
to the difference in the species combination and higher age of trees under the NF relative to the 
younger age and pure stands of plantations. However, all plantations, excluding C. lusitanica, 
sequestered more SOC than agroforestry and farm land of 30 years of cultivation (Demessie et al., 
2013). Our finding showed that the understory vegetation biomass C and N under the reference 
NF and C. lusitanica plantation was higher than the remaining plantations. The higher understory 
vegetation biomass C under C. lusitanica was attributed to the effect of thinning operations that 
reduce the number of trees with the aim of providing enough growing space before harvest. This 
had resulted in wide openings in the canopy similar to that of the NF that favors the growing of 
the understory vegetation. However, the understory biomass N under the remaining plantations 
was small, and hence its contribution to the C and N stocks is negligible. In addition to this, the 
plantations varied in their litter biomass under the forest floor, the largest being under the NF. 
Litter biomass becomes lower as trees mature, and this, coupled with the smaller number of trees 
ha-1 at C. lusitanica stand, may explain the lower SOC stock underneath. The establishment of 
plantations on either the disturbed or previously cultivated land had reduced the tree and total 
biomass C and N compared to the reference NF. This may be due to the difference in the species 
combination and higher age of trees under the NF relative to the younger age and pure stands of 
plantations. However, all plantations, excluding C. lusitanica, sequestered more SOC than 
agroforestry and farm land of 30 years of cultivation (Demessie et al., 2013). Our finding showed 
that the understory vegetation biomass C and N under the reference NF and C. lusitanica 
plantation was higher than the remaining plantations. The higher understory vegetation biomass 
C under C. lusitanica was attributed to the effect of thinning operations that reduce the number of 
trees with the aim of providing enough growing space before harvest. This had resulted in wide 
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openings in the canopy similar to that of the NF that favors the growing of the understory 
vegetation.  

 

Figure 1(a). Stocks of soil organic carbon (SOC) 

 

 

Figure 1(b). N = total nitrogen under natural forest and plantations 
Means followed by the same letter(s) are not significantly different (P < 0.05), NF = natural forest,  
Jp =J.procera, C l= C. lusitanica, Es = E.saligna, Ec = E. camaldulensis, Eg = E.globulus and          
Pp= P.patula 

However, the understory biomass N under the remaining plantations was small, and hence its 
contribution to the C and N stocks is negligible. In addition to this, the plantations varied in their 
litter biomass under the forest floor, the largest being under the NF. Litter biomass becomes lower 
as trees mature, and this, coupled with the smaller number of trees ha-1 at C. lusitanica stand, may 
explain the lower SOC stock underneath.  

2.2. Litter decomposition 

 The residual litter mass in the bags at each sampling time (in months) declined exponentially for 
all plantation species and NF (Fig. 2). During the first three months, the weight of the litter 
material reduced sharply but reduction of litter mass was minimal during the six to nine months 
time interval. The weight loss increased again during the nine to twelve months time interval. The 
first (July, August and September) and last (April, May and June) three months intervals were the 
rainfall season and the sufficient soil moisture may explain the sharp decline in weight of the 
remaining litter material during these periods (Fig. 2). The corresponding minimal weight loss of 
the remaining litter material during the six to nine months time interval may be attributed to 
insufficient soil moisture available, which is characterized by low rain fall events and their eventual 
distribution throughout the study site. However, under this study, in situ temperature  
and moisture data from study site was lacking to be included as a factor in the analysis. 
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Figure 2. Litter mass remaining in litter bags at various time intervals under C.lusitanica   (Cl), E. 
camaldulensis (Ec), E. globules (Eg),  E. saligna (Es), J. procera (Jp),  Natural  forest (NF) and Pinus 
patula (Pp). 

The decay rate coefficient (k) and half-life (t0.5) decay periods of decomposing leaf litter samples 
are presented in Table 4. The decay rate coefficient (k) of all species ranged from 0.07 (P. patula) 
to 0.12 month-1 (E. saligna), while the half-life decay period ranged from 6 to 9.7 months 
respectively. The decomposition of Eucalyptus species in general tended to be faster than that of 
the coniferous species (Table 1). On the top of variability of  other factors controlling 
decomposition such as moisture, temperature etc., the fast initial and the subsequent lower rates 
of decomposition at later time intervals could be attributed to a higher initial content of water 
soluble materials, simple substrate and the breakdown of litter by decomposers, especially the 
micro flora (Songwe et al. 1995) and the higher loss of these easily degradable and labile fractions 
during the early decomposition phase (Berg and Tamm 1991; Sundarapandian and Swamy 1999; 
Jamaludheen and Kumar 1999; Ribeiro et al. 2002; Yang et al. 2004; Huang et al. 2007).The 
relatively slower decay rates at later stages may be due to the decrease of the substrate quality as 
a result of the removal of the labile C and the accumulation of recalcitrant matter in the residual 
litter mass (Berg and Tamm 1991; Ribeiro et al. 2002). These observations may explain the trend of 
decomposition observed in the present study. The data obtained in our investigation may have 
been explained better had the decomposition process been observed with narrower time 
intervals, larger number of replicates, longer study period and in situ site moisture and 
temperature data were collected and included as factors in the analysis. 
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Table 1. Litter decay rate coefficient (k), half-life t (0.5) and residence time for different species. 
Means followed by the same letters(s) are not significantly different (p<0.05), n=4. 

Species 

Decay rate 
 constant (k) Y = ae-kt Half-life t(0.5) Residence time (Rt) 

(Months-1) R2 (Months) (Months) 

P. patula 0.07 a 0.61 9.7 14.0 

E. globulus 0.09 ab 0.53 8.0 11.5 

Natural forest 0.09 ab 0.52 7.3 10.6 

J. procera 0.10 b 0.80 6.7 9.6 

C. lusitanica 0.10 b 0.85 6.6 9.6 

E. camaldulensis 0.10 b 0.47 6.6 9.5 

E. saligna 0.12 b 0.61 6.0 8.7 

Conclusions 

The conversion of the NF to plantations reduced the SOC and N stocks. But the difference in the 
stocks among plantation species was not statistically significant. The results show that P. patula 
and J. procera sequestered higher SOC stock than Eucalyptus and C. lusitanica plantations. 
Nevertheless, the effect of Eucalyptus species on the accrual of SOC and N stocks was not that 
high given the shorter rotation cycle. The rate of nutrient release through decomposition is 
invariably fast for all species including the natural forest for the investigated one-year period. 
Hence, the faster rates of nutrient release are qualities to be taken into account during the 
selection of species for short-term rotation crops.  
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Effects of drought on monocultures and mixtures of British deciduous tree 
species 
Hans Göransson1, Michael Bambrick2 & Douglas L. Godbold1 
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Environment Centre Wales, Bangor University, Bangor, UK 

Sustained or higher tree production, in combination with the capacity to cope with higher 
temperatures and more severe storms and drought events (as predicted in the climate change 
models), calls for new thinking in forestry. The drought of 2003 in Europe, reduced gross primary 
production by 30% and strongly reduced CO2 uptake in tree stands throughout Europe. 
Grasslands of higher species richness have been found to correlate with high biomass production 
as well as high resistance and resilience after disturbance. All three are desirable properties of 
forest stands in a climate change scenario, in addition to the higher biodiversity and recreational 
values of mixed forests.  
To investigate the effect of predicted drought on tree monocultures and mixtures, sub canopy 
roofs were constructed in plots of six year old stands of Alnus glutinosa, Betula pendula, Fagus 
sylvatica and a mixture of the three species. The roofs covered 70% of the total area and were 
made of transparent plastic. Using the roofs rain water was excluded from the plots from June to 
beginning of November 2010 and from mid April to mid September 2011. Alnus and the mixed 
stands decreased most in above ground biomass whereas Fagus was less affected by the drought. 
Fine root production, as measured by ingrowth nets, was lower in the drought treatment than in 
the controls for all species. This was reflected in the standing fine root biomass, which after 2 
years was lower in the drought than in the control especially in Alnus and the mixed stands. Soil 
respiration decreased during drought for all species and the mixtures No significant flush of CO2, 
due to a rewetting effect (after the roofs were removed) could be detected that could compensate 
for the lower soil respiration in the drought plots. Instead, in Alnus and the mixed stands the lower 
soil respiration in the drought plots continued after the roofs had been removed in the second 
year. The mixture in the control tended to have a higher above ground biomass production,  
higher root biomass and higher soil respiration. than expected, based on the performance in the  
monocultures. This over yielding effect could not be seen in the drought treatment. Thus, this 
mixture does not increase resistance against drought; rather there is a larger decrease in carbon 
fixation into biomass than in the monocultures. What we learn is that we cannot predict the 
response of tree mixtures to climate change, based on what we know about the individual species.   
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Emerging methods to assess C sequestration based on SOM nature in 
afforested lands: application of 13C CPMAS and Thermal Analysis. 
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1Department of Applied Physics, 2Nuclear Magnetic Resonance Unit, 3Department Forest Inventory 
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Introduction 

There is a great uncertainty about changes in soil organic carbon (SOC) and soil organic matter 
(SOM) caused by afforestation of pastures. Although the role of forest biomass and tree species 
on C sequestration has been solidly established, the effect on mineral soil is less known. Most of 
the works developed with that goal focus on quantification of the C stocks, but the concept of C 
sequestration in the mineral soil goes further than the quantity of C that can be accumulated and 
involves the stabilization of SOM, usually defined in terms of how easily carbon and nitrogen in 
the SOM can be mineralized (Plante et al, 2011). This concept is still very controversial due to the 
high complexity of the SOM macromolecule and to the methodological limitations to study SOM 
stabilization from a chemical and physic-chemical perspective. Most of studies focus on different 
fractionation methods to distinguish SOM fractions that can be more or less easily degraded. 
These procedures have been reviewed recently (Denef et al, 2009) and revealed that SOM 
stabilization cannot be necessarily associated with the predominance of more or less recalcitrant 
pools (Kleber et al, 2010).  
SOM can be also considered as a supramolecular structure that could be more or less easily 
degradable. Thermal analysis and 13C nucleus cross polarization magic angle spinning (13C CPMAS) 
are methods showing promise in measuring the stability of the SOM continuum. The concept of 
SOM thermal stability serves as an indicator of the distribution of SOM between biogeochemically 
labile and stable fractions which depends on the chemical SOM nature. Chemical composition of 
the SOM continuum can be assessed by 13C CPMAS and yields information about SOM nature in 
base on the contribution of different C types (Knicker, 2011). 
These methods were applied to a set of soil chronosequences of pastures afforested with Pinus 
radiata and Eucalyptus nitens to study the evolution of SOM chemical and thermal properties after 
afforestation and to check their role to predict SOM stabilization and degradability in afforested 
lands. 

1. Material and Methods 

1.1. Soil samples and elemental analysis 

The study was carried on in Galicia, in northwest Spain, in an area of 7000 km2 representative of 
the Atlantic climate zone of Northern Spain. Criteria for the establishment of stands have been 
reported in detail in a previous paper (Perez-Cruzado et al 2012). The experiment design was done 
in a network of chronosequences combined with paired plots afforested with Pinus radiata and 
Eucalyptus nitens belonging to 120 afforested plantations in former pasture plots. In each 
chronosequence, the range of ages covers the usual rotation lengths applied to these plantations. 
The selection of the stands for the present paper was done on bases of previous results dealing 
with the C evolution in all plots. In this area, two independent chronosequences representing the 
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rotation time of Pinus radiate, with their respective pastures, were selected to monitor the 
temporal SOM evolution since afforestation.  One of them, CB, represents the stands which 
showed significant C gains at the end of the rotation with respect to that of the pasture 
precursors, while CP represents a chronosequence with partial C gain.   
The chronosequence afforested with eucalypt selected for this study (CPE) has the same pasture 
precursor as CP, and it was used for the comparative study of SOM thermal and chemical 
properties at the end of the rotation between the eucalypt and the pine stand with respect to the 
same pasture precursor. 
SOM properties at the end of the rotation were also compared to that of a mature forest 
plantation of Pinus radiata with no previous history of agriculture, and that was considered in this 
work as the forest reference (FR). 
Soil sampling procedure was also reported in detail in a previous paper (Perez-Cruzado et al 
2012). Soil samples collected at 5 cm depth were oven dried at 40 ºC and sieved at 2mm. The fine 
soil fraction was used for total C and N analysis with a LECO Elemental analyzer. 

1.2. 13C  CPMAS  

Soils were treated with HF due to the high paramagnetism in the samples. 13C CPMAS analyzis 
were performed at 298 K in a 17.6 T Varian Inova-750 spectrometer (operating at 750 MHz proton 
frequency, 188.6 MHz 13C frequency) equipped with a T3 Varian solid probe (Agilent, Inc, USA). 
Samples were prepared in 3.2 mm rotors with an effective sample capacity of 22 µL, which 
corresponds to approximately 30 mg of powdered sample. Carbon chemical shifts were referred 
to the carbon methylene signal of solid adamantane, at 28.92 ppm.  

1.3. Molecular Mixing Model 

The mixing model (MMM) developed by Nelson and Baldock (2005) describes the molecular 
composition of natural organic matter from quantitative data based on the different carbon types 
determined by 13C-NMR spectroscopy. It was applied to estimate the molecular composition of 
SOM in the selected chronosequences. The MMM model uses the signal intensity of NMR 
chemical shift regions to identify the following compounds: Carbohydrates, Proteins, Lignin, Lipids, 
Carbonyl and Char. 

1.4. Thermal Analysis 

Differential scanning calorimetry (DSC) was applied to study SOM thermal properties. 
Demineralized samples were used to avoid the influence of the soil mineral matrix in the results. 
DSC (DSC; Q100 TA instruments) analysis was conducted at a heating rate of 10°C min–1 under a 
flux of dry air from 20 to 600 ºC. Ten mg aliquots of soil in open aluminum pans were used in all 
the measurements. Temperature and heat calibrations were done by melting indium.  

2. Results and Discussion 

2.1. C and N evolution 

C and N percentages showed the same pattern in all the chronosequences studied: an initial 
period of C and N losses, and an inflexion of that trend towards C and N accumulation (Table 1). 
The main difference related to the time at which losses and gains took place. The whole process 
was slower in CP than in CB but the quantitative percentage of C lost is similar in both cases (66 
and 64 % respectively). C/N ratio was higher in pasture references than in pine stands and lower in 
the pasture reference than in the eucalypt stand at the end of the rotation (Table 1). No one of the 
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chronosequences reached the C/N value of the FR. Low N content or wide C/N ratios are 
associated with slow SOM decay. 

2.2. 13C CPMAS and MMM results 

Most of the spectra are dominated by the signal intensity at 72 ppm assigned to cellulose, and by 
the chemical shifts in the Alkyl-C and Carbonyl regions (Fig. 1 a). It is considered that during 
humification the carboxylic acid functional group concentration of organic matter increases (Dai et 
al, 2001). The loss of the relative intensity in this peak observed in the afforested samples, which is 
remarkable in CP, suggest evolution of SOM to a less humified state, probably caused by 
degradation of humic substances during the C lost period (Qualls,  2004) and by the increased 
influence of external C inputs during the C  recovery period.  
 The integration of the different chemical shift regions in the spectra yield the Alkyl-C to O-Alkylc 
C ratio  (A/O-A ratio) and Aromaticity of SOM (Table 1). A/O-A ratios measure the degree of SOM 
degradation (Baldock et al, 1992) and showed that afforestation leads SOM to a less degradable 
state in samples with the minimum C content. A less degradable state is associated with better 
SOM quality to decompose (Chen et al, 2004) but it could also indicate lower SOM turnover and a 
less efficient microbial biomass to degrade SOM (Baumann et al, 2012). At the end of the rotation, 
the degree of SOM degradation is variable in the afforested stands and suggests higher 
stabilization of SOM in CB than in CP and faster SOM turnover in the eucalypt stand than in the 
pine one as reported in a previous paper (Pérez-Cruzado et al, 2012). The calculated aromaticity 
values were similar in all afforested samples and in all cases lower than that of the FR. 
 

Table 1. Carbon (C), Nitrogen (N) percentages, Carbon to Nitrogen ratio (C/N) of soil samples. 
Thermal properties: QSOM in kilojoules per gram of SOM (kJ/g SOM) and T50 (Temperature at 
which 50 % of the energy of the substrate is released). 13C CPMAS data: Alkyl-C to O-Alkyl-C ratio 
(A/O-A) and Aromaticity of the samples (Aro). Samples CB0, CB10, CB30: chronosequence CB under 
Pinus radiata. CB0 is the pasture reference, CB10 is the plot of the 10 years stand since afforestation 
with the minimum C percentage of the chronosequence. CB30 is the stand at the end of the rotation 
(30 years since afforestation). CP0, CP28 and CP40: chronosequence CP under Pinus radiata. CP0 is 
the pasture reference, CP28 is the 28 years stand since afforestation with the minimum C 
percentage, CP40 is the stand at the end of the rotation. CPE is the stand at the end of the rotation 
of the chronosequence under Eucalyptus nitens. Elemental Analysis and Thermal properties are 
given in base on the average of three replicates (average ± SD) 

Samples 
C  

% 

N  

% 
C/N 

QSOM 
kJ/g SOM 

T 50 
ºC 

A/O-A Aro 

CB0 7.77±0.17 0.44±0.01 17.66±0.72 9.44±0.14 407±1 0.84 0.40 

CB10 2.71±0.04 0.22±0.01 12.32±1.21 7.06±0.04 405±1 0.56 0.22 

CB30 9.42±0.12 0.49±0.07 19.22±1.88 9.67±0.14 419±2 0.81 0.28 

CP0 11.00±0.24 0.83±0.06 13.25±1.09 10.00±0.18 396±1 0.5 0.22 

CP28 3.70±0.81 0.35±0.02 10.57±1.04 8.01±0.02 392±2 0.35 0.22 

CP40 6.70±0.12 0.46±0.03 14.57±1.43 8.40±0.12 410±1 0.36 0.24 

CPE 9.15±0.23 0.73±0.04 10.69±0.74 8.33±0.01 364±1 0.54 0.20 

FR 11.57±0.21 0.45±0.01 25.71±0.97 11.04±0.04 426±2 0.60 0.33 
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Results given by MMM showed that proteins follow the same pattern in chronosequences CB and 
CP, being slightly higher in the eucalypt stand than in the Pinus radiata stand. It is negatively 
correlated to the C/N ratio (r = 0.90; p< 0.0001) indicating that C losses take place with C/N 
depletions that makes protein to increase in soil. MMM model gave char in CB and in the FR but 
not in CP chronosequence contributing to higher recalcitrance in CB. Evolution of lipids suggest 
lower influence of external C inputs on SOM composition in CP than in CB and CPE. That could be 
attributed to higher microbial degradation rates in CP and to the nature of external inputs from 
the grass vegetation observed in CPE (Perez-Cruzado et al, 2012). Contribution of carbohydrates 
are higher than the FR in most of afforested stands, indicating higher potential of SOM to 
microbial degradation (Fig. 1b). 

2.3.   DSC results 

All DSC curves registered from these soil samples have two well defined combustion peaks with 
two maximum combustion temperatures. This bimodal behavior of the DSC curves suggests that 
SOM is constituted by two main fractions with different thermal stability (Grissi et al, 1998). DSC of 
the eucalypt stand also presents the same bimodal shape but faster SOM combustion than the 
reference and the pine stand (Fig. 1c). 
Integration of DSC curves yields the T50 and QSOM values of SOM shown in Table 1. QSOM 
represents the SOM energy budget that is directly related to the red/ox state of organic substrates 
(Hansen et al, 2004). Higher energy per SOM unit indicates higher degree of reduction of SOM 
that strongly influences the biochemical oxidation pathways of organic substrates through 
microbial metabolism (Cordier et al, 1987). Therefore, increment in the QSOM could be associated 
with higher resistance of SOM to decompose or lower rates of SOM decomposition and 
consequently, to higher SOM stabilization (Plante et al, 2011). At the end of the rotation 
afforested stands have lower QSOM values than FR suggesting higher potential to microbial 
degradation in agreement with the results given by 13 C CPMAS.  
T50 measures the SOM thermal stability. Its influence on SOM degradability has not been 
established yet but late results associate enhancement of this value with lower degradation rates 
of SOM (Plante et al, 2011). Afforestation leads to higher thermal SOM stability in the pine 
chronosequences than the pasture precursors while this effect was not observed in the eucalypt 
stand. Both T50 and QSOM were significantly correlated with the C/N ratio of the samples (r = 
0.96, p < 0.0001 first order exponential growth; r = 0.58, p< 0.05 linear fit respectively). QSOM 
also correlates with the quantities of the different C types calculated by normalizing the 
integration of the chemical shift regions in the 13 C CPMAS spectra to the C percentages of the 
samples. Results show that the quantity of Aromatic C is the main compound responsible for the 
QSOM enhancement (r = 0.92; p< 0.0001) followed by the quantity of Carbonyl C (r = 0.73; p< 
0.01).  

Conclusions 

SOM thermal properties were strongly influenced by the chemical SOM properties and C/N ratio 
and could be related to SOM stabilization. 
Higher contribution of Aromatic C and Carbonyl to total SOM could be considered as increased 
SOM resistance to degradation and therefore, as more stable SOM. These chemical properties 
influence the QSOM contributing to higher degree of reduction of SOM. 
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Figure 1. 13C CPMAS spectra of the soil samples (Fig. 1a). Results of the MMM model represent the 
signal intensity of the different functional groups constituting SOM composition: C- Carbohydrates, 
P-Proteins, L-Lignin, LP-Lipids, CB-Carbonyl, Ch-Char(Fig. 1b). DSC curves of pasture reference (Ref), 
the sample at the end of the rotation under Pinus radiata (CP 40), and the sample at the end of the 
rotation under Eucalyptus nitens (CPE) in chronosequence CP.  (Fig. 1c). 

The quantity of C in pine stands at the end of the rotation was variable and can be influenced by 
the SOM properties of the pastures precursors. Partial C gains took place in pastures with lower 
degree of SOM degradation and high contribution of carbohydrates to SOM at the end of the 
rotation that favors the SOM potentiality to be degraded. Soils with C gains higher than pasture 
references had a pasture precursor with high degree of humification, high degree of degradation 
of SOM, and lower contribution of carbohydrates to total SOM at the end of the rotation than 
plots with partial C gains. 
Afforestation with Eucalyptus nitens causes higher SOM turnover and evolution of SOM to higher 
degradation degree than SOM under Pinus radiata. 
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Session 2b: Cropland 
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Rapport 
Rapporteur: Thomas Kätterer 
Swedish University of Agricultural Sciences 

The session encompassed: (1) field studies, (2) regional studies and (3) modelling. Field studies 
focused most on tillage-effects. Tillage was shown to affect soil physical properties: no tillage 
increases macroporosity in surface horizons and aggregate stability; the latter was also affected by 
SOC. In general tillage was found to be affecting SOC stratification but not total SOC stocks. 
Swedish studies showed that long-term tillage affected the stratification of soil organic carbon 
stocks, but not carbon storage and that the effect of no tillage on soil sequestration may be 
limited or even reverse under the climatic conditions in northern Europe. According to short-term 
case study, soil respiration in situ was higher in no tillage than conventional tillage probably due 
to microclimatic conditions. N2O-emissions were also found to be higher, but overall GHG-
emissions lower, from no tillage than conventional tillage. A study linking ecological stoichiometry 
(C:N/C:O) with ecosystem services, showed that carbon-dense production systems are more 
amenable to provision of ecosystem services. Studies on farm management in semi-arid 
ecosystem showed that total SOC was primarily influenced by application of chemical fertilizer and 
manure, as well as land use intensity. 
 Regional studies showed significant effects of land use/management change on SOC. A meta-
analysis conducted in China showed that management changes during recent decades affect SOC. 
Manure, crop residue return; NPK etc. were positively affecting SOC. Two different approaches 
calculating the effect of LUC on SOC showed that decline in agriculture after the breakdown of the 
Soviet Union resulted in large C sequestration – offsetting 15-20% of total CO2 emissions in 
Russia. Studies on the effect of climatic change on SOM in different Mediterranean cropping 
systems showed that the overall increase in aridity during the last 50 years has caused significant 
potential SOC decrease.  
Modelling studies showed that initiation strongly affect model predictions. Models used were 
RothC (Soil model), PaSim (Grassland model) and DNDC (Biogeochemistry). Similarly, comparison 
of different approaches in Norway national GHG reporting showed that the Tier 2 method was 
sensitive to assumptions made and treatment of activity data, whereas the Tier 3 method was 
sensitive to model initialization. Furthermore, farm-level modelling of SOC sequestration in 
Slovakia using RothC indicated that increased temperatures could lead to decreased SOC stocks, 
although this could be mitigated by land use change. 
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Farming effects on soil organic matter and aggregate stability of Icelandic 
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Jaap Bloem5 & Kristín Vala Ragnarsdóttir6 
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5Alterra, Wageningen University and Research Centre, the Netherlands, 6Faculty of Earth Sciences, 
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Arable land covers approximately one fourth of the global land area, but only half of it can be 
used efficiently for cultivation to feed the world population. Modern agriculture based on 
industrial principles has become highly productive but faces numerous environmental challenges. 
Organic agriculture has expanded as an alternative towards a more sustainable food production. 
This agricultural practice aims to maintain the key functions and ecosystems services of soils and 
to keep nutrients in a cycle through crop rotation. It is well known that the composition of soil 
organic matter (SOM) changes under different management practices (e.g. tillage, manuring). The 
composition plays a pivotal role in the turnover time of various biogeochemical cycles, e.g. of 
nutrients. SOM dynamics are mainly determined by its properties and the presence and 
physiology of soil organisms.  
This study investigates the changes in soil nutrients, SOM quantity and its composition as well as 
soil aggregates resulting from different farming practices (organic vs. conventional) in south and 
southwest Iceland. Soils were selected from a total of four farms from permanent grasslands on 
Brown and Histic Andosols. Bulk soil characteristics included e.g. soil pH, bulk density (BD), cation 
exchange capacity (CEC), carbon (C) and nitrogen (N) concentration, quantity of Fe, Al and Mn 
oxides, bacterial growth rates and biomass, fungal biomass, potential C and N mineralization, 
quantity of protozoa, nematodes, enchytreids and micro-arthropods. In order to describe the 
aggregates (>250 µm, 20-250 µm, <20 µm) and SOM distribution (free particulate organic matter 
(fPOM), occluded particulate organic matter (oPOM), and mineral associated SOM) in the soils a 
three-step combined physical and density fractionation procedure was developed and carried out. 
The SOM composition from selected fPOM, oPOM and bulk soil samples was analysed with 13C 
NMR spectroscopy. 
The results will contribute to the main aims and goals of the European Commission FP7 
Collaborative Project “Soil Transformations in European Cathments” (SoilTrEC, www.soiltre.eu), 
which aims to improve and restore soil functions under various pressures and disturbances. A 
detailed study of the effect of farming practices on soil properties enables the comparison of 
organic and conventional farming practices in permanent grasslands. All the data will be linked to 
biology data and food web modeling.  
 

                                                      
 tmk2@hi.is 
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Soil respiration response to three tillage treatments at three sites in Sweden 
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Introduction 

Autumn tillage is the prevailing management practice on clay soils in Northern Europe. However, 
reduced tillage (RT) practices are of increasing interest due to lower work load and fuel costs 
(Maraseni and Cockfield, 2011) and possible increases in soil organic carbon (SOC) content in the 
surface soil compared to conventional tillage (CT; Franzluebbers, 2008, Virto et al., 2011). 
Nonetheless, when comparing deeper soil layers, these differences are often smaller or even 
reverse (Balesdent et al., 2000, Govaerts et al., 2009). In cold temperate regions, the positive 
effects of no tillage (NT) on carbon (C) sequestration are not consistent (Regina and Alakukku, 
2010) and seem to be lower than in warm and dry areas (Govaerts et al., 2009). In a review of 
European data, it was shown that yields under NT were, on average, 8.5% lower than those under 
CT, albeit results varied between countries and soil types (Van de Putte et al., 2010). According to 
a recent meta-analysis, annual C inputs to soil were the only factor that could significantly explain 
differences in soil C stocks between tillage systems (Virto et al., 2011). Increase in SOC under NT is 
likely to occur as long as C inputs are at least equal or greater than 85% of those in tilled systems 
(Ogle et al., 2012).  
Tillage modifies soil architecture and, therefore, also soil moisture and temperature in the 
cultivated layer and to a greater extend by CT than RT or NT (Arvidsson and Bölenius, 2006). It has 
been shown that RT and NT usually results in higher water content compared to CT (Griffith et al., 
1972, Malhi and O'Sullivan, 1990, MacDonald et al., 2010) because plant residues covering the soil 
surface reduce evaporation. Furthermore, increased soil surface area following tillage enhances 
evaporation in the tilled layer, but can reduce evaporation from deeper soil layers. However, soil 
temperature has been reported to be higher in CT, for the same reasons, and, therefore, should 
result in higher respiration rates (e.g. Malhi and O’Sullivan, 1990). Generally, CT has been found to 
increase soil respiration when compared to RT and NT (e.g. Oorts et al., 2007). This is due to better 
aeration, contact between soil and easily decomposable organic material, higher temperature and 
exposure of physically protected soil organic matter (SOM). Studies reporting higher respiration 
rates from RT than CT have suggested higher water contents, increased biological activity in the 
surface soil and differences in SOM quality as explanatory variables (e.g. Kingery et al., 1996, 
MacDonald et al., 2010, Kainiemi et al., 2013).  
Our objectives were to examine short-term (10 d) soil respiration responses and changes in soil 
moisture and temperature to mouldboard ploughing to about 20 cm which represents CT, shallow 
tillage to about 5 cm which represents RT and no tillage treatments at three sites with varying 
management history in central Sweden. We hypothesized that mouldboard ploughing will result 
in higher soil respiration due to higher soil temperature and aeration.  

                                                      
†††† veera.kainiemi@slu.se  
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1. Material and methods 

Three experimental sites with varying tillage history were selected, all located in Uppsala, Sweden. 
Soils were classified as Eutric Cambisols with 43-58% clay and 1.8-2% soil organic carbon content 
and represent typical agricultural soils in this area. In Bäcklösa site mouldboard ploughing to 20-
22cm and shallow tillage to 5 cm had been used since 1974 and in the Ultuna site since 1999. The 
third site, Säby, had been under mouldboard ploughing for at least one century (for site 
description: Kainiemi et al., 2013). All the field experiments had a randomized block design. Tillage 
treatments were: moldboard ploughing to 22 cm (MP), chisel ploughing to 5 cm (ST) and 
undisturbed plots representing no-till (NT). The fields were treated with glyphosate to minimize 
respiration from weeds, one week prior to tillage at Bäcklösa and Säby and about 3 months before 
tillage at Ultuna. Emissions of CO2 were measured with a closed chamber method (cylinder 
diameter 0.29 m) and a portable infrared gas analyzer (GM70, CARBOCAP®, Vaisala). Respiration 
was measured one day after tillage treatment and installation of cylinders and, thereafter, at four 
to five occasions during a ten day period. Soil water content and temperature were measured at 
0-10 cm depth simultaneously and adjacent to the cylinders.  
Mean respiration rates were log-transformed for obtaining normally distributed data. Treatment 
effects on soil respiration, soil temperature and water content were evaluated with ANOVA and 
Tukey’s test (GraphPad Prism 5.0). The data were analyzed with a linear mixed model (lme4 
package, R Development Core Team, 2012) treating tillage, air and soil temperature, soil moisture 
and days after tillage as fixed and site and block as random effects. Model residuals were checked 
for normality. Likelihood ratio test was performed to compare the model to a null model with only 
the random effects and only significant differences were included. Results from the linear mixed 
effect model are presented as Markov Chain Monte Carlo (MCMC) estimated p-values with 
significance level of 0.05.   

1.1. Soil respiration response to tillage 

Soil respiration rates were lower in MP than in the other treatments at all three sites (Fig. 1). The 
highest respiration was observed in NT which was significantly different from the ST and MP at the 
Säby site. Similar results were observed at the Ultuna site, where respiration decreased 
significantly in the order NT > ST > MP. No significant differences in respiration rates were 
observed between tillage treatments at Bäcklösa. Furthermore, Bäcklösa and Ultuna had 
significantly lower respiration rates than Säby. The highest rates were observed in NT at Ultuna 
and Säby, although at Bäcklösa ST produced the highest respiration.  
These results are in agreement with previous studies (Kingery et al., 1996) and indicate that tillage 
activities, especially ploughing, may reduce decomposition of crop residues moved to deeper soil 
layers (MacDonald et al., 2010). Crop yields at Bäcklösa and Ultuna were 200 kg ha-1 lower in MP 
than in ST treatment which might have contributed to the respiration, however the difference is 
small. The preceding crop was oat at Bäcklösa and Ultuna and barley at Säby, which has lower 
straw dry mass than oat (Kim and Dale, 2004) and could not explain the high respiration observed 
at Säby compared to other sites. However, since Säby and Bäcklösa were treated with glyphosate 
only one week prior to tillage, decomposing weeds could have contributed to some extent to the 
respiration at these sites compared with Ultuna, which was treated with glyphosate three months 
before the start of the experiment. Glyphosate has also been found to increase microbial activity 
(e.g. Haney et al., 2000). 
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Figure 1. Mean soil respiration rates with standard error bars in different tillage treatments. 
MP=mouldboard ploughing, ST=chisel ploughing, NT=no tillage.  Different letters indicated 
significant differences between treatments (Tukey’s test, p<0.004). 

1.2. Main variables explaining soil respiration 

According to the linear mixed effects model, the most significant variables affecting soil 
respiration were tillage and days following tillage. Significantly high respiration rates under NT 
were observed (p<0.001); NT decreased respiration by 8.7 mg CO2 m-2 h-1 and ST by 4.9 mg CO2 

m-2 h-1 compared with MP (p=0.001). In average over sites and treatments, soil respiration 
decreased during the first 4 days by 2.6 mg CO2 m-2 h-1 although this was not significant (p=0.07) 
and by 5.8 mg CO2 m-2 h-1 between day 5 and 10 (p<0.05). The ‘days after tillage’ variable takes 
into account the decrease in soil respiration that results from the decrease in fresh plant residues 
available for decomposition, but this effect cannot be separated from temperature effects on 
decomposition since soil temperature decreases with time. However, the model with the ‘days 
after tillage’ variable was significantly different from a null model without this variable. Thus, 
temperature did not fully cover this effect, indicating that a major part of the decline in respiration 
over time was governed by decreasing pool of easily decomposable crop residues.  
In previous studies, a significant relationship between temperature and soil respiration have been 
found (Flechard et al., 2007, Almagro et al., 2009). Neither soil nor air temperature could 
significantly contribute to explain the residual variance (p=0.24 and p=0.53) in this experiment. 
Since our study was conducted during a short-term period, variation in temperature between 
treatments was low and had therefore limited explanatory value. There was an indication that 
increased soil moisture increased soil respiration but the effect was not significant (p=0.09). 
According to the mixed effects analysis, interactions between tillage and soil water content or 
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temperature were not significant. However, soil water content was found to be significantly lower 
in MP than in ST and NT at Bäcklösa and Ultuna.  
Soil respiration was significantly different between sites (Fig. 1.). These differences were probably 
related to many different site properties, such as soil texture, quality of soil organic matter, 
microbial communities and biomass. Differences in the amount of crop residues incorporated and 
time of herbicide treatment at the three sites may have been of major importance in this 
experiment. Differences in clay content, which was higher at Ultuna (58%) and Bäcklösa (48%) than 
at Säby (43%) could also have affected respiration. Furthermore, it is possible that differences in 
clay content affected the relationship between soil moisture and respiration (Moyano et al., 2012).    

Conclusions 

Results from this study show that conventional autumn tillage can lead to lower soil respiration 
rates in clay soils under Nordic conditions. Respiration rates decreased rapidly after tillage and 
treatment differences declined. Site properties and return of crop residues greatly governed 
respiration rates in absolute terms. Soil temperature did not significantly affect soil respiration 
during the first 10 days after tillage. Soil water content was found to be significantly lower under 
MP at two sites, which may affect decomposition of crop residues and soil organic matter also in 
longer time perspective.  
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Introduction 

Adopting no-tillage in agriculture has been widely endorsed to preserve soil structure and 
enhance soil organic carbon (SOC) sequestration (Freibauer et al., 2004). However, contrasting 
results have recently been reported on the role of no tillage for SOC accumulation within the soil 
profile. For example Luo et al. (2010) argued that the transition from conventional (CT) to no 
tillage (NT) has been widely considered as an efficient strategy to improve C sequestration (100-
1000 kg ha-1 y-1). These estimates derived from data collected in the topsoil (< 30 cm) and were 
probably biased by the sampling depth, as also supported by others (Soane et al., 2012). The 
vertical SOC distribution would be primarily affected by the root growth and distribution with 
depth since a well-developed root system may transfer the biomass to deeper layers and enhance 
its residence time in the soil. Root-derived carbon is retained in soils much more efficiently than 
are above-ground inputs, as established by isotopic analyses and comparisons of root and shoot 
biomarkers (Schmidt et al., 2011). NT would improve a more superficial root lateral development 
and limit their penetration due to excessive soil compaction (Munkholm et al., 2008), increased 
water accumulation in the soil surface and suboptimal soil temperature as a result of insulating 
effects of surface residue (Muñoz-Romero et al., 2012). By contrast other authors (e.g. Aura, 1999) 
highlighted that the maintenance of undisturbed pores under NT (mainly composed by vertical 
biopores) could facilitate root penetration, counteracting the negative effect of compaction. To 
date, soil structure affected by tillage practices has not been deeply quantified and sufficiently 
considered in order to understand the simultaneous effect of soil porosity changes on root 
growth and organic carbon dynamics. Here we studied the effects of stabilized conventional (CT) 
and no-tillage (NT) systems on soil structure, root growth and SOC content to evaluate their 
influence on soil quality and carbon sequestration.  

1. Material and methods 

The experiment was established on a private farm in northeastern Italy on the Venice lagoon 
border. The soil is a sandy loam (sand 44%, silt 41%, clay 15%) with an average SOC content of 7.7 
g kg-1 within the soil profile (0-40 cm). Experimental treatments were established in 2004 on a 8 ha 
fields in order to compare: a) conventional tillage (CT), which included a 35 cm depth plowing in 
autumn and seedbed preparation of a pass with spring-tine harrow immediately before sowing at 
a depth of around 3 cm and b) no tillage (NT) with direct sowing on untilled soil using a double-
disc opener planter for seed deposition. The area was characterized by low soil spatial variability. 
Maize was the main crop and mineral fertilization rate was 294 kg N ha-1 y-1, 47 kg P ha-1 y-1 and 
22 kg K ha-1 y-1.  
For root analyses and bulk density, undisturbed soil cores (diameter = 8 cm; height = 5 cm) were 
collected using a hand auger from the surface to 100 cm during the 3-leaf stage of crop 
development and during flowering (i.e. 40 and 114 days after sowing) in 2005 and 2006 (2nd and 
3rd year of experiment, respectively). Soil was sampled in 3 random positions per treatment. In 
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October 2006 at the end of crop cycle, in the same positions, undisturbed samples were collected 
at three different depths (0-10 cm; 10-20 cm; 20-40 cm) to perform chemical and structure 
analyses. Soil samples were analyzed for organic carbon (g OC kg-1 dry soil) by dichromate 
oxidation. In order to compare SOC stocks from different tillage systems, SOC data were 
expressed both in terms of concentration (g kg-1) and equivalent soil mass (4838 103 Mg ha-1). 
Pore size distribution was analyzed with a combination of X-ray microtomography (microCT, 
Skyscan 1172), in the range 54-2250 µm, and mercury intrusion porosimetry (MIP, Thermo 
Finnigan) in the range 0.0074-100 µm.  

2. Results and discussion 

2.1. Soil structure 

Total porosity in the range 54-2250 µm, detected with microCT, did not show significant 
differences according to the tillage systems and depth, even if an opposite trend was observed 
between CT and NT. The former had higher total porosity in the first layer than the deeper ones, 
while values in NT increased from 0.051 to 0.074 m3 m-3 in 0-10 cm and 20-40 cm respectively. 
Total porosity was mainly represented by pores in the range 100-250 μm (42.5%, S.E. = 3.2), 
followed by 54-100 μm (23.5%, S.E. = 2.6) and to a lesser extent by 250-500 μm, 500-750 μm and 
750-1000 μm (18%, 5% and 3% respectively). Significant differences between treatments (P < 0.05) 
were observed in the topsoil (0-10 cm), particularly in pore classes 100-250 μm and 250-500 μm. 
Pore class 100-250 μm was higher in CT than NT, conversely pore class 250-500 μm was higher in 
NT than CT. The 2D and 3D visualization of microCT soil images indicated that porosity was the 
combined effect of both real pores and existing roots (Fig. 1). This was due to a poor X-ray 
microCT ability to discriminate between media phases since the attenuation density of roots is 
similar to that of soil pores (Mooney et al., 2012). Therefore soil morphological differences were 
influenced by both of them. 

 

Figure 1 - 2D sections (left) and 3D porosity (right) microCT visualizations of soil cores managed 
with conventional (CT) and no tillage (NT). The loosening effect of CT is highlighted by cracks and 
smaller pore size, while NT induced more compacted soils and larger rounded pores, probably 
associated with intact root system. 
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The visual assessment of soil structure was confirmed by morphometric data since pore 
connectivity was higher in no tillage than in conventional tillage, emphasizing the loosening effect 
of CT treatments on soil structure (Munkholm et al., 2012). By contrast no structure differences 
were observed at the microscale (MIP analysis), suggesting that tillage-induced effects only 
influenced the macropore structure.  

2.2. Root parameters and SOC content 

Root length density (RLD) and root mass in the superficial soil layers were significantly higher than 
those at greater depths, while the root diameter did not change within the soil profile. These 
findings were observed at each date (40 and 114 days after sowing) and both in 2005 and 2006. 
By contrast root parameters were not affected by tillage treatments. Significant correlations were 
found between root parameters and porosity detected with microCT (P < 0.05): the root mass was 
positively correlated with the smaller microCT pore size class (54-100 μm) (r = 0.53) and negatively 
with largest ones (range 750-1250 μm) (r = -0.70). Similarly RLD decreased according to the pore 
diameter.  
SOC within the soil profile (0-40 cm) was higher in CT than in NT, both in terms of concentration 
and total equivalent mass (P < 0.05), although a clear correlation between root parameters and 
SOC content (g kg-1) was not found (Fig. 2). As already reported in recent studies, redistribution of 
soil C (e.g. Lal, 2009; Luo et al., 2010) and root growth (Baker et al., 2007) can affect the carbon 
stock within the soil profile. However, in the present experiment the non-significance observed 
between treatments on root development and total root mass would suggest the importance of C 
distribution due to plowing as it moved the crop residue and surface soil carbon into deeper 
layers.  

 

Figure 2. Soil organic carbon (SOC) content, expressed both in terms of concentration (g kg-1) and 
total equivalent mass (Mg ha-1), at different depths and treatments. Values labeled with different 
letters were different at P < 0.05. 

Conclusions  

Tillage treatments significantly affected the soil structure and particularly the pores larger than 54 
µm, improving the soil loosening under conventional tillage. Root growth did not show significant 
differences in terms of mass, although the intensive tillage modified their morphological structure 
increasing the root length density as a consequence of soil friability and reduced mechanical 
impedance. Finally, results indicated that CT increased the SOC content in the deepest soil profile. 
The SOC stratification was mainly affected by plowing as it moved the crop residues in the 
deepest soil profile, while the root mass variation was not a significant parameter. Evidences 
reported in this study refer to a 3-year period of conversion from conventional tillage to no tillage. 



scs2013 – session 2b  86  
They need to be confirmed after a longer period (5–15 years) when equilibrium conditions can be 
reached. 
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Abundance and vertical distribution of organic carbon in the soil profile are affected by tillage 
type and tillage intensity. We therefore investigated the effects of four tillage systems (continuous 
mouldboard ploughing, occasional mouldboard ploughing, shallow cultivation and chisel 
ploughing) on the stratification and storage of organic carbon in a 36-years old field experiment. 
In the treatment with occasional ploughing, mouldboard ploughing was implemented every 
fourth year and other years shallow tillage was applied. The experimental site is in central Sweden 
on a clay soil. Soil samples were taken in three layers (0-12 cm, 12-25 cm and 25-50 cm) in the 
treatments with reduced tillage, and in two layers (0-25 cm, 25-50 cm) in the treatment with 
continuous mouldboard ploughing. Organic carbon stratification was very clear in shallow 
cultivation and chisel ploughing. The carbon storage of the field was about 90 Mgha-1 and no 
significant differences were found between the treatments.  
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Advances in no-till (NT) farming since the 1960s indicate that tillage decreases soil fertility and 
adversely affects the environment. The objective of this research was to estimate the greenhouse 
gas (GHG) flux vis-à-vis GHG production potential at different soil depths (0 – 100 cm) from tillage 
and drainage management treatments during the fallow period (October, 2009 to April, 2010) in a 
continuous (since 1994) corn (Zea mays) growing field at the Waterman farm in central Ohio. The 
Crosby silt loam (Aeric Ochraqualf) soil of the experimental farm has been managed with the same 
practice since 1994 with two tillage sub-factors: NT and chisel tillage (T) and two drainage sub-
factors: tile drainage (D) and no-drainage (ND). The fallow period was from the middle of October 
to the middle of April and the field was under snow cover during the middle of December to the 
first week of March. GHG flux (CO2, CH4 and N2O) were significantly lower during the snow cover 
period. This study suggests that the CO2 flux was significantly higher from T and D plots 
compared to the NT and ND plots. CH4 and N2O fluxes were not influenced by tillage and 
drainage respectively. The CO2 flux from T+D treatments was significantly higher (25.98 to 398.65 
mg m-2 h-1) throughout the fallow period. Significantly higher N2O flux (87.07 to 125.76 µg m-2 h-1) 
was recorded from all treatments during the thawing period in the first week of March. 
Considering that, the total C flux involves only the loss from the SOC stock, as much as 3.05% of 
the total SOC stock (1.23 Mg C ha-1) was lost during the fallow period under study from T-D plots 
as CO2 and CH4. Analysis of soil from different soil depths suggests that the CO2 and N2O 
emission from soil was mostly dependant on production potential at 0-10 cm and 0-30 cm of soil 
depths, respectively. However, there was no such trend for CH4 emissions from soil. The study also 
suggests that there is a requirement of metagenomic analysis of soil at different depths to 
develop a proper mitigation strategy to stabilize the SOC and reduce GHG emissions from 
cropland during the fallow period. 
 

 

 

                                                      
§§§§ a.datta@abdn.ac.uk 



scs2013 – session 2b  89  
Impact of management practices on soil organic carbon sequestration 
potential of croplands of China: A meta-analysis 

Dali Nayak1, Kun Cheng2, Genxing Pan2 & Pete Smith1 

1School of Biological Sciences, University of Aberdeen, UK. 2Centre of Climate Change and 
Agriculture, Nanjing Agric. University, China 

Recent studies have shown an increase in soil organic carbon (SOC) in croplands  of China (Pan et 
al. 2010) between 1980 and 2006. Such changes in SOC were mainly attributed to either land use 
change or changes in management practices. The present study assesses SOC changes with 
different management practices for Chinese agricultural soil using a meta-analysis of data from 
117 publications for cropland which includes 21 references for rice only system, 30 references for 
rice-upland cropping system and 71 references for only upland cropping system. The meta-
analysis shows that the annual increase in SOC for rice and upland crop with application of 
chemical fertilizer, combined chemical and straw application, combined chemical and manure 
application and biochar application were 0.44%, 1.5%, 1.83%, 22%, respectively. Straw application 
alone did not increase SOC in upland soil in contrast to combined application of straw and 
chemical fertilizer. With straw application, significantly higher SOC sequestration occurred in triple 
cropping system i.e. Rice-Rice-Wheat as compared to single rice system i.e. Rice or Rice-Wheat. 
Organic matter addition sequestered more SOC in upland soil as compared to rice only cropping 
system. Application of manure alone or in combination with chemical fertilizer significantly 
increased SOC sequestration. Amount of SOC sequestered was proportional to the amount of 
organic matter added. Changing from conventional to reduced or zero-tillage could sequester 
0.213 t C ha¹־ yr¹־  in rice and 0.250 t C ha¹־ yr¹־ for upland cropping system i.e. a change of about 
+0.69%. SOC sequestration increased by 1.7 to 1.2% for the first 5 to 10 year, 0.53% by 15 years 
and 0.2% by more than 15 years of adoption of reduced or no tillage cropping.   Based on the 
meta-analysis outcome, biochar application has a great potential to sequester carbon both in rice 
as well as upland agriculture, but long-term impact of biochar on soil physical, chemical and SOC 
sequestration rates is unknown and should be studied further. Wherever good amount of data 
was available to regionalise the estimation, region and management specific SOC sequestration 
potential was estimated.  
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The aims of this work were to: i) calculate the area of abandoned agricultural lands and fallows in 
different Russian ecoregions in 20th century, ii) study the sequestration of carbon in the soil and 
plant covers of them in the course of post-agrogenic successions, iii) calculate total annual carbon 
sequestration by all Russian post-agrogenic ecosystems (PAE). 
Abandoning of agricultural lands began in some regions of Russia at the end of the 19th century. 
Our calculation shows, that the total area of abandoned agricultural lands in Russia has increased 
by 71 Mha during the period 1897-2007. The process of the self-restoration of post-agrogenic 
natural ecosystems is very active on almost 65 Mha (Russian Federation statistical yearbook; Lyuri, 
2010). 
Carbon sequestration was investigated in the central and southern taiga (chronosequences of PAE 
from 2 to 170-200 years old), hardwood (from 3 to 120 years old), forest-steppe and steppe zones 
(from 1 to 50-60 years old) (Lyuri, 2010; Kalinina, 2009). In PAE of the forest zones soil organic 
carbon (SOC) stores decreased after beginning of self-restoration: from 5.3 to 3.2 kg/sq.m in 
Middle Taiga, from 6.8 to 4.8 in Southern Taiga, and from 8.8 to 4.7 in Hardwood (oak forests) in 
first 30-50 years. SOC stores began to grow after 30-50 years and reached those of natural soils at 
the age of about 200 years because of developing litter horizons. Total ecosystem carbon store 
(TEC = SOC+ C in plant canopy) in first 20 years of self-restoration decreased because of  
declining SOC, and then began to increase due to carbon storage in canopy. Thus, during about 
200 years the self-restoration of PAE in boreal zone, TEC increased from 5.3 to 15.6 kg/sq.m (in 
Middle Taiga), from 6.8 to 20.7 in Southern Taiga and from 8.8 to 46.9 in Hardwood forests. Soils 
of the forest-steppe zone restored their C storage within 30-40 years and increased its SOC 
storage from 17.7 to 24.2 kg/sq.m after 65 years of self restoration. However, SOC stores of post-
agrogenic chernozem did not reach the level of virgin soils (26.7 kg/sq.m). In dry steppe SOC 
stores increased from 1.9 to 3.3 kg/sq.m, after 30-50 years of self-restoration, which is less than 
SOC storage in virgin soils (4.0 kg/sq.m).  
Since we know the area of different-aged PAE in different ecoregions and their annual carbon 
sequestration, we could estimate C sequestration in all Russian PAE. In total, PAE sequester about 
64 Tg of carbon per year (whereof as much as 34 Tg in southern taiga), which is about 20% of the 
total current industrial emission of carbon in Russia.  
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Introduction 

Russia occupies more than 1/9th of the global land area and therefore its carbon budget is an 
essential contribution to the global one (Kurganova and Kudeyarov, 2012). The total pool of soil 
organic carbon (SOC) in Russian territory (for the upper 100 cm of soil, including peat soils) is 
about 1/5 of the world SOC pool (Rojkov et al., 1996). Soil carbon is a critical parameter to 
consider for long-term carbon storage and it forms the net biome production (NBP) in terrestrial 
ecosystems (Steffen et al., 1998; Kudeyarov et al., 2007). Any land use changes (LUC) have a 
significant effect on the C balance, its main elements, and the storage of SOC (Houghton, 2003). 
Since the early 1990’s, after the collapse of the Soviet collective farming system, there has been a 
radical decrease in agricultural area in the Russian Federation.  A total of 45.5 Mha of arable land 
was abandoned between 1990 and 2007 (Lyuri et al., 2010) and this amount remained nearly 
constant until 2012 (Russia in figures, 2012).  This was the most widespread and abrupt LUC in the 
20th century in the northern hemisphere (Henebry, 2009) and it substantially shifted the total C 
balance in Russian territory (Kurganova et al., 2010).  
When agricultural land is no longer used for cultivation and is instead allowed to convert to 
natural vegetation, SOC can accumulate (Guo and Gifford, 2002). It has been estimated that 
agricultural soils have the global potential to sequester 0.4-0.9 Pg C yr-1 due to improved 
management of agricultural soils, restoration of degraded lands, more extensive use of 
abandoned lands, and restoration of wetlands (Paustian et al., 1998; Lal, 2004).  
In this study, we firstly assessed the additional ecosystem C sink induced by abandonment of 
arable land in the Russian Federation after 1990 based on our own field investigations (Moscow 
region) and available literature data related to abandoned croplands in other regions of Russia. 
These data allowed us to update the earlier estimates of the carbon balance in Russian territory 
that did not include the C sink due to agriculture abandonment. The second aim was to assess the 
shift in the total SOC pool induced by the farming system collapse in the Russian Federation after 
1990. For that, we compiled the available literature data reporting the organic C build-up in 
Russian soils after conversion of cropland to natural vegetation and carried out our own 
investigations in different regions of European Russia. Finally, we compared the estimates of the 
total CO2 sink to post agrogenic ecosystems and the SOC recovery obtained compared to the 
anthropogenic CO2 emissions in Russian territory. 

1. Data and Methods 

1.1. Estimation of Net Ecosystem Production in post agrogenic ecosystems  

The carbon balance (or net ecosystem production, NEP) in the post agrogenic ecosystems was 
estimated as the difference between the net primary production (NPP) and the microbial 
respiration flux (MF). NPP presented the sum of above- and below- ground production and 
characterized the CO2 input from the atmosphere. Carbon losses from ecosystems were equivalent 
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to the annual microbial C-CO2 fluxes. The positive NEP values indicate the CO2 sink in the 
ecosystem, while the negative values of NEP suggest that the ecosystems act as a source of CO2. 
To estimate the main components of the carbon balance of abandoned lands, we carried out 
investigations in a deciduous forest zone (Kurganova et al., 2008; 2010) and all available data 
reporting on NPP or MF for post agrogenic ecosystems were generalized (Bazilevich, 1993; 
Kurganova, 2003; Belleli Marchezini et al., 2007; Gulbe,  2009). NEP values were estimated 
separately for each bioclimatic region in European Russia. For the Asian part, an average value of 
NEP across all bioclimatic regions was applied. The area distribution of post agrogenic ecosystems 
in various bioclimatic regions of European Russia (middle & southern taiga, deciduous forest & 
forest steppe, and steppe) and the total area of abandoned lands in Asian Russia (Lyuri et al., 
2010) were taken into account in calculating the total NEP in the post agrogenic ecosystems of 
Russian Federation. 

1.2. Estimation of changes in SOC stock 

We gathered all available data on SOC stock changes in soils after conversion of former arable 
land to natural vegetation. In total, 45 sites across the Russian Federation and 116 pairs of plots 
were included in the database for meta-analysis. For a valid correct comparison of all selected 
sites, we focused on the C stock changes in the upper 20 cm only because the most common 
tillage depth was generally 20-22 cm and most studies indicated the greatest C stock changes 
within this depth (Kalinina et al., 2011; Poeplau et al., 2011). The annual average rate of C stock 
changes (∆C, Mg C ha-1 yr-1) over a time period (T) was calculated as: 
∆C = (Cab – Car) / T , 
where Cab and Car are C stocks (Mg C ha-1) in the upper 20 cm in abandoned and arable plots, 
respectively; T (years) is the time period after LUC.  
The obtained average ∆C values for the first 20 yrs of post agrogenic evolution were clustered 
into 5 main soil groups: Albeluvisols, AL; Luvisols, LV; Phaeozems, PH; Chernozems, CH; and 
Kastanozems, KS. Then, data were summarized according to the following bioclimatic regions: (i) 
middle & southern taiga, (ii) deciduous forest & forest steppe, and (iii) steppe. The average annual 
∆C for the each bioclimatic region was estimated, taking into account the prevalence of the main 
soil groups in each region. We assumed that the dominant soil types in the middle and southern 
taiga are AL and LV, in the deciduous forest and forest steppe regions – LV and PH, and in the 
steppe area – CH and KS.  The ∆C values for each bioclimatic group exceeding ± one SD (standard 
deviation) were eliminated as outliers to normalize the distribution and to decrease the 
uncertainties of the ∆C values. 
The total amount of C sequestered in Russian soils (upper 20-cm of mineral soil) during the first 
20 yrs. after conversion of arable to natural vegetation was calculated for the area distribution of 
post agrogenic ecosystems according to various bioclimatic regions in the European part of Russia 
and the total area of abandoned lands in the Asian part.  

2. Results and discussion 

2.1. NEP in post agrogenic ecosystems in various bioclimatic regions  

About ¾ of the total abandoned area (~33.9 Mha) is located in European Russia (Lyuri et al., 
2010). The active processes of natural reforestation were typical for the southern taiga, deciduous 
forest, and forest steppe regions, while the grassland establishment occurred mainly in the steppe 
area (Kalinina et al., 2009, 2010, 2011, 2013).  The results obtained indicated clearly that post-
agrogenic ecosystems acted as a carbon sink, and their NEP values varied between 1.74 ± 0.28 
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and 4.52 ± 0.59 Mg C ha-1yr-1 depending on the bioclimatic region (Table 1). The average NEP 
value across the various bioclimatic regions of European Russia for the first 20 years after LUC was 
3.07 ± 1.24 Mg C ha-1yr-1.  
The total extra sink to abandoned lands in Russian territory (45.5 million ha) amounted to 137 ± 
17 Tg C per yr. Moreover, the spontaneous reforestation process in post-agrogenic ecosystems of 
European Russia contributes more than 50% (77.2 Tg C yr-1) to the total C sink induced by the 
farmland abandonment. Therefore, the conversion of low-fertile arable lands to natural vegetation 
could be a reasonable alternative to artificial reforestation for the sequestration of additional 
atmospheric CO2 in the NEP of post agrogenic ecosystems.  
The baseline estimations (relating to 1990) of total NPP and MF for Russian terrestrial ecosystems 
amounted to 4.41 and 2.78 Pg C yr-1, respectively (Kurganova et al., 2010). The non-soil sources of 
CO2 (fossil fuel, forest fires and diseases, debris decomposition, agricultural, timber and peat 
production, etc.) were estimated at the rate of 801 Tg C yr-1 for the period 2002 - 2006 (Kudeyarov 
et al., 2007). The results obtained demonstrate that the Russian territory currently acts as an 
absolute sink for atmospheric CO2 at the rate of 966 Tg C yr-1 (or 0.97 Pg C yr-1). The additional C 
sink (induced by farmland abandonment) is equivalent to 30% of the annual C sink in all Russian 
forests (Zamolodchikov et al., 2011) and could cover about 10% of the global CO2 release due to 
deforestation and other land use changes (Pan et al., 2011). 

Table 1. Net ecosystem productions (NEP) and changes in SOC stocks in post agrogenic ecosystems 
of Russia during the first20 yrs. after the farming system collapse in 1990. 

Bioclimatic zone Main  
soil 
types 

Area* 
M ha 

Mean NEP ± 
SE          
Mg C ha-1yr-1 

Total 
NEP 
Tg C yr-1 

Mean ∆C ± SE 
MgC ha-1 yr-1 

Total 
NEB 
Tg C yr-1 

European Russia, including: 
Middle & 
southern taiga  

AL, LV 11.1 4.52 ± 0.59 
50.9 ± 
6.5 

0.90 ± 0.09 10.0 ± 1.0 

Deciduous forest 
& Forest steppe  

LV, PH 8.9 2.96 ± 0.90 
26.3 ± 
8.0 

1.13 ± 0.11 10.1 ± 1.0 

Steppe  
CH, KS 

13.9 1.74 ± 0.28 
24.2 ± 
3.9 

1.22 ± 0.18 17.0 ± 2.5 

Asian Russia AL, LV, 
PH,     
CH, KS 

11.6 3.07 ± 1.24 
35.6 ± 
14.4 

1.01 ± 0.09 11.7 ± 1.0 

All Russian territory 
45.5 3.01 ± 0.37 

137 ± 
17 

1.07 ± 0.07 48.8 ± 3.0 

* Data were adapted from Lyuri et al. (2010: 154). 

2.2. Changes in SOC stocks  

The annual rate of soil organic carbon changes (∆C) in mineral topsoil for the first 20 years of 
post-agrogenic evolution changed from 0.90 ± 0.09 Mg C ha-1 yr-1 in the taiga region to 1.22 ± 
0.18 Mg C ha-1 yr-1 in the steppe area (Table 1). The average rate of C sequestration for the first 20 
yrs. after the farming system collapse was 1.01 ± 0.09 Mg C ha-1 yr-1. The C sequestration rates 
estimated for Russian soils correspond well to those reported after conversion of croplands to 
forest or grassland (0.44 – 0.92 Mg C ha-1 yr-1 in the upper 25 cm of mineral soil) in a recent meta-
analysis for temperate regions (Poeplau et al., 2011). In the tropics, however, the mean annual C 
accumulation due to arable land abandonment is higher: 1.30 Mg C ha-1 yr-1 (Silver et al., 2000).  
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Our calculations have shown that the total C sequestration due to the farmland abandonment 
amounted to 48.8 ± 3.0 Tg C yr-1. The post-agrogenic soils of the steppe region contribute about 
36% to the total extra C stocks while the other regions provide about 20-24% of total NBP build-
up. According to our estimations, the organic matter stock in the former arable layer has increased 
by about 5% during the first 20 yrs. of post agrogenic evolution. The SOC accumulated in post 
agrogenic ecosystems is long lasting C stock and forms NEB, where the carbon lifetime is much 
longer than in “Kyoto forests” (Steffen et al., 1998). 

Conclusions 

Thus, the farming system collapse in Russia provided the essential additional CO2 sink in NEP and 
NBP that amounted to 137 ± 17 and 48.8 ± 3.0 Tg of C yr-1 in NEP and NBP, respectively. It could 
annually compensate for about 46% of the current energy and industrial emissions in the Russian 
Federation or about 20% of the global CO2 release due to deforestation and other land use 
disturbances. Currently, Russian territory acts as an absolute sink of atmospheric CO2 at a rate 0.97 
Pg C yr-1 (Kurganova et al., 2010). We consider that the assessments presented in this study can 
have a considerable impact on the Kyoto implementation policies since they clearly describe the C 
accumulation processes in Russian soils caused by the farming system collapse in 1990. It has 
been suggested that the sequestration of atmospheric CO2 in soil organic matter could contribute 
significantly in attempts in Russia to adhere to the Kyoto protocol. Moreover, we can conclude 
that the collapse of the collective farming system in the early 1990s has had positive, prolonged 
ecological implications. 
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Assessment of agricultural land induced changes in the soil is important for addressing agro-
ecosystem alteration and sustainable food production especially in small holder agricultural 
production systems. The rate and intensity of adoption of agricultural management practices not 
only influence the rate at which carbon is stored or released from the soil but also the uptake of 
essential minerals needed for plant growth. The aims of this study were to (i) identify present and 
past farm management practices and their impact on crop yield, (ii) estimate soil organic carbon 
content and soil nutrient status in different crop fields and (iii) identify sustainable farm 
management practices and factors that affect these practices. 
This research employs integrated approach that draws on on-farm and farmer groups’ interview; 
communities transect walks and participatory observations. In order to investigate the impact of 
farm management practices on soil organic carbon stock in different crop fields, five replicates of 
soil samples were taken at 30m depth in a 12m x 12m transect placed in selected crop fields. The 
samples were collected during the peak period of farming activities in raining season. Soil 
parameters investigated included physical (soil bulk density, texture) and chemical (pH, soil 
organic C and total soil N, P, K). Agricultural land use map were produced from LANDSAT TM 
images of the study area and used to identify changes in agricultural land use types. 
Results show that the main management practices found in the study area are: use of plough 
(tractor and animal) (83%), animal manure (76.7%), chemical fertilizer (80%), weedicide (50%) and 
compost (50%). The least farm management practices adopted are residue retention (13.3%). 
Combinations of practices that are deemed sustainable and have potential to improve soil organic 
carbon stock include periodic fallows, followed by spreading of animal manure before ploughing 
and addition of chemical fertilizer after sowing on the same plot. Factors that affect sustainable 
farm management are droughts, continuous cropping, population increase, and cost of soil inputs 
(fertilizer). 
In both compound and bush fallow farms, five major crops types identified were maize, rice, yam, 
peanuts and pepper. Results showed that total soil organic carbon content decreased from 
compound farm, rice field, maize to the others. Sacred grooves had the highest soil organic 
carbon (from 1.37% to 1.33%). Maize the most widely grown crop had an average soil organic 
carbon content of 0.31% to 0.9% depending on the management practice adopted. Mixed 
cropping fields (0.14%) and pepper (0.4) fields recorded the lowest soil organic carbon content as 
they received the least soil investments because they are largely owned by women. 
Comparatively lower soil pH was observed in the rice field, compound farms and the pepper 
fields. Soil pH of maize, cotton, peanut, yam and fallow field were largely similar. Total organic 
carbon soil nutrient status was influenced by chemical fertilizer and manure application, land use 
intensity. 
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Soil organic matter content (SOM) variations observed along climatic gradients (climosequence 
ClSe) can provide information about potential fluctuations in past or future climatic scenarios. This 
work aimed at studying a set of ClSe to establish threshold climatic changes for SOM variations in 
different crop systems.  
Four typical Mediterranean crop systems were selected in Italy: crop rotation for animal husbandry 
in the Po plain (AH), specialized olive grove in Campania (OT), permanent meadows in Sardinia 
(PM), and cereal crops in Sicily (CE). In total 148 sites with similar soil type, morphology, geology 
and LUM were investigated along 4 different ClSe. A set of climatic parameters were spatialized 
with a resolution of 1 km. All sites in the ClSe were associated with different climatic parameters 
and correlated with SOM content in the first 30 cm. We used the De Martonne aridity index as 
indicator for describing climate changes (∆AI) affecting SOM variations (∆SOM). AI values of the 
sites in each ClSe were clustered and SOM values of the clusters were submitted to analysis of 
variance to find statistical differences. Three climatic maps were produced showing: i) long-term 
and ii) mean values of the periods 1961-1990 and iii) 1981-2010. The ∆SOM were validated in 65 
legacy sites, surveyed in the years 1960-2000 and resampled and analyzed in 2012.  
Significant ∆SOM in the ClSe were 0.56 ± 0.12 g dag-1 in AH, 1.81 ± 0.46 in OT, 0.28 ± 0.11 in PM, 
and 0.33 ± 0.14 in CE, corresponding  to ∆AI of 6.88 ± 0.71 in AH, 3.04 ± 0.54 in OT, 2.00 ± 0.15 in 
PM, and 3.21 ± 0.39 in CE. Thus the most sensitive environment was OT (SOM changed 0.6 g dag-1 

per unit of AI), followed by PM (0.14 g dag-1), CE (0.10 g dag-1) and AH (0.08 g dag-1). The 
sensitivity of OT could be related to the andic properties of the soil type. Although the SOM of 
legacy and recent sampling were never statistically different, the maps of the AI of the two periods 
indicated that a climatic change potentially able to induce a significant ∆SOM was reached in 
many areas of OT, but also in parts of all the other crop systems.  
The overall increase of aridity occurred in the last 50 years in the Mediterranean area caused a 
significant potential SOM decrease, especially in the andic soils of the OT crop system. In the 
other crop systems under investigation, the observed climate change was not strong enough to 
cause significant and generalized SOM variations during the considered time frame.  
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Carbon (C), hydrogen (H), oxygen (0) and nitrogen (N) form the bulk of our biosphere and 
constitutes 99% of living biomass and the flux of these elements are the basis of ecosystem 
properties, structure and functions for provision of ecosystem services (Sardans, Rivas-Ubach, & 
Penuelas, 2012; Sistla & Schimel, 2012). The anthropogenic activities (eg. farming) are responsible 
for shifting the C:N/C:0 stoichiometric ratios influencing our environment in terms of GHG loading, 
rainfall pattern, climate change etc. affecting our food, fodder and energy production. The 
ground-breaking work of Alfred Redfield (Cleveland & Liptzin, 2007) to derive Redfield ratio of 
106C:16N:1P, provided the significance of ecological stoichiometry in understanding the 
elemental fluxes in ocean. In similarity, we investigated the C:N/C:O stoichiometry in terrestrial 
production systems and its relationship to ecosystem service provision. A field study was carried 
out in 2011 in diverse production systems viz. conventional wheat, combined food and energy 
(CFE) system and beech forest in Denmark. The CFE system is an integrated production system 
consisting of parcels of wheat, ryegrass/lucerne, oat, barley fields and willow biomass belts for 
energy and managed organically without any chemical inputs. The mean C:N/C:O molar ratios of 
production system were calculated by taking into account soil, aboveground (grain, straw, wood, 
leaf, litter) and the belowground (roots) components. Mean C:N/C:O molar ratios were found to 
be significantly different among the production systems with highest C:N  molar ratio in beech 
and lowest in Cwheat whereas C:O molar ratio was the highest in beech and CFE ryegrass/lucerne 
and lowest in Cwheat. The C:N/C:O molar ratios had a polynomial correlation to the value of 
ecosystem services, reported in the same or similar production systems. As the carbon density 
increased from conventional wheat to beech forest, the value of ecosystem service increased too, 
providing a fundamental link between C stoichiometry and the ecosystem service provision. The 
findings demonstrated that carbon-dense production systems (CFE, beech) are more amenable to 
provision of ecosystem services. Since carbon sequestration in vegetation and soils are considered 
as the most cost-effective method to lock-in carbon (Aertsens, De Nocker, & Gobin, 2013; Ostle, 
Levy, Evans, & Smith, 2009), agroforestry production systems like CFE with high C:N/CO molar 
ratios has an immense potential for carbon sequestration and ecosystem service provision for 
sustainable production of food, fodder and energy without compromising on the ecological 
integrity of the environment.  
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Introduction 

Globally, soils store a significant quantity of organic carbon. A major concern is the potential 
feedback between increasing global air temperatures and enhanced soil respiration, depleting soil 
organic carbon (SOC) stocks (Schlesinger and Andrews, 2000). Most of SOC is not inert but in a 
continuous dynamic state of accumulation and decomposition (Schrumpf et al., 2008) which is 
greatly influenced by soil microbial activity, soil temperature and moisture, nutrient supply, 
particle size composition and climatic factors. The conversion of soils from natural ecosystems into 
managed systems (e.g. ploughing) leads to significant losses of SOC (Post and Kwon, 2000). In 
intensively managed agricultural soils, SOC stock is one of the basic parameters which are 
significantly influenced by soil management and natural factors such as climate or soil conditions. 
Strategies, which can potentially increase SOC stock in intensively managed agricultural soils, 
include land cover and land use changes (Smith et al., 2012). Effective tool for evaluation of SOC 
stock changes under different conditions is using process-based models. Soil organic matter 
(SOM) models are being increasingly used to support policy decisions regarding future climate 
change and land management. There are a number of approaches to modelling SOM turnover 
including process-based multi-compartment models (Falloon and Smith, 2012). One of the most 
widely used is the RothC model (Coleman et. al, 1997), which we also use in this study for farm-
level modelling of the effects of climate, soil, and land cover on SOC stock development. We focus 
here on (i) validation of RothC model for the pilot area, (ii) mid-term (2001–2030) SOC stock 
development under the different management and soil conditions, (iii) long-term (2001–2100) 
SOC stock development under different climate change scenarios, and (iv) long-term (2001-2100) 
effect of land cover change adaptation measures for increasing the SOC stock.  
This work was supported by the Slovak Research and Development Agency under the contract No. 
APVV-0580-10 and APVV-0243-11. 

1. Pilot area 

Land used by the Agrodivízia Selice, Ltd. farm was selected as pilot area for this study (Fig. 1). 
Acreage of the pilot area is 2,300 ha. It is located in typical lowland alluvial area of the Danubian 
basin part of Slovakia with warm and dry climate (average annual temperature of 10 °C and 
annual precipitation of 550 mm, evenly distributed over the year). The pilot area is level with slight 
elevation changes (natural levee of Váh River and its side channels), back-swamp depressions, and 
dry old river channels. Haplic Fluvisols and Mollic Fluvisols with loam, silty-clay-loam, silty-loam or 
sandy-loam topsoil are the prevailing soil types at the natural levee positions. In back-swamps, 
Mollic Fluvisols and Gleyic Fluvisols with clay or silty-clay-loam topsoil are the dominant soil types.  
Intensive crop production is the dominant land use within the pilot area. During the 1970 – 1990 
period, as much as 25 crops were cultivated using conventional tillage practices. Since 1990, a 
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simplified corn maize, winter wheat, spring barley and alfalfa rotation replaced former one and 
reduced-tillage is regularly applied at the most of the farm area. 
 

 

Figure 1. Location of the pilot area, soil types map of the pilot area, and location of the RothC model 
validation plots (measured soil profiles). 

2. RothC model 

RothC (version 26.3 applied in this work) is a model for the turnover of organic carbon in non-
waterlogged top soils that allows for the effects of soil types, temperature, moisture content and 
plant cover on the turnover process. The RothC model splits SOC into four active compartments 
and a small amount of inert organic matter (IOM) (Coleman et. al, 1997). Modelling of the SOC 
stock with the RothC model requires input data on: (i) climate – monthly rainfall (mm), monthly 
evapotranspiration (mm), average monthly mean air temperature (°C), (ii) soil – clay content (%), 
inert organic carbon (IOM), initial soil organic carbon (SOC) stock (t C.ha-1), depth of the soil layer 
considered (cm), and (iii) crop management – soil cover, monthly input of plant residues (t C.ha-1), 
monthly input of farmyard manure (FYM) (t C.ha-1) 

2.1. RothC model validation 

In total 19 measured soil profiles surveyed during the 1960s are located within the pilot area (Fig. 
1). Data on topsoil SOC and clay, silt and sand content were used for estimation of bulk density 
and calculation of initial topsoil SOC stock values for all soil profiles (Barančíková et al., 2011). 
Historical rates of organic carbon inputs from plant residues and farmyard manure in 1970 – 2010 
periods were estimated separately for different soil types (Fig. 1) using farm records crop yields, 
manure application rates data and published transformation coefficients (Bielek and Jurčová, 
2010). Monthly average data on climate were taken from the Žihárec (WMO 11820) weather 
station located about 5 km east from pilot area.  
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All measured soil profiles were resampled in 2010 and actual topsoil SOC stock was calculated. 
Values of the SOC stock simulated with the RothC model over the 2001 – 2010 period were 
aggregated and compared to measured values (Fig. 2). Good agreement between simulated and 
measured values of topsoil SOC stock (t ha-1) across all soil types was observed and we assumed 
that the RothC model could properly reproduce topsoil SOC balance in local conditions of the 
pilot area. 
SOC stock increase was observed during the 1970 – 2010 period for all soil types (Fig. 2) which is 
mostly due to continuous increment of C-inputs into the soil (increase of C crop residues and 
farmyard manure from 1.78 t ha-1 in 1970 to 2.27 t ha-1 in 2010). We think that, reduced-till 
management could also have contributed to increased SOC stock in the last decades of the 
simulation.  

 

Figure 2. Simulated SOC stock (t ha-1) values for the RothC validation plots in the pilot area and 
comparison of simulated to measured values for the simulation endpoint. 

2.2. RothC and GIS data modelling system for the pilot area 

Spatial delineations of simulation units (SimU) were derived from existing National soil inventory 
data (1:10,000 scale maps and soil profile descriptions, Němeček et al. 1967) and set of about 200 
soil profiles ad-hoc surveyed in 2010 – 2011. Topsoil data from measured soil profiles on SOC, 
clay, silt, and sand content were used for estimation of bulk density and calculation of initial 
topsoil SOC stock for each SimU. As a result we got 8 different SimU groups characterized by 
specific combination of clay and SOC content (Fig. 3a, groups A-H). 
A 10-year crop rotation system including corn maize, winter wheat, alfalfa, sugar beet, sunflower 
and spring barley was decided as the optimal crop rotation for the pilot area. Organic fertilization 
was set based on 2001 – 2010 observed data to 20 t ha-1 each fourth year of the rotation. Reduced 
tillage was assumed for all years of the crop rotation. Data from the Žihárec (WMO 11820) 
weather station was used as the source of historical climate (2001 – 2010) and source of A2 and 
B1 climate change scenarios for the 2010 – 2030 and 2010 – 2100 periods. Downscaled CGCM3.1 
climate model was used to represent A2 and B1 climate change scenarios (IPCC, 2001) for the 
pilot area. 
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a) b) 

 
 

Figure 3. Simlation units (SimU) delineation and initial SOC stock values (t.ha-1) estimated for the 
SimU from the input soil data (a), and proposed conversion of cropland to grassland in the pilot area 
(b).  

2.3. Mid-term (2001–2030) SOC stock development 

RothC model coupled with the geographical data on SimU was applied in the pilot area. 
Simulation over the 2001 – 2030 period (Fig. 4) shows that SOC stock development increases 
during whole assessed time period. 

 

Figure 4. Development of soil organic carbon stock in period of 2001-2030 (A2 climate change 
scenario) for all SimU in the pilot area. Each line represents different SimU group (A-H).  

Significant differences between initial and final SOC were observed among the SimU (Table 1). We 
think that different SOC growth rate under constant management occurred mostly due to topsoil 
initial SOC stock and clay content (e.g. SimU C and D in Table 1). Different initial clay and SOC 
content estimated for SimU resulted in different organic carbon inputs at initialization of RothC 
model which influenced the effect of applied organic carbon according to optimal management 
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scenario. We think that minimum till could also have had influence on increasing of SOC stock 
during the simulated period. This, however, must be further analysed. 

Table 1. Input parameters to RothC model (values of clay fraction and initial SOC stock 2001) and 
outputs of RothC model (input of C at initialization of RothC model and final SOC stock 2030) for all 
simulation units (SimU) groups in the pilot area. 

SimU group Clay fraction  
% 

SOC 2001 

t ha
-1

   

SOC 2030 

t ha
-1

  

C  

t ha
-1

  
A 34 74.9 82.1 1.83 

B 49 69.5 78.8 1.64 

C 34 68 77 1.63 

D 11 67 72 1.87 

E 49 61.4 72.9 1.44 

F 19 66.8 74.2 1.67 

G 19 64.4 72.5 1.61 

H 11 34.3 49 0.8 

 

2.4. Long-term (2001–2100) SOC stock development 

We selected the SimU-A run with high clay content and high initial SOC stock and the SimU-H run 
with both low clay and SOC values (Table 1) and used them for testing the influence of different 
climate change scenarios (A2, B1) on SOC stock balance over the long-term period (2001 – 2100). 
For the pilot area, annual average temperature and annual rainfall as estimated by A2 scenario is 
11.2 °C and 580 mm in period of 2010 – 2050, and 13.2 °C and 670 mm in period of 2050 – 2100. 
For the same two periods B1 scenario estimates change from 11.1 °C and 601 mm to 11.9 °C and 
637 mm.  
Simulation of SOC stock development during the 2001 – 2100 period (Fig. 5) shows, that even 
optimal soil management set for the pilot area cannot maintain or increase SOC stock at (run  A). 
For the H-run, with very low initial SOC stock value, initial increase in the SOC stock is maintained 
up to end of simulation. At higher temperatures (A2 scenario) the RothC model predicts quite 
obvious reduction of SOC stock for the A-run. Relative SOC stock differences between A2 and B1 
scenarios at the end of simulation period were 5.5 % and 6.7 % for SimU A-runs and SimU H-runs 
respectively. This is why we think that higher content of clay in soil can play some role in buffering 
the mineralization trends caused by higher temperatures. 

2.5. Long-term (2001-2100) effect of land cover change adaptation measures 

We run the model again, but now based on having part of pilot area converted from cropland to 
grassland as to represent possible farm-level adaptation measures for the period of 2001 – 2100. 
Back-swamp areas with heavy clay topsoil and high SOC stock were selected for this run, mostly 
due to their vulnerability for seasonal waterlogging (Fig. 3b). 
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Figure 5. Development of SOC stock based on SimU A and H runs from 2001 – 2100 under the 
climate change scenario A2 a B1.  

 

 

Figure 6. Development of SOC stock based on 100% arable land (AL) and 48% grassland (AL/GL) 
under the A2 and B1 climate scenarios for all SimU runs. 

Simulation results for the 2001 – 2100 period (Fig. 6) shows that if it is assumed that cropland is 
the only land type, a maximum SOC stock value, which is reached in the first period (2001 – 2050), 
drops rapidly after 2050 due to temperature increase. This is true mainly for the A2 climate 
scenario. In that case, where part of the pilot area is converted to grassland, the maximum SOC 
stock level is reached in the first period (2001 – 2050) and maintained until the end of simulation 
(climate scenario B1) or decreases less rapidly (climate scenario A2). 

Conclusions 

The RothC model was applied at farm level. Good agreement of topsoil SOC stock (t ha-1) was 
observed between simulated and measured values and we assume that the RothC model can 
properly reproduce topsoil SOC balance in local conditions for the pilot area. Modelling system 
consisting of the RothC model and corresponding geographical data on climate, soil and 
management, organized within spatial simulation units (SimU) was constructed for the pilot area 
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and a optimized management scenario for the pilot area conditions was set. Simulation of SOC 
stock development over the 2001 – 2030 period shows that despite the same organic input, 
significant differences between initial and final SOC occurs among different SimU runs, mostly 
because of different initial clay and SOC content. We suppose, that optimized management 
scenario for the pilot area can increase SOC stock for SimU scenarios with the lowest initial SOC 
stock. Application of A2 and B1 climate scenarios over the 2001 – 2100 period also showed 
differences in development of SOC stock values for different SimU runs. At higher temperatures, 
the RothC model predicted reduction of SOC stock for both scenarios, and that clay content in 
topsoil appears to play role in SOC stock development in a changing climate. By assuming a 
cropland to grassland conversion in part of the pilot area resulted a maximum SOC stock level 
being reached in 2001 – 2050 and then maintained (climate scenario B2), or showing less decline 
(climate scenario A1) at the end of simulation in 2100.  
We conclude that under the conditions of pilot area, land use change can be applied as good 
local-level adaptation strategy if the objective is to increase or maintain SOC sequestration in a 
changing climate environment. The results also suggest that soil conditions can possibly influence 
the effect of applied management option. 
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Introduction 

Annual greenhouse gas (GHG) inventory reports are required by all countries that are parties to 
the United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol. 
To enable a uniform reporting, international methodological guidelines have been developed by 
the Intergovernmental Panel on Climate Change (IPCC). The guidelines are based on a three-
tiered methodology, where the tier levels increase in complexity, demand for input data and in 
accuracy of the emission estimate (IPCC, 2006a). For estimation of soil organic carbon (SOC) 
changes, the three tier methods can be generalized as follows: 1) for Tier 1, calculations are made 
using standard equations and default parameter values, 2) for Tier 2, calculations are also done 
with standard equations but country-specific parameter values are used, and 3) for Tier 3, SOC 
changes are estimated by measurements or modeling or a combination of the two.  
The standard equations used for the two lower tier (Tier 1 and Tier 2) methods imply that 1) SOC 
change is estimated as the difference between two SOC equilibrium states divided by D (implying 
that a new steady state will occur D years after a management change), and 2) SOC stocks can be 
calculated as the product of the reference stock and the stock change factors. These assumptions 
(primarily number one) can result in erroneous emission estimates (Sanderman and Baldock, 
2010). The result can be an overestimation of the net SOC change. For example in cases where 
improved management practices have been implemented, the net soil C gain is likely to be 
overestimated (Sanderman and Baldock, 2010). It is recommended by IPCC as well as inventory 
reviewers to move to higher tiers (Tier 2 and Tier 3). However, we know of no published studies 
comparing soil C change estimates of all three tiers on a national scale. It is also considered good 
quality control practice of the national inventory to compare estimates produced by methods of 
different tiers. This may especially be the case for the LULUCF (Land Use, Land use Change and 
Forestry) sector where methodologies are complex with many interacting factors, such as climate, 
management and pedology. Our objective was to evaluate the influence of tier level on estimated 
CO2 emissions from Norwegian cropland on mineral soils. Also, we tested the sensitivity of the Tier 
3 model to the initialization process when using steady state conditions or measured national C 
contents. 

1. Methods 

Emissions were estimated for the inventory period 1990-2011, which corresponds to the last 
submission of the National Inventory Report (NIR) in April 2013 (CPA, 2013). Under the UNFCCC 
reporting format, areas of cropland are divided into cropland remaining cropland, i.e. areas that 
have remained cropland during the entire inventory period, and land converted to cropland at any 
time during the inventory period. This study focuses on cropland remaining cropland and the 
areas were determined by the National Forest Inventory and identical to those reported in the 
2013 NIR submission. 
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1.1. Tier 1 and 2 application and input data 

The application of the Tier 1 and 2 methods were described in Borgen et al. (2012), who estimated 
mean annual emissions for a shorter inventory period from 1999 to 2009. Briefly, both methods 
used the same assumptions and agricultural statistics of manure, crop yields and areas for 
determining the areas under specific crop rotations. Climate and soil data differed somewhat. 
Weather data were stratified to 31 agrozones (Fig. 1) in the Tier 2, whereas IPCC climate regions 
were used in the Tier 1. Daily weather data of temperature, precipitation and evapotranspiration 
retrieved from 32 000 measurement stations on agricultural lands were calculated as daily means 
per agrozone and used to estimate the external response factor (re). The daily re values were 
aggregated into long-term mean re values per agrozone for every soil and crop type combination 
and these were used in the model simulation that estimated the stock change factors and soil C 
reference stocks (see Borgen et. al. (2012) for details). 
The European soil database was used to determine the IPCC soil type classification in the Tier 1. 
For the Tier 2, national soil texture maps were overlaid with the 31 agrozones to provide a soil 
texture distribution in each agrozone (Fig. 2).  
 

 

Figure 1. Agrozone division of Norway in 31 strata applied in the Tier 2 and Tier 3 methods. 
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Figure 2. Soil texture distribution of the five major soil texture types in each agrozone.  

For the Tier 1 method, stock change factors and soil C reference stocks were derived from the 
2006 IPPC guidelines (IPCC, 2006b), whereas in the Tier 2, these were estimated by the 
Introductory Carbon Balance Model (ICBM) specific to each agrozone, soil texture type, and crop 
rotation combination.  

1.2. Tier 3 modeling approach and input data 

The ICBM was also used to simulate the annual SOC changes dynamically, which constituted the 
Tier 3 approach. ICBM is a two-pool (old and young C) soil organic matter model developed in 
Sweden (Andrén and Kätterer, 1997). The C pools decay according to first-order kinetics based on 
a pool decay rate and the external decomposition response factor (re) that considers the 
combined effects of climate, soil texture and tillage frequency. A humification factor (h) 
determines the fraction of C that enters the old pool from the young pool. The model has been 
thoroughly tested under Nordic conditions (Andrén et al., 2004; Andrén et al., 2008; Bolinder et al., 
2010). The steady state solution was used to estimate the initial sizes of the C pools. In addition, 
an alternative initialization approach was tested where the model pools were initialized based on 
measured %C. For this we used a soil C database of approximately 600 000 soil samples taken for 
fertility tests on farmers’ fields, which included %C and bulk density. Measurement-based initial 
SOC values were calculated as the product of the bulk density and mean %C per soil texture type 
for the topsoil (30 cm depth). These were more than twice the size of the steady state values 
(Table 1). 

Table 1. Mean national measured %C per soil texture type, measurement-based initial SOC (%C 
×bulk density in 30 cm) and steady state-based initial SOC.  

Soil texture type 
Measured 
% C 

Measured initial SOC 
(Mg C/ha) 

Steady state initial SOC 
(Mg C/ha) 

Sand 4.6 153 60.65 

Sandy loam 3.5 136 55.31 

Loamy sand 4.1 158 52.98 

Silt loam 2.8 110 52.85 

Silty clay loam 2.2 89 52.21 
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Crop rotations were not simulated specifically. Mean annual yield data from 1999-2009 were 
converted to C input for three major crop types i.e. cereals plus oilseeds, grass leys, and potatoes 
plus rutabaga (a turnip). Manure statistics were compiled by the Norwegian national statistics 
agency, Statistics Norway into the amount (Mg DM; dry matter) of manure applied to the arable 
land coming from cattle, pigs or poultry per agrozone. We assumed 45% of DM in manure was 
carbon. Weather data was treated as described above for Tier 2, but in the Tier 3 the daily re 
values were applied in the simulations and not the long-term mean values. 

1.3. CO2 emissions estimated with Tier 1 and Tier 2 methods 

Emissions estimated by the Tier 1 and 2 methods were fairly similar. The Tier 1 method estimated 
slightly smaller soil C gains (negative CO2 emissions) in the beginning of the inventory period and 
slightly larger in the later years (Fig. 3).  

 

Figure 3. CO2 emissions from Norwegian cropland (1990-2011) estimated by Tier 1 and 2 methods. 

Total soil C stock changes over the entire period were alike and of 202.63 Gg SOC for Tier 1 and 
203.31 Gg SOC for Tier 2. Annual C gain rates were practically the same 10.8 kg C ha-1 (30 g C ha-1 
difference) for the Tier 1 and Tier 2 methods.  
During the inventory period, CO2 removal was largest in 1999 and 2008 for Tier 1 and in 1999 and 
2007 for Tier 2. These were years where the availability of animal manure was the highest (data 
not shown). The treatment of the manure data and the assumptions implied when converting to 
model input are therefore crucial for the Tier 1 and 2 methods, which was also the conclusion of a 
study by Borgen et al. (2012). 

1.4. Tier 3 estimated CO2 emissions 

Emissions estimated with the Tier 3 method showed a very different pattern of large annual 
fluctuations and in certain years emissions or removals around 1000 Gg CO2 yr-1 (Fig. 4). When 
total emissions were summed for the whole period, the Tier 3 approach produced a smaller CO2 
removal estimate of 101.3 Gg CO2 compared to the 743.0 Gg CO2 for Tier 1 and 745.4 Gg CO2 for 
Tier 2.  
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Figure 4. Estimated CO2 emissions from Norwegian cropland remaining cropland on mineral soils 
using IPCC methods of all tiers. 

1.5. Climatic variation explains well the annual fluctuating emissions 

The large annual fluctuations were well explained by the external decomposition factor (the re 
value). The trend in the emissions was practically identical to the trend in the annual re values 
during the inventory period (Fig. 5).   

          

Figure 5. Correlation between estimated CO2 emissions (Gg CO2 yr-1; left axis) using the Tier 3 
method and the external decomposition factor (re value; right axis) of the ICBM.  

The strong correlation between the estimated emissions and the re values may be attributed to 
the fact that mean yields were used for C residue inputs instead of annual values. SOC stock 
changes modeled with ICBM are primarily determined by C inputs and the re value. The 
humification factor, and annual C input from manure would also influence the stock change 
estimates, however, to a smaller extent. Data on annual yields of major crops per agrozone are not 
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directly collected in the subsidy application scheme, from where we derived the areas. Further 
efforts are necessary to compile annual yield data representative of each agrozone in order to 
improve the model inputs and the accuracy of the Tier 3 method. 

1.6. Effect of model initialization by steady state or measurements 

It is well known that the initialization of model pools has a large influence on estimated emissions. 
We initialized the model by the steady state condition as this approach generally reduces the 
potential errors related to soil sampling (e.g. that sampling is highly skewed on a national level). 
However, basing the initial C pool size on SOC measurements is often considered more realistic 
than the steady state initialization. Several studies have been done to improve the methodology 
for initializing model pools, for example in the RothC model (Senapati et al., 2013) and in a 
Century-derived model (Basso et al., 2011). 
Initializing the model with mean national measured %C per soil texture type produced much 
larger emissions than the steady state simulation (Fig. 6). Total emissions for the inventory period 
using the measurement-based initialization approach were 21 568 Gg CO2 and were substantially 
larger than for the steady state simulation (-101 Gg CO2).   

 

Figure 6. Estimated CO2 emissions using the Tier 3 approach with model initialization by steady 
state condition or based on measurements. 

The sensitivity of the estimated emissions to model initialization is clear, which illustrates the 
weakness and challenges of the Tier 3 method. 

1.7. Should inventory reporters aim for higher tiers?  

National inventory reporting with Tier 3 methods is resource demanding. Method development, 
testing and validation, documentation and subsequent description in the NIR are time-consuming 
tasks. It should therefore be worthwhile and certain that the purposes of a Tier 3 approach are 
fulfilled. According to the IPCC, the purpose of using Tier 3 methods is to reduce the uncertainty 
in the emission estimate. However, it is not simple to determine the uncertainty of the Tier 3 
method especially if there is a lack of available data for model validation on a national scale. If the 
inventory reporter is not able to provide an uncertainty estimate, the inventory can be considered 
incomplete. Although qualitative uncertainty estimates are possible, these are barely satisfactory 
considering the necessary efforts to implement a Tier 3 method. 
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Another aspect that may be discouraging for the implementation of a Tier 3 method is related to 
the large annual fluctuations. When a source or sink category produces large annual fluctuations, 
it is likely to be classified as a key category. Key categories are defined by IPCC as source 
categories that have a significant influence on the national GHG budget in terms of absolute 
emission level or trend in the emissions. Although, mineral soils on cropland produce a relatively 
modest CO2 removal estimate for the whole period (using the Tier 3 approach), it would most 
likely be determined a key category because of the large annual fluctuations.  
Principally, inventory reporters should aim for higher tiers regardless of the implications for key 
category selection or uncertainty estimate. In fact, a large uncertainty estimate would be an 
incentive to improve the modeling approach of the Tier 3. There is a definite need to evaluate the 
performance of the model, assure that input data is of high quality and to best fit the parameter 
values to national conditions. The challenge is to get the best data for the most susceptible 
parameters and to validate them. Also, the importance of the temporal resolution of input data 
demands attention. It should be emphasized that Tier 3 methods are highly time-consuming and 
in order to comply with the good practice guidance, substantial efforts are necessary. Moving to a 
Tier 3 is a large step that should be chosen only with the appropriate resources available to 
perform model testing by evaluation, calibration, and validation. The results presented here 
require validation before a potential implementation in the national GHG inventory. 

Conclusions 

There are considerable differences in emissions estimated by methods of different tiers. Changing 
between the two lower tier methods has a smaller influence on the national inventory than 
moving to a Tier 3 method. Our study supports the previously presented theory that the two 
lower-tiered methods overestimate net C gains in the long term (Sanderman and Baldock, 2010). 
This advocates the use of the Tier 3 methods, especially for reporting under the Kyoto Protocol 
where emissions are estimated relative to the 1990 base year. However, using a Tier 3 method is a 
substantial task in terms of method documentation, testing, and validation.  
In addition to the methodological challenges of the Tier 3 approach, there are also challenges 
associated with the UNFCCC reporting structure and review process. Large annually fluctuating 
SOC stock change estimates call for explanations. The extent and detail of the explanations 
depend on the demand of the national inventory compilers and UNFCCC reviewers. The fact that 
the LULUCF sector and especially the Tier 3 methods produce large annual fluctuating emissions 
or removals, most likely due to climatic variation, need to be generally accepted within the 
inventory reporting system. With a good understanding of the model and vigorous testing of the 
input data, it may be possible to adapt the model to produce smoother output curves. Adapting 
the inventory methods to reduce the annual fluctuations, for example by adjusting the resolution 
in terms of spatial aggregation level and or time scale of all relevant input data (e.g. climate and 
crop yields), could possibly improve the transparency of the LULUCF reporting. 
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In recent decades, research efforts have been made to improve our knowledge on effects of 
climate, atmospheric CO2, land use and land use change on terrestrial C cycle and greenhouse gas 
(GHG) fluxes. The prediction of terrestrial C sequestration and GHG budgets through models has, 
thus, become a useful tool. However, there is often a mismatch between measurement and model 
results such as Reco and soil carbon sink, as soil organic carbon (SOC) pools are assumed to be in 
equilibrium state. Nevertheless, land use history (i.e. land use changes in the past) may affect SOC 
pools for many decades, ensuring that most managed soils are far from the steady state. This may 
greatly affect model predictions. However, model initialization needed to account for this transient 
state of SOC pools often lacks detailed data on past agricultural management, which are 
necessary to initialize the slowest and passive SOC pool correctly. Our aim is to explore the 
consequences of model initialisation methods, in particular the use of measured SOC pools.  
Soils from five European sites with contrasting agricultural management were sampled. Soil 
samples were fractionated according to Zimmermann et al. (2007) to derive accurate data on 
different SOC for model initialization. The impact of model initialisation was then evaluated for 
three models, differing in their respective soil module: RothC (Soil model), PaSim (Grassland 
model) and DNDC (Biogeochemistry model). 
Regarding RothC, we compared SOC outputs with the measured SOC data, while PaSim and 
DNDC models helped simulate NEE, GPP and Reco of a given site.   
For RothC, first results show that initializing HUM with observed data led to an equilibrium SOC 
distribution close to the measured distribution. Furthermore, measured data from the French site 
showed that the slowest SOC pool can increase in carbon stock over time. For other models, 
model initialisation with depth-wise measured SOC pools and soil-properties markedly improved 
model simulation of Reco, GPP and NEE.  
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Rapport 
Rapporteur: Björn H. Barkarson 
Icelandic Ministry for the Environment and Natural Resources 

The session consisted of seven presentations covering studies on: (a) the role of C dust in global C 
emissions; (b) SOC accumulation under natural succession and after active restoration actions; and 
(c) monitoring of SOC.  
 Carbon dust can contribute considerably to the redistribution of soil organic carbon, which is only 
partly accounted for. SOC dust emission for Australia has been quantified (5.83 Tg CO2 e ȳ 1). This 
amounts to ca 10% of the combined CO2 emissions from the country. The northern hemisphere is 
likely to have much larger SOC dust emission than Australia. Therefore, omission of SOC dust 
emissions likely represents a considerable underestimate of the global carbon emissions.  
Both passive and active restoration of ecosystems in Iceland was shown to increase SOC stocks. 
Chronosequence studies spanning 120 years of natural succession after retreat of glaciers showed 
significant SOC increase with time. However, after 120 years the SOC content of deglaciated areas 
was still only about 50% of undisturbed reference areas. Results from 600 monitoring plots and 
other studies in Iceland showed rapid changes in C stocks during early stages of ecological 
restoration; annually around 600 kg C ha-1. This may be due to Andic soil properties and cold 
climate. Very barren areas show lower sequestration rates. Chronosequence studies in restored 
birch woodland of different age showed that within top 30 cm, soil carbon increases with age. 
However, particulate organic matter (POM) was dominant in top layers of young afforested sites 
but in undisturbed reference areas C was equally distributed between POM and mineral-
associated material (mOM). 
Meta analysis on temperate and boreal post mining sites showed that grasslands and deciduous 
forests accumulated SOC faster than coniferous forests. This is most likely related to higher soil 
biota activity under vegetation producing easily decomposable litter. Macrofauna in soil is a key 
component in soil carbon processes and should not be neglected. More stable SOC is stored in 
deeper soil layers. This must be taken into account when calculating carbon budgets. Origin of 
SOC in sediment transport was studied in urban environment. The method is useful for monitoring 
soil carbon loss from multi-use lands using stable isotope science. This helps focusing 
management on sites where carbon is being lost through rainfall induced erosion.  
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The role of carbon dust emission as a global source of atmospheric CO2  
Adrian Chappell*1, Nicholas P. Webb2, Harry J. Butler3, Craig L. Strong4, Grant H. McTainsh4, John F. 
Leys5,4 & Raphael A. Viscarra Rossel1 
¹CSIRO Sustainable Agriculture National Research Flagship, CSIRO Land and Water, GPO Box 1666, 
Canberra, ACT 2601, Australia. ²USDA-ARS Jornada Experimental Range, MSC 3 JER, NMSU, Box 
30003, Las Cruces, NM 88003-8003, USA. ³Australian Centre for Sustainable Catchments, University 
of Southern Queensland, Toowoomba, Qld, 4350, Australia. ⁴Atmospheric Environment Research 
Centre, Griffith University, Brisbane, Qld, 4111, Australia. ⁵Scientific Services Division, NSW Office of 
Environment and Heritage, Gunnedah NSW, 2380, Australia 

Soil erosion redistributes soil organic carbon (SOC) within terrestrial ecosystems, to the 
atmosphere and oceans (Quinton et al., 2010). Dust export is an essential component of the 
carbon (C) and carbon dioxide (CO2) budget (Smith et al., 2001; Haverd et al., 2012) because wind 
erosion contributes to the C cycle by selectively removing (Gregorich et al., 1998) SOC from vast 
areas and transports C dust quickly offshore (Jickells et al., 2005); augmenting the net loss of 
carbon from terrestrial systems. However, the contribution of wind erosion to rates of carbon 
release and sequestration is poorly understood (Webb et al., 2012). Here we show that SOC dust 
emission is omitted from national carbon accounting, is an under-estimated source of CO2 and a 
largely unaccounted-for, likely accelerant of SOC decomposition. We developed a first 
approximation to SOC enrichment for a dust emission model and quantified SOC dust emission 
for Australia (5.83 Tg CO2-e y-1) and Australian agricultural soils (0.4 Tg CO2-e y-1). These amount 
to under-estimates for CO2 emissions of ~10% from combined C pools in Australia (yr=2000), 
~5% from Australian Rangelands and ~3% of Australian Agricultural Soils by Kyoto Accounting. 
Northern hemisphere countries with greater dust emission than Australia (Tanaka and Chiba, 
2006) are also likely to have much larger SOC dust emission. Therefore, omission of SOC dust 
emission also likely represents a considerable underestimate from those nation’s carbon accounts. 
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Soil carbon accretion along a glacial chronosequence of Skaftafellsjökull, SE-
Iceland 
Olga Kolbrún Vilmundardóttir1*, Guðrún Gísladóttir1,2 & Rattan Lal1,3 
¹Faculty of Life and Environmental Sciences, University of Iceland. ²Earth Science Institute, University 
of Iceland, ³Carbon Management and Sequestration Center, SENR/OARDC/FAES, The Ohio State 
University, USA 

Since the end of the Little Ice-Age, Icelandic glaciers have been retreating after reaching their 
maximum extent in 1890, exposing surfaces where weathering and new soil formation 
commences. Where the position of a glacier’s terminus is known in time, a chronosequence can 
be established along its recessional path. In a chronosequence, it is hypothesized, that except 
time, all other soil forming factors (climate, parent material, biota, and topography) remain 
unchanged (Jenny, 1941). Thus, it is possible to assess the role of time on the rate of pedologic 
processes. As soils develop, organic carbon accumulates in the soil. In fact soils encompass the 
largest terrestrial carbon pool containing ~1500 Pg of organic carbon in the upper 100 cm (Bajtes, 
1996). Sequestering carbon in soil is an option of mitigating climate change (Lal, 2008). Thus, the 
aim of this research was to investigate how the soil develops over time and determine the rate at 
which carbon is sequestered in the soil.  
The research was conducted in front of the Skaftafellsjökull outlet glacier, south of Vatnajökull 
glacier, in summer 2010. Soils at different stages of development were sampled along three 
moraines representing surfaces of ~8, 65 and 120 years. Several parameters were analysed 
including vegetation cover, formation/thickness of the A-horizon, bulk density and concentrations 
of soil organic carbon (SOC). Soils were also sampled under a nearby birch forest (Betula 
pubescens) to compare properties under a mature ecosystem, which may eventually develop on 
the glacial moraines. 
Vegetation consisted mostly of mosses but with plant succession the cover of dwarf shrubs and 
shrubs increased. Over time, A-horizon was formed and the SOC content increased. The carbon 
density (0-10 cm) was estimated to be 0.1 Kg C m-2  after 8 yrs, 0.4 Kg C m-2 after 65 yrs and 1.7 
Kg C m-2 after 120 yrs in the fine earth fraction (<2 mm). Soils in the reference area contained 3.2 
Kg C m-2. The carbon stock (Mg C ha-1) increased at an exponential rate. The proglacial soils are 
still young and have not yet attained the SOC content of the forest soil even after 120 yrs of 
pedogenesis. Thus, SOC density of young moraine soils will increase over time. Given the high 
carbon sequestration potential of volcanic soils and fast retreat of outlet glaciers south of 
Vatnajökull, the proglacial areas have a great potential of sequestering SOC and partially off-
setting anthropogenic emissions from the region. Silicate weathering also contributes to the 
mitigation potential. The research is funded by the University of Iceland doctoral fund, the 
Landsvirkjun‘s Energy Research Fund, the Friends of Vatnajökull Fund, and Targeted Investment in 
Excellence, Climate, Water and Carbon Project, C-MASC, OSU, Columbus, OH, USA. 
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Soil carbon sequestration: A component of ecological restoration 
Johann Thorsson & Kristin Svavarsdottir 
Soil Conservation Service of Iceland, Gunnarsholt, IS-851 Hella 

With increasing greenhouse gas (GHG) emissions and derived climate changes there is a need for 
not only reduced gas emissions and novel technology, but also a sensible plan for mitigation that 
consider many international conventions simultaneously. Under the Kyoto Protocol many 
countries, including Iceland, have reported mitigation through LULUCF activities. Iceland is, 
however, one of the few countries that has elected revegetation under Article 3.4 for the first 
commitment period of the Protocol. 
Revegetation activities that can be classified as ecological restoration aim at recovering degraded, 
damaged or destroyed ecosystems by accelerating local ecosystem processes. Ecological 
restoration increases biodiversity and resilience of restored ecosystem, and carbon is 
sequestrated. Iceland with its degraded and eroded ecosystems can be viewed as a case study for 
revegetation under Article 3.4. Organized restoration activities began early last century by the Soil 
Conservation Service of Iceland (SCSI) and have since the 1980s focused increasingly on ecological 
restoration (Magnusson, 1997). To date approx. 2000 km2 or more than 2% of the island have 
been restored (Aradóttir et al. submitted).  
In 2007, a monitoring project started aiming at determining carbon sequestration in revegetation 
areas initiated after 1990 and managed by the SCSI. Soil and vegetation samples are collected 
based on a systematic geographical grid for C and N analysis along with vegetation cover and 
species composition.  First results suggest that there is a difference between degradation stages in 
terms of C sequestration in the soil.  Highly degraded areas, where ecosystem functions are 
severely dysfunctional, sequester at lower rates than sites in better conditions, or 2.2 t CO2 ha-1 y-1 
vs. 2.8 t CO2 ha-1 y-1.  This shows that there are ecological thresholds present in the system which 
have to be overcome or avoided and underlines the importance of maintaining vegetation and 
soil functions. Revegetation activities affected direction and rate of succession differently. Species 
richness increased after revegetion but was dependent on the method used. Our work shows that 
functional ecosystems can be developed through revegetation and they becomes sustainable with 
time given that management and land use are not unsustainable. 
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Carbon accumulation in Icelandic desert Andosols during early stages of 
restoration 
O. Arnalds, B. Orradottir & A. L. Aradottir  
Agricultural University of Iceland, Hvanneyri, Iceland 

We investigated carbon accumulation during early stages of ecological restoration of a desertified 
area in Iceland. The study site, a part of a larger experimental area, consisted of 24 experimental 
plots, 1 ha each, with nine different restoration treatments and untreated control, all replicated 2–
3 times. The barren desert soils were sandy with unstable surface conditions subjected to intense 
cryoturbation and wind erosion. Initial carbon stocks in soils of eroded, untreated areas were 0.1–
0.3 kg m−2, largely consisting of inert metal–humus and/or clay–humus complex characteristic of 
Andosols. Carbon content in the 5 cm surface layer increased from < 0.3% up to >0.7% in some 
treated plots. Annual carbon accumulation of 0.04–0.063 kg C m−2 yr−1 was observed over the first 
seven years after initiation of restoration efforts, highest in treatments seeded with grasses and 
fertilized but no accumulation was observed in untreated controls. These results confirm earlier 
preliminary research in many parts of Iceland showing similar rates of accumulation. Carbon 
accumulation rate of >0.05 kg C m−2 yr−1 can potentially be maintained over >100 yr due to the 
nature of Andosols and a steady burial by an influx of aeolian materials. There are large areas of 
desertified surfaces in Iceland (thousands of km2), many of which are undergoing restoration 
treatments. Restoration efforts in Iceland can play a significant role in sequestering carbon in 
ecosystems to balance national GHG emissions as well as restoring biodiversity and important 
ecosystem services. More detailed account of this research was recently published in Geoderma 
(Arnalds et al., 2013) 
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Soil organic matter accumulation in post mining sites: The effect of climate 
substrate, vegetation and soil biota  
Jan Frouz 
Institute for Environmental Studies, Charles University, Benátská 2, Praha, Czech Republic  

This contribution summarizes long term research dealing with soil organic matter accumulation in 
post mining soils. Mining soils are ideally suited for chronosequence studies of soil and vegetation 
development, as new sites are repeatedly created during a long period of time using a similar 
substrate and similar technology and their history is usually well documented. The simplicity of 
the initial soil also allows studying processes that would be difficult to study in mature soils.   
Extensive meta-analyses covering 93 temperate and boreal post mining sites show that grasslands 
and deciduous forests accumulated SOC faster than sites with coniferous forests. The rate of 
accumulation was negatively correlated with temperature under coniferous forests, but positively 
correlated with temperature in grasslands. In all sites however the carbon accumulation rate 
decreased with plot age (Vindušková and Frouz, in press). As well, this study did not prove any 
effect of soil texture on the accumulation rate. Extensive survey of carbon storage under various 
tree species in a common garden experiment on one large heap showed that the tree effect was 
closely related to the effect of soil biota.  The highest C storage was found under trees producing 
easily decomposable litter. whereas trees producing barely decomposable litter stored less 
carbon.  This corresponds with a higher macrofauna density and activity in sites with easily 
decomposable litter and consequently with a higher degree of bioturbation (Frouz et al., 2009). 
The positive effect of bioturbation on C storage was also shown in manipulation experiments 
(Frouz et al., 2006). Macrofauna bioturbation was clearly affected also by climatic conditions and 
was limited in dry or cold areas. There are several potential mechanisms as to how the macrofauna 
can slow down organic matter decomposition, including chemical changes, promoting 
humification, and incorporation of organic matter into soil aggregates (Frouz and Šimek, 2009, 
Frouz et al., 2011ab).  
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The sequestration potential of re-vegetated land – is the SOC stock the only 
relevant parameter? 
Matthias Hunziker1*, Nina Carle1, Gudmundur Halldorsson2, Nikolaus Kuhn1 
1 Physical Geography and Environmental Change University of Basel, Basel, Switzerland. 2 Icelandic 
Soil Conservation Service, Gunnarsholt, Iceland 

Introduction 

According to the potential of terrestrial system (biomass and soil) to sequester atmospheric 
carbon (Houghton et al. 2004; Sabine, 2006), countries can reduce their national carbon emissions 
by endorsing projects and activities such as revegetation, afforestation and wetland reclamation. 
As an example, the Icelandic government has financially supported activities such as these since 
the 1990s (Sigurdsson & Snorrason, 2000, Aradottir & Arnalds, 2001; Ministry for the Environment, 
2007). However reclamation of land has been carried out for more than 100 years in Iceland 
(Crofts, 2011). Reasons for this have included intensive land degradation and soil erosion events. 
Both processes were caused by the human impact, in combination with natural stress factors, such 
as volcanic eruptions or harsh climate on the fragile ecosystem since settlement ca. 1100 years 
ago (Aradottir & Arnalds, 2001). It is assumed, therefore, that about 40,000 km2 have been 
affected by severe soil erosion and that 120-500 Mt soil organic carbon (SOC) have been lost 
(Óskarsson, Arnalds, Gudmundsson, & Gudbergsson, 2004). Today, approximately 50,000 km2 
(~50%) are covered by barren deserts or by disturbed areas with limited plant production 
(Arnalds, 2000). Based on this environmental change, a high sequestration potential of 
atmospheric carbon in the biomass and the pedosphere is postulated for Iceland by reclaiming 
degraded land (Arnalds et al. 2000; Lal, 2009). Regarding the soil system, the estimation is based 
on Icelandic studies, which were focused on the total SOC stocks (Gudmundsson et al. 2004; 
Óskarsson et al., 2004). This applies also to inventories based on national level estimates 
(Hallsdóttir et al. 2013). However, little is known about the organic dynamics of reclaimed soils.  
The present study aims to characterize the sequestered carbon within different C-pools and to 
determine its relative stability with the purpose of assessing the long-term sequestration potential 
of soils at reclaimed sites. 

1. Material and Methods 

The study is part of the “KolBjörk” (CarbBirch) research project (Halldórsson et al., 2011). For this 
purpose 50 y old re-vegetated grasslands (Grass 50) and afforested areas of different age (Birch 
14, Birch 19, Birch 24, Birch 50) were compared to eroded sites (Control) and naturally occurring 
remnants of old woodlands (Birch remnant). All 21 sites were sampled in summer of 2011. At each 
site, five soil depths (0-5, 5-10, 10-20 and 20-30 cm) were randomly sampled. For each depth 
layer, the five sub-samples were immediately mixed in order to form one composite sample. Thus, 
each depth layer per age class was represented by three composite samples. At the woody sites, 
sampling occurred within one half of the crown diameter of a dominant mountain birch (Betula 
pubescens ssp. czerepanovii) tree. In the laboratory, the coarse fraction (>2mm) of the dried (40 °C) 
samples was separated by dry sieving and the volume of the coarse fraction was determined by 
water displacement. The fine earth (bulk) samples were treated by a fractionation procedure 
(Zimmermann et al. 2007) to quantify SOC in the pool of particulate organic matter (POM), the 
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pool of mineral-associated sand fraction (> 63 µm, HF), the pool of silt and clay fraction (< 63 µm) 
and the dissolved organic carbon (DOC) pool. The bulk samples and the SOC fractions were 
analysed for organic carbon and nitrogen content by dry combustion (Leco CN 628 Elemental 
Determinator). The SOC stocks were estimated with the bulk density for soil (< 2mm) according to 
Ellert et al. (2008) and Rodeghiero et al. (2009). Further, δ15N was analyzed for the bulk and POM 
samples by ion ratio mass spectroscopy (Thermo Finnigan Delta plus XP coupled with an 
elemental analyzer Flash EA 1112 Series). Together with the C:N ratio of the bulk and POM 
samples, the amount of carbon which passes from the POM to the mineral-associated SOC pool 
was estimated (Conen et al. 2008). 

2. Results and Discussion 

2.1. Carbon Stocks 

For the top 30 cm, the SOC stock increased with increasing age at the afforested site. However, 
the 50 yr. old afforested site had a considerable lower stock than the old-growth woodland (∆ 16 t 
ha-1). The re-vegetation of eroded land by fertilizer and grass seeds resulted in an increase in the 
SOC stocks by 16 t ha-1 within 50 years. The stock (0-20 cm) at the grassland site was slightly 
higher than reported for a 46 yr. old grassland (Aradóttir et al. 2000). 
The control site has a higher SOC stock than the “Birch 14”, “Birch 19” and “Birch 24” stands. Thus 
the site cannot be considered representative of an initial state for the afforested birch stands that 
were investigated. However the stock of the “Control” site is in the range of desert soils (Arnalds 
et al. 2013). One explanation for the lower stock values associated with the afforested sites might 
be that the sites were established on soil which was more affected by erosion. Furthermore, the 
SOC concentrations and stocks of the two lower horizons of control and “Grass 50” were higher 
than the upper horizons. This indicates that buried SOC was probably sampled at deeper horizons 
on these sites. Kolka (2011) shows similar SOC patterns in soil profiles of reclaimed sites. Based on 
this assumption, it is questionable whether the main SOC at “Grass 50” derives from the 
reclamation process (see also Fig. 2). Another consequence of the stock patterns of the “Control” 
site is that annual sequestration rates (t C ha-1 yr-1) are most reliable for the top 5 cm (Grass 50: 
0.06; Birch 14: 0.06; Birch 19: 0.13; Birch 24: 0.14 and Birch 50: 0.21).  

 

Figure 1. SOC concentrations (mg g-1 dry soil) (a) and stocks (t ha-1) (b) for the studied reclaimed, 
eroded (control) and old-growth (remnant) sites. The four sampling depths (0-5, 5-10, 10-20 and 20-
30 cm) are indicated by white dashed lines. The data is shown as average values (n=3) for each 
depth layer and 1 standard errors for 0-30 cm. 
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2.2. SOC Fractions 

The separation showed that the POM-C content increased along the afforested time span in all 
observed horizons. Similar patterns show for the SOC which is stored in the silt and clay fraction in 
the two top horizons. “Birch 50” had a higher POM-C content in 0-5 cm but a lower content in the 
5-10 cm layer compared to “Birch remnant”. The higher content of POM-C in the top 5 cm at 
“Birch 50” can be explained by the fact that this stand has not passed the thinning stage and 
therefore the input oforganic matterat “Birch 50” is higher than at “Birch remnant”. The higher 
content of POM-C in the lower horizons (5-10 cm, 10-20 cm and 20-30 cm) can be caused by the 
higher amount of living below-ground biomass at "Birch remnant” (Hunziker, 2011). The SOC, 
which is stored in the mineral-associated pool of the sand fraction, has also increased along the 
time span but time shifted compared to the POM-C. Fifty years of reclamation with fertilizer and 
grass showed an increase in all analysed fractions within 0-5 cm layers. However in the 5-10 cm 
layers, no change or even a slight decline of the SOC content in the mineral-associated sand 
fraction and the silt and clay fraction was observed. In deeper horizons (10-20 cm and 20-30 cm) 
an increase of the SOC bounded in the silt and clay fraction was found between “Control” and 
“Grass 50”. However the high amount of carbon which was stored in the silt and clay fraction at 
“Control” and “Grass 50” compared to the birch sites supports the assumption that buried SOC 
was located in deeper sampling horizons. 
Further, in the top 5 cm, the SOC at the afforested sites was dominated by the POM fraction. 
However the silt and clay fraction was responsible for the majority of the SOC at “Control” and 
“Grass 50”. In 5-10 cm layers, SOC was mainly stored in the silt and clay fraction at all classes. In 
deeper sampling horizons SOC pool in the silt and clay fraction became even more dominant. It 
seems that after 50 years of afforestation the highest sequestration potential is still in the mineral-
associated sand fraction for the top 5 cm. However SOC may be stored in the POM, mineral-
associated sand and silt/clay fractions in 5-10 cm. Similar to findings reported by Smittenberg et 
al. (2012), the amount of mineral bound SOC in the sand fraction was also lower than the amount 
of SOC of the silt and clay fraction on almost all sites. However SOC (>63 µm, HF) was not 
negligible as in Smittenberg et al. (2012). Another finding was that the differences between the 
pools of “Birch 14” and “Birch 50” were higher than between those of “Control” and “Grass 50”. In 
terms of the SOC sequestration potential, planting trees might therefore be the preferred 
revegetation method when compared with using fertilizer and seeding with grass. 

2.3. Stabilization of SOC 

According to Conen et al. (2008), the proportion of the transformed C is stoichiometrically derived 
from the loss of N during transformation and is reflected by changes in the C:N ratio of the 
organic matter in the POM and the mineral bounded fractions (mOM). The loss of N is based on 
the δ 15N values of POM and mOM (Conen et al., 2008). Due to lack of POM material, the analysis 
was only practicable for the top horizons for all classes and deeper horizons at “Birch 24”, “Birch 
50” and “Birch remnant”. In general, the study showed that about half of the carbon which is 
stored in the POM fraction is transformed into mineral bounded SOC (Fig. 3). The rest of POM-C is 
lost. The reason might be autotrophic respiration or vertical transport of POM by water. Other 
studies showed similar transformation values for C for the top centimeters (Conen unpublished 
data).  
Further, the 50 yr. old grassland acts comparable the young afforested sites “Birch 14” and “Birch 
19”, but was more than one half lower than “Birch 50”. This would explain why the increased 
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mineral bounded SOC was lower at “Grass 50” compared to “Birch 50” (Fig. 2). Recently, Einarsson 
(2013) found that the respiration rate of reclaimed surfaces (incl. the understory vegetation) is 
higher than the carbon uptake. The low values of transformed-C obtained in this study could 
explain to some extent why respiration rates are often high. 

 

Figure 2. SOC concentrations in the fractions. See the labels in figure panel a) for 0-5 cm,b) for 5-10 
cm, c) for 10-20 cm and d) for 20-30 cm for the studied reclaimed, eroded (control) and old-growth 
(remnant) sites. The concentrations are normalised and are shown as average (n=3) values and 1 
standard errors. Please notice that the scales differ. 

Conclusions 

The present study shows that undertaking research on eroded and reclaimed areas is often 
problematic. Land degradation and/or soil erosion processes can frequently lead to landscapes 
with highly diverse soil patterns. Thus finding a comparable reference site can be more difficult 
than when undertaking investigations elsewhere. However a control plot has to act as a reference 
basis, due to the fact that making estimates of SOC sequestration rates relies on a comparable 
reference which must be chosen carefully. Another relevant aspect is the sampling depth. The 
study demonstrates that the (formerly) eroded land differs from common assumption that SOC 
content declines with increasing sampling depth. It seems that in the deeper horizons, some part 
of the SOC has originated from buried soils. Further, the reclamation effect occurs in the top 
centimeters during the first decades after reclamation. It would be overshadowed by other soil 
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processes if deeper sampling depths were chosen. Regarding the sequestration potential of 
reclaimed areas, a sampling depth which not only includes the SOC derived from the reclamation 
process would overestimate the potential.  

 

Figure 3. Proportion of transformed SOC from the POM to the mOM fraction for the studied 
reclaimed and old-growth (remnant) site. Data is shown as average values (n between 1 and 3) and 
1 standard errors. 

While stock calculations reflect the maximal amount of SOC, the fractionation of the total SOC 
pool into POM-C, mineral associated C in the sand fraction and C containing in the silt and clay 
fraction enables a prediction of the SOC stability to be made. The study shows that in the top 5 
cm, approximately one half is stored as POM-C at the afforested sites. This means that much of 
the total SOC is in a labile status and represents source material for further decomposition which 
will ultimately end as released CO2. The stable N isotope analysis confirms this finding because 
only about 16 to 53 % of the POM-C (0-5 cm) is transferred to mineral bound SOC at the 
afforested sites. The mineral bounded SOC in the sand or silt and clay fractions have more of an 
influence in the lower soil layer and at older sites. Inferred from the SOC fractionation, SOC stock 
calculations overestimate the carbon sequestration potential of the soil.  
Therefore, it has to be taken into account that the SOC stock is not the only relevant parameter 
regarding the SOC sequestration potential. 
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Introduction  

This manuscript examines the great potential for carbon management scope in urban lands using 
scientifically valid and statistically sound methods through integration of contributions from 
scientists and engineers from different backgrounds. The main objective is to complement the 
current Natural Resources Conservation Service (NRCS) initiatives to update the soil carbon stock 
inventory of the United States. The traditional research approaches in the US help solve local 
carbon sequestration issues on a watershed but fail to address the spatial and temporal impact of 
such local management decisions under uncertain hydrologic pulses (e.g. episodic rainfall) on the 
soil erosion rate distribution and the resulting soil organic carbon loss. The contribution of soil 
organic matter (SOM), originating from soils with different compositions, to suspended sediments 
in runoff, can be derived using soil organic carbon (SOC) erosion rates and stable isotope ratio 
(13C, 15N) measurements (Boutton and Yamasaki, 1996). Traditional soil erosion budget models 
and numerical erosion prediction models are based on empirical relationships between estimates 
of the average SOC content and that of suspended organic carbon derived from river discharges 
(Fox and Papanicolaou, 2008). However, they do not provide information on the nature and the 
origin of eroded SOC and its further evolution in the hydrographic network which could provide a 
holistic approach to monitoring soil loss and quantify the actual sequestration. Refinements in 
SOC identification is achieved using 13C measurements and its geospatial variability (Ahmed et. 
al., 2013).  
The methods used to apply the novel isotope science include: i) Rainfall-runoff relationship, ii) 
Assessment of episodic nature of rainfall, iii) Land use fingerprinting, iv) Integration framework, 
and v) Decision Support System (DSS) development. The project began in January 2013 and has 
gone through phase one which received focus on items (i) and (ii) leading to item (iii) this summer 
of 2013. The integration framework will lead to the DSS supported by GIS and visual software 
tools. The three-year project is expected to end in the year 2015, and lead to a scientifically and 
statistically valid decision support unit to monitor soil carbon loss, and allow a basis for correlation 
with soil carbon sequestration in urban lands.  

1. Project location, watershed physical characteristics and rainfall pattern 

Under a three-year Federal grant from the US Department of Agriculture (USDA), a three 
institution team of scientists from Prairie View A&M University (Lead), Texas A&M University and 
University of Houston is currently studying soil organic nutrient distribution within the highly 
urbanized Buffalo Bayou Watershed in Houston, Texas. In tune with current NRCS efforts to 
update the national carbon stock inventory, the study is timely and sets the groundwork for future 
scientists interested in a region that has never been studied in this context. The watershed is 
characterized by low to moderate slope topography and is part of the coastal prairie lands of 
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South Texas. Though the watershed is known for flooding, it drains well. This leads to soil loss 
from surficial erosion processes under episodic rainfall that tend to have a Poisson distribution 
(Irvin-Smith et al., 2012). 
 

 

Figure 1. Study watershed within the greater Harris County watershed in Texas 

Local vegetation varies from grass to century old oak trees within the urban and man-made 
reservoir areas of the watershed managed by the US Army Corps of Engineers. The Buffalo Bayou 
Watershed encompasses 150 square kilometer area within the greater Harris County watershed 
(Fig. 1), Texas. It is the innermost watershed in the County and therefore, the Buffalo Bayou 
receives a heavy load of eroded sediment from the upper parts of the watershed. The land use 
fingerprinting method, briefly discussed in the latter part of this paper, benefits from the inner-
most location of the water-shed within Harris County. The LiDAR map in Fig. 1 shows a maximum 
ground elevation of approximately 104 meter (340 feet) above sea level. GIS layers from the 
government source were only available U.S. unit system. 

1.1. Rainfall pattern and climate model for eroded soil yield estimation  

Rainfall occurrence of different months of a year for up to 22 years of rain gage data were 
averaged and plotted by stations so that both spatial and temporal dimensions of rainfall 
fluctuations could be determined and assessed. Rainfall distribution over a typical year shows no 
discernible pattern (or trend) in the time series. Such variation in the annual rainfall pattern is 
noted at all rain gage stations. The plots rarely suggest any regular pattern in the occurrence of 
rainfall for the selected stations but rather indicate episodic (sometimes erratic) nature of rainfall 
incidence. This local scale erratic pattern of rainfall may be influenced by continental scale physical 
and climatic processes. Annual average rainfall for the study gages compared favourably (Table 1). 
However, as seen in Table 1 and in Chart 1 below, the highest and the lowest deviations of rainfall 
from the respective annual averages are significant. This indicates that rainfall variability is equally 
important component that deserve consideration (along with the mean values) in the assessment 
of climatic conditions/change, and consequently, the susceptibility of soil erosion under variable 
runoffs. Fig. 2 shows the rain gage locations in the watershed.  
The Water Erosion Prediction Project (WEEP) software of the USDA is used to predict watershed-
wide relationship between eroded soil yield and contributing sub-watershed (response units)  
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Table 1. Average annual rainfall with highest deviation from average   

 
 

 

Figure 3. Buffalo Bayou watershed with rain gages along the fringes of the Bayou 

slopes. The original 26 sub-watersheds of the Buffalo Bayou watershed were further divided into 
smaller sub-watersheds to capture the widely varying land slopes. The four basic input files for 
WEPP runs were climate, soils, slope, and management files. The management file consists of 
percent vegetation cover which play significant role in the amount of soil yield. The soil 
parameters selection was supported by USDA/NRCS Soils Database and Texas A&M University 
Soil Characterization Laboratory Database of the Texas Agricultural Research Station (TAES), and 
are discussed in a latter section of this paper. The climate model in WEPP is based on CLIGEN 
weather generator (Nicks et. al., 1995). CLIGEN is a stochastic weather generator that produces 
daily time series estimates of precipitation in Markov Chain framework, temperature, dew point, 
wind, and solar radiation, based on average monthly measurements for the period of climatic 
record, like means and standard deviations. To generate rainfall from WEPP, a random number is 
selected, and inverse transform of probability distribution is found. When analytic inverse 
transform is not possible, numerical integration is necessary.                              

_________________________________________________________________________ 
      Gage Annual Average Rainfall  Highest Deviation Lowest Deviation 
(data years)                (mm)   from Average  from Average 
      + mm (year)  - mm (year) 
_______________________________________________________________________________ 
 

Beltway-8                1143   + 711 (1992)  - 660 (1996) 
(1990-2011) 
 
San Felipe                1168   + 965 (1992)  - 686 (2011) 
(1990-2011) 
 
Shepherd                1194   + 635 (2007)  - 635 (2011) 
(2000-2011) 
 
Milam                 1168   + 965 (2007)  - 711 (1996) 
_______________________________________________________________________________ 
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Chart 1. Annual average rainfall deviations at lowes  three rainfall gages with 22 years of data. 
 

In CLIGEN, skewed normal distribution is used to find daily precipitation amount, and it is 
assumed that there is an exponential relation between storm events and mean monthly duration 
(USDA, 1995; Nicks et. al., 1995). 

1.2. Soil physical and chemical characteristics in the study area 

The soil physical properties supported by WEPP include initial saturation level, inter-rill erodibility, 
rill erodibility, critical shear, effective hydraulic conductivity, layer depth, percent sand, clay, 
organic matter, and Rock, and cation exchange capacity. Solar albedo is used to estimate the net 
radiation reaching the soil surface, which is then used to estimate evapotranspiration within the 
WEPP water balance routines (USDA, 1995). The TAES soil series represented in Harris County is 
Addicks Variant which falls in the soil family named and characterized by Typic Argiaquoll; coarse-
loamy, siliceous, active, and thermic. Fig. 3 shows dominant soil orders in Texas and Houston area 
soil is predominantly Vertisols. Uderts (dominant suborder) are the Vertisols of humid areas like 
Houston. They have cracks that open and close, depending on the amount of precipitation. In 
some years the cracks may not open completely. 



scs2013 – session 2c  134  

 

Figure 3. Soil order distribution in Texas 

 
These soils are natives of Texas, the lower Mississippi River Valley, and Alabama. At one time many 
of these soils supported grass and widely spaced trees, although some supported hardwood 
forest vegetation. Uderts are used mostly as pasture, cropland, or forest. Because the saturated 
hydraulic conductivity of these soils is very low, a surface drainage system is commonly used to 
remove excess water from cropland. Rice is grown on some Uderts that have a thermic or warmer 
temperature regime (USDA, 1995). The project area used to support rice paddies at the time 
Houston was prone to flooding and before the US Army Corps of Engineers (USACE) built two 
dams that currently regulate flow in the Buffalo Bayou. 
                                                      
Soil bulk density and pH were measured and their histograms show reasonable spread for both 
(Fig. 4). In most of the natural ecosystems the research team at TAMU worked in, bulk density 
tends to be closer to 0.9-1.0. However, the soils under study are likely to be impacted by human 
activities that compress soil and increase bulk density. The large range of pH values from 5 to 8 is 
surprising, but this is a fairly large geographic area needing future geostatistical analysis of 
varying soil properties. Values of pH in the basic range (> 6.5) lead to unstable δ13C tracer values 
in the lab due to presence of carbonate. Acid test was necessary to eliminate the presence of 
carbonate.  

Figure 4. Physical properties of soil 

Elemental and isotopic analyses of carbon (C) and nitrogen (N) in soils were conducted in the 
Stable Isotopes for Biosphere Sciences Laboratory at Texas A&M University at TAMU. Aliquots of 
each dried, ground soil sample were weighed with a microbalance ( 1 g) into tin capsules and 

Houston
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combusted in an oxygen atmosphere at 1020°C in a Carlo Erba EA-1108 elemental analyzer 
interfaced with a Finnigan Delta Plus gas isotope ratio mass spectrometer running in continuous 
flow mode (Fig. 5). Soil samples containing CaCO3 were pre-treated with HCl vapour to volatilize 
the inorganic carbon prior to the combustion process (Harris et. al, 2001). This system was 
configured to derive 13C, 15N, and concentrations of C and N from the combustion of each soil 
sample.  Isotope results are presented in -notation that expresses the relative difference between 
the stable isotope ratios of a sample and a standard as: 
 

                     13C  or  15N (‰)  =  [(Rsample  Rstandard) / Rstandard]  x  103      (1)  
 
where R = mass 45/44 ratio for 13C, or mass 29/28 for 15N.  13C values are expressed in ‰ 
relative to the V-PDB standard (Coplen 1995), while the 15N values are expressed in ‰ relative to 
the atmospheric N2 standard (Mariotti 1983).  Precision was < 0.1‰ for 13C and < 0.2 ‰ for 15N 
(Boutton, 2012). Preliminary elemental and isotopic results for 180 soil samples from the Buffalo 
Bayou watershed vary notably in range. The δ13C values (‰ vs. the V-PDB standard) ranged from -
27.42 ‰ to -11.05 ‰.  These values span nearly the entire range of values reported previously for 
terrestrial and aquatic organic matter derived from natural or anthropogenic sources (Boutton, 
2012).  The δ15N values (‰ vs. the AIR standard) of soil and sediment samples ranged from 2.54 
‰ to 11.22 ‰.  As with the carbon isotopes, these δ15N values span almost the entire known 
range for environmental δ15N values in terrestrial and aquatic systems. Collectively, the large range 

 

Figure 5. Soil processing chart 
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of values for both δ13C and δ15N values for our soils and sediments indicate that there are many 
isotopically distinct potential sources of organic matter in this watershed.  Therefore, these 
preliminary results give us great confidence that it should be feasible to use isotopic 
fingerprinting of soils and sediments to identify the specific sources that contribute carbon and 
nitrogen to the Buffalo Bayou watershed (Boutton, 2012).   
Soil organic carbon concentrations ranged from 0.29% C to 23.97% C, and soil total nitrogen 
concentrations ranged from 0.02% N to 0.81% N.  As described above for the isotopes, these 
values span nearly the entire range of C and N concentrations previously reported for surface soils 
around the world (Boutton, 2012).  Because soil organic carbon and soil total nitrogen 
concentrations tend to be relatively more constant within a given biogeographic region, these 
extremely large ranges for soil C and N concentrations suggest that the land cover and land use 
changes that characterize urban watersheds have dramatic impacts on these soil properties 
(Pickett and Cadenasso 2009).  The large range of values indicates that some portions of the 
landscape have clearly lost large quantities of soil C and N through erosional processes, while 
other portions of the landscape appear to be depositional environments for nutrient rich surface 
soils that have been transported from elsewhere.  These results are consistent with soil C and N 
patterns described in other urban environments (Pouyat et. al. 2006).  

2. Land use fingerprinting using Bayesian Markov Chain Monte Carlo (B-MCMC) 
Simulation  

B-MCMC simulation of land use fingerprinting has recently received greater attention (Fox and 
Papanicolaou, 2008). Typically, two kinds of tracer data (δ13C and δ15N) are used including those 
from land use sources, x, and those from eroded-soil, z. The contribution of eroded soil from each 
source is estimated using an un-mixing model. Thus, the mass balance equation for the un-mixing 
model takes the form (Fox and Papanicolaou, 2008): 

    zT  =  )( k
k

T
k px                (2) 

                              (3) 
 
where p is the fraction of eroded-soil originating from each k land use source. T is the number of 
tracer data. The mass balance matrix is over-determined due to the use of multiple tracers, and 
includes a multivariate distribution for x and z. Fox and Papanicolaou (2008) show that B-MCMC 
has the ability to efficiently solve the over-determined mass balance matrix, even with the 
consideration of multiple erosion processes. The tracer distribution of soil eroded from each land 
use source depends on the sampling duration because soil erosion does not necessarily occur at 
the same rate over a watershed. The Buffalo Bayou Watershed is urbanized and is prone rill/inter-
rill erosion. The tracer data value, j the index of soil erosion process (e.g., rill/inter-rill is one type 
of soil erosion process), and k is land use type:  

)](,[~ xCOVMVNx jkTTjkT

i

jk   

In the Bayesian statistical paradigm, the mean µ and COV(x) will have distribution of their own 
which can be multivariate normal (MVN) and Wishart distributions (Ntzoufras, 2009) to facilitate 
MCMC simulation using Gibbs sampling in WinBUGS: 
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Here, θ, τ, ω and ρ can be specified as non-informative priors. Similarly, the tracer data at all 
bayou-tributary confluences can also be represented by multivariate normal parameterization and 
thus, uncertainty is included in measurement error:  
 
 
with z being a vector of soil mixture tracer values, and  Γ ~ Wishart(Λ,ς). The parameter φ is 
specified in the deterministic equation for the mass balance inversion as follows (Fox and 
Papanicolaou, 2008): 
              (4) 
 
with Pk

  having a Dirichlet distribution with parameter λk , and vk  is a soil erosion type identifier 
which can be related to sediment yield and slopes of sub-watersheds (response units) from WEPP 
runs in the case of a single predominant erosion type (rill/inter-rill) as in the current study. Given 
the single type of soil erosion process in the greater study watershed, the erosion type identifier is 
best correlated with sub-watershed slopes appear to control erosion based on WEPP results. Thus, 
for sites with predominantly residential plots, k may correspond to land slope as opposed to land 
use source. Work is in progress to formulate such modification for this study. Finally, Bayesian 
MCMC (Bolstad, 2010; Ntzoufras, 2009) with Gibbs sampling (simplified form of the Blockwise 
Metropolis-Hastings Sampling Method) can be applied to determine probabilistic solution to the 
un-mixing equations for all parameters in the model. The posterior distribution of all model 
parameters based on data is given by Bayes theorem:       

       P (All model Parameters | xjk,vk,z) = P (All model parameters) x P (xjk,vk,z | All model parameters)    (5) 

The solutions to this model are the percentages of soils eroded from different land use types or 
sources. 

Conclusions  

The task at hand is challenging and yet a driving force for integrated management of soil carbon 
in urban environment. The objective of this paper was to present a computational statistical 
method to identify soil organic carbon sources that is dependent on accurate determination of 
soil chemical characteristics, justified by the soil physical characteristics as allowed by the existing 
watershed conditions. Integration of knowledge from different fields of background of the authors 
is essential to accomplish research tasks in quantifying hydrologic influences on soil organic 
carbon loss monitoring using stable isotopes. Integration of biogeochemistry with hydrology, 
erosion prediction, sediment engineering, and geospatial statistical analyses may lead to robust 
soil carbon management decisions. Collaborative efforts are needed to support field based 
technology to validate numerical models. Bayesian-MCMC has shown to lead to accuracy with 
increased number of parameter sampling even if raw data is non-normal. However, the role of 
information is critical. The current work will look into tackling the model uncertainties. 
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Rapport 
Rapporteur: Björn H. Barkarson 
Icelandic Ministry for the Environment and Natural Resources 

The session consisted of three presentations covering studies on the economic and environmental 
performance of farms using different land management, long term carbon sequestration in 
grassland and effect of increased temperatures on SOC. 
A study on the economic and environmental performance of farms using different land 
management revealed that INC (internal nutrient cycling) farms revealed higher soil C and lower 
energy use of non-renewable sources than conventional farms. Payment for agri-environment 
scheme was higher for INC farms. This suggests that INC farms contribute to SOC sequestration 
whilst maintaining profitability as economic enterprises delivering various ecosystem services.  
Soil sampling from long term grassland experiment sites revealed that fertilized sites had highest 
rates of carbon sequestration. The Gleyic Andosols only showed an increase in SOC when 
fertilized. SOC was found to correlate best with Fe of all pedogenic oxides. Great differences in 
SOC content were observed at different depths. Therefore, it is important to sample the whole soil 
layer. Study in alpine ecosystem indicates that higher temperatures lead to acceleration of 
decomposition, decreased soil moisture, increased microbial activity and decomposition of litter 
carbon accelerated. These findings can be useful for modelling and predicting potential impact of 
global change on soil carbon flux.  
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Soil carbon sequestration in the context of integrated sustainability 
performance: a comparison of two farming systems 
M. P. W. Sonneveld1, M. A. Dolman2,3 & I. J. M. de Boer3 
1Soil Geography and Landscape Group, Wageningen University, Wageningen, The Netherlands 
2Agriculture Economics Research Institute, Wageningen University and Research Centre, The Hague, 
The Netherlands 3Animal Production Systems Group, Wageningen University, Wageningen, The 
Netherlands 

Soil carbon is a vital component in the overall functioning of agricultural systems. An assessment 
of soil carbon within an integrated sustainability analysis of farming systems, however, requires 
information on other indicators as well. In this study we compared various sustainability indicators 
of a group of conventional farms with a group of farms aiming at an improved internal nutrient 
cycle (INC). INC farms focus on optimizing use of on-farm available resource, for example, soil 
organic matter, nutrients from manure and home-grown feed production (Van Hees et al., 2009). 
INC farms, therefore, can make a significant contribution to preservation of food producing 
capacity, while additionally producing ecosystem services. An integral assessment that quantifies 
the effect caused by this INC approach, including effects on soil carbon, however, was not yet 
performed although previous studies have assessed the environmental performance of INC farms 
in the past (Sonneveld et al., 2008). In this study, we quantified economic performance using net 
farm income and labour productivity, both expressed per unit of milk production. Environmental 
performance indicators were derived from a cradle-to-farm-gate life cycle assessment (Dolman et 
al., 2012), i.e., land occupation, non-renewable energy use, global warming potential, acidification 
potential and eutrophication potential, again expressed per unit of milk production. Results show 
that INC farms positively differ from conventional farms in higher soil carbon levels, lower non-
renewable energy use, and receiving higher payments for landscape ecosystem services, without 
compromising on their economic performance. This suggests that INC farms contribute to the 
challenge of soil carbon sequestration whilst maintaining profitability as economic enterprises 
delivering various ecosystem services.  
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Potential Soil Carbon Sequestration in Icelandic Grasslands  

Thorsteinn Gudmundsson1*, Sunna Áskelsdóttir2 and Gudni Thorvaldsson1 
 1Agricultural University of Iceland, Hvanneyri, 311 Borgarnes, Iceland. 2Soil Conservation Service of 
Iceland, Division West, Hvanneyri, 311 Borgarnes, Iceland 

Introduction  

The most important agricultural soils in Iceland are Andosols and Histosols that have developed 
on basaltic material and organic deposits rich in minerals. The soils generally store 200 to 2000 
Mg C ha-1 depending on soil depth and carbon content. The traditional land use is based on 
fertilised hay fields and unfertilised pastures. During the first decades of the twentieth century 
inorganic fertilisers were introduced and numerous fertiliser experiments were performed on grass 
fields during the period 1930-1970. The aim of these experiments was to establish suitable doses 
of fertilizer for the Icelandic grass fields and the best time for fertilizer application. Most of these 
experiments lasted only a few years. However, some continued for 50-70 years and became long 
term experiments. Soil samples had been collected at intervals, mostly mixed samples from 
individual plots for each treatment and usually only from the top 5 cm, but a few times also from 
up to 20 cm depth. When the experiments ended soil samples were collected from each plot at 
different depths to provide an archive of the soils. 
The first analysis of soil carbon (Helgason 1975) revealed acidification and an increase in SOC 
where acidifying fertilisers had been used and also an increase in pH and SOC where calcium 
nitrate had been applied. According to Thorvaldsson et al. (2003) and Gudmundsson et al. (2004) 
there was an increase in SOC in the top 10 cm of the soil upon using N fertiliser as compared to 
0N or no fertilisation.  Gudmundsson et al. (2011) found that in a Vitric Andosol the organic 
matter accumulated as an organic layer on top of the gravelly underground and Áskelsdóttir 
(2012) showed that the organic carbon in the grassland soils was highly correlated with 
pyrophosphate extractable Fe and Al but to a much lesser extent to the oxalate extractable 
pedogenic oxides.  
The aim of this paper is to report on the effect of different fertilisers on the soil carbon in the long 
term fertiliser experiments and discuss how the high level of SOC in fertilised Icelandic grassland 
soils can be maintained or increased and address the limitations of this approach. 

1.  Materials and Methods 

The sites are from different parts of the country and the experiments tested different fertilisers 
(Table 1). The soils were sampled at 0-5, 5-10 and 10-20 cm depths and in some cases at 20-40 
and 40-60 cm depths. The bulk density was estimated by weighing a known volume of dried and 
sieved soil. This proved to be adequate for the Silandic Andosols (Gudmundsson et al. 2004) but 
not for the Histic and the fibrous organic layer of the Vitric Andosol (Áskelsdóttir 2012). For these 
soils undisturbed samples were taken to determine the bulk density for the whole site rather than 
individual plots. In this evaluation the effect of the lowest and the highest fertiliser dose were 
compared. Organic carbon was determined by dry combustion using Leco equipment. 
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Table 1. Location, mean annual temperature and precipitation,  soils and main fertilisation variables 
reported 

Location      Climate Soils Basic fertilisation plus 
increasing:  T 

°C 
Precipitation 

mm 
 

Sámsstaðir 4.6 1244 Silandic 
Andosol 

Histic Ansosol 

N or P 
N, P or K 

Akureyri 3.5 503 Silandic 
Andosol 

N or P 

Skriðuklaustur 3.4 738 Gleyic Andosol N 

Geitasandur 3.9 1219 Vtric Andosol N, P or K 

2. Results 

In the Silandic Andosol nitrogen fertilisers increased the carbon content at all depths measured in 
this study and in the Gleyic Andosols in the top 10 cm of the soil (Table 2). This resulted in a 6-7 
Mg ha-1 increase in storage in the top 10 and top 20 cm of the soil. This increase is apparently 
independent of sites and the slight difference in N fertilisation. Samples taken in an unfertilised 
area just adjacent to the experiments and analysis of old samples indicate that the carbon content 
did not decrease with the 0 N treatments.  

Table 2. Soil organic carbon in the top 20 cm of Silandic and  Gleyic Andosols in g kg-1 and in Mg 
ha-1 

Source: Thorvaldsson et al. (2003), Gudmundsson et al (2004), Áskelsdóttir (2012) 
 
 
 
 
 
 
 
 
 
 
 

Depth 
cm 

Akureyri 5-45 
Silandic Andosol 

33P 80K 

Sámsstaðir 10-45 
Silandic Andosol 

30P 62K 

Sámsstaðir 174-64 
Silandic Andosol 

26P 50K 

Skriðuklaustur 19-54 
Gleyic Andosol 

31P 74K 

 ------------------------------------ C g kg-1 ----------------------------------- 
 0N 82N 0N 120N 60N 240N 0N 120N 

0-5 125 140 104 107 111 132 134 146 

5-10 91 95 83 92 87 89 55 61 

10-20 67 76 69 73 70 71 41 40 

 -------------------------------------- C Mg ha-1 ------------------------------------ 
0-10 59 61 63 66 62 68 48 52 

0-20 103 109 115 122 116 122 75 81 
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Table 3. Soil organic carbon in the top 20 cm of a Histic Andosol in g kg-1 and in Mg ha-1 

 

 
 
 
 
 
 
 
 
 
 
 
 
In the poorly drained Histic Andosols (Table 3) the results are contradictory. In the potassium trial 
SOC apparently increased, based on a comparison of comparing the 0K and the 100K treatments, 
which indicates that K fertilisation increased the C content by 14 Mg C ha-1 during the 55 years the 
experiment was kept going, whereas in the P and N trials the SOC decreased by 12 and 14 Mg ha-

1
, respectively. In the 0K treatment the SOC content was low compared to the other trials at the 

same site. This result may be “inherited” or this zero treatment suffered more decomposition than 
the other 0 treatments and the 100K treatment compensated for the decomposition by promoting 
higher primary production. Which of these is the case cannot be deduced from the results. 
Drainage and fertilisation generally lead to increased decomposition, which was apparently 
enhanced by P and N fertilisation. The yearly loss of SOC in the top 20 cm in the P and N trials was 
in the range of 220 to 280 kg ha-1.  

Table 4. Soil organic carbon in the top 20 cm of a Vitric Andosol in g kg-1 and in Mg ha-1  

Depth 
cm 

Geitasandur 19-58 
Vitric Andosol 

53P 100K 

Geitasandur 11-59 
Vitric Andosol 

120N 40P 

Geitasandur 3-59 
Vitric Andosol 

120N 80K 
 ------------------------------- C g kg-1 ----------------------------- 

 50N 200N 0K 100K 0P 39P 

0-5 181 190 76 169 84 152 

5-10 32 36 18 30 22 25 

10-20 9 13 6 10 6.7 8.8 

 ------------------------------- C Mg ha-1 ------------------------------ 

0-10 22 27 20 23 25 21 

0-20 34 42 28 35 34 33 

Source: Gudmundsson et al. (2011) 

At the reclamation site at Geitasandur (Table 4) the organic matter had accumulated as a fibrous 
root mat at the surface overlying the more or less unchanged gravelly sand. This is reflected in 
very high SOC content in the top 5 cm, decreasing sharply with depth. Estimating SOC in Mg ha-1 
is complicated because of the very low bulk density, often in the range of 0.15 to 0.25 in the top 5 

Depth 
cm 

Sámsstaðir 8-50 
Histic Andosol 

120N 31P 

Sámsstaðir 9-50 
Histic Andosol 

120N 74K 

Sámsstaðir 16-56 
Histic Andosol 

33P 62K 
 ------------------------------- C g kg-1 ----------------------------- 

 0K 100K 0P 39P 0N 100N 

0-5 129 175 170 133 162 160 

5-10 72 85 96 85 93 82 

10-20 66 72 82 76 99 79 

 ------------------------------- C Mg ha-1 ------------------------------ 

0-10 38 49 51 42 48 46 

0-20 74 88 95 83 102 88 
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cm increasing to 1.2 to 1.3 at 10-20 cm depths. Furthermore, bulk density decreases with 
increasing SOC and here stone content was considered. From samples taken just outside the 
experimental area it was estimated that the SOC content was 13 Mg C ha-1 in the top 20 cm of the 
soil. If this is taken as the original carbon content it has increased by 21 to 29 Mg ha-1 in 49 years 
which means an annual sequestration rate of 400 to 600 Kg ha-1. 

3. Discussion  

In our previous studies of fertilised Icelandic grassland soils we observed that the main and 
significant changes in nutrient content, total C and N, in pH and bulk density were in the top 5 cm 
of the soil and down to 10 to 20 cm, but barely or not detectable using our methods below that 
(Thorvaldsson et al. 2003, Gudmundsson 2004, Guðmundsson et al. 2011). Therefore the sampling 
and analysis concentrated on the depths of 0-5, 5-10 and 10-20 cm. This approach has the 
obvious limitation that slow changes, for instance in organic matter content at greater depths, are 
not revealed. The only site where this was not a problem is in the Vitric Andosol at Geitasandur 
where there was no or hardly any organic matter below 20 cm depth. Both the Silandic Andosols 
and in particular the Histic Andosol are rich in organic matter below 20 cm and as the Histic 
Andosol has been drained and therefore decomposition of organic matter below 20 cm depth 
may be expected. This may also apply to the Gleyic Andosol which has also been drained. The 
situation in the Gleyic Andosol at Skriðuklaustur is further complicated by the fact that in 1875 ash 
from the Askja eruption covered the soil and is now mixed into the topsoil and may be 
responsible for the lower SOC content than in Akureyri and at Sámsstaðir. 
The Histic Andosol is over 3 meters deep and is built up of organic material, volcanic ash layers 
and aeolian dust. The low organic matter in the top 20 cm of the soil is a result of volcanic ash and 
erosion in the neighbouring highlands and deposition at lower elevations and possibly because of 
decomposition upon drainage. The apparent build-up of SOC in the K experiment (8-50) is in 
contrast with the other experiments on the same site where there is apparently a loss of SOC, as 
shown by comparing 0P and 39P and 0N and 100N treatments. As the SOC content was lower in 
the K trial apart from the top 5 cm of the 100K treatment it is more likely that the 0K has suffered 
more decomposition than the 0P and 0N. A possible reason is that P and N are more limiting 
factors for decomposition than K, bearing in mind that the K trial received basic NP, the P trial 
basic NK and the N trial basic PK fertilisation.  
The Vitric Andosol is a special case as the organic C levels rose to about 150 to 190 g kg-1 in the 
top 5 cm but only reached 6 and 13 g kg-1 at the 10 to 20 cm depths, depending on type of 
fertilisation. The fibrous root mat indicates that large soil animals are practically absent and that 
this layer should be treated as an organic layer on top of the mineral soil. According to Zanella et 
al. (2011) this organic layer composed of roots and poorly decomposed rhizomes and roots would 
be a Rhizo para humus form. This organic horizon is, on the one hand, tough and difficult to cut 
but on the other hand probably weak and prone to frost heave and erosion if damaged. In the 
long run an increase in decomposition and development of mull humus form can be expected 
provided the surface remains stable. In comparison the humus form In the Silandic and Gleyic 
Andosols is mull but fibrous or epihistic in the poorly drained Histic Andosol which shows a gleyic 
colour pattern up to the surface. The humus forms and their effect on the carbon dynamics have 
not been studied in Iceland so far.  
The results show which changes have taken place in the top 20 cm of the soils. In the dry soils 
nitrogen fertilisers together with basic P and K increased the organic carbon contents in the top 
soil compared with 0N. We attribute this increase to increased biomass production which was 
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greatest at the surface and in the top soil in the fertilised hay fields. Áskelsdóttir (2012) 
investigated changes in SOC with time for the Silandic and Gleyic Andosols. She found a general 
trend in increasing C concentration in the top 5 cm of the soil and that the SOC stock in the top 
20 cm remained stable or increased with time.  
Although this study covers up to 55 years of experimentation it has to be considered as a short or 
medium term observation of SOC. One important factor is missing in this long term consideration 
of SOC and that is the continuous aeolian deposition. According to Arnalds (2010) the yearly 
deposition rate in Akureyri is in the range of 250 to 1000 kg ha-1 and at Sámsstaðir > 2500 kg ha-1. 
Over a 50 year period and with bulk density close to 0.5 kg l-1 this would mean an increase in soil 
thickness of 0.5 cm in Akureyri but 2 to 3 cm at Sámsstaðir. This is an important factor in SOC 
dynamics that extends beyond the decadal time scale.  

Conclusions  

Silandic Andosols store large amounts of soil organic matter which is stable in the top 20 cm of 
the soil under fertilised grassland where the SOC increases slightly when an adequate amount of 
NPK is applied. The maximum storage SOC capacity in the top 20 cm is apparently in the range of 
100 to 120 Mg ha-1 and can be maintained at that level in a management system using a 
permanent sward. Ploughing and reseeding at long intervals will probably not have a large 
influence on the high SOC contents 
Histic Andosols also store large amounts of C with the highest concentration in the top 5 cm. As 
free iron is evident and SOC is highly correlated to pyrophosphate extractable Fe high, SOC 
content in the top 10 to 20 cm of the soil is expected to remain. However no conclusion can be 
drawn on the fate of the organic carbon at greater depths.   
Vitric Andosol has the greatest potential for building up SOC for a long time. As the SOC is in a 
fibric humus layer on top of the mineral soil and not or only to a limited extent mixed with the 
underlying inorganic material it will need to be protected to keep the sward intact. It apparently 
takes a long time to get a diverse soil biology established.  
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In-situ carbon and nitrogen turnover dynamics; a climate warming 
simulation study in an Alpine ecosystem 
I. Djukic1, F. Zehetner1, A. Watzinger2, M. Horacek2, M.H. Gerzabek1 
1Institute of Soil Research, University of Natural Resources and Life Sciences, Peter-Jordan-Strasse 
82, A-1190 Vienna, Austria. 2Health & Environment Department – Environmental Resources & 
Technologies, Austrian Institute of Technology GmbH, Tulln, Austria  

Global warming and associated environmental changes are predicted to have strong impacts on 
high altitude ecosystems, and the European Alps have already experienced an increase in 
temperature of 1 to 2°C during the 20th century. Litter and soil organic matter (SOM) 
decomposition represent one of the major carbon (C) fluxes from terrestrial ecosystems. Still, 
there is considerable uncertainty regarding the effects of climate change on soil C pools. An 
immediated acceleration of decomposition due to rising temperatures can be reversed by 
decreased soil moisture, deficient snow cover insulation and shrub expansion in the alpine zone. 
We used high-to-low elevation soil translocation to simulate the combined effects of changing 
climatic conditions, shifting vegetation zones and altered snow cover regimes in the Austrian 
Limestone Alps. Over a period of two-year, we conducted in-situ decomposition experiments with 
maize litter and studied carbon and nitrogen turnover dynamics as well as assessed the role of 
climate and other ecosystem variables on litter decomposition. Our soil warming simulation study 
of 1.5 and 2.7°C, respectively, demonstrates that rising temperatures in alpine ecosystems will 
accelerate decomposition of litter carbon, especially in the more resistant pools (half-life: 1-2 
years; 100-190% increase in decomposition rate) and that different other variables, besides 
temperature, play an important role in the decomposition process. Maize N followed similar 
exponentially decreasing patterns as maize C; however, maize N remained in the soils at higher 
levels compared to maize C, with the least decrease observed at the low-elevation beech forest 
site due to less N leaching (sites with higher temperature and lower precipitation). These findings 
may have important implication for modeling and predicting the potential impact of global 
change on soil carbon efflux.  
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Rapport 
Rapporteur: Björn H. Barkarson 
Icelandic Ministry for the Environment and Natural Resources 

The session consisted of three presentations covering studies on the spatial distribution of carbon 
flux dynamics in peat soils, organic matter in soils of Subpolar Urals and CO2 emission from 
drained organic soils in Iceland.  
Soils of wetlands and peatlands include one of the greatest global stores of carbon. Since the last 
glaciations northern peatlands have acted as a large sinks of atmospheric carbon. Understanding 
the dynamics of this important biome is a necessary prerequisite to its effective management. 
Simulation studies can help to understand these relationships and such models are useful for 
teaching and demonstration. Studies on carbon pools in permafrost affected soils of the mountain 
tundra revealed very high variability between soil types, from 7.7-39.4 kg m-2. Content of amino-
acids was also shown to vary greatly, which gives indication of variability in microbial activity. 
During the period from 1945 to 1990 extensive drainage of Icelandic wetlands took place. The 
total area drained and converted to grassland is estimated to be close to 3 500 km2. CO2 flux was 
measured in drained wetland and annual emissions amounted to 14.6 t CO2 ha-1 yr-1. Soil 
temperature was found to be highly correlated with plant respiration and logging soil 
temperature could be useful for monitoring. The total emissions from drained land in Iceland have 
been estimated to amount to 5 000-10 000 Gg CO2 annually. This is an example of government 
incentives having negative impact on C release and biological diversity.  
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A pedagogical simulation of the spatial distribution of carbon flux dynamics 
in peat soils 
A.  Gilmer 
Department of Environment & Planning,Dublin Institute of Technology, Dublin 1, Ireland 

Soils have been widely recognised as holding one of Earth’s great reservoirs of readily accessible 
carbon (Jobbágy & Jackson 2000).  Peatland soils represent one of the greatest categories of soil 
carbon storage.  Indeed, during the period since the last glaciation 300-455 Pg carbon have 
accumulated in Northern peatlands (Gorham 1991). Consequently, these peatlands have acted as 
large net sinks of atmospheric carbon. Understanding the dynamics of this important biome is a 
necessary prerequisite to its effective management. However, there has been only limited 
development of simplistic models of peatland soils and peat growth for use in education.  
Complex simulations add detail to the analysis but risk losing wider utility and insight as the 
simulated interaction between mechanisms becomes ever more complex.  This paper describes 
the development and analysis of outputs from a simple model of carbon efflux for a peatland soil. 
The model is a two dimensional representation of the soil surface and provides spatial 
representation using a cell based approach (van Vliet, et al 2012).  The model integrates the 
saturated state of the soil with the flow of carbon.  This is implemented through the use of areas 
as defined by the cellular structure and by the use of the finite difference relationship to generate 
values for the efflux of carbon. Through the development of layers within the profile the model 
can accommodate variability of soil organic carbon concentrations.  This model can be used as a 
tool to explore the dynamics of peatland carbon stores and the associated interaction with the 
climate system.  Results suggest that the outputs aid understanding and communication of the 
relationship between water table depth and efflux rates for defined profiles of peatland soil.   

Reference 

Jobbágy E. G. & Jackson, R. B. (2000).  Vertical distribution of soil organic carbon and its relation to 
climate and vegetation.  Ecological Applications, 10(2), 2000, pp. 423-436. 

Gorham, E. (1991).  Northern peatlands: Role in the carbon cycle and probable responses to 
climate warming.  Ecological Applications, 1(2), 1991, pp.182-195. 

Van Vliet, J. Hurkens, J. White, R. & van Delden, H. (2012).  An activity based cellular automation 
model to simulate land use dynamics.  Environment & Planning B: Planning & Design, 39(2), 
198-212. 

 
 
 

                                                      
 alan.gilmer@dit.ie 



scs2013 – session 2e  154  
Organic Matter in soils of Subpolar Urals (Yugyd va National Park) 
Alexey A. Dymov, E. V. Zhangurov, I. V. Zaboeva, Yu. A. Dubrovsky, N. A. Nizovcev & Yu. A. 
Vinogradova 
Institute of Biology Komi SC UrB RAS 

Soil organic matter (SOM) stocks and some characteristics of humufication process in soils of 
mountain-tundra and mountain-forest belts of Subpolar Urals were investigated. Soil classification 
was carried out using Russian and WRB classification systems (WRB, 2006). Carbon and nitrogen 
budgets in soils were estimated according to Hiederer and Köchy (2011). Carbon stocks, 
concentrated in upper genetic layers (down to 50 cm) of mountain-tundra soils, contain from 7.7 
to 39.3 kg m-2, and nitrogen – from 0.4 to 2.4 kg m-2. Soils of mountain-forest belt accumulate 
from 6.5 to 11.8 kg m-2 of carbon and 0.4-0.8 kg m-2 of nitrogen. Microclimatic conditions play 
leading role in humification process, especially in gleezem (Turbic Cryosol (Dystric, Thixotropic)) 
and permafrost peat gleezem (Histic Cryosol (Dystric, Reductaquic)), forming at the southern limit 
of permafrost in the European Russia. Parameters of biological activity (abundance and biomass of 
bacteria, mycelium, fungi spores and eco-trophic groups of microorganisms) were also studied. 
The main biomass is located in organogenic layers of the investigated soils. Mycelium is the 
dominant component (up to 95 %) of microbe community in organogenic layers. Spores count 
about 99 % in mineral layers. Specificity of soil forming, vegetation and microclimate features 
result in higher activity of microbes in soils of mountain-forest belt. SOM of the investigated soils 
differs significantly, both in relative and absolute content of amphiphilic fractions. SOM of 
permafrost peat gleezem has the highest degree of hydrophility (Dh) among the investigated 
soils. Minimal Dh was found in mineral layers of gleezems (permafrost and rough-humic). High 
content of the first and the second amphiphilic fractionsorganic matterand high degree of 
hydrophility are typical for genetic layers with high abundance of eco-trophic groups of 
microorganisms. Investigation of samples of humic and fulvic acids, extracted from illuvial-humus 
podbur (Stagnic Entic Podzol (Turbic, Skeletic)) and illuvial-ferrous svetlozems (Albic Podzol 
(Skeletic)), shows, that their composition reflects the specificity of the soils' humus forming. Humic 
matters, extracted from illuvial-humus podbur, have more developed peripheral part of the 
molecules, while samples, extracted from illuvial-ferrous svetlozem, are more aromatic. Proportion 
of amino acids in fulvic acids ranges from 2.9 to 7.6, in humic acids from 13.3 to 17.5 (mass. %), 
having close composition of amino acids. 
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Carbon dioxide emission from drained organic soils in West-Iceland 
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Abstract  

In pristine peatland soil organic carbon has accumulated as decomposition is less than the input 
of organic materials to the soil. In boreal and arctic conditions decomposition is hampered by 
anaerobic conditions and low temperature (Clymo 1984). Modern machinery, crop and livestock 
species are not well adapted to wetlands and to facilitate cultivation and grazing of peatland they 
have been drained extensively. Drainage increases aeration of the soil and decomposition of the 
soil organic matter is therefore potentially increased. Peatland draining may also affect vegetation 
growth and composition and hence alter the quantity and quality of the input of organic matter to 
the soil (Laiho 2006). Land use on managed peatland has large effect on the greenhouse gas 
(GHG) balance of the relevant area (Maljanen et al. 2010). The effects of cultivation, afforestation 
and peat-mining on GHG fluxes have been measured extensively in Nordic regions (Maljanen et 
al. 2010). In Iceland the majority of drained peatland are presently uncultivated, treeless and have 
never been ploughed or harrowed. In this paper we present measurements of CO2 fluxes of 
peatland converted to grassland and an estimated annual CO2 budget. The budget is based on 
one hand on photosynthesis calculated from parameterized function of photosynthetic active 
radiation and day of the year, and on the other hand on respiration calculated from soil 
temperature. The resulting annual net ecosystem exchange (NEE) ranges from 14.6 to 30.3 tCO2 

ha-1 emission to the atmosphere for the years calculated. 

Introduction 

Changes in land use of wetlands imposed through drainage can have large effects on the fluxes of 
GHG to and from the atmosphere. The resulting improved aeration of soil organic matter favours 
aerobic decomposition. Peatland draining may also affect vegetation growth and composition and 
hence alter the quantity and quality of the input of organic matter to the soil (Laiho 2006). 
Wetlands in Iceland have been extensively drained since the middle of last century. The ditch 
network has been mapped revealing 29 700 km of ditches (Gísladóttir et al. 2010).  The drainage 
was most intensive in the period from 1940-1990 and at the end of that period a large portion of 
wetlands in the lowland of Iceland had been drained (Óskarsson 1998; Þórhallsdóttir et al. 1998). 
In the land use classification of the GHG inventory to the United Nations Framework Convention 
on Climate Change, the total area of drained organic soils in Iceland was estimated as 4 196 km2 
in the year 2011; where off 3 581 km2 was categorized as grassland, 577 km2 as cropland and 37 
km2 as forest, (Environmental Agency of Iceland 2013).  Most of the grassland on drained organic 
soils, or 3 440 km2, is estimated as never having been ploughed or harrowed. Measurements of 
CO2 fluxes on this type of land use are few and to our knowledge no attempts have been made to 
estimate the annual CO2 flux of organic soils drained but not ploughed or afforested. Considering 
the extent of this type of land use in Iceland and consequently its importance in the National 
inventory of GHG emission (Environmental Agency of Iceland 2013) local measurement based 
emission factors are needed to obtain more reliable emission estimates. 
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Wetland draining and rewetting has been included as an eligible activity within the next 
commitment period of the Kyoto Protocol (UNFCCC 2011).  To estimate the benefit of rewetting, 
reliable estimates of emissions of drained sites, both post and prior to rewetting, is needed. The 
benefit of the rewetting regarding GHG emission depends on the difference of emissions post and 
prior to the activity.  
In this paper we present measurements of CO2 fluxes from five sites of drained organic soils in 
West Iceland and estimate the annual emission of these sites.   

1. Materials and methods 

1.1. Sites 

Measurements were made on five sites located on drained organic soils in West Iceland. All the 
sites were drained more than a decade prior to the measurements. None of the sites have been 
ploughed, harrowed or afforested since drainage. All of the sites have been grazed to some extent 
after the drainage. 

Table 1 List of study sites and selected soil characteristics 

Site Location %C %N C/N Soil type 

Hjarðarholt 1 N64°42'29" W021°31'18" 32.0 1.9 17.2 Histosol 

Hjarðarholt 2 N64°42'25" W021°31'19" 25.4 1.4 17.8 Histosol 

Klettur N64°39'03" W021°29'27" 40.0 2.2 18.5 Histosol 

Heggstaðir N64°35'49" W021°39'47" 29.4 1.7 17.3 Histosol 

Hestur N64°34'30" W021°35'42" 14.2 1.2 12.3 Histic 
Andosol 

 

The average C% in the uppermost 30 cm (Table 1) ranged from 14.2 to 40.0 and the N content 
ranged from 1.2-2.2% N. All the sites are effectively drained and only occasionally did the water 
table, at the time of measurements, reached levels close to the surface. The vegetation cover is 
dominated by grasses and sedges with mosses underneath in variable continuity in cover and 
sometimes mosses being the only vegetation. Hummocks were common in all sites reflecting 
frost-lifting common in semi-wet areas. 

1.2. Measurements 

Flux measurements were made with the static chamber method (e.g. Wickland et al. 2001).  At 
each site four 35*35 cm aluminium frames were installed as to best represent the variability in the 
vegetation of the site. The four frames were placed at variable distance (randomly selected) from a 
transect line at 15m interval. The frames extended 15 cm into the soil and were prepared with a 
shallow groove, which was filled with water at the time of measurement to make the chambers 
airtight. The frames were installed at the beginning of the project prior to the first measurement 
and left in the soil between measurements. The measurement chamber was made of plexiglas 
(35*35*25 cm) with photosynthetic active radiation (PAR) meter inside and a fan for mixing air. 
During each measurement changes in CO2 inside the chamber were recorded with LiCor 6200 
transportable photosynthesis instrument (LiCor Inc., Lincon, NE, USA) over 4 minutes period in 
ambient light and then followed by another 4 minutes period in darkened (black out) chamber. 
Soil temperature (Ts) at 10 cm depth was recorded simultaneously adjacent to the frame. Fluxes of 
CO2 were measured regularly in all seasons in the period from August 2001 to January 2004. Total 
number of measurements was 280 on individual frames in 66 site measurement campaigns.  
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Soil and air temperature was monitored at all sites and 30 minute average recorded.  On four of 
the sites (Hjarðarholt 1 and 2, Heggstaðir and Hestur) Tinytag temperature Data loggers (Gemini 
Data Logger (UK) Ltd., Chichester, UK) were used. Two of the sites (Hjarðarholt 1 and 2) placed 
side by side shared an air temperature logger.  On one site (Klettur) soil and air temperature was 
monitored with 107-L temperature sensors (Campbell Scientific Ltd.) connected to a CR10X logger 
(Campbell Scientific Inc., Logan, UT, USA). Incoming (PAR) was recorded in the area using PAR 
Quantum sensors SKP 215(Skye Instruments Ltd., Llandrindod, Welsh; UK) connected to the CR10X 
logger.  

2. Results 

The quality of flux measurements of individual frames was controlled. Critical measurements were 
flagged and inspected for measurement failure. The fraction of flux measurements identified as 
good quality was 88%. 
The fluxes for each frame were calculated from the changes in CO2 concentration inside the 
chamber recorded by the LI-COR 6200. Net ecosystem exchange (NEE) was calculated from CO2 
changes in ambient light and ecosystem respiration (Reco) from the following darkened chamber 
measurements. Photosynthesis (Pho) estimate for each frame was acquired by subtracting Reco 
recorded from the NEE.  

 

Figure 1. Measured mid-day photosynthesis versus photosynthesis calculated form Equation 2 

Averages of all flux measurements, PAR and Ts for a given day were calculated and used to 
calibrate a two variable function calculating photosynthesis on basis of PAR and day of the year 
(DOY) and Reco from Ts. The function describing photosynthesis is Equation 1: 
Equation 1: Empirical equation describing photosynthesis as function of PAR and DOY 

 
This function was fitted using least square method to the measured photosynthesis for each site. 
The resulting function is Equation 2 with R2=0,789. Comparison of measured and calculated 
photosynthesis is shown in Figure 1. 
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Equation 2: Parameterized equation for photosynthesis 

 
 
The Reco was fitted to 3-parameter exponential function of Ts. The resulting function is Equation 3 
with R2= 0,765. 
Equation 3: Parametrizied equation describing Reco as function of soil temperature (Ts) 

 

 

Figure 2. Measured average Reco of each site as function of soil temperature and fitted exponential 
function. Error bars are standard error of the site average of each campaign. 

For exploring inter-annual variability continuous time series of Ts and PAR for three different years 
(2002, 2003 and 2007) were prepared from average of soil temperature measurements of the sites 
and PAR from one central site. The annual CO2 budget for drained organic soil for each year was 
estimated by applying the parameterized Equation 2 and Equation 3. According to these 
equations and the time series of Ts and PAR, NEE ranged from 3.97 to 8.25 t C ha-1 for the years 
calculated, owing most of the variability to the soil temperature variation (Table 2).  

Table 2 Calculated annual fluxes of CO2 expressed in t CO2 ha-1 and t C ha-1. Annual average of soil 
temperature and total incoming PAR  

Year Avg Ts  ∑PAR  Pho Reco NEE 
 °C mol m-2 t CO2 ha-1

t C ha-1 t CO2 ha-1 t C ha-1 t CO2 ha-1 t C ha-1 

2002 3.82 5157 21.74 5.93 36.30 9.90 14.56 3.97 
2003 5.70 5052 23.16 6.32 53.42 14.57 30.26 8.25 
2007 3.97 6221 22.53 6.14 39.17 10.68 16.64 4.54 
Average 4.50 5477 22.48 6.13 42.96 11.72 20.49 5.59 
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Conclusions and discussion 

Annually considerable amount of CO2 is emitted through the surface of drained peatlands in 
Western Iceland to the atmosphere, according to the results of this study. On annual basis 
ecosystem soil respiration exceeds the uptake by photosynthesis resulting in a positive NEE for all 
years calculated. The annual NEE ranged from 14.56 to 30.26 t CO2 ha-1 in the study years. The 
NEE of these sites is comparable to what has been presented for drained peatlands with perennial 
crops (18 ± 11 t CO2 ha-1), fallow soils (25 ± 10 t CO2 ha-1) and abandoned croplands (13 ± 11 t 
CO2 ha-1) in other Nordic countries (Maljanen et al. 2010). Applying these numbers for the 3440 
km2 of drained organic soils in Iceland which have never been cultivated, the total emission from 
these areas range from 5 009 to 10 409 Gg CO2 annually, depending on NEE estimate used. 
Comparing this to emission to 4413 Gg CO2 equivalents of all GHG emitted from all sectors in 
Iceland except land use, land use changes and forestry in the year 2011, (Environmental Agency of 
Iceland 2013) raises the question how beneficiary this land use management really is.  
The calculation of NEE depends on environmental variables such as soil temperature and 
incoming radiation as well as the amount of biomass capable to absorb that radiation. The soil 
temperature in this study showed considerable variability between years resulting in subsequent 
changes in respiration and NEE. The measured variability in soil temperature and subsequent 
changes in Reco of factor two between years, suggest that considerable improvements in estimates 
of annual NEE can be achieved through monitoring of soil temperature of drained sites. Although 
fluxes in this project were measured in all seasons over a three year period more continuous 
measurements are needed for a more precise estimate of the annual budget of these drained 
areas.  
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Rapport 
Rapporteur: Ian Hannam 
University of New England 

In total seventeen papers were presented under the session. The major topics were: pedogenetic 
processes; accumulation and persistence of C in soils; sampling, estimation and mapping of soil C; 
tools for C management; and legal approach to soil functions assessment for spatial planning. 
The session demonstrated the importance of linking build-up of SOC to food security and water 
management, and identifying competing interests and trade-offs between different goals for C 
management.  Health of soil biota is critical and accessibility to C depends on soil structure and its 
changes with time, and the presence of toxicological compounds. There are large differences 
between biomass production chains when expressed as a function of CO2 emission and therefore 
it is important to consider the whole chain of production in soils decision-making. Developing 
“Toolboxes on C management” could therefore be beneficial for various user groups. 
Challenges for modelling and mapping dynamic soil properties in use of digital mapping of C 
techniques were identified and the need for standardizing methodologies for mapping/identifying 
C – in particular the local approach to regional level. It is important to identify the challenges for 
monitoring SOC at different levels (scales) and in different ecological zones. C information should 
be linked with regional characteristics, such as climatic conditions. There is a need to enhance new 
mechanisms of monitoring and mapping SOC for global use and for this purpose use of 
approaches similar to EIONET should be encouraged. It is critical to improve national reporting on 
emissions for UNFCCC and development of wide data set of C stocks. Within the EU more 
cooperation is required from EU countries in estimating SOC stocks, as some member States have 
not cooperated in attempts to obtain uniform soil C data from EU countries. This relates to the 
fact that there is no legislation to oblige States to supply data 
There is a real concern over the lack of soil protection legislation at EU level and general 
guidelines for policy-makers on C management are urgently needed. In order to facilitate this it is 
important to enhance flow of information from the scientific community to regulators and the 
public repeatedly on benefits of C management. It is important to link scientific knowledge on soil 
functions in land planning by building soil quality indicators; this could be accomplished by 
issuing guidelines for this process. There is a need for identifying the main drivers for changes of 
C in soil such as: climate change, emission of reactive N compounds, changes in land 
management and providing a tool for enhancing SOC sequestration, such as the Ex-Ante 
approach which is a good example of. 
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Soil organic carbon, food security and energy of pedogenetic processes 

Pavel Lomonosov Krasilnikov1,2* 
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Petrozavodsk, Russia 

Organic carbon sequestration and food security may seem to be poorly correlated. However, the 
accumulation of organic carbon, independently on its effect on the climatic change, is of primary 
importance for the productivity of soils in agriculture, and thus is basic for providing food security. 
Though plants do not receive nutrients directly from humus, the presence of organic matter is of 
major importance for plant nutrition, because it ensures cation exchange capacity of soils, their 
structure and other physical properties, and the presence of a long-term supply of food for 
microorganisms in soils.  
In arid regions the organic matter in soils is not stable. If the input of organic residues is low, the rate 
of mineralization of organic matter is high; carbon releases to the atmosphere or precipitates as 
pedogenic carbonates. The process of C transfer from SOM to carbonates can be described 
thermodynamically as an irreversible process that leads to increasing soil alkalinization and calcium 
carbonate accumulation (Volobuev, 1975). Predicted temperature increase would probably speed up 
the irreversible fixation of C in the form of calcium and sodium carbonates, because the rate of 
organic matter mineralization increases. 
The increase in organic matter input results in the intensification of the process of humus 
mineralization and consequent formation of carbonates. If we consider greenhouse concentration 
control in the atmosphere to be an absolute priority, the fixation of C in the form of pedogenic 
carbonates is a good mechanism for controlling the atmospheric CO2 concentration (Lorenz & Lal, 
2012). However, from the point of view of soil fertility, the humus to carbonates transformation is 
a negative process. First, it decreases the energetic status of soils that is a good expression of its 
fertility. Second, the process of humus formation requires also fixation of significant amounts of N 
and P (Lal, 2004), which are consequently lost in the course of organic matter mineralization. 
One of the tasks for providing food security in arid regions is to maintain the stability of soil 
organic matter. The possible mechanisms for that may include non-tillage conservation 
agriculture, regulation of moisture regime in irrigated soils and the use of soil-protecting crop 
rotations. 
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Assessment of soil organic carbon distribution in three different critical zone 
observatories 
E. Aksoy, P. Panagos & L. Montanarella 
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E.Fermi, 2749, 21027 Ispra, VA, Italy 

Organic carbon content is one of the most important geochemical parameters in soil 
characterization. It affects directly soil functions (biomass production, C sequestration, 
biodiversity, etc.) and associated problems may threaten soil structure and function. The 
estimation of soil organic carbon (SOC) is also important for climate change and agricultural 
policies. For these reasons accuracy in distribution assessment of SOC is an important topic. In this 
paper, SOC content of Koiliaris, Damma Glacier and Lysina catchments has been investigated by 
the Regression-Kriging method. Different environmental predictors (elevation, slope, aspect, 
topographic wetness index (TWI), temperature, precipitation, geology, land-cover map, soil map) 
were used to predict distribution of organic carbon and to produce a continuous map for the 
catchments. Soil characteristics and watershed dynamics of these catchments, all of which take 
part in the SoilTrEC Project as critical zone observatories by representing degraded soil (Koiliaris), 
new soil (Damma Glacier) and forest soil (Lysina), are totally different from each other. This study 
helps us to monitor soil organic carbon distribution under different conditions from a digital soil 
mapping perspective and also to summarize the characteristics of the catchments.  
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Digital mapping of soil C using a combination of Vis-NIR reflectance 
spectroscopy and geo-electrics 
Bas van Wesemael1, Antoine Stevens1, Marco Nocita1,2 & Isabelle Cousin3 
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The diffuse reflectance of visible and near infrared light from the soil is increasingly being used to 
determine chemical properties. In particular the application from airborne sensors (imaging 
spectroscopy) allows mapping soil properties in the plough layer of cropland soils at very high 
spatial resolution. We illustrated the application of imaging spectroscopy to map soil organic 
carbon in freshly ploughed croplands for two case studies: i) soil carbon content at the regional 
scale and ii) soil carbon density in Mg ha-1  within a single field.  At the regional scale the best 
results (accuracy (RMSE) of 4.7 g C kg-1 equivalent to 23 % of the mean SOC content) were 
obtained when local calibrations were applied for each agri-geological region.  Both broad 
regional patterns and detailed within field patterns of SOC emerged. The former reflect gradients 
in geology and climate, while the latter could be related to erosion and sedimentation as well as 
previous land use.  Apart from SOC content, bulk density and rock fragment content are required 
to calculate the SOC stock of the plough layer. The proximal sensing platform of the Digisoil 
project was used to provide this complementary data for a field within the flight line of the 
regional case study. Geo-electric surveys provided spatial patterns in bulk density and rock 
fragment content. The SOC density could be estimated with an accuracy of 9.41 Mg ha-1 
corresponding to 18 % of the mean SOC density of the field. Although the predicted spatial 
patterns in SOC density were similar to the ones interpolated from the test set, the lower SOC 
densities were generally over-predicted resulting in a SOC stock for the entire field that is c. 4 Mg 
C ha-1 (6 %) larger than the one calculated from interpolation of the test set values. 
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Prediction of SOC content by Vis-NIR spectroscopy at European scale using a 
modified local PLS algorithm 
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The spatial variability of soil organic carbon SOC masks its slow accumulation or depletion, and 
the sampling density required to detect a change in SOC content is often very high and thus very 
expensive and labour intensive. Visible near infrared diffuse reflectance spectroscopy (Vis-NIR 
DRS) has been shown to be a fast, cheap and efficient tool for the prediction of SOC at fine scales. 
However, when applied to regional or country scales, Vis-NIR DRS did not provide sufficient 
accuracy as an alternative to standard laboratory soil analysis for SOC monitoring. Under the 
framework of Land Use/Cover Area Frame Statistical Survey (LUCAS) project of the European 
Commission’s Joint Research Centre (JRC), about 20,000 samples were collected all over European 
Union. Soil samples were analyzed for several physical and chemical parameters, and scanned with 
a Vis-NIR spectrometer in the same laboratory. The scope of our research was to predict SOC 
content at European scale using LUCAS spectral library. We implemented a modified local partial 
least square regression (l-PLS) including, in addition to spectral distance, other potentially useful 
covariates (geography, texture, etc.) to select for each unknown sample a group of predicting 
neighbours. The dataset was split in mineral soils under cropland, mineral soils under grassland, 
mineral soils under woodland, and organic soils due to the extremely diverse spectral response of 
the four classes. Four every class training (70%) and test (30%) sets were created to calibrate and 
validate the SOC prediction models. The results showed very good prediction ability for mineral 
soils under cropland and mineral soils under grassland, with a root mean square error (RMSE) of 
3.6 and 7.2 g C kg-1 respectively, while mineral soils under woodland and organic soils predictions 
were less accurate (RMSE of 11.9 and 51.1 g C kg-1). The RMSE was lower (except for organic soils) 
when sand content was used as a covariate in the selection of the l-PLS predicting neighbours. 
The obtained results proved that, although the enormous SOC spatial variability of European soils, 
the developed modified l-PLS algorithm was able to produce stable calibrations and accurate 
predictions. It is essential to invest in spectral libraries built according to sampling strategies, 
based on soil types, and a standardized laboratory protocol. 
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Persistence of organic carbon in soils 
Winfried E.H. Blum 
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The potential of soil organic carbon (SOC) sequestration as a key option in mitigating climate 
change and supporting ecosystem functioning, food security and human wellbeing, depends to a 
large extent on the residence time of organic carbon in soils. This means, it depends on the 
persistence of soil organic matter under different ecological and environmental conditions. 
Therefore, we discuss the stability of different soil organic fractions, biogenic fractions, as well as 
pyrogenic fractions (charcoal, including biochar). It is evident, that biogenic C fractions develop 
and disappear through bioreactions, which means the activity of soil organisms, in contrast to 
pyrogenic C fractions, which are subject to different characteristics. 
The former concept, that the persistence of organic carbon in soils depends mainly on their 
physico-chemical composition, e.g. high molecular or low molecular characteristics, can no longer 
be maintained. However, other factors were identified, which determine the persistence of organic 
matter in soils. In this context, not only soil biological and chemical characteristics are of 
importance, but also soil physical parameters, because all processes in soils occur in the pore 
space, depending on soil structure. Therefore the accessibility of organic carbon by soil biota is 
the key for understanding the persistence for organic molecules against biological decomposition.  
In more detail, the question arises, what protects organic carbon in soils against biological 
(microbiological) attacks. This is a nearly unique spatial question, because the binding of organic 
matter to mineral surfaces (clay minerals, oxides) is only one factor, but the question, where this 
binding occurs and how the microbes can reach the surfaces is another one. 
Moreover, it is known that soil structure is not stable, but is changing constantly, due to human 
interactions and environmental conditions such as temperature and humidity, e.g. through 
swelling and shrinking, or freezing and thawing, which are processes determining soil structure 
and the structural positioning of mineral-organic compounds. Finally, the composition and activity 
of soil biota is determined by soil chemical characteristics as well as temperature and humidity, 
which influences biological processes. 
Summarizing, it can be said that the persistence of organic carbon in soils, depends nearly 
exclusively on the soil structure and therefore the accessible pore space, which is subject to 
continuous alterations, due to environmental conditions. 
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Soil functions (carbon storage) assessment for spatial planning – a legal 
approach (examples of two French municipalities) 
Marie-Laure Lambert*, C. Keller, S. Robert, J-P. Ambrosi & E. Rabot 
Aix-Marseille Université, CEJU-CIRTA 

Soils are under increasing pressure, particularly in peri-urban areas. In France, urban sprawling is 
increasing quicker than the population. Yet, there is no consistent legislation, neither European, 
nor French, regarding soils conservation or protection of soil functions, including carbon 
sequestration. As a consequence, it can be of interest to integrate the preservation of soil 
functions into local regulations, ie land planning procedures, which require information about 
specific soil characteristics. The Uqualisol-ZU project investigated how a scientific knowledge on 
soil quality could be integrated into French urban planning decisions. This pluridisciplinary project 
was tested on two municipalities near Aix-en-Provence: Gardanne and Rousset.  
A new index has been defined on the basis of 9 land uses and 6 different functions of soil. The 
number of fulfilled functions represents the soil “multifunctionality” of each soil unit. The results 
can be spatialised to obtain a map of the soil capability to support different land use types, named 
the “potential land use polyvalence”.  
Various possibilities of introducing the concept of soil functions into local land use regulations 
(PLU) were identified. Taking into account “soils polyvalence” into land use planning might 
therefore become compulsory and restricting (binding), or remain indicative and optional.  
Depending on the municipality interest, the information can be used either as informative 
document to build the PLU or as part of the PLU, at various levels of the document.  
The outcomes of the Uqualisol-ZU project have been presented to local authorities and positively 
perceived as potentially useful to update the PLU in the near future. Nevertheless, the index is not 
a « ready-to-use » tool: it is experimental and one of its aims is to make local authorities more 
concerned with: 1) the degradation of soil functions or soil quality and, 2) the advantages they 
could draw from a sustainable soil and land management. 
Hence, this methodology could be extended to the carbon storage function of soil, and valued 
through “domestic projects” of Joint Implementation Mechanism, or Clean Development 
Mechanism under the European Emission Trading Scheme (EU ETS). 
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Soil as a factor of production in a bio-based economy 
Alexandra E. Boekhold*¹, Harry J. Croezen², Johannes W.A. Langeveld², Ingrid Y.R. Odegard³ and  
Geert H. Bergsma³ 
¹Soil Protection Technical Committee, the Hague, the Netherlands, ²CE Delft, Delft, the Netherlands, 
³ Biomass Research, Wageningen, the Netherlands 

Introduction 

Now that the era of easily accessible fossil resources seems to be coming to an end, biomass is 
seen by many as a renewable resource and for that reason an alternative and sustainable 
economic engine (sees e.g. Demirbaz, 2005). A bio-based economy is aimed at replacing fossil 
resources such as oil, gas and coal by bio-based alternatives such as bio-ethanol, biodiesel, bio-
electricity, bio-heat, bio-based chemical feedstock, and other bio-based products. Medicines, 
coloring agents, flavourings, aromas and ingredients for perfumes and cosmetics may also be 
produced from biomass (Langeveld et al., 2010). Some of the new bio-products, especially those 
for transport and electricity, are actively supported by governments with subsidies and delivery 
commitments.  
Also sustainability criteria are being developed for biomass production chains. In Europe, the 
development of a bio-based economy is considered to be an opportunity for innovation and 
green growth (European Commission, 2013). Many EU scenario studies for production of 
electricity, heat, transportation fuels and chemicals aim at a share of 25 to 30 percent of bio-based 
products in base materials (see Ros et al. and underlying studies, Uslu and van Stralen, 2012 and 
Mantau et al., 2012). The ongoing development of a bio-based economy asks for a continuous 
delivery of large quantities of biomass. Earlier analyses, i.e. Ros et al., 2012, have shown that the 
delivery of such large quantities is most likely not possible without damaging nature and 
biodiversity.  
Soils are an essential but highly sensitive element in vegetative productivity (Bot and Benites, 
2005). While sustainability criteria are being developed for biomass production chains, assessment 
of the actual effects of biomass production chains on soil quality so far has received little 
attention. Since biomass is a major factor of production in a bio-based economy, land is 
subsequently also a major factor of production. What does this mean for soil use, landscape and 
soil management? In order to obtain answers to these questions, the Dutch Soil Protection 
Technical Committee asked CE Delft to investigate the effects of a growing demand for bio-based 
materials from different biomass production chains and develop scenarios on several aspects of 
soil quality. 

1. Soil quality indicators 

A bio-based economy may develop according to different scenarios. The impact on soil quality 
and soil functions may differ between different biomass production chains. Negative impacts on 
the ecosystem services - such as soil water and nutrient retention and soil permeability for air and 
water - may threaten the capacity to produce biomass. This study analyses the most relevant 
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biomass production chains (in which impacts related to soil, crop, harvest, conversion, and use are 
taken into account) using the following indicators for soil quality: 
- organic matter balance; 
- nutrient use (N, P2O5, K2O); 
- water use; 
- ecotoxicity of pesticides used; 
- greenhouse gas emissions (net CO2 balance, including N2O and CH4 emissions and indirect 

land use effects); 
- land use. 
Soil quality indicators are expressed in the two units most commonly used to express volumes in 
the bio-based economy: 
- Gross replacement of fossil energy in gigajoules (by biodiesel, bio-ethanol, bio-electricity, bio-

heat and bio-chemicals). Gross refers to the fact that the amount of energy necessary to 
produce the bio-based products and fuels is not corrected for. This is comparable to 
production losses of fossil resources, which are also not accounted for. 

- Net CO2 reduction over the whole biomass production chain. 

2. Biomass production chains 

The impact of 11 biomass production chains was evaluated: 
- Five biomass production chains that generate ethanol: sugar cane with different cultivation 

methods, maize, wheat, wheat straw with differing use of byproducts and sugar beet with 
different areas for cultivation. 

- Three biomass production chains producing biodiesel (FAME): rape, palm oil and soy. 
- Three biomass production chains for electricity and heat: forestry residues - applied in 

alternative end-uses, silage maize - with several types of end-use and SRC (Short Rotation 
Coppice) – several end-uses. 

3. Results 

3.1. Soil organic matter balance 

Figure 1 presents the organic matter balance of the studied biomass production chains. Soil 
organic matter increases in the chains of silage maize derived biogas (used in a combined heat 
and power plant), sugar cane ethanol (without burning of leaves and tops), wheat ethanol (when 
the straw is left on the field or when the lignin is returned to the field) and combined heat and 
power production in a Circulating Fluidized Bed Combustor (CFBC). Biomass production chains 
that may lead to a reduction of the organic matter content of soils are wheat straw ethanol 
(second generation bio-fuels) without returning lignin to the field and the use of forestry residues 
for electricity and heat production (in a CFBC).  
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Figure 1. Estimate of increase and decrease of soil organic matter, for each biomass production chain 
(kg/GJ). Source: Croezen et al., 2013. 

The organic matter balance is sensitive to prevailing climate and soil type. The light blue area in 
this figure therefore indicates ranges in the outcome: values within this area do not significantly 
differ from zero. This is the case for about half of the investigated biomass production chains. 

3.2. Nutrient, water and land consumption as a function of the amount of CO2 eq emission 
reduction 

We also estimated nutrient, water and land use, as well as net CO2 eq reduction. Figure 2 depicts 
nutrient consumption as a function of the CO2 eq reduction that is realized.  
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Figure 2. Nutrient consumption per CO2 eq emission reduction (g N (blue bar), P (red bar) and K 
(green bar) per kg CO2 eq reduction).  Source: Croezen et al., 2013. 

Differences between production chains now are more pronounced. Wheat straw with lignin 
combustion leads to the degradation of 1.6 kg carbon (5.9 kg CO2 eq) per kg of net avoided CO2 

eq (S.O.M. changes included), all other chains score between -0.2 and 0.2 kg per kg. 

Conclusions 

3.3. Organic matter balance in soils also influences CO2 score 

Many studies that evaluate the impact of the production of bio-based raw materials account for 
the differences in net CO2 reduction of biomass production chains. However, these studies 
generally do not include net accumulation or loss of carbon in soils as a result of the selected crop 
and cultivation method.  
Our study indicates that soil carbon storage or release affects the net CO2 reduction of chains 
significantly. 

3.4. Scenario outcomes 

A bio-based economy may develop the following different scenarios. Production of electricity 
and/or heat, fuels and bio-based products will be realized following the combinations of biomass 
production chains presented in this paper. We evaluated three scenarios in which 25 percent of 
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the European use of coal, oil and gas is replaced by biomass. An optimistic and a pessimistic 
variant were developed based on differences in agricultural management. The three scenarios 
each have a different focus on: 
1. Bio-electricity and heat (often co-produced). 

2. Transport fuels. 

3. Bio-based raw materials for the chemical industry. 

Per GJ, the differences between the scenarios on soil impacts are not very large. However, 
expressed as the amount of CO2 reduction the differences are large. The transport scenario uses 
four times more fertilizer per avoided emission of a gram of CO2 equivalent. Furthermore, the risk 
of loss of soil organic matter is greatest in the transport scenario, mainly because of the high 
proportion of rapeseed FAME in the fuel mix. We conclude that with regard to soil quality the 
other scenarios are to be preferred. 

Conclusions on policy development for the bio-based economy  

The following conclusions are relevant for policy development regarding the bio-based economy: 
1. Three to four biomass production chains perform well on soil quality indicators: 

The analysis indicates that ethanol from sugarcane (without burning) gives highest scores on 
all soil quality indicators. Slightly less, but still good, is the performance of wheat straw for 
ethanol (returning lignin) and SRC chains. The use of silage maize for biogas also performs 
quite well, but it requires a high nitrogen input. 

2. Agricultural management makes the difference: 

The differences between different sugarcane and wheat chains are quite large. This illustrates 
the importance of cultivation and harvesting technologies.  

3. Different crops show large differences in soil quality impacts  

Analysis of the various biomass production chains showed that the different biomass 
production chains show large differences in effects on soil quality per unit of CO2 reduction. 
The selection for certain biomass production chains may thus significantly influence the future 
development of soil qualities in Europe and worldwide. 

4. Use of crop residues: 

In general, the use of crop residues such as straw is seen as positive in the bio-based 
economy.  
Our analyses of biomass production chains, which include the use of more or less crop 
residuals, indicate that this point of view needs modification. To some extent, crop residues 
left on the land maintain the organic matter content of the soil and thus maintain soil fertility. 
This effect of crop residues left on the land may also be achieved by returning lignin rich 
waste products from the bio-based economy to the soil, in order to close the ecological 
carbon cycle. In this case, attention must be paid to possible contamination of these wastes 
during the bio-based production process. 

5. Many studies present an incomplete overview of nutrient use: 

The use of animal manure is often insufficiently known. CO2 tools often do not include animal 
manure in their calculation of GHG. Furthermore, national reports are often incomplete.  
This leads to an underestimation of the emissions of nitrous oxide during crop production, 
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and thus an incomplete GHG balance. It also gives a distorted picture of the actual restoration 
of the soil organic matter content. 

3.5. Use of biomass for electricity, heat and raw materials 

As indicated in the paragraphs above, the current policy for the bio-based economy is primarily 
directed towards the use of biomass to generate bio-fuels, bio-heat and bio-electricity. Our study 
shows that such policy is not the most optimal with respect to sustainable biomass production. 
We therefore recommend adjusting the policy to ensure that biomass is primarily used for the 
production of chemicals and to produce heat and electricity, instead of bio-fuels. This may be 
achieved by legal establishment of a compulsory share of bio-based chemicals and (industrial) 
heat supplied to the EU market, similar to the blending obligations for bio-fuels in several EU 
Member states. 

4. Policy recommendations 

 Formulate mandatory criteria to guarantee the sustainability of biomass which is used for 
the production of raw materials, biogas and bio-electricity, as already exist for bio-fuels. 

 Introduce more differentiated policy targets and subsidies for cultivation and harvest 
methods so that good farm management and conservation and enhancement of soil 
quality are rewarded. 

 Limit the use of agricultural residues in a bio-based economy, such as straw, by taking 
into account the amount of organic matter necessary in the soil, specified for soil type 
and climate. 
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Introduction 

The decline in soil organic carbon (SOC) is recognized as one of the eight (8) soil threats 
expressed in the European Union Thematic Strategy for Soil Protection (COM (2006)231 final, COM 
(2006) 232 final) and reiterated in The implementation of the Soil Thematic Strategy and on-going 
activities (COM (2012)46 final) (EC, 2006a; EC, 2006b; EC, 2012b). One of the strategy´s goals is to 
maintain and improve SOC levels. The recent policy document Roadmap to a Resource Efficient 
Europe (COM (2011)571 final) sets the objective of increasing current levels of organic matter in 
the EU by 2020 (EC, 2011). 
The decline in SOC content has a negative impact on the ability of a soil to perform key 
environmental services (such as fertility, nutrient cycling, buffering against pollution, water storage 
and biodiversity), accelerate soil degradation processes (e.g. higher erosion exposure) and affects 
GHG emission balance. For this reason the amount of SOC in EU is perceived as one of the priority 
issue to be addressed in the preparation of climate change and agricultural policies (EC, 2008; EC, 
2009; EC, 2011; EC, 2012a; EC, 2012c; EC, 2012d).  
SOC content is monitored within the EU member states at national/regional/local levels by soil 
science institutes or other soil related organizations. So far there are no homogeneous spatial SOC 
estimates at EU scale based on data coming from soil monitoring networks (Saby et al., 2008). The 
only data available are limited in monitoring sites per country, in density of samples and the final 
the estimates on SOC content and stocks rely on various assumptions. Currently EU policy makers 
and scientific communities use the modelled map of the distribution of SOC available at European 
scale (known as OCTOP) as an input for developing strategies for soil protection and in climate 
change modelling, agriculture and other environmental domains (Jones et al., 2005).  
This extended abstract aims to describe the SOC data collected through the EIONET network in 
2010, the comparison with the modelled OCTOP data and the new collection planned for 2013-
2014. 

1. EIONET-SOIL data collection 

The European Commission (EC) and European Environmental Agency (EEA) consider the platform 
ESDAC, the European Soil Data Centre, as focal point for soil-related European-wide data and 
data-management activities (Panagos et al., 2012). This platform has the mandate to collect new 
data at the European level, to evaluate the data and to produce added value products (maps, 
reports) in order to support soil policy development, implementation and monitoring by the EC’s 
Directorate General for Environment, the Joint Research Centre (JRC) and Eurostat (the European 
Commission’s Statistical Services). In 2010, ESDAC collected and managed data from Member 
States (MS) for two indicators: SOC and soil erosion. This exercise was done in collaboration with 
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the official European Environment Information and Observation Network for soil (EIONET-SOIL) 
(Panagos et al., 2013a). 

1.1. Organization structure 

The EIONET network consists of representative organizations from 38 European countries 
(including the 28 MS of the EU plus other European countries). The network is built on National 
Focal Points (NFPs) that co-ordinate Primary Contact Points (PCPs) and National Reference 
Centres (NRCs) for specific areas such as soil, water, waste, etc. NFPs are environmental 
organizations, represented by nominated persons that are appointed by the EEA member 
countries to act as primary link/contact between the EEA and the other national EIONET partners 
(PCPs, NRCs). Usually the NFPs are national environmental ministry representatives. The PCPs for 
soil are the lead institutions in the soil domain at national level. The PCPs could be viewed as 
national soil data centres according to the structure of nested soil data centres.  
EIONET is one of the first examples of an organized official network for soil monitoring data 
purpose in Europe. 

1.2. Guidelines 

The data collection exercise organized in 2010 had the final objective of creating European-wide 
spatial datasets for soil erosion and SOC. In cooperation with the EIONET countries, the ESDAC 
adopted a “light” data collection protocol on the basis of 1km x 1km cells that were assigned to 
each country. For each cell the countries had to provide their best possible (estimated or 
measured) information on SOC content and soil erosion pertaining to that cell. The grid of cells 
selected to overlay the whole European territory follows the specifications suggested by the 
technical co-coordinators for the implementation of the INSPIRE Directive (EC, 2007).     

1.3. Country participation 

The data collected through EIONET-SOIL are spatial and allow for a country-participatory 
approach. There was no legal obligation for the exercise, EIONET member countries participated 
to the soil data collection on a voluntary basis. Seven countries (Austria, Belgium, Denmark, Italy, 
Netherlands, Poland and Slovakia) submitted almost complete datasets on SOC content. Other six 
countries (Estonia, Norway, Ireland, Serbia, Switzerland and Bulgaria) submitted either less than 
50% of their coverage or point data which needed additional spatial interpolation. Eight additional 
countries own relevant soil SOC data which may need some further processing in order to be able 
to deliver them according to the established EIONET protocol, unfortunately the data are not in a 
format to be integrated in an overall EU dataset. The other EIONET countries did not reply or 
declared that they lack the requested soil data/refused to deliver the data due to legal issues or 
other restrictions. 

2. EIONET-SOIL organic carbon data 

As the collected EIONET-SOIL data are coming from different data sources they need to be 
harmonized to account for different methods of soil analyses, scales and time periods. For the 
evaluation, in particular for a comparative analysis, the information given by the participating 
countries in the accompanying metadata was included in the process. Information generally 
available in the metadata for SOC are the following: 1) the period of the ground survey(s), 2) the 
method used for a spatial interpolation of point data and 3) the land use types covered.  
Information on other aspects of the comparability of SOC data such as the sampling method of 
organic layers or the measurement method used to determine SOC and bulk density, are generally 
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not included in the metadata received and could therefore not be taken into account. Regarding 
the SOC, the cell values had to express the amount of OC in the soil for the depth range of 0-
30cm in tonnes per hectare (t ha¹־) and the percentage (%) of SOC content in the cell for the same 
depth range. 

2.1. Soil Organic Carbon content (%) 

SOC content (%) data were received from 12 EIONET countries (32% of the total EIONET network) 
but only six of them provided data for more than 50% of their geographical coverage (in Fig. 1 the 
SOC map). The participants were also requested to include for each cell or group of cells, some 
metadata that would allow the correct interpretation of the cell values (for instance the methods 
or data used to derive the cell value). The metadata, presented in Table 1, showed that the 
countries are using various methodologies for data collection. 

Figure 1. EIONET SOC map, (Panagos et al., 2013). 

2.2. Soil Organic Carbon stocks 

For the EIONET-SOIL data collection on SOC stocks estimates  the participating countries were 
asked to provide estimates on the amount of SOC density in the depth range of 0-30cm in t ha¹־ 
for each of the 1km x1km cell in their country ( the % explain the coverage with values). The 
estimates provided for the 6 participating countries were: Bulgaria: 315 Tg, Denmark: 370 Tg, 
Netherlands: 299 Tg (77% coverage), Poland: 1,753 Tg (70% coverage), Italy: 994 Tg (57% 
coverage) and Slovakia: 122Tg (54% coverage). 
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Table 1. Snapshot of EIONET-SOIL data, (Panagos et al., 2013a). 

Country Number 
of 1km 
cells 

Area Coverage 
with SOC value 
(%) 

Average 
SOC (%) 
0-30cm 

Survey period, method and 
land use covered 

Austria 55,329 64.8 2.7 Period: 1970s  
Method: kriging 
Land: agricultural 

Bulgaria 14,101 12.6 2.1 Period: 2004-2008  
Method: no interpolation.  
Land: agricultural 

Denmark 42,917 100.0 2.0 Period: 2000s   
Method: 45,000 points 
interpolated kriging in 250m x 
250m cell.  
Land: all land areas 

Estonia 13,379 28.4 3.5 Period: 2002-2010,  
Method: Near Infrared 
Reflectance Spectroscopy (NIRS).  
Land: agricultural  

Ireland 1,322 1.8 13.3 Period: not specified,  
Method: no interpolation. 
Land: agricultural  

Italy 30,521 10.0 3.1 Period: 1991-2006 
Method: two regions in northern 
Italy 
Land: non-urban areas. 

Netherlands 29,866 77.3 3.5 Period: 1989-2000 
Method: selection of sites 
Land: agricultural 

Norway 14,249 4.1 3.2 Period: not specified 
Method: not specified 
Land: agricultural 

Poland 220,090 70.1 2.6 Period: Mid 1990s 
Method: extrapolation to 
polygon from point data. 
Land: agricultural  

Serbia 1,181 1.3 2.0 Period: not specified 
Method: no interpolation  
Land: agricultural  

Slovakia 26,959 54.0 1.3 Period: 1961- 1970 
Method: spatial interpolation 
Land: agricultural  

Switzerland 105 0.3 4.5 Period: not specified. 
Method: no interpolation 
Land: agricultural  
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3. Comparison 

The results from the 6 countries with EIONET data coverage of more than 50% for the country or 
full-covered regions were compared with the modelled European SOC data of OCTOP (Jones et 
al., 2005). The comparison revealed that the SOC (%) in the average modelled OCTOP dataset 
values were almost double than in the collected EIONET-SOIL data in North-East and Central 
Europe (Panagos et al., 2013a). While the national estimates used a variety of approaches, the 
method used to generate the OCTOP estimates is based on the pedo-transfer rule (PTR) 21 of the 
European Soil Database (ESDB) (King et al., 1994) which has been developed by Van Ranst E. et al. 
(1995). 
The defined factors that potentially could lead to these differences are the following: 

a. Difference due to peat classification and subsequent PTRs conditions ( e.g. in Netherlands 
and Poland, the difference is explained due to peats which have been drained in the last 
20-30 years); 

b. Difference due to geostatistical procedures; 

c. Difference due to conditions of PTR (e.g. in Denmark, Austria and Slovakia, the PTR of the 
model OCTOP had as output much higher SOC values than the ones provided by the 
countries). 

In contrast to the average outcome, both modelled and EIONET-SOIL datasets were quite close in 
Northern Italy. 
The SOC stocks were also compared with the amount of SOC in Europe based on OCTOP dataset. 
The 10 Italian regions which provided SOC stocks show data close to the OCTOP data. In 
Denmark, the OCTOP SOC estimations resulted 1.7 times higher than the EIONET-SOIL data (the 
difference could be a bit reduced to 1.5 if the comparison would consider only areas with a low 
peat fraction). In other 3 countries (The Netherlands, Poland, and Slovakia) the estimations 
resulted in even more higher values (e.g. 1.9 times) independently of land use as in Denmark. The 
overall results suggested that the current estimates of SOC Stock in Europe in the topsoil could be 
much less than the 73-79 Pg, as reported by Schils (EC, 2008). OCTOP data provide a good 
overview for Europe but it could be improved through the integration of SOC data that originate 
directly from European countries and reflect the actual situation of topsoil SOC. In addition, the 
harmonized national data could potentially be used as a support for the revision of the existing 
method (PTR21) that formed the basis of the OCTOP data, especially for the geographic areas 
where the provided EIONET-SOIL data covers a region or soil type which was not included when 
defining the PTR21.   
The LUCAS 2009 campaign (Toth et al., 2013) was the first attempt to collect new harmonized soil 
data (in time and space) and analyze these in the same laboratory, thus minimizing as much as 
possible the method biases. The modelled OCTOP data for Central and Eastern European 
countries significantly estimate higher SOC content compared to LUCAS ground measurements 
(Panagos et al, 2013b). 

Conclusions 

EIONET-SOIL is the first data collection exercise in Europe where countries participated by 
submitting spatial data for SOC to a centralized data centre, ESDAC. The exercise fulfilled specific 
data needs and used a grid-cell approach according to directions provided by developments 
around the INSPIRE Directive. Even if countries had different methodologies in estimating SOC 
values on cell-basis, they have responded effectively to the ESDAC requirements. This experience 
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shows how EIONET-SOIL could be transposed to a framework for soil data, where MS would be 
asked to report on soil issues towards EU services in the contest of the Soil Thematic Strategy. 
EIONET-SOIL network could potentially become a monitoring network, able to detect SOC 
changes over a certain period (e.g. in 10-years´ time).  
This data collection exercise demonstrated a no complete neither homogeneous resulting dataset, 
but at the same time the best (fragmented) “picture” which can be achieved basing on national 
data. Instead OCTOP, although being the result of modelling only, it is a homogeneous and 
complete dataset and provides a continuous map of SOC in Europe.  
The EIONET-SOIL data demonstrated also its potentiality for the revision of some of the OCTOP 
modelling options for certain parts of Europe, such as the PTR21. The metadata proved to be 
extremely important for the interpretation of EIONET-SOIL data during the evaluation and during 
the comparison. 
To overcome the lack of accurate SOC data and SOC stocks estimation and the availability of tools 
to carry out scenario analysis a new SOC stock baseline for agricultural soils has been modelled at 
pan-European scale using CENTURY model. The EIONET inventory was used to test the model 
results (Lugato et al., 2013). 
A more comprehensive pan-European estimation of SOC will take place after the new data 
collection round during 2013-2014 will be finished, with the expected contribution of more 
EIONET countries. 
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The Central Region of Russia (CRR) is the largest in the RF according to its population and role in 
the economy. CRR is characterized by high spatial variability of soil cover due to the original 
heterogeneity of the landscape as it underwent a complicated history of land use practices during 
the last 700 years. Our long-term research includes the wide zonal-provincial set of representative 
ecosystems and soil cover patterns with different types and history of land use (forest, meadow-
steppe and agricultural) from the middle taiga to the steppe zones with different levels of 
continentality. 
The 30 years of regional and local studies of representative natural and rural landscapes carried 
out in Tver’, Yaroslavl’, Kaluga, Moscow, Vladimir, Kursk, Orel, Tambov, Voronezh and Saratov 
oblasts give us the interregional multi-factorial matrix of elementary soil cover patterns (ESCP) 
with different land use practices and history, soil-geomorphologic features, and environmental 
and microclimate conditions. 
The validation and ranging of the limiting factors of ESCP regulation and development, soil carbon 
dynamics and sequestration potential, ecosystem principal services, land functional qualities and 
agro-ecological states have been carried out for the dominating and most dynamical components 
of ESCP regional-typological forms – with application of regional and local GIS, soil spatial 
patterns detail mapping, traditional regression kriging, correlation tree models and DSS adapted 
to concrete regional conditions. 
The outcomes of statistical modeling show the essential amplification of erosion, dehumification, 
CO2 and CH4 emission, acidification or alkalization, disaggregation and overcompaction processes 
due to violation of environmentally sound land use systems and traditional balances of organic 
matter, nutrients, Ca and Na in agrolandscapes.  
Due to long-term intensive and out-of-balance land use practices even the famous Russian 
Chernozems begin to lose not only their unique natural features  (around 1 m of humus horizon, 
4-6% of Corg and favorable agrophysical features), but also traditional soil cover patterns, 
ecosystem services and ecological functions including a terrestrial ecosystem carbon balance and 
the control of GHG fluxes. 
Key-site monitoring results and regional generalized data showed 1-1.5 % Corg lost during the last 
50 year period as well as active processes of CO2 emission and humus profile eluvial-illuvial 
redistribution. Forest-steppe Chernozems are usually characterized by higher stability than steppe 
ones. The ratio between erosive and biological losses in humus supplies can be tentatively 
estimated as fifty-fifty with strong spatial variability due to slope and land use parameters. These 
processes have essentially different sets of environmental consequences and ecosystem services 
that we need to understand in order to frame the environmental and agro-ecological problems in 
predicting development. 
A drop of Corg content below the threshold “humus limiting content” values (for different soils they 
vary from 1 to 3-4% of Corg) considerably reduces the effectiveness of the fertilizers used and the 
possibility of sustainable agronomy in this region. The problems associated with this 



scs2013 – session 3  183  
environmental and agro-ecological situation can be essentially improved by enactment of a new 
federal law on environmentally friendly agriculture but the draft of such a law is still being 
deliberated.   
Quantitative analysis of soil carbon dynamics and the potential for sequestration, the principal 
ecosystem services and the degradation processes may provide us with a foundation for its 
development. 
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Introduction 

There is no significant evidence for a climatic driven loss of soil organic carbon in the majority of 
soils in Germany. But climatic factors and other factors (e.g. soil use, soil management, and 
emission) influence the soil organic content as well as carbon pools. These factors are overlapping 
and so it is difficult to get a clear picture. We like to show different approaches in forest and 
arable soils to find out why and how differences in soil carbon occur. 
Düwel & Utermann (2008) published the status of organic carbon in a map as a result of more 
than 9.000 soil samples all over Germany (Fig. 1).  

©  

 

Figure 1. Carbon content in German top soils (DÜWEL & UTERMANN (2008) 
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1. Forest Soils 

The Thuenen-Institute for Forest Ecosystems published a map of the actual C-stocks in forest soils 
as well as changes of C-stocks based on two periods of the national forest soil inventory (1987-
2006) Data of the Thuenen-Institute will be used within the German Kyoto-protocol obligations. In 
forest floors no significant changes of C stocks were found. Carbon data of forest soils have been 
estimated by using data from three soil surveys, BZE I, BioSoil and BZE II. The forest Soil Inventory 
I (BZE I) was carried out from 1987 to 1992, BioSoil was carried out from 2006 to 2007 and the 
Forest Soil Inventory II (BZE II) was carried out from 2006 to 2008. In all three inventories, samples 
were taken from both the total organic layer and of the mineral soils (Federal Environment 
Agency, 2013). An area-referenced approach, with strata formation, was used to calculate carbon 
stocks and of their dynamics between the two inventory measurements. For the formation of 
area-relevant strata the national soil map 1:1 Mio (BGR, 2007) was used. This map describes the 
dominant soil types and parent material for soil formation according to the German soil 
classification system. It was found that the carbon stocks of Germany's mineral soil, to a depth of 
30 cm, increased from 57.24 t ha-1 at the time of the BZE I inventory to 62.03 Mg ha-1 at the time 
of the BZE II / BioSoil inventories significantly. This can be calculated as an annual increase of 0.32 
± 0.04 t C ha-1. A more detailed view of the data shows that an increase of carbon stocks was 
found in the soils of different alpine elevations and in sandy soils in North-East Germany 
especially (see figure 2) (Federal Environment Agency, Germany, 2012). 
 

 ©  

Figure 2. Changes of Carbon stocks from 1st to 2nd National Forest soil Inventory (1987-2006) (Bolte 
et al., 2011) 



scs2013 – session 3  186  
2. Arable Soils 

No national-scale survey has been compiled for agricultural soils. Ebertseder et al. 
(2010) analyzed 40.776 soil samples from 1996 to 2008 and came to the conclusion: "the humus 
situation in agricultural soils has not been degraded.” Some results from Bavaria from the 
permanent soil monitoring system (CAPRIEL 2010) show a decrease of organic matter in mineral 
layers of 25 per cent at a number of sites but an increase of 21 per cent at others. The authors 
found changes in soil organic matter content only if there were drastic changes in land use 
(drainage, conversion from grassland to arable land). An estimation of more than 7.500 topsoil 
data was analyzed to find out dependencies from several parameters. A multivariate analysis 
found that the carbon content is a function of precipitation, temperature, clay content and silt 
content (Fig. 3). With these parameters, 33% of the carbon content in arable soils could be 
explained. A clustering of the dependent parameters showed different regions like a “drought” 
cluster in Northeast Germany and an “altitude” cluster in the subalpine region (FUCHS et al. 2010). 

 

Figure 3. Multivariate analysis of Carbon Content in Topsoil  

Due to the incomplete data on soil carbon in agricultural soils, organic carbon content and carbon 
stocks of agricultural soils will be measured by the ongoing German agricultural soil inventory 
carried out by the Thuenen-Institute for Agricultural Climate Research, Braunschweig (Fig. 4). The 
project focuses on the following main objectives: (i) improvement of the national reporting on 
emissions under the UNFCCC, (ii) development of a consistent, nation-wide data set on current 
soil carbon stocks of agricultural soils, (iii) utilization of an adequate population for geo-statistical 
interpolation, (iv) using advanced modeling techniques under consideration of the theory of 
errors, and (v) provide the data basis to separate the influence of site and climate factors from 
land use history and land management. 
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Figure 4. German agricultural soil inventory, State of the Data Acquisition (Thuenen-Institute, 2013) 

To estimate trends in the data from long term field trials, soil monitoring sites have to be 
evaluated. The long term agricultural field trials in Germany showed no significant changes due to 
climate change (Körschens et al., 2012). To find a trend for the agricultural soils in Germany a 
project was initiated by the Federal Environment Agency to analyze data from all available 
permanent monitoring sites in Germany to have a higher sample number. Problems of 
interpretation will be discussed. 
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Soil organic carbon (SOC) can be divided into different functional pools according to their degree 
of stabilization and corresponding turnover times. A quantification of these functional SOC pools 
would allow an estimation of future SOC stocks and potential SOC sources/sinks under changing 
land uses and climatic conditions (Wiesmeier et al. 2012). In this study, functional SOC pools were 
determined for all relevant soil units and major land uses within the state of Bavaria in southeast 
Germany. For each of the 33 major soil units within Bavaria, representative soil profiles under the 
main land uses cropland, grassland and forest were selected to fully cover the range of 
environmental conditions that control SOC storage. Each soil horizon down to the parent material 
at the 99 locations was fractionated according to the method of Zimmermann et al. (2007). This 
approach isolates five SOC fractions using a combined physical and chemical fractionation. These 
fractions can be related to three functional SOC pools with specific turnover rates (active, 
intermediate, passive). For forest soils, considerably higher amounts of active SOC and a lower 
proportion of intermediate and passive SOC were found compared to cropland and grassland 
soils indicating potentially high C losses in forest soils under rising temperatures. Moreover, 
considerable differences were determined between major soil units highlighting the importance of 
soil types for carbon sequestration. The distribution of functional SOC pools within Bavaria 
revealed high proportions of active SOC in elevated regions in the Alps and low mountain ranges 
as well as in fens. With our fractionation approach, the amount of active, intermediate and passive 
SOC for both top- and subsoils was determined for important soil units and land uses in Bavaria 
that can further be used for regionalization and modeling.   
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Introduction  

Enhancing carbon stocks in degraded drylands under subsistence farming could have positive 
impact on soil fertility and consequent environmental and socio-economic  benefits through 
improving food security (FAO, 2004). Considering smallholder farming systems in CO2 emission 
reduction programs  can augment these effects and incentivize the adoption of more sustainable 
land use practices (Elverfeldt et al., 2007).  
Aiming to reverse land degradation and contribute to the household food security in the Tigray 
region, Ethiopia, the regional government along with supporting NGOs has been promoting 
integrated watershed management in the area. The management options applied include 
protection of degraded hillsides, communal grazing lands and gullies from grazing and human 
interference (known as establishement of exclosures for natural vegetation regeneration), soil and 
water conservation in all lands, water sources development, reforestation of communal and 
private lands, and development in dairy livestock raising, bee keeping and fodder grass 
management (Bayer et al., 2006). Our study aims to assess the ecosystem carbon storage and 
sequestration in the intervention region in Northern Ethiopia. Here, we report on the soil organic 
carbon (SOC) distribution within deep soil profile in prevailing land use systems that underwent 
the above interventions. 

1.  Materials and methods 

The study was conducted in Gergera watershed, Eastern part of the Tigray region, where 
integrated watershed management has been implemented since 1998 (Fikir Et al., 2008). The 
watershed is located at 13043’30” to 13055’0” N and 39038’30” to 39047”30” E, covering 143.9 km2 
area (Fig. 1). It is characterized by middle to high altitudes (2066-2887 m a.s.l.), average annual 
rainfall of 610 mm with  the main rainy season from mid of June to August, and average annual 
temperature range of 16-20C.  
The soil sampling was conducted from the end of September till December 2012 in three land use 
systems i.e., exclosure (17 sites), cropland (21 sites), and rangeland (14 sites). The latter category 
included 6 open grazingland sites and 8 protected rangeland sites  (Fig. 1). Soil pits were opened 
and in total 173 samples collected to analyze soil profiles. The SOC concentration was analyzed on 
each of the composite sample collected, as described by MacDicken (1997), from four soil layers 
(0-15, 15–30, 30-60 and 60-100 cm). Randomly, samples were also collected from the depth of 
100-140cm. SOC concentration of the samples was measured using Walkley-Black method 
(Walkley and Black 1934). In addition, undisturbed soil samples were collected from each soil layer 
using a core sampler for consequent bulk density analysis.  
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Figure 1. Map of study area in Gergera watershed, Tigray region in Northern Ethiopia, showing 
elevation and sampling points (Source: Tigist, 2013). 

To correct for the coarse fragment content, bulk density (ρb, gmcm-3) was calculated for each soil 
layer as follows (Throop et al., 2012, Lorenz and Lal, 2007; Grimm, et al., 2008): 

ρb = Mass of soil/Volume of core 
Where:  Mass of soil is the mass of the fine earth fraction <2mm; Volume of core includes the 
volume of fine earth and coarse fragments. 
The SOC stock (kgha-1) was calculated as: 

SOC_stock= SOC concentration (%)*soil layer thickness (m)* ρb (gmcm-3) *1000 
Where 1000 is unit correction factor for ρb from g cm-3 to kg m-3 
Linear regression and one-way analysis of variance (ANOVA) were used to evaluate relationships 
between SOC and the factors of land use system and soil depth. All the statistical analyses were 
conducted using STATA 12 software.  

2. Result and discussion 

2.1. Soil organic carbon in different land use systems 

Numerous studies reported losses of SOC due to intensive croping practices in subsistance 
farming  systems (e.g., Ashagrie et al., 2007, Fantaw et al., 2007). Relatively few studies focused on 
SOC analyses in Ethiopia (Mulugeta et al., 2004, Mekuria et al., 2007) and were limited to the 
upper 30-40cm soil layers. Our study, capturing 1m depth, revealed significant impact of the three 
land use types on SOC stock. The exclosures had higher SOC stock in contrast to croplands, 
characterized by the lowest SOC contents among the examined land uses (Fig. 2).  
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Figure 2. Mean SOC stocks within soil profiles examined in dfferent land use systems in Gergera 
watershed, Tigray region in Northern Ethiopia. (Source: own investigation).  

Besides, the exclosures, although implemented on marginal and degraded communal lands 
(Mekuria and Aynekulu, 2011) with shallow soils, not suitable for farming, stored significanly 
higher C stock than croplands, but significantly lower than rangelands that were characterized by 
a more favorable topography. Mekuria et al. (2007) showed that exclosures had a higher potential 
to rehabilitate degraded and abandoned rangelands given the higher SOC recovery than that 
observed in open grazing land. The  observed difference between SOC stocks in the exclosures 
and rangelands in our study can be likewise attributed to an improved rangeland management 
that facilitated the SOC restoration. Within the study landscape, most of the exclosures were 
found on steep slopes (Decheemaeker et al., 2006), back slope, and ridge or the foot slope 
positions, where a relatively higher erosion is expected. In contrast, the rangelands were found in 
the valley or the foot slope positions, where higher soil deposition may occur. Due to their 
topographic positions, the exclosures showed very shallow soils or soils with a higher amount of 
coarse fragments which strongly affected the soil bulk density and SOC stock (Throop et al., 2012).  
The SOC concentrations in rangelands and exclosures were similar (Fig. 3).  
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Figure 3. Mean SOC concentrations within soil profiles examined in dfferent land use systems in 
Gergera watershed, Tigray region in Northern Ethiopia. (Source: own investigation). 

Improved land management practices not only protect the soil resources but also have socio-
economic implications. Previously, Hengsdijk et al. (2005) showed that practices preventing soil 
erosion in Tigray helped reduce the sediment and runoff affecting the croplands and grazing 
lands, which were located down the slope. Thus the land productivity could be restored, leading 
to economic benefits for the local community. Moreover, controlled grass harvesting from the 
exclosures and protected rangelands, and bee keeping  in the exclosures are additional income 
sources in the area (Fikir et al., 2009).  Our evaluation of current SOC status in different land use 
classes in Tigray indicates that the croplands exhibiting SOC concentrations below 1% (Van De 
Wauw, 2005) are in need of improved soil management practices, such as e.g. conservation 
agriculture, which can enhance the soil fertility and C sequestration (Theirfelder and Wall 2012 and 
Theirfelder et al., 2013). The land management practices introduced in the rangelands and 
exclosures, previously described as affected by carbon loss (Mekuria et al., 2007) have likely 
improved the environmental conditions in these areas. 

2.2. Soil organic carbon distribution within the soil depth 

Our results on SOC stock in the different depth intervals indicated the importance of accounting 
depths below the topsoil. About 36% of the total SOC stock was found in the soil horizon below 
30 cm depth. The SOC stock in the topsoil layer of 0-15cm was similar to that in 15-30cm horizon 
but significantly differed from all the others (Fig. 2). The SOC stock in 15-30cm horizon was similar 
to that in 100-140cm but significantly differed from SOC in 30-60cm and 60-100cm soil horizons. 
This similarity of SOC in 15-30cm and 100-140cm depths could be due to the small sampling size 
for the 100-140cm depth thus resulting in high deviation of the means (Fig. 2).  
The rangeland exhibited similar SOC stock in 0-15cm and 15-30cm layers in contrast to the trend 
observed in the other land uses, where SOC stock declined from the soil surface down to 30-60 
cm depth (Fig. 2). This might be explained by the translocation of clay particles and organic matter 
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from the surface soil (Due et al., 2007 & Lorenz and Lal, 2005) as the valley bottom location of 
most of the rangelands favors this process.  

Conclusions  

The prieliminary results of this study indicated satisfactory carbon status of the exclosures and 
rangelands. The SOC stocks were significantly higher than in the croplands which are yet to 
benefit from the introduction of sustainable farming practices. The SOC distribution along the soil 
profile showed the importance of including deeper soils in the analysis, because the likely SOC 
losses in the cropland were not restricted to the A horizon but extended downward.  
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EX-Ante Carbon-balance Tool (EX-ACT), a tool for enhancing SOC 
sequestration and linking science, policy and action 
Martial Bernoux* 1, Louis Bockel2, Giacomo Branca2,3, Uwe Grewer2, Leslie Lipper2 & Marie Mahieu2 
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Sustainable Agricultural Systems (ESAS), via delle terme di Caracalla, 00153 ROME, Italy. 3Università 
degli Studi della Tuscia, Dipartimento di Economia e Impresa (DEIM), Via Camillo de Lellis, 01100 
Viterbo, Italy 

Agriculture, Forestry and Other Land Use (AFOLU) sector is a major source of greenhouse gas 
(GHG), but concomitantly, the agriculture sector has considerable potential for mitigation. It has 
also been estimated that about 70% of the global mitigation potential of agriculture can be 
achieved in developing countries (Smith et al., 2007). Most of this potential can be realized by soil 
organic carbon (SOC) sequestration through cropland and grazing land management, restoration 
of organic soils and degraded lands. Thus, managing SOC in developing countries is essential, 
even more that SOC being the major component of the soil organic matter (SOM) it is also an 
indicator of sustainable systems. As a result, there is an increasing demand by project managers 
and policy makers for suitable GHG assessment tools to reap the benefits of AFOLU activities. 
Assessments have to be carried out by agronomists, land managers, NGOs and technical institutes 
who are not always specialists in GHG accounting. Three FAO divisions dealing with agriculture 
development economics, investment and technical cooperation, joined their effort to develop  EX-
ACT (EX-Ante Carbon-balance Tool, Bernoux et al., 2010), a scoping tool with the objective to 
estimate ex-ante the impact of AFOLU development projects on GHG emissions and C 
sequestration both in soil and biomass. Numerous appraisals performed with EX-ACT of rural 
development projects and policies show that SOC centered policies and programs can allow cost 
effective synergies between development and mitigation (e.g. Branca et al., 2013, results available 
on-line at http://www.fao.org/tc/exact/ex-act-applications/en/). 
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Carbonate minerals provide a long-lasting, thermodynamically stable and environmentally benign 
carbon storage host. Mineral storage is in general the end product of conventional supercritical 
geological CO2 storage. The relative amount of mineral storage and the rate of mineralization 
depend, however, on storage formation rocks and injection methods. Mineralization rates can be 
increased by injecting CO2 fully dissolved in water, which in turn limits the risk associated with 
buoyancy, and/or by injection into silicate rocks rich in divalent metal cations which are needed 
for carbonate formation.  
CarbFix is a combined industrial-academic pilot project, developed in order to assess the 
feasibility of in situ CO2 mineral sequestration in basaltic rocks. The project includes theoretical, 
experimental and field studies, development of new methods and technologies associated with in 
situ CO2 sequestration and cost analysis. Unique to CarbFix is its connection to Hellisheidi 
geothermal power plant, allowing for capture of otherwise emitted CO2 in addition to CO2 
transport and mineral sequestration. The CarbFix injection site is situated ca. 3 km SW of 
Hellisheidi power plant. Injection of pure CO2 and CO2-H2S gas mixture was carried out in 2012. 
The gases were fully dissolved in groundwater during injection, resulting in solubility storage of 
injected gases in only a few minutes as well as a single fluid phase within the storage formation. 
Conservative aqueous and gas phase tracers were co-injected with the dissolved gases along with 
14C labeled CO2 in order to monitor the injection in nearby wells and estimate how quickly and to 
what extent predicted CO2 mineralization reactions occur within the storage formation. The 
reactions require time to proceed as injected fluids percolate through formation rocks. Initial 
reactions involve dissolution of the primary basaltic host rock, which releases the divalent cations 
into the fluid needed for carbonate formation and in return the rock captures protons from the 
fluid raising its pH value. As divalent cation concentration and pH value increases, carbonates 
become supersaturated and precipitate, hence sequestering injected CO2. Although a short time 
has elapsed from the injection, monitoring in nearby wells already indicates significant dissolution 
of primary basaltic host rock and subsequent saturation of carbonate minerals. Injection of CO2-
H2S gas mixture will continue in 2013. 



scs2013 – session 3  198  
The Catch-C and SmartSOIL twin projects on Sustainable Soil Management 
in EU FP7 
Hein F.M. ten Berge*1 & Jørgen E. Olesen2  
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University, Blichers Allé 20, DK 8830, Tjele, Denmark 

Farming practices that cause declining returns and inputs of carbon (C) to soils pose threats to 
sustainable soil functioning by reducing availability of organic matter for soil microbial activity, by 
affecting soil structure that regulates crop water supply, by impacting crop nutrient supply, and by 
reducing soil C stocks that contribute to regulating greenhouse gas emissions. Soil degradation is 
considered a serious problem in Europe and a large part of the degradation is caused by 
agricultural activity with inappropriate cultivation in arable and mixed farming systems 
contributing to several soil threats, including declining soil organic matter (SOM). Losses of SOM 
cannot easily be reversed and any reversal is a slow process. Yet, increased removal of biomass is 
projected in the future to sustain needs for food, feed and fuel. This poses serious threats to soil 
functioning in the long term, and calls for adoption of counteracting farming practices.  
Two parallel EU projects on sustainable soil management in agriculture have started recently: 
SmartSOIL and Catch-C. While the respective approaches and emphases are different and 
complementary, the two projects share many similarities. Both projects aim to: 

 assess the effects of soil management options on farm productivity, soil quality and 
climate change mitigation, based on the analysis of long term experiments (LTE’s); some 
60 LTE’s are covered by the two projects collectively; 

 develop decision support tools (DSS) to help famers choose among alternative options for 
sustainable soil management; 

 identify policy options to encourage farmers to adopt sustainable soil management 
practices; 

 tailor these activities to the various major farm types and agro-ecological zones (AEZ’s) 
found in across Europe. 

SmartSOIL has a strong focus on the quantification of C stocks and flows in the soil system, and 
will develop a model framework that links farm practices to changes in SOM and soil productivity. 
This concept will be used to evaluate policy options, and will be integrated into a DSS for farmers. 
Catch-C, also starting from LTE’s, will document ‘best management practices’ (BMP’s) on a more 
empirical basis, and will assess – through extensive farmer surveys - the compatibility of these 
BMP’s with the major farm types and AEZ’s in Europe. Both projects will produce guidelines for 
national and EU policies to promote practices for more sustainable soil management in 
agriculture. 
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Session 4:  
Soils and global goals - How to ensure 

that soils are part of the solution 
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Rapport 
Rapporteur: Þórunn Pétursdóttir 
Soil Conservation Service of Iceland 

This session was designed to highlight the importance of linking science, policies and actors to 
ensure comprehensive soil conservation, carbon sequestration and sustainable natural resource 
management. The speakers approached the session´s topic from different angles but all shared 
the same believes: there are solutions available to tackle soil loss and to improve natural resource 
management. But to ensure global progress; they need to be used more efficiently.  
The key message from the session was that soil carbon and soil functions should be at the centre 
of the needed global paradigm shift towards sustainable natural resource management. To 
accomplish this soil awareness must be raised in the international arenas beyond physical work 
and communicated as the emotional issue it is. In the global perspective, soil has not been ranked 
as a priority target and regarding the post 2015 Sustainable Development Goals there are 
currently no SDG´s on land and soils. Development of a scientific panel within UNCCD could be an 
important step to return this trend. In order to protect the soil resource, soils need to be part of 
the development agenda in an interdisciplinary way, including not only social and economic 
aspects but also ethical and aesthetic values.  
Demography is the most important factor of degradation and despite the Millennium objects, we 
have so far failed to achieve more sustainable use of natural resources, including soils. 
International agreements, such as the Zero net Land Degradation, have the potential to globally 
highlight the importance of soils and there are signs that indicate that soil is back on the 
international agenda. The newly established Global Soil Partnership (GSP) is an example of that. 
GSP is a cross cutting activity within FAO, which is based on a voluntary partnership of those who 
decide to participate, supported by a neutrally selected scientific panel. The aim of the GSP will be 
to work with stakeholders on local, national and global scale on gathering information on soils, 
raising awareness on soil conservation and providing solutions on how to tackle ecosystem 
degradation and poor land management, for example via ecological restoration and improved soil 
management. 
Identifying the economic value of soil ecosystem services can be an important step towards better 
soil protection. Soil ecosystems can be evaluated via e.g. direct marketing pricing; biomass 
production; and hedonic pricing method, although such an economic evaluation is only a rough 
estimation of the true value of soils and the ecosystem services it provides to mankind. Combining 
soil strategies with other goals is also important. Land use and carbon sequestration are a 
cornerstones of the Icelandic climate policy and there is ample mitigation potential in LULUCF. 
Two of ten actions in Iceland´s domestic plan on climate mitigation concern LULUCF: 
afforestation/revegetation and wetland drainage/rewetting. Under Icelandic conditions these 
actions are cost-effective and highly beneficiary for SOC. Similarly, the UNU-LRT program is one of 
the cornerstones of the Icelandic development aid policy. The program emphasizes on training 
local specialists from Africa and Asia in Iceland to combat land degradation via changed land use 
pattern and restoration activities. The main tasks of the program are to provide a broad capacity 
building training on restoration and sustainable land management and contribute to the 
institutional capacity in the related countries.  
The importance of legal and institutional frameworks for managing soil carbon sequestration was 
addressed in the session. Soil carbon is globally recognized as a factor the nations need to tackle 
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and international treaties and strategies are ideal tools for setting the policy stage as soil carbon is 
an underlying conservation factor, interlinked to almost all targets of the UN- conventions. 
National laws and legal instruments can also provide ways to manage soil carbon and the Carbon 
Farming Act of Australian farmers is an example of that. By linking global, national and local 
policies to global agreements we could develop a more comprehensive approach to soil carbon 
sequestration via different actions than we currently have. The most efficient way to create these 
links would be by the establishment of an international legal framework on soil to meet State 
obligations to sustainable soil use and soil carbon management that would be based on 
collaboration between all sectors and different hierarchical levels.  
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UNU-LRT links science, policy and action for restoration of degraded land to 
secure livelihood, improve ecosystem services and fight climate change 
Hafdis Hanna Aegisdottir* & Berglind Orradottir 
United Nations University Land Restoration Training Programme 

Land degradation is a global challenge of major importance and has high impact on the 
environment, climate and human societies. The impact of land degradation is felt all over the 
globe, but has the gravest implications for the poorest and most vulnerable people on earth. 
Developing countries dealing with land degradation are confronted with poverty and unsecure 
livelihood and have limited resources to deal with these challenges. The UNU-Land Restoration 
Training Programme (UNU-LRT) is an international post-graduate training programme based in 
Iceland, with the aim to train specialists from developing countries to combat land degradation 
and restore degraded land.  Land restoration not only stabilizes soils, improves soil fertility and 
biodiversity, but also repairs ecosystem processes and improves ecosystem services while 
sequestering carbon. Land restoration and sustainable land management therefore have 
synergistic roles for securing livelihood, improving land health and fighting climate change. UNU-
LRT provides annually a six-month postgraduate training for specialists from developing countries 
in the field of restoration of degraded land and sustainable land management  The programme 
has offered 41 fellowships to specialists from 10 countries in Africa and Central Asia since the 
programme was established in 2007. The aim of the six-month training is to graduate specialists 
who are able to act on their knowledge, and drive actions at local community to policy levels. The 
training can thus be classified as a leadership training providing the UNU-LRT fellows with the 
knowledge and skills needed to act as change agents when back in the field in their home 
countries. Furthermore, the training encourages an open dialogue, dissemination and creation of 
new knowledge. The programme is thus a fruitful platform for linking science, policy and action to 
combat land degradation and restore degraded land with the multiple benefits for climate, food 
security and ecosystem services.    

                                                      
* hafdishanna@lbhi.is 



scs2013 – session 4  205  
FAO’s work on Soil Carbon and the Global Soil Partnership 
Ronald Vargas Rojas* 
Land and Water Division, FAO 

Soil is the thin layer of material (organic and inorganic) on the Earth's surface that has been 
subjected to and influenced by environmental factors (parent material, climate, organisms, 
topography and time) providing the basis for plant establishment and growth and the 
provisioning of ecosystem services. Soil is a finite natural resource. On a human time-scale it is 
non-renewable. Soil is the foundation of agricultural development and sustainable development 
and provides the basis for food, feed, fuel, fibre, water availability, nutrient cycling, organic carbon 
stocks, biodiversity, and a platform for construction. The area of fertile soil is limited and is 
increasingly under pressure due to climate change and competing, unsuitable land uses, resulting 
in increasing degradation. Currently, 46% of the world’s land is considered to be degraded. Urgent 
action is needed to reverse this trend. Healthy soils are required to feed the growing world 
population and meet their further needs. It is considered that this can only be ensured through a 
strong partnership which takes into account the existing initiatives and institutions. 
FAO has established the Global Soil Partnership with the mandate to improve governance of the 
limited soil resources of the planet in order to guarantee healthy and productive soils for a food 
secure world, as well as support other essential ecosystem services.  The vision of the GSP is for 
healthy and productive soils for a food secure world. The GSP as an intergovernmental mechanism 
will facilitate the dialogue and interaction among the various partners working on soils and the 
users and stakeholders using and competing for soil resources thereby promoting the protection 
of soils and their sustainable management.  
The GSP will address five main pillars of action: a) harmonization and establishment of guidelines 
and standards of methods, measurements and indicators; b) strengthening of soil data and 
information; c) promoting targeted soil research and development; d) promoting sustainable 
management of soil resources, and e) encouraging investment and technical cooperation in soils.  
Restoring soil organic matter is critical for agricultural productivity and climate adaptation as well 
as mitigation. FAO works in different fields of soil carbon consisting of: mainstreaming carbon 
balance appraisal in agriculture (Ex-Act), global modeling on estimated C sequestration potential 
in grasslands, cost-effective carbon accounting methods on the restoration of degraded 
grasslands, estimation of global GHG emissions from organic soils,  reducing emissions and 
increasing storage in forests, soil carbon monitoring and mapping and soil organic management 
in agriculture systems.  
FAO is committed through the Global Soil Partnership to place the sustainable management of 
soils at the decision making agenda through awareness raising campaigns such as the World Soil 
Day (5th December) and the International Year of Soils 2015 and by pursuing the inclusion of soils 
into the Sustainable Development Goals Dialogue. Healthy soils are not everywhere, but are much 
needed.  
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Legal and Institutional Frameworks to Manage Soil Carbon Sequestration  
Ian Hannam*  
Australian Centre for Agriculture and Law, University of New England Armidale 2351 NSW Australia 

Introduction 

This paper discusses aspects of the international and national environmental law framework for 
the management of soil carbon sequestration. Aspects of a legislative framework important to this 
process include its ability to recognise carbon sinks and the procedures available to return and 
store carbon in soil. International law provides global standards and guidelines and national 
legislative systems provide the substantive and procedural mechanisms to manage soil organic 
carbon. A legal and institutional framework provides law and policy-makers with a practical 
method and guideline for identifying, developing, or strengthening a legal and institutional 
system for a specific environmental issue (Hannam 2004a). An important characteristic of a legal 
and institutional framework that would provide the legal means to manage soil organic carbon 
processes is the need for cooperation and coordination between the international and national 
levels so that the legal issues concerned can be effectively addressed. The United Nations 
Framework Convention on Climate Change (UNFCCC) has been the primary international 
legislative instrument but other instruments and strategies have a synergistic role in managing soil 
organic carbon and mitigating the effect of climate change. Various approaches are available for 
framing new legislation or to reform existing legislative frameworks to improve the procedures to 
manage soil organic carbon. Environmental law is an effective way to link the science and policy 
for soil carbon sequestration (Swayne 2010).  
Understanding the basic physical and human related land use issues associated with the process 
of soil carbon sequestration provide a good guide to the most appropriate legislative framework 
and the legislative system needed to manage the soil environment. These issues involve how to 
effectively adapt to climate change impacts, the problems associated with agricultural land use 
and food security, maintaining and restoring biological and ecosystem diversity, and the control 
and prevention of land degradation. A comprehensive understanding of these issues points 
towards the actual legislative and institutional elements that are essential within a national legal 
and institutional system to effectively manage soil carbon sequestration (Hannam 2004b).  

1. International and national legal and institutional frameworks 

There is a group of closely related international and regional environmental treaties and strategies 
that have a role in managing soil organic carbon and mitigating the effects of climate change. A 
number of global and regional treaties have detailed rules for the protection of the terrestrial 
environment but the following three global treaties are considered the most relevant to soil 
carbon sequestration management (Hannam 2004b). It has been recognised that the legislative 
capacity of individual nations to implement international instruments for land management can 
vary enormously, particularly in the developing nations where the capacity of legislation to 
manage land and water problems is often inadequate (Climate Change Secretariat, 2002). 

2. Framework Convention on Climate Change (UNFCCC) 

The UNFCCC sets the overall framework for intergovernmental efforts to address climate change. 
It establishes the objective, principles, and commitments for different groups of countries, and a 
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set of institutions that enable governments to monitor its implementation. The UNFCCC 
emphasises that human activities have been substantially increasing the atmospheric 
concentrations of greenhouse gases, and recognises the role and importance of terrestrial 
ecosystems as a sink and reservoir of its potential greenhouse gases. The ultimate objective of the 
UNFCCC (Art. 2) being “to achieve stabilisation of atmospheric concentrations of greenhouse 
gases at levels that would prevent dangerous anthropogenic (human-induced) interference with 
the climate system . . . “, is relevant to soil organic carbon management.  Its key Principles (Art. 3) 
encourage Parties to protect the climate system for the benefit of present and future generations, 
take precautionary measures to minimise the causes of climate change and mitigate its effects, 
and promote sustainable development. The UNFCCC identifies the principal sources of 
greenhouse gases, including changes in land cover and land use. The main agricultural activities 
that contribute to emissions of greenhouse gases are deforestation, biomass burning, and 
cultivation, using organic manure, applying nitrogenous fertilisers and the keeping of livestock. It 
is contended that, under Art. 4, nations have the mandate to develop and improve their legal and 
institutional systems and responsibilities to protect the climate system for the benefit of present 
and future generations, to take precautionary measures to prevent or minimise the causes of 
climate change, and to mitigate its adverse effects, including the adoption of activities that 
sequester carbon in the soil.  
Under the Kyoto Protocol, Art. 2 could be adopted as a legislative guideline. It promotes 
sustainable development and calls for each Party to implement the policies and measures to 
protect and enhance sinks and reservoirs of greenhouses gases, taking into account their 
commitments under various international environmental agreements, sustainable forest 
management practices, afforestation and reforestation (see Article 2(i)–(iv)). 

2.1. Other aspects of UNFCCC relevant to soil carbon sequestration 

The Cancun Adaptation Framework, which is part of the Cancun Agreements from the 2010 
Climate Change Conference, Cancun, Mexico, affirms that adaptation should be addressed with 
equal priority as mitigation. The Cancun Adaptation Framework results from negotiations on 
adaptation under the cooperative action that followed the Bali Action Plan of 2007 – which sought 
to enable the implementation of the UNFCCC through long-term cooperative action.  The 
objective of the Cancun Adaptation Framework (p11-35) is - to enhance adaptation action 
through international cooperation and consideration of matters relating to adaptation under 
UNFCCC. Action on adaptation, including procedures that sequester carbon in the soil, seeks to 
reduce vulnerability and build resilience in developing country Parties, taking into account urgent 
and immediate needs.  
The process for Nationally Appropriate Mitigation Action (NAMA), which emerged in 2007 under 
the Bali Action Plan called for “Nationally Appropriate Mitigation Actions by developing country 
Parties in the context of sustainable development, supported and enabled by technology, 
financing and capacity building, in a measurable, reportable and verifiable manner”. The “UNFCCC 
Process” provides a guide as to the type of NAMAs relevant to soil management and how it can 
be used to manage soil organic carbon. Developing countries can undertake mitigation actions 
which are to be nationally appropriate and tailored to national circumstances in line with 
UNFCCC’s principle of common but differentiated responsibilities. They are to take place in the 
context of sustainable development, meaning they are to be embedded in the countries’ broader 
sustainable land use strategies and in this context they could include soil carbon sequestration 
management activities.  
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3. Convention on Biological Diversity (CBD) 

The object of the CBD is to conserve biological diversity, encourage the sustainable use of its 
components, and the fair and equitable sharing of the benefits of genetic resources, including 
appropriate access to genetic resources and transfer of relevant technologies (Art 1). Many 
Articles of the CBD are relevant to the object of managing soil organic carbon, particularly the 
concern that biological diversity is significantly reduced through habitat loss and soil degradation. 
In particular, the environmental, economic and social benefits of conserving biodiversity outlined 
under Arts. 5-10 of the CBD could assist when framing domestic legislation to manage soil carbon 
sequestration. The CBD stresses (Art. 5) the importance of, and the need to promote, international, 
regional and global cooperation among countries and intergovernmental organisations and the 
non-governmental sector for conservation of biological diversity and the sustainable use of its 
components. Article 6 outlines obligations for nations to prepare implementation strategies and 
measures for conservation and sustainable use of biological diversity. These strategies should 
make reference to the important links between the various techniques for conserving biodiversity 
and how these will improve soil organic carbon levels and mitigate the effects of climate change 
(e.g., identifying areas for conservation [Art. 7]; in-situ conservation [Article 8], and minimising 
adverse impacts [Art. 14]). 

3.1. Other aspects of CBD relevant to soil carbon sequestration 

The International Initiative for Conservation and Sustainable Use of Soil Biodiversity  was endorsed 
in 2006 as the main international framework for action regarding soil biodiversity. It is managed 
mainly by FAO and other partners and has the main goals of awareness-raising, knowledge and 
understanding and mainstreaming. The Strategic principles of the Initiative include improvement 
of farmers' livelihoods and recognition of their skills, integrated, adaptive, holistic and flexible 
local solutions, participatory technology development suitable to local conditions, building 
partnerships and alliances, promotion of cross-sectoral and integrated approaches, and  
dissemination of information. 
The Strategic Plan for Biodiversity (2011-2020) was adopted at COP-10 and provides a framework 
for action by CBD stakeholders. The Strategic Plan for Biodiversity is accompanied by 20 Aichi 
Biodiversity targets and soil health and biodiversity is cross-cutting amongst these targets 
(including sustainable agriculture [Target 7], reducing pollution [Target 8], restoration of 
ecosystem services [Target 14], and enhancement of ecosystem resilience and health including 
carbon storage and restore 15% of degraded ecosystems). The COP -11 called for a major global 
effort to restore ecosystems, where the restoration of soils in agricultural systems is a major 
opportunity in terms of the current extent of degraded land, addressing social, economic and 
environment benefits, and achieving multiple objectives (e.g. Multilateral Environmental 
Agreements, Rio+ 20 etc). It is contended that the Aichi Biodiversity targets could be used to 
establish targets for soil carbon sequestration and the sustainable use of soils.  

4. Convention to Combat Desertification (UNCCD) 

It has been effectively pointed out that desertification and drought (defined in Art. 1 UNCCD) is a 
problem of global dimension, affecting all regions of the world. The basic objective of the UNCCD 
is fundamental to soil organic carbon management in that it promotes the reduction of land 
degradation, rehabilitation of degraded land and the reclamation of desertified land (Art. 2). Joint 
action is needed in the international community to combat desertification and mitigate the effects 
of drought, which creates an important synergistic relationship between the obligations of the 
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UNCCD and the UNFCCC that can directly benefit and improve soil carbon sequestration 
management. Many techniques used to combat desertification are similar to those required to 
improve soil organic carbon levels. The planning and decision-making mechanisms of the UNCCD 
(e.g., formation of National Action Programs and Subregional Action Programs, Part III), and its 
requirements for information collection (Art. 16), research and development (Art. 17), capacity 
building and community participation (Art. 19), are ideal vehicles to implement soil carbon 
sequestration management activities.  

4.1. Other aspects of CCD relevant to soil carbon sequestration 

National Action Programmes (NAPs) can reflect the cross-cutting nature of soil carbon 
sequestration. NAPs are an ideal mechanism in which to include a strategy for soil organic carbon 
management, which could be an integral part of a NAP.  
The 10-Year Strategic Plan and Framework to Enhance the Implementation of the Convention 
(2008-2018) provides a useful framework to implement soil carbon sequestration programs. The 
“strategic objectives” could be used to form national methodologies for soil carbon sequestration 
management. They are supported by “operational objectives” which could provide a guideline for 
UNCCD stakeholders to achieve the strategic objectives for soil carbon sequestration. 

5. National environmental law 

National environmental law has a central role in the maintenance of soil organic carbon. Individual 
laws and instruments provide the mechanisms to manage the processes associated with soil 
carbon sequestration and law relating to the use of agricultural land has a special role in this 
regard. There are many ways to frame legislation to control the impacts of climate change on soil 
management. However, the ability of legislation to achieve effective soil organic carbon 
management will depend on the legal and institutional elements that protect the physical 
processes associated with soil carbon sequestration and the establishment and maintenance of 
carbon sinks and reservoirs. Such elements should be incorporated within procedures that 
regulate the land use activities that cause the loss of soil organic carbon, lead to land degradation 
and contribute to the greenhouse effect. Examples of specific areas of law which contain legal 
mechanisms suitable to manage various aspects of soil carbon sequestration include soil law, 
forest law, environmental planning law, land administration law and carbon rights law (Hannam 
2004b). 

5.1. Carbon rights law  

The enactment of carbon rights legislation has recognized the rights associated with carbon 
sequestration by trees and forests (e.g., New South Wales, Australia - Carbon Rights Amendment 
Act 1998). Carbon rights law enables acquisition and trading in such rights, usually through a 
covenant that gives access to or the maintenance of trees or forest of any sequestered carbon. Its 
main purpose is to encourage investment in carbon sinks. The same legal concept could be 
applied to soil carbon. A carbon sequestration right in relation to land means a right that is 
conferred on a person by a legal agreement, to the legal, commercial or other benefit of carbon 
sequestration by any existing or future use of the land. This area of law opens the way for a 
market in stored carbon and ultimately the future creation of carbon credit schemes for approved 
soil carbon sequestration activities. For example, the Carbon Farming Initiative Act 2011 (Australia) 
provides for an incentive scheme for landholders to trade carbon-offset credits.  Entered into by 
agreement, it imposes a duty on the owner or occupier of land to take all reasonable steps to 
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ensure that the number of tonnes of carbon sequestered in the carbon pool on the land is not less 
than the benchmark sequestration level. The Carbon Farming Initiative scheme relies on ongoing 
monitoring and reporting obligations to ensure that real, verifiable, and environmentally credible 
abatement is occurring under the scheme. 
Two national approaches for framing legislation and to reform existing legislative frameworks to 
improve the procedures to manage soil organic carbon are outlined in the following two 
examples. 

5.2. National legal and institutional frameworks: Mongolia and China 

Legislative and institutional reforms in Mongolia and the People’s Republic of China  to improve 
the management of rangeland as a direct measure against the effects of climate change and land 
degradation are important for the management of soil organic carbon in each of these countries.  

5.2.1. Mongolia 

The legal and policy framework to support a Nationally Appropriate Mitigation Action for carbon 
management in the grassland of Mongolia is outlined by Hannam (2012a). The NAMA concept is a 
flexible and appropriate incentive mechanism to restore soil organic carbon in grassland 
ecosystems and help reduce emissions. By following the UNFCCC process and satisfying the 
standards for national and international registration, this opens the potential for Mongolia to 
access international climate change funding to implement the NAMA. Establishing legal and policy 
mechanisms to combat the effects of climate change on grassland, and improving grassland 
management to combat land degradation and enhance greenhouse gas sink functions of pastures 
are highlighted in Mongolia’s National Action Plan on Climate Change (Mongolia 2010). Seven 
areas of law have mechanisms relevant to grassland NAMA implementation and soil organic 
carbon management in Mongolia (Hannam 2012a): 

 Constitutional law – the Constitution of Mongolia 1992, outlines the principles of justice; 
 Human rights law – the National Human Rights Commission of Mongolia Law 2000 

considers the rights and privileges of individuals in relation to grassland; 
 Law of the courts –establishes the basic principles of judicial structure, organization and 

judicial activities for grassland and resolves disputes and rules on fair and equitable access 
to grassland; 

 Finance law – a number of finance laws establish funds, rules and procedures for 
allocating finance for NAMA implementation; 

 Administrative law – various laws provide the administrative actions for grassland 
management; 

 Animal husbandry law – laws and rules governing livestock industry;  
 Natural resources law - establish the rules for resource use and soil carbon management 

activities; 
Key responsibilities of grassland NAMA administration includes a central administrative and 
coordinating  role, managing the responsibilities under a Pastureland Law (under discussion) in 
relation to the grassland NAMA, implementing a grassland NAMA policy support system, and  
managing specific aspects of the financial mechanism for the NAMA. At the local level, Pasture 
User Groups, which currently operate over all grassland areas of Mongolia, are identified as an 
important vehicle for implementing soil carbon sequestration management activities. In particular, 
each Pasture User Group enters into a pastureland management contract with the respective local 
government (Contract on Utilization of Pastureland for Pasture User Group). These contracts can 
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specify the limits on grassland usage to improve soil organic carbon management, e.g., limits on 
grazing, establishment of trees and bushes. They also provide for payment for carrying out 
specific services and in this regard can be explicit in terms of “carbon ownership”, land and 
pasture ownership (Hannam 2012a). 

5.2.2. People’s Republic of China  

The three main laws of China relevant to soil organic carbon management are the Agriculture Law 
2003, Grassland Law 2002, and the Desertification Law 2001. In each of these laws specific soil 
organic carbon land management activities (SOCLMs) have been identified as well as the legal 
procedures in each of the three laws that enable the management of soil organic carbon. A 
“SOCLM” is defined as “a principle, a rule of conduct or a power to achieve a particular legal 
objective in regard to the management of soil organic carbon in the grassland environment” 
(Hannam 2012b). The three laws include many SOCLMs in a format that gives particular 
organizations the power and functions to manage soil organic carbon effectively.  Numerous land 
management activities in China are regarded as SOCLMs and can be implemented under the three 
laws, including exclusion of certain lands from grazing, sustainable grazing, conversion of freely 
grazed grassland  to cultivated pasture, cropland or shrubland, conversion of cropland to 
cultivated pasture or shrubland, conversion of bare sand to vegetation, using organic fertilizer to 
improve grassland ecology, and controlling burning and mowing (Wang et al 2011). 
The three laws include legal elements that directly or indirectly can achieve soil organic carbon 
management, and include - administrative, planning, education, community groups, policy, 
financial institutional, research, knowledge, practical measures, compliance, ecological standards, 
contractual procedures and advisory approaches.  The effectiveness of these procedures for soil 
organic carbon management can be improved through the development of a SOCLM 
coordination mechanism as soil organic carbon management functions are duplicated between 
the three laws. This will be particularly important for the effective operation of a national carbon 
market (Hannam 2012b).   

5.3. A carbon management initiative: 

Farmers and land occupiers in China could earn carbon credits by implementing SOCLMs. The 
credits could then be sold to people and businesses wishing to offset their emissions. This form of 
initiative would encourage the use of sustainable farming and could provide a source of funding 
for grassland restoration projects. The carbon offsets could form part of China’s broader carbon 
market.  Participation in the scheme should be voluntary. The SOCLM initiative for China could 
give farmers and occupiers access to carbon markets and provide a new source of revenue for 
those who implement SOCLMs to restore degraded land or adopt grassland management 
practices that build soil organic carbon.   

5.4. Concept of Zero Net Land Degradation (ZNLD) and soil carbon sequestration 

The concept of ZNLD was promoted by the UNCCD Secretariat at the June 2012 Rio+20 
conference. It calls for a commitment to a land degradation neutral world by setting a sustainable 
development goal in order to secure the continuous availability of productive land for present and 
future generations. It advocates restoration and rehabilitation of degraded land, pursuing 
sustainable land management, avoiding degradation of non-degraded lands, involving 
community-based and traditional approaches, and improving payment for ecosystem services. 
Such activities are commensurate with good management of soil organic carbon. Lessons from 
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the implementation of existing targets for the UNFCCC and the CBD need to be learned in setting 
and operationalizing a ZNLD target for the UNCCD. One of the key actions advocated by the 
UNCCD Secretariat is for agreement on a new legal instrument (such as a Protocol on Zero Net 
Land Degradation) to the UNCCD, as a global policy and monitoring framework to focus efforts 
and empower the international community to act with the speed and scale required to address 
this crucial problem (UNCCD Secretariat 2012, 2013). Such a protocol should include procedures 
for establishing ZNLD targets. 

Conclusions 

There is currently a broad range of international and national environmental law instruments that 
constitute a comprehensive framework to manage soil organic carbon. There is also a good range 
of supportive processes to the UNFCCC, CBD and the UNCCD that provide useful guidelines for 
nations to review and reform their legislative system to more effectively manage soil organic 
carbon (e.g., UNCCD NAPs, UNCCD 10Yr Strategy, UNFCCC Nationally Appropriate Mitigation 
Actions, and the CBD Biodiversity Initiative). A major policy decision of national governments 
should be to reduce the build-up of CO2 in the atmosphere by gaseous emissions and increase the 
build-up of soil organic carbon through sink enhancement and application of SOCLMs. Examples 
of Mongolia and China provide two approaches at the national level for managing soil organic 
carbon, one focusing on the national system of environmental law, the other focusing on three 
specific laws and policy. An international instrument for soil, if introduced, could provide a 
framework for national legislation to meet State obligations to sustainable use of soil and soil 
carbon sequestration and the procedures for establishing targets for ZNLD. 
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Framework for assessing the economic value of soil ecosystem services; 
preliminary results from implementation 
Jón Örvar G. Jónsson* & Brynhildur Davíðsdóttir 
University of Iceland 

The National Resources Council in 2001 (NRC, 2001) emphasised the importance of better 
understanding of the Critical Zone to assess the impact of human activities on the Earth and to 
adapt to their consequences. Soil and its ecosystem services are an important component of the 
Critical Zone. The soil ecosystem services reside mainly within the Pedosphere, which is the thin 
semi-permeable membrane at the Earth’s surface that serves as an interface between the solid 
and fluid envelopes, atmosphere, hydrosphere, biosphere, and lithosphere. At this interface, soils 
forms. Humans depend on soils for many essential goods and services, and civilizations have risen 
and fallen with the status of their soil, which is a testament to the importance of properly 
accounting for soils in decision-making. Among soil’s many services are: sheltering of plants; 
absorption of precipitation and mediation of the flow of water; water filtration; break-down and 
recycling of dead plant and animal material into usable form; and regulation of greenhouse gases 
fluxes (Daily et al., 1997). Despite of their importance soil functions and services are taken for 
granted and perceived to be in abundance (European Commission, 2012). According to European 
Commission communication “Towards Thematic Strategy for Soil Protection”, soil is subject to a 
series of degradation processes or threats. These include erosion, decline in organic matter, local 
and diffuse contamination, sealing, compaction, decline in biodiversity, salinization, floods and 
landslides (European Commission, 2006). Soil degradation is driven or exacerbated by human 
activities such as inadequate agricultural and forestry practices, industrial activities, tourism, urban 
and industrial sprawl, road building, soil sealing and construction work (European Commission, 
2006). One culprit for the degradation pressures is the near exclusion of the importance and value 
of ecosystems and resources such as soils in economic decision-making. We propose a potential 
framework for classifying and valuing soil ecosystem services. The aim of this research is to enable 
more thorough evaluation of the economic consequences of different land use management 
decisions in different agricultural systems.  This work is part of the EU FP7 funded project SoilTrEC. 
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Iceland’s climate policy and the role of LULUCF 
Hugi Ólafsson, Stefán Einarsson & Jón Geir Pétursson 
The Icelandic Ministry for the Environment and Natural Resources 

Iceland bases its climate policy on three main pillars: 1) Active participation in the UNFCCC and 
the Kyoto Protocol; 2) participation in the EU Emissions Trading Scheme and other relevant EU 
climate rules a a member of the European Economic Area; and 3) a domestic Climate Strategy 
(2007) and Mitigation Action Plan (2010). Iceland has a unique emissions profile among Annex I 
countries, with two features standing out. First, Iceland has the highest percentage of renewable 
energy among Annex I countries, with almost 100% of stationary energy (electricity and heating) 
provided by hydro and geothermal energy. Second, Iceland has a large potential for carbon 
uptake in soil and vegetation, as big areas of the country have suffered from centuries of soil 
erosion. Iceland therefore has more limited potential to cut emissions than most countries, which 
rely primarily on fossil fuels for energy production, but more potential for carbon sequestration. 
Therefore, LULUCF has figured prominently in Iceland’s climate policy from the start. Iceland has 
put forward proposals on two voluntary LULUCF actions in the Kyoto Protocol, on revegetation 
and wetland management, and has in general been an active party in the deliberations on LULUCF 
within the UNFCCC. Domestically, Icelandic authorities and experts have worked on improvements 
on the monitoring of LULUCF activities and results, and the methodology for measuring carbon 
sequestration. Iceland is of the view that the complex nature of monitoring and measurement in 
the LULUCF-sector should be dealt with by improving the science and monitoring, but not by 
sidelining LULUCF as a mitigation option. Afforestation, revegetation and other practices that soak 
up carbon from the atmosphere and store it can both be effective climate mitigation options and 
have positive effects on biodiversity, food security and in combatting desertification and land 
degradation.  
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From the initial aspects of physical security the term has evolved into a complex and intricate 
collection of very different fields including military, political, economic, societal and lately 
environmental security. The literature is rich in many academic studies dealing with the concept of 
security and its evolution. In the context of environmental security soil security refers to soil as a 
natural resource and its capacity to supply essential ecosystem services including food for living 
organisms. The disruption of a soil’s capacity to provide goods and benefits implies societal, 
economic and environmental security dimensions. The desertification risk is an environmental 
problem with implications on security issues of worldwide scope that affects the five continents. 
The latest consequences of desertification processes represent the dismantling of all the 
biospheric potential of the affected territory. The process begins with the deterioration of the 
soil’s physical, chemical and biological properties. Added to these, the loss of soil organic matter 
is a crucial and trigger mechanism of land degradation-desertification. 
Soil/land degradation, desertification, floods, water shortages, the impact of drought and the 
effects of extreme weather events exacerbated by the tendency of climate change represent a 
serious threat to the welfare state, both environmentally and economically. The conditions for 
survival for societies of agrarian structure are already limited. A worsening trend as a result of 
climate change can lead to catastrophic situations without the capacity and the resources to 
respond. The scarcity or degradation of soil-land resources and the collapse of social structures 
can increase subsistence crises, conflicts and violence, thus menacing basic security dimensions. 
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How soils can rise above the current impasse and gridlock in international 
arenas 
Richard J. Thomas* 

United Nations University-Institute for Water, Environment and Health, 175 Longwood Rd. South, 
Suite 204, Hamilton, Ontario, L8P 0A1, Canada 

Soil carbon is just one of the facets of soils and land that are now receiving increased attention by 
policy makers as they try and set strategies for integrated approaches to global problems such as 
climate change, food, energy and water security, land and water degradation and loss of 
biodiversity. Soil and agriculture remain a relatively neglected aspect of the UNFCCC with failures 
to adequately incorporate agriculture and soil carbon into mitigation and adaptation strategies at 
the national and inter-governmental level. Some argue that land issues need their own voice via 
international treaties, perhaps requiring the establishment of panels, inter- or non-governmental, 
that can bring together the evidence into a coherent and attractive focus for all stakeholders.  
Here the options for a science-policy platform on land are discussed not via a single option but 
rather as an evolving series of steps that can be flexible enough to stimulate action urgently and 
not protracted enough to become entangled in grid locks at the inter-governmental level  that are 
resulting in frustration and inaction at all levels. 
The scientific community needs to move towards consilience, whereby the full gamut of 
disciplines are forged together to tackle land issues from different perspectives that include the 
biophysical and socio-ecological, cultural and aesthetic aspects. Building on recent e-surveys on 
the topic, the deliberations of the ad hoc working group on providing scientific advice into the 
UNCCD and the recent decisions of the Intergovernmental Panel on Biodiversity and Ecosystem 
Services (IPBES-1) a potential road map towards greater recognition of soils is proposed. 
The proposals fit well under an overall goal outlined by the UNCCD for Net Zero Land 
Degradation that has recently been included in the UN’s ‘The Future we want” following the 
Rio+20 convention. 
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Biochar application to forest soils. A Silviculture trial under the risk of 
climate change 
Nahia Gartzia-Bengoetxea* and Ander Arias-González§§§§§§* 
NEIKER-Tecnalia. 812 Bizkaia Science and Technology Park, 48160 Derio, Bizkaia, Spain.  

Introduction 

Forests are at risk due to the effects of climate change. A warmer climate and increased 
precipitation variability will increase the risk of both floods and droughts (IPCC, 2007). In the 
future, climate change looks likely to alter rainfall patterns, if not annual totals, more frequent 
high intensity rainfall events are expected and/or an increase of droughts in summers. Soil loss 
due to water erosion, loss of plant production due to water deficit, increase in susceptibility to 
pest damage and diseases are some of the risks related to climate change at temperate latitudes. 
Biochar application to soils is being considered as a means to sequester carbon (C) while 
concurrently improving soil functions (Lehman and Joseph, 2009). However, it can be viewed from 
the perspective of adaptation to climate change. Biochar application to soils tries to simulate 
Amazonian Dark Earths (Terra Preta do Indio) which are rich in nutrients, have higher water 
retention capacity than the surrounding soils, higher pH, higher cation exchange capacity, thus 
sustaining higher fertility compared to the intensely weathered acidic adjacent soils (Yin Chan and 
Xu, 2009). However, some risks are also associated with biochar application to soils such as 
ecotoxicity and spontaneous combustion (Thies and Rilling, 2009). The aim of the present study 
was to assess the potential toxicity of a Miscanthus biochar in the laboratory prior to application 
in the field, and then assess its capacity for improving vegetation nutrient status, when applied to 
a forest stand in the field. 

1. Materials and Methods 

1.1. Potential toxicity assays in laboratory 

To find out whether Miscanthus biochar (MB) presented potential toxicity prior to applying it in 
the field, two different commercial kits were used: (i) Bioluminescence assay with the bacteria 
Vibrio fischeri and (ii) Growth bioassay (MARA). The MB was extracted in two different ways: On 
the one hand, a 1:10 (MB: water) solution was prepared by extracting the MB with water for one 
hour and adjusting it to a final pH 5 ±0.2 with H2SO4. On the other hand, another extraction was 
prepared pursuant to Spanish legislation regulations (Ministry of Public Works and Town Planning, 
1989). Briefly an extraction solution was prepared by placing the MB in water (1:16; MB:water) 
during 24 h controlling every 15 minutes for the extraction solution pH to adjust to pH 5 ±0.2 
adding acetic acid 0.5 N until the pH remained constant. Both commercial kits were inoculated 
with the extraction solutions and their toxicity assessed. 
We used soil from the stand where we were going to establish the trial to perform a column assay 
in the laboratory. Soil collected from the uppermost 15 cm during the spring of 2011 was dried 
and sieved through a 2 mm sieve. The soil was packed into  4.5 cm wide and 21 cm long 
polypropylene tubes to a bulk density of about 1.2 g cm-3. A 0.5 cm thick layer of glass fibre was 
placed on a 0.75 cm thick polypropylene ring in the bottom of the column.  The polypropylene 
ring was perforated with 12 holes 0.45 cm in diameter and a central hole of 1 cm in diameter for 
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optimum drainage. This ring was placed on another 0.5 cm thick layer of glass fibres. Afterwards, 
the columns were brought to field capacity by capillarity. On top of the columns the quantity 
corresponding to the following treatments was applied: (i) 9 Mg C/ha of (MB 9), (ii) 3 Mg C/ha of 
(MB 3), (iii) 9 Mg C/ha of MB + 200 kg ammonium nitrate (MB 9N) and (iv) one control without 
addition of biochar. 
The columns were watered with de-ionised water twice a week during the 8-week experimental 
period, simulating an annual rainfall of 1300 mm eq. during the experimental period. The pH of 
the leachates collected after each watering was measured using a potentiometer and then 
immediately vacuum filtering the solutions through 0.45-μm-pore cellulose acetate membrane 
filters and stored at <4°C until analysed. Micronutrients, macronutrients and heavy metals in the 
leachates were measured by ICP-MS. 

1.2. Field trial on a Pinus radiata plantation 

The field trial was established in Pinus radiata seed orchard in the Basque Country (Northern 
Spain; UTM30T, X: 475000m Y: 4786335m). The radiata pine orchard was established in 1996 with 
a planting distance of 6 x 6 m. It is managed by the Bizkaia Provincial Council forestry department. 
The mean annual temperature is around 12 °C and mean annual precipitation is around 1200 mm. 
A randomized complete block design was used to establish the experiment.  The experimental 
treatments consisted of 9 Mg C/ha of MB (MB9), 3 Mg C/ha of MB (MB3), 9 Mg C/ha of MB + 200 
kg ammonium nitrate (MB9N) and the control. Each plot was 64 m2 containing 4 trees. 
Soil samples from the first 10 cm of the soil profile were collected in May, July and October 2012. 
Two additional samplings were also carried out in the autumn sampling: (i) the understory 
vegetation was sampled in one 0.5 m2 wide subplot in each treatment plot and (ii) fruiting bodies 
of fungi were sampled if present in each treatment. Soil samples were air dried and ground to 500 
µm before analysis. Understory vegetation and fruiting bodies of fungi samples were dried at 70 
°C until constant weight and ground to 500 µm. Analysis was performed on the constituents 
dissolved from soil, understory and fruiting bodies by long-digestion with nitric-perchloric mixture 
and ICP-MS measurement of digests (Vogel, 1961; Kalra, 1998).  
The soil surface penetration resistance (PR) was also recorded in spring and summer. The 
resistance was measured by a hand penetrometer for top layers (Eijkelkamp, Netherlands) at 5 
points in each plot with a 0.25 cm2 cone. A soil sample was also collected from each plot to 
determine soil moisture content at 105 °C. 

2. Results and discussion 

The analytical results presented in Table 1 show that biochar made from Miscanthus has alkaline 
properties with high concentrations of Ca and K but lower phosphorous and magnesium ones. 
Nevertheless, it might be a source for these elements as their concentrations are higher than that 
found in soils. The studied biochar could also be a source for Cu and Zn micronutrients for 
vegetation. It also presented higher concentrations than soil for Cr and Ni.  
The soil under the radiata pine seed orchard is very acidic, very low in plant available nutrients yet 
very high in iron concentration (Table 1). Soil texture is loamy with 21 % clay, 41 % silt, 35 % fine 
sand and 2% coarse sand. The soil has developed in colluvial deposits (EVE, 1994). 
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Table 1. Elemental contents and pH of Miscanthus biochar (MB), Miscanthus biochar with 
ammonium nitrate (MB-N) and soil control where no biochar was applied. 

 Miscanthus biochar  
(MB) 

Miscanthus biochar with nitrogen 
(MB-N) 

Soil Control

pH 9.3 9.7 4.6 

Total C % 85.8 87.2 3.9 

Total N% 0.51 1.13 0.27 

P (g/kg)  1.58 1.23 0.27 

Ca (g/kg)  18.81 12.48 1.54 

Mg (g/kg)  1.92 1.83 1.00 

Na (g/kg)  0.81 0.55 1.07 

K (g/kg)  12.18 8.95 6.43 

Al (g/kg)  2.07 2.16 31.46 

Cu (mg/kg)  13.5 10.4 5.3 

Zn (mg/kg)  67.8 44.2 35.7 

Fe (mg/kg)  2531 2188 17952 

Mn (mg/kg)  196.1 168.6 212.9 

Cd (mg/kg)  0.15 0.13 0.63 

Pb (mg/kg)  0.0 0.0 22.3 

Cr (mg/kg)  79.9 97.5 11.4 

Ni (mg/kg)  32.6 25.5 8.6 

 

2.1. Potential toxicity  

The bioluminescence of Vibrio fischeri was not significantly altered when inoculated with both MB 
extraction solutions. The MARA microbial test, when inoculated with both extraction solutions, 
indicated toxicity for some of the microorganisms: Microbacteria (Gram-positive), and Serratia 
(Gram-negative). This last strain was the most sensitive to both solutions. MARA is based on 
simultaneous reading of growth inhibition of eleven microbial strains with different sensitivities to 
chemicals, so it might have a diversified response to large groups of chemicals (Gabrielson et al. 
2003). 
After watering the soil column assay, as shown in Fig. 1c for chromium, the mean concentration of 
most of the analyzed elements (Al, Cu, Zn, Fe, Mn, Cd, Pb, and Ni) increased sharply in the 
leachates from days 6 to 9 and then decreased continuously until the end of the 8 week 
experimental period. This pattern may be explained by the mobilizing of elements under the 
redox potential of the saturated soil present in the columns (Sims and Patrick, 1978). Nevertheless, 
the mean concentrations of these elements in leachates were always below the limits imposed by 
the EU Directive 2006/ 44 / CE (EC, 2006), on the quality of fresh waters needing protection or 
improvement to support fish life. Calcium, Mg, K, Na and S did not show such a sharp increase at 
the beginning of the assay having a more balanced and constant pattern of leaching (Fig. 1a). 
Soluble carbon and Nitrogen presented a more erratic pattern of leaching during the 8 week 
period (Fig. 1b), although there was an increase in leaching at the beginning of the assay. 
Repeated ANOVA (rANOVA) measures performed with the values of pH, conductivity and 
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concentration of the analyzed elements showed there was no statistically significant difference 
among treatments. 
 

 

Figure 1. Mean concentrations and standard deviation of selected elements in the leachates of the 
soil column assay during the 8-week experimental period. 

2.2. Field trial on a Pinus radiata plantation  

Miscanthus biochar was applied to the pine forest plantation to improve soil productivity, soil 
carbon storage and filtration of percolating soil water. 
Repeated measuring analysis of variance (rANOVA) showed that added carbon like biochar was 
only detectable at p < 0.1 significance level (data not shown). On the one hand, this might be 
related to low rates of biochar applied to this forest soil (20% of SOC was added as biochar in the 
highest dose) and on the other to the difficulty in detecting changes in SOC concentration in 
conifer stands due to high spatial variability (Schrumpf et al., 2011). Therefore, there is an urgent 
need to establish accurate methods for determining SOC stocks and verify changes in soil carbon 
stocks before accounting methods for C pools in soils can be implemented.  
The higher biochar dose (MB9; MB9N) showed a slight yet non significant (rANOVA) tendency to 
increase soil pH (Fig. 2a) most probably due to the alkaline nature of MB. Besides, no significant 
response of biochar application to this forest soil was observed in total soil nutrients (Fig. 2b; c; d) 
or heavy metals (Fig. 2e; f). There was no significant difference found (rANOVA) in the 
concentration of macronutrients (Fig 3a), micronutrients and heavy metals (Fig. 3b; c) in the 
understory vegetation. This vegetation is supposed to respond quickly to fertilizers and could be 
used as an early indicator of their effects on forest systems (Kimmins, 1997). We suggest there was 
insufficient time to respond to the treatment (Fig. 3).  
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Figure 2. Mean concentrations and standard deviations of some elements determined in spring, 
summer and autumn 2012 in the first 10 cm of the soil profile. 
 

 
Figure 3. Mean concentrations and standard deviations of some elements determined in understory 
vegetation in autumn 2012. 

Penetration resistance (PR) of biochar-amended soil is shown in Table 2. The average penetration 
resistance was not significantly different relative to non-biochar controls.  
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Table 2: Penetration resistance (PR) and soil moisture content in spring and summer 2012. Standard 
deviations are shown in parenthesis. 

 Spring Summer 

PR (kg cm-2) Moisture (%) PR (kg cm-2) Moisture (%) 

Control 38.9 (6.7) 26 (3) 49.8 (3.5) 15 (1) 

MB9 39.9 (6.2) 28 (2) 52.2 (4.3) 19 (0) 

MB3 39.7 (7.4) 29 (7) 51.4 (1.9) 13 (0) 

MB9N 41.2 (8.2) 24 (4) 52.1 (2.1) 19 (4) 

 
Conclusions 

Miscantus Biochar cannot be considered a toxic product for the environment when Spanish 
legislation is taken into account and can be safely applied to the soil but when a more novel 
method to assess toxicology MARA is addressed some toxicity is revealed. More research is 
needed on this ecotoxicological aspect of biochar application to soils. 
The leachates obtained from the soil columns treated with this Miscanthus biochar do not differ 
from those obtained from the soil. The concentration of heavy metals in them are always below 
the limits imposed by the EU Directive 2006/ 44 / CE (EC, 2006), regarding freshwater quality. 
In general, none of the biochar applications resulted in significant improvements in soil fertility 
and soil carbon storage. However, due to the great inertia of forest ecosystems the effect may be 
observed more clearly in future years. 
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Soil organic carbon dynamics in wetland soils from Mexico 
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Martínez, AA3, Hernández, JM3 
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Introduction 

The importance of wetlands as active C reservoirs within the global carbon cycle due to their 
potential to store organic carbon in biomass and by their low decomposition rates during 
flooding periods has been established by multiple authors (Rodríguez-Murillo et al. 2011). As a 
whole, wetlands contain up to 450 × 1012 kg C (Jokic, 2003). However, wetland soil organic matter 
(OM) has been comparatively less studied than OM accumulated in other ecosystems, mainly in 
tropical and subtropical environments. In these environments water saturated soils are potential C 
sinks, but very fragile, where land use and land management practices, could favor emission of 
large amounts of greenhouse gases (GHGs), leading to a faster decomposition of soil organic 
carbon budgets. In México, wetlands represent a total extension of around 11,122 km2 (RAMSAR, 
2009). Thus, a dependable data base is needed showing the importance of these 
edaphoecosystems with respect to global GHG´s. With this aim, hydric soils from coastal and 
continental wetlands in Mexico were studied to characterize their soil organic carbon dynamics, 
and related to their properties, organic matter content and determine their capacity to function as 
carbon sources or sinks. 

1. Material and methods 

Study sites and sampling were done in continental and coastal sites (Fig. 1) as described in Table 1.  

 

Figure 1. Location of the continental and coastal wetland studied areas 

                                                      
* negc@ciencias.unam.mx  
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Table 1. Geographic data of the studied sites 

Sites Geographic coordenates 
LN                                           LW 

Altitude 
m.a.s.l. 

Ex lago de Texcoco, Edo. de México 

I) Grassland 19°28´07.92” 98°54´07.41” 2248 

II) Forest Plantation-grassland 19°27´49.11” 98°54´05.52” 2245 
 

Patzcuaro, Edo. de Michoacán 

Hydrophytic vegetation 
1) Ichupio  
2) Jarácuaro 

 
19°38´22.6” 
19°43´00” 

 

 
101°35´34.3” 
10141’17.1” 

 
2040 
2036 

Lagunas de Chacahua, Edo. de Oaxaca 

Saline (bare soil) 15°59´29.24”” 
 

97°43´45.8" 3 

Mangrove forests 

Conocarpus erecta-Avicennia germinans 15°58.5´2.73” 
 

97°43´45.6" 11 

Avicennia germinans-Conocarpus erecta 15°59´33.2”” 
 

97°43´38" 4 

Rhizophora mangle 15°58´45.4” 97°43´23.54" 1 

Deciduous tropical forest 

Spondias sp. Acrocomia sp. 1559’6.07” 9743’45.68”  4 

Ciénaga del Fuerte, Edo. de Veracruz 

Grassland 20°18´50.55” 96°52´47” 15 

Flooded Evergreen Forest 20°19´0.76” 96°54´71” 8 

San Salvador, Edo. de Hidalgo 

I) Grassland 20°16´54.73” 99°00´59.04” 1954 

II) Flooded Grassland 20°16´54.73” 99°00´58.63” 1954 

1.1. Sampling and analysis 

At each site, CO2 and CH4 emissions were sampled during 2008 to 2010 from static opaque 
chambers and a soil profile was dug and described. Soil samples for chemical and physical analysis 
were collected and analyzed by the routine methods (van Reeuwijk 2002). Soil reaction was 
determined by a glass-calomel combination electrode; organic matter content by wet oxidation 
with a mixture of potassium dichromate and concentrated sulfuric acid. Moisture content and bulk 
density of selected samples were determined by the core method (Blake and Hartge, 1986). The 
total porosity of soils was calculated using the values obtained for bulk density and specific 
density of the soil samples. 

1.2. Flux measurements  

Emissions of carbon dioxide (CO2) and methane (CH4) were sampled in glass vacuum headspace 
flasks (20 ml) at 0, 10, 20 and 30 minutes after static chamber enclosure during 2008 to 2010, 
every fifteen days in Texcoco, Pátzcuaro and San Salvador. Also, from every season in the coastal 
sites Ciénaga del Fuerte and Chacahua. All samples (CV=emissions from soil, roots and vegetation, 
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CR= emissions from soil and roots and SR= emissions from soil) were analyzed in a gas 
chromatograph (HP Agilent, 6890 GS System, GMI, USA) with a temperature of the column at 35 
°C, the temperature of the detector at 300°C and N2 as carrier gas. 

1.3. Statistical analysis 

Standard deviation and linear regressions were obtained with Statistics 11, in order to determine 
CO2 and CH4 evolution emission. 

2. Results and discussion 

In general, CH4 and CO2 emissions of the different hydric soils were variable and were positively 
related with their function as a biogenic source of GHG. In mangrove forests, emissions could be 
ascribed mainly to the root contribution and pneumatophore behavior, as well to the gas diffusion 
through the water column that provides gas exchange into these wetland ecosystems. The CH4 
and CO2 fluxes during the studied period exhibit a high correlation with temperature (r2= 0.7) and 
a lower correlation with moisture (r2=0.5), as has been documented by Fuentes et al. (2012) (Table 
2, Fig. 2). 

Table 2. Gas emission average of the continental and coastal wetland ecosystems CV=emissions from 
soil, roots and vegetation, CR= emissions from soil and roots and SR= emissions from soil. 

*Lasso et al. 2011,  **Fuentes et al. 2012 

 
 

Sites 
CH4  

mg m2 d-1 
CO2  

g m2 d-1 

  CV CR SR CV CR SR 

Continental Grasslands 

Texcoco-Grassland I  0.01 0.01 0.01 0.61 0.37 0.18 

Texcoco- Forest plantation-Grassland II  0.01 0.00 0.01 3.06 2.01 1.56 

San Salvador I* Grassland 0.02 0.002 0.005 1.61 1.48 0.83 
San Salvador II* 
(Flooded Grassland ) 7.37 187.01 1.13 2.81 25.37 5.23 

Coastal Grassland 

Ciénaga del Fuerte 546.24 149.17 34.56 1.68 0.36 1.32 

Mangrove Forests 

Chacahua** 

Avicennia germinans - Conocarpus erecta 0.20 0.06 0.02 2.15 1.09 0.24 

Conocarpus erecta– Avicennia germinans 0.40 0.09 0.09 5.09 1.46 0.17 

Rhizophora mangle 0.30 0.09 0.10 2.88 0.86 0.15 

Saline (bare soil) ND 0.02 0.02 ND 0.10 0.13 

Deciduous Tropical Forest 

Chacahua-Spondias sp. 0.51 0.04 0.51 4.57 1.25 2.39 

Flooded Evergreen Forest 
Ciénaga del Fuerte 0.72 0.14 0.03 1.23 0.98 0.25 
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Figure 2. Flux emissions from the wetland ecosystems 

Rates of CH4 emission (0.01 – 546.2 mg m2 d-1) showed a high variability. With an higher impact of 
vegetation contribution in the coastal grassland ecosystem, than from the edaphosphere. Rates of 
CO2 emissions between 131.4-3259 g m2 y-1 correspond with another report on grassland 
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ecosystems (Maljanen et al. 2004). Wetland soils from San Salvador showed less C content than 
the grassland plot (3.6 g.kg-1), but C content in the flooded grassland reaches 7.3 g.kg-1 with an 
almost neutral soil reaction. However, mean values from this study showed the highest CH4 
emission averages at the wetland sites from the flooded grassland plot in San Salvador (CR) and 
Ciénaga del Fuerte (CV) (Table 2, Fig. 2). We suggest that potential GHG sources could be related 
to their higher OM content in the surficial horizon (> 10 g. kg-1); also fluxes could be associated 
with deposition of cattle manure from animal husbandry land use in San Salvador and Pátzcuaro 
(data not shown). In this context our results confirm that measurement of CO2 emission from 
hydric soils is a sensitive indicator of availability of soil C to decomposition as has been 
documented by multiple authors (Bridgham et al. 2006, Ågren and Wetterstedt, 2007).  
In the continental wetlands of the former lake Texcoco and San Salvador, as well those from the 
coastal areas their high concentration of salts in the soil solution (EC of saturated extract ECe >4.0 
dS m-1), affect water and air movement and organic matter decomposition, because less osmotic 
potential inducing osmotic stress for decomposer microorganisms and then reducing their 
metabolic activity, as has been documented in previous studies close to these sites (Dendooven et 
al. 2010). In this case salinity has been associated with soil origin on the former lake Texcoco. In 
general landscape in these wetlands influences the deapth of ground water table. Many studies 
have found a negative effect of salinity on CO2 emission (Setia et al. 2011), but our results 
demonstrate a high biological potential of the hydric soils in wetland ecosystems. The CH4 
emissions in the bare saline wetland (EC 114.9 dSm-1) was related with strongly inhibition of soil 
respiration (Fuentes et al. 2012, Setia et al. 2011). In fact, soil salinity in relation to CH4 uptake 
should be considered in the budget of soil CH4 sink.  

Conclusions  

In general, CH4 and CO2 emissions of the different hydric soils showed clear variability that are 
positively related with their function as a biogenic source of GHG that could be ascribed mainly at 
the root contribution and pneumatophore behavior, as well to the gas diffusion through the water 
column. The CH4 and CO2 fluxes during the studied period exhibit a high correlation with 
temperature (r2=0.7) and moisture (r2=0.5). Rates of CO2 emission (0.01-546.2 mg m2 d-1) showed 
higher impact of plant contribution in the ecosystem than from the edaphosphere. We suggest 
that potential as GHG sources in grassland wetlands could be related with their higher OM 
content in the surficial horizons. Also fluxes could be associated with the land uses. In mangrove 
forests CH4 fluxes varies between 0.02-0.04 mg m2 d-1. For Conocarpus erecta-Avicennia germinans 
the highest CO2 fluxes were from 0.15-2.15 g m2 d-1. Deciduous forest showed a CH4 flux of 0.004-
0.5 mg m2 d-1 and for CO2 between 1.25-4.57 g m2d-1. Meanwhile in the flooded evergreen forest 
lower fluxes were obtained, as well for the deciduous forest, as an index that they could be 
functioning as GHG sinks.  
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Does soil erosion sequestrate soil organic carbon? 
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Introduction 

Soils contain a considerable amount of carbon. They are the third largest global carbon store 
following the oceanic and geologic pools. An increase in soil organic carbon (SOC) content causes 
higher structure and aggregate stability which means better conditions for both flora and fauna. 
Moreover, humus represents the most important permanent nutrient storage factor in soils. 
Humus is a very heterogeneous degraded organic matter which can be classified on the basis of 
functionality and morphology (Zanella et al. 2011) as well as chemical compounds (Stevenson, 
1982). The most important humus forming factor is vegetation (Aiken et al., 1985), but the role of 
parent rocks or climate can be also significant in some cases (Ponge et al., 2011). The mobility of 
SOC varies in a wide range and it strongly depends on molecular quality and the ratio of organic-
mineral complexes. The low molecular weight components like fulvic acids are more soluble and 
that is why they are believed to be more mobile and especially prone to mineralization, however, 
the role of pH and actual cation concentration are also important driving factors (Tombácz et al., 
1996).  
Soil erosion is one of the most important degrading factors of soil which plays an important role 
in SOC redistribution. Sheet erosion removes the uppermost soil layer with the highest SOC 
content. The aggregate protected SOC becomes vulnerable due to the aggregate breaking down 
influence of splash erosion (Kerényi, 1991). Since the disaggregated SOC manifests as colloidal 
particles and its bulk density is much lower than that of the mineral components, it enriches in the 
removed soil up to five times (Lal, 2005). SOC is strongly related to the clay content of soil (Fuchs 
et al. 2010). The colloid components generally migrate together. Accordingly, SOC content 
increase in sediments generally means clay content increment as well, however, depending on the 
environmental conditions, this may not necessary hold for all cases (Stavi and Lal, 2011). Wang et 
al. (2010) reports remarkable SOC enrichment with limited clay content increase. Although gully 
erosion can redistribute huge amount of soil, that process does not trigger colloid 
overrepresentation in soil loss (Schiettecatte et al., 2008). In some cases, tillage is a more efficient 
redistributing factor in SOC spatial variability than soil erosion (Abbaszadeh Afshar et al., 2010), 
besides, storm parameters and land use types have also to be taken into account. Borcsik et al. 
(2011) reports results on the enrichment of low molecular weight SOC components downwards 
along a tilled slope on Cambisol. 
The role of SOC in deposited soil loss is still unclear (Kuhn et al., 2009). Some presume that the 
deposited and buried SOC (1.0 Gt year-1) mineralizes and it remains in the global carbon cycle 
(Jacinthe et al., 2004). Others present data on carbon sequestration due to soil erosion (Chaplot 
and Poesen, 2011). The volume of predicted long time SOC storage in depositions is 0.5–1.5 Gt 
year-1 (Smith et al., 2001). The dynamic equilibrium between the two processes is regulated by soil 
conditions such as porosity, hydrology, biological activity etc. Although intensive tillage 
significantly decreases SOC content due to its oxidation, mineralization generally has a higher 
value in the removed and deposited sediments (Lal, 2005).  
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The aim of this study is to quantify the spatial changes in SOC content and humus compound 
along different slopes in two pilot areas. On the basis of the gained results, predictions can be 
made on possible soil erosion scenarios and the local role of deposited SOC. 

1. Materials and methods 

The pilot areas are situated in the Gödöllő-Monor Hills region, Hungary (Fig. 1). The Gödöllő study 
site is a 400 m long catena extending from the tilled ridge to the valley bottom on a complex 
slope with 9% steepness on the average. Almost the whole catena is arable land except a 40 m 
wide strip on the upper third which is covered by forest. The parent material is loess with various 
Cambisol covers on it. The annual precipitation is around 600 mm, the mean temperature is 10.8 
°C (Dövényi, 2011). The area was a forest and utilized as such until the middle of the last century 
when intensive soil tillage started. 

 

Figure 1. Location of the study sites in Hungary (1: Gödöllő, 2: Ceglédbercel) 

The Ceglédbercel catena is of the same length but it has a bit higher mean slope steepness (12%) 
on a varying slope. The upper third is an orchard where the soil is generally very shallow. The 
lower two third is an intensively tilled arable land. Parallel with the arable land a planted Robinia 
forest was also sampled The solum thickness on that part can reach 2 m. The parent material is 
sandy loess with high CaCO3 content. The annual precipitation and temperature values are 
respectively the same as it was in the case of Gödöllő slope (Dövényi, 2011). 

 

Figure 2. Location of the sampling points in Gödöllő(A) and Ceglédbercel (B)(Google Earth) 
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Four to six spots along the slopes, borings were completed to get soil samples (Fig. 2). Edelman 
auger was used to collect samples from different pedological layers at varying intervals from the 
surface to the parent material. At both sites one forest covered point was also sampled. To 
determine the particle-size distribution of the samples, sodium pyrophosphate was used for 
particle dispersion. The measurement was carried out using wet sieving for the particles above 
500 μm, and laser diffractometry (Fritch Analysette22 MicroTech) for the part below 500 μm. SOC 
content and total bound nitrogen (TNb) content were determined by Tekhmar-Dohrmann Apollo 
NDIR spectroscopy. CaCO3 content was also analyzed by the Scheibler method. Humus 
compounds were compared on the basis of E4/E6, E2/E3 method (Tan, 2003) and the presence of 
aromatic factors. According to Chin et al. (1994), the absorbance at 280nm is highly correlated 
with the aromatic character of SOC. That is why we also measured the absorbance in UV range by 
Shimadzu 3600 UV-VIS spectrophotometer. The ultraviolet absorbance ratio index (URI, 
UVA210/UVA254) is another frequently used parameter to determine the polymerization of the 
dissolved organic matter (Her et al., 2008). To compare the results of the different methods, 
spectra were recorded between the 800–180 nm wavelengths. 

2. Results 

Soil depth varies in wide ranges on both of the investigated slopes (Table 1). 
At the deepest profile (C-II), soil is almost 2 m thick while there are Regosol spots as well were the 
parent material is present on the surface (Italics rows in Table 1). The neither-eroded, nor-
deposited in-situ profiles are around 120 cm deep on both sites, which means very rapid and 
effective soil erosion and redistribution along the slopes. 
At Ceglédbercel the highest SOC contents are in the deeper, buried horizons. TNb also have peaks 
under the surface at around 1 m depth, however, the changes in C:N ratio does not have an 
explicit relationship with depth. Comparing the C:N ratio in the topsoil along the Ceglédbercel 
slope, a gradual decrease can be found from the non-eroded and deposited profiles of the 
Regosol. That phenomenon is in accordance with the results of Farsang et al. (2012) who 
described the humus compound destruction on a tilled slope surface. Results suggest that in the 
recently tilled uppermost horizon SOC content decreases, while in the layers beneath humus 
seems to be constant at a high level. 
Presumably, the tilled horizon has to be more or less the same humus compounds independently 
from the location. E3/E3 and E4/E6 methods indicate no significant differences among humus 
forms in the top soil even under the Robinia forest. On the other hand, absorbance at 280 nm 
differs among the topsoil samples at Ceglédbercel, which can refer to the changes in aromatic 
conditions. In general, that parameter reaches its maximum value on the surface and it gradually 
diminishes along the profile with depth. URI verify that result, its values also change within a 
profile, but it indicates low aromaticity in general.  
At Gödöllő slope the profiles are a bit shallower and the SOC content is generally lower. The 
highest SOC content is always in the uppermost tilled layer, however, soil erosion played an 
important role in this landscape formation as well. The uppermost layer in the wood (G-II) has the 
highest SIC content, but it is still low comparing to the Ceglédbercel site. That layer has the 
highest TNb and aromaticity value as well, while there are no clear changes among the humus 
compounds of the investigated layers. 
Investigating the linkage between SOC content and particle-size distribution, the two sites have 
quite similar results (Fig. 3). 
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Table 1. Main parameters of the horizons along Ceglédbercel (C) and Gödöllő (G) slopes. SOC: Soil 
organic carbon; TNb: Total bound Nitrogen; C:N: Carbon:Nitrogen ratio; E4/E6: ratio between 
absorbance at 465 and 665 nm, URI: UV absorbance ratio index, Abs. 280 nm: Absorbance at 280 
nm, E2/E3: ratio between absorbance at 254 and 365 nm. Regosols are in italics 

Sample Depth 
<0,002

mm 
0,002-

0,02mm 
0,02<
mm 

CaCO3 SOC TNb C:N E4/E6 URI 
Abs. 

280nm E2/E3

Point cm % % % % ppm ppm         

C-I 

0-20 10,0 74,7 15,3 5,1 13640 213 64 2,9 2,0 1,2 2,5
120-
140 7,4 77,2 15,4 0,0 14691 299 49 3,3 2,8 0,6 2,7
220- 18,6 62,1 19,2 5,1 6795 153 44 2,1 4,5 0,4 2,5

C-II 

0-30 13,5 68,0 18,5 0,0 10190 197 52 2,9 2,5 0,9 2,4
70-100 9,3 82,8 7,9 0,0 14073 226 62 4,0 3,6 0,5 2,8
100-
150 11,1 82,6 6,3 0,0 12305 257 48 4,8 3,9 0,5 2,7
180- 15,4 69,8 14,8 0,0 9253 171 54 2,6 4,6 0,4 2,8

C-III 0-30 12,6 76,4 11,0 15,3 6842 143 48 2,8 3,1 0,6 2,5
C-IV 0-20 12,2 77,2 10,7 3,4 13781 202 68 2,7 2,7 0,8 2,4
G-I 0-30 12,8 83,3 3,9 3,0 4778 112 42 2,0 3,3 0,7 2,6

G-II 

0-15 10,3 72,6 17,2 0,4 9203 168 55 3,4 0,9 3,0 2,8
15-30 14,3 85,1 0,7 0,0 4177 96 44 2,6 2,1 1,5 2,8
30-50 19,4 80,3 0,2 0,0 2377 58 41 2,1 1,9 0,5 3,0
50-70 18,7 73,7 7,6 0,4 1542 60 26 2,9 3,2 0,4 3,4
70-130 14,3 69,4 16,3 0,0 734 47 16 2,2 3,9 0,4 3,1

G-III 0-30 12,2 66,4 21,4 21,2 6932 170 41 2,7 4,5 0,6 3,2
 0-30 13,1 81,0 5,9 0,0 8624 120 72 2,8 2,0 1,6 2,7

G-IV 

30-45 17,9 72,6 9,5 0,0 1363 46 30 1,6 1,6 0,6 2,2
45-60 22,5 75,4 2,1 0,0 1142 47 24 1,8 2,8 0,8 2,3
60-70 23,4 74,5 2,0 0,0 896 43 21 1,8 3,7 0,7 2,5
70-80 17,9 76,9 5,2 0,0 780 43 18 1,8 3,1 0,7 2,3
80-150 26,6 71,5 1,9 0,0 798 58 14 2,3 3,5 0,6 3,0
150- 25,9 73,9 0,3 17,0 242 21 11 2,0 3,3 0,3 2,8

G-V 0-20 12,9 85,1 2,0 0,8 7010 115 61 2,4 4,2 0,8 2,8

G-VI 

0-20 13,8 78,0 8,2 0,0 5237 103 51 2,6 1,9 1,4 2,6
20-40 13,7 84,3 2,0 0,0 3906 110 36 2,4 1,8 1,2 2,5
40-60 17,9 81,1 1,0 0,0 2567 103 25 2,0 3,5 0,7 2,5
60-70 23,8 74,8 1,4 0,4 1277 80 16 2,2 4,8 0,5 2,9

 
Colloid parts of the soil, i.e. clay minerals and humus molecules are believed to stay and move 
together as organo-mineral complexes. Data show that clay content is an inverse function of SOC 
content in case of both pilot sites. This phenomenon can be either the result of natural processes 
on the field like clay leaching or it can be triggered by the improper sample preparation before 
particle-size determination. Increasing SOC content causes better aggregate stability, accordingly 
the samples with higher humus content cannot be dispersed adequately, which means lower clay 
content being measured. 
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Figure 3. Connection between clay content and SOC content on the basis of all measured layers 
along Ceglédbercel and Gödöllő slopes. 

Conclusions 

According to historical land use maps of the sites, effective soil erosion and deposition processes 
are presumed to take place during the last three centuries due to forest clearance. Soil 
redistribution was fast but not steady and continuous. During periods of low surface coverage and 
heavy precipitation events, huge amount of topsoil was moved to relatively small distances, i.e. 
deposited within the same catena.  
The results are ambiguous. On site Ceglédbercel, the uppermost layer has lower SOC content than 
the others beneath. The time elapsed since the burial of high SOC content layers (ca. 100–150 
years) was not enough to mineralize the organic components. On the other hand, the well-
developed, polymerized and aromatic humic substances were found in the uppermost tilled layer, 
which can refer to the recombination of humic compounds of buried layers, however, in this case, 
organic carbon sequestration is a possibility on the long run.  
On the Gödöllő study site, the SOC content of the deposited profile decreases with depth. 
Although an old railway dam stands at the lowest end of the slope, there is no noticable topsoil 
deposition. SOC content is quite low in each investigated layer, accordingly, there is no evidence 
of tendentious SOC sequestration under tilled Cambisol at the Gödöllő slope. 
Despite the fact that the pilot areas have more or less the same climatic, pedologic, topographic 
and land use parameters, the results proved to be contradictory even in this case, therefore 
further, more detailed investigations are needed. 
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Carbon distribution in the Norwegian agricultural soil-scape: room for 
further sequestration? 
Ove Klakegg & Wendy Fjellstad 
Norwegian Forest and Landscape Institute, P.O. Box 115, 1431 Ås, Norway. 

Introduction 

Only 3% of the land area of Norway is defined as cultivated land. Nevertheless, the role of 
agriculture in relation to climate change is widely debated. Food production may become more 
important in Norway, as current agricultural areas in southern Europe become unsuitable and the 
growing season is extended further north. In addition, population growth and the Government’s 
aim to increase food self-sufficiency provide domestic pressure to increase production. Aims for 
agriculture include both reducing GHG emissions and increasing carbon sequestration. However, 
there is currently insufficient data to include the soil carbon of agricultural soils in national carbon 
accounting. 

1. Methods 

The soil profile database at Norwegian Forest and Landscape Institute is the sampling and lab 
analysis part of the Norwegian Soil Database, which the institute is responsible for. Field work has 
been carried out throughout Norway during the period 1980-2012. Soil profiles are taken using a 
soil auger. Various parameters are recorded at each site (e.g. land use, terrain) and for each soil 
layer (e.g. soil gravel content, stoniness, drainage class). Lab analyses are carried out to measure 
carbon content, texture (including clay content), pH and nutrient levels. Pedotransfer rules from 
Riley (1996) are used for bulk density calculations. 
In this study land we used profiles from cropland (cereals, oilseeds and vegetables), meadow (i.e. 
cultivated grass fodder crops) and pasture (i.e. grassland characterised by grazing). GIS spatial 
overlay was used to add data on climate zones (Bakkestuen & Halvorsen  2008), and slope and 
aspect from a digital elevation model with 10X10 meter resolution (Kartverket 2012). Analyses 
were carried out separately for topsoil (0-25 cm; 1545 samples) and subsoil (25-100 cm; 1131 
samples).  
The number of profiles per county was approximately proportional to their proportion of 
agricultural land. The soil layers were classified as histic (organic) or mineral according to the 
World Reference Base (IUSS Working Group WRB. 2006) definition. Most agricultural land in 
Norway comprises mineral soils and there were only 76 histic topsoil samples in the dataset. 

2. Topsoil carbon densities along a moisture gradient 

We found expected trends of mean carbon density (MCD). The histic topsoils had nearly double 
the MCD of mineral soils and values were generally high in all locations, with no clear gradients. 
For mineral topsoils, MCD was highest in soil under pasture, followed by meadows and lowest 
under cropland. MCD was higher where soil clay content was high. Local terrain form also 
influenced MCD, with highest values from concave terrain and lowest values from convex terrain. 
The most significant relationship was between land use and moisture gradients; both local 
(drainage class) and regional (climate zones) (see Table 1 and Fig. 1). 
The highest MCD for mineral topsoils were in poorly drained soils in the oceanic climate zone, and 
the lowest mean values in well-drained soils in the more continental zone.  
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Figure 1. Location of topsoil samples in three bio-geographic regions. The colour of the points 
indicates the carbon density (t/ha) calculated from the sample. 

3. Sequestration potential 

The difference in MCD between cropland soils and meadows gives an indication of the potential 
for increased carbon sequestration through cropland conversion. The highest potential (33 t/ha) is 
for well-drained soils in the strongly oceanic zone, whilst the potential is minimal for poorly 
drained soils in the weakly oceanic and weakly continental zones. 
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Knowledge about typical carbon density for different soils in different climate zones will allow 
better targeting of climate measures , e.g. by defining thresholds for “protection zones”, “potential 
sequestration zones” or “carbon sink zones”. 

Table 1. Mean carbon density values (t/ha) along moisture gradients for soil and land use groups. 
(Detail omitted for histic soils because few profiles per category).  

 

 
Conclusions 

By means of regression analyses, pedotransfer rules can be established by combining driving 
variables from soil, climate, terrain and land use/land management data. Site-specific carbon 
density levels calculated from the soil map can be related to the expected mean carbon density 
level from the profile data analyses. Fields with higher carbon density levels than the expected 
mean values will need a protection regime against further loss, whilst measures to increase carbon 
sequestration should be targeted at fields with low carbon density levels that have potential for 
improvement. In this way, suitable site-specific mitigation measures can be outlined for the 
agricultural fields in Norway. 
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SOM content and soil water management properties of soils under 
conventional and conservation tillage 
Balázs Madarász†, Ádám Kertész 
Geographical Institute, Research Centre for Astronomy and Earth Sciences, Hungarian Academy of 
Sciences, Budapest, Hungary 

Introduction 

Experiments have been conducted for the last ten years on the experimental plots of the Institute 
of Geography to compare the effects of conventional and conservation tillage on soil properties 
and on the environment. The objective of the experiments carried out on 4 plots (1200 m2 each), 
covered with Luvisol is to study the technological, agronomic and economic aspects of 
conservation and conventional tillage, with special emphasis on the direct impacts of tillage 
operations on the natural environment in Hungary. Results of the measurements on soil and water 
management (including Soil Organic Matter (SOM), pH, texture, CaCO3 content, pore volume, 
compaction, and infiltration), carried out in 2004–2005 and 2010 have been analyzed in order to 
detect spatial and temporal changes under different tillage operations. Changes in the cultivated 
layer have been remarkable in spite of the short time period of only 5 years. An obvious SOM 
increase of 0.3-0.5 % can be observed in both conventional and conservation tillage, but the rate 
of change is different. The same is true for pore volume. Under conventional tillage pore volume 
decreases continuously whereas under conservation tillage gravitational pore volume increases 
because of the activity of soil biota. The advantage of conservation tillage against conventional 
tillage is manifested in the SOM and water retention surplus as well as in the uniform water supply 
of the plants. As a result production will be more secure, and soil and water conservation more 
efficient. 

1. Material and Methods 

The research area is in SW Hungary (Zala County) and consists of 2 hectares situated on a 9–10% 
slope. In 2003 four experimental plots of 24x50 m size were established for soil erosion 
investigations: two conventional tillage plots (CV) and two conservation tillage plots (CS – non-
inversion shallow tillage). In 2004 winter wheat and in 2010 maize were planted on the 
experimental plots. The only difference between the two types of plots was the tillage technique. 
The same amount of fertilizer was applied, with the tillage operations following the contour lines. 
On the CT plots the autumn deep ploughing reached the depth of 25–30 cm. On the CS plots 8–
10 cm deep disking was carried out and the surface coverage by plant residues reached 30%. The 
number of rounds was reduced by the application of combined machines.   
Samples were collected from 3 soil layers along a catena, at 3–3 sites at the same time from both 
tillage types. Undisturbed soil samples were collected from 4 layers. Sampling occurred in the 
spring of 2005 and in the spring and autumn of 2010. The soil permeability tests were done 
simultaneously with sample collection. Laboratory analysis of the samples was performed 
according to the Hungarian official protocol (TOC, pH, texture, CaCO3 content, pore volume, 
compaction, infiltration, etc.), in the laboratory of the Research Centre. Bulk density, water 
infiltration capacity and hydraulic conductivity measurements were carried out on undisturbed 
samples of known volume (Buzás, 1993). Organic carbon content was determined by an NDIR 
spectrometer (Tekmar Dohrmann). 
                                                      
† madarasz.balazs@csfk.mta.hu 
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2. Results 

2.1. Texture and pH of the soil 

Grain size distribution data for the two years studied are somewhat different, however. The texture 
of the soils of the study area proved to be sandy loam, which property the different tillage 
regimes did not alter.  In 2005 the average pH of the soil was slightly acidic (pH 6.2–6.3) in both 
areas. This value decreased in 2010 (5.7–5.9), but there was no significant difference between the 
tillage types. On the other hand, from June to September 2010, pH decreased by almost 1 in all 
horizons under both tillage methods. Probably this was the consequence of the extremely rainy 
summer. By September 2010, the pH value of the entire study area was definitely acidic. 

2.2. Change in SOM content of the fertile layer 

In 2005 the average thickness of the humic horizon was 80–90 cm in the entire study area. From 
the point of view of N supply, the SOM content was definitely low (1.25%). In 2010 the upper 
horizons already belonged to the intermediate N supply category (1.5–2%), while all but one of 
the other horizons remained in the low category of 2005 (Table 1). Results for the 5 study year 
period showed a clear increasing trend in SOM values in the higher horizons for both tillage types. 
The increase in the SOM content was surprising, however, as only a slight increase under CS is 
mentioned by several authors (Sombrero & Benito, 2010; Plaza et al., 2012; Wright et al., 2005). 

Table 1. Bulk density and SOM % in 2005 and 2010.  

 2005 2010 

 
Bulk density 
g cm-3 

SOM 
% 

Bulk density 
g cm-3 

SOM 
% 

Horizon CT CS CT CS CT CS CT CS 

Surface 1.35 1.59 0.93 0.93 1.35 1.39 1.55 2.04 

Cultivated 1.48 1.68 0.81 0.79 1.56 1.58 1.18 1.37 

Subsoil 1.65 1.60 0.56 0.60 1.59 1.58 0.57 0.56 
Average 
(0-50 cm) 1.49 1.62 0.77a 0.77b 1.50 1.52 1.10c 1.32d 

         

 
Soil layer 
cm 

SOM 
kg m-2 

Soil layer 
cm 

SOM 
kg m-2 

 CT CS CT CS CT CS CT CS 

Surface 10 10 1.26 1.47 10 10 2.09 2.84 

Cultivated 20 10 2.41 1.32 20 10 3.68 2.17 

Subsoil 20 30 1.85 2.90 20 30 1.80 2.64 

In all 50 50 5.52 5.70 50 50 7.57 7.65 

WA  1.10 1.14   1.51 1.53 

Change in SOM content  100 103.2   137.1 138.5 
WA: weighted average; SD: a) 0.14; b) 0.11; c) 0.09; d) 0.17 

The increase in SOM content in the upper horizons was more enhanced under CS tillage. In the 
deeper horizons this value was approximately half of the values measured in the CT areas. SOM 
values weighted by layer thickness and by bulk density values refer to the presence of the same 
amount of SOM under both tillages between 0 and 50 cm depth. In 2005 5.5–5.7 kg m-2 and in 
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2010 7.7 kg m-2 SOM were estimated in both cases, i.e. a 34–37% increase in 5 years (Fig. 1). 
Consequently, the SOC accumulation was the major difference between the CT and CS tillages. 

 

 
Figure 1. SOM content by horizons and by treatments in 2005 and 2010. 

2.3. Pore volume, water infiltration capacity and hydraulic conductivity of the soil 

In 2005 the bulk density of the undisturbed CS soil samples from surface and from the cultivated 
layer was 1.59–1.68 g cm-3, the values being 15% higher than those for CT (1.35–1.48 g cm-3). 
However, the initial compaction of the CS soil stopped, probably because of the edaphon 
organisms (see below) and in 2010 the bulk density of the samples of the two tillages was 
identical (~1.5 g cm-3) (Table 2). This state guarantees good oxygen supply of the roots, even in 
the case of saturation of field water capacity. 

Table 2. Soil porosity in 2005 and 2010. 

 
Tillage / Initial water 

Bulk 
density 

Densit
y 

Macro
- 

Meso
- 

Micro
- Total 

Compactio
n 

 
Sampling 
date 

content 
v/v% g cm-3 g cm-3 

pore 
v/v% 

porosit
y 
v/v% % 

20
05

 

         
CV June 23.24 1.50 2.76 10.26 35.35 8.89 45.62 77 
CS June 26.55 1.56 2.79 7.86 36.16 8.97 44.02 82 

20
10

 

CV June 26.62 1.52 2.89 11.43 35.10 11.23 46.54 75 
CS June 25.97 1.57 2.71 9.41 32.34 10.32 41.75 77 
CV Sept. 29.26 1.55 2.72 9.82 33.22 13.80 43.03 77 
CS Sept. 30.32 1.53 2.82 10.62 34.94 13.32 45.56 77 
Av. of CV 27.94 1.53 2.80 10.62 34.16 12.51 44.79 76 
Av. of CS 28.15 1.55 2.77 10.02 33.64 11.82 43.65 77 
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In 2005 the water transporting and air storing macro pore volume system of the cultivated layer of 
CS tillage was 2.4 v/v% less than that of the CT soils (10.3 v/v%). By the autumn of 2010 the CS 
value increased more than 10%; thus the macro pore volume of the two tillages became almost 
identical. The change in this value during the growing season was interesting: at the end of June 
the CT/CS proportion was 11.4/9.4. Ploughing aims at increasing the macro pore volume of the 
soil (in order to increase water infiltration), which later decreases gradually until the next 
ploughing. Accordingly, in mid-September the macro pore volume of the CT soil was only 9.8 
v/v%. At the same time on the CS plots this value reached 10.6 v/v%, which was the result of soil 
biota activity and not the consequence of the shallow loosening of the cultivation employed. 
Various activities of the edaphon organisms tend to form and conserve the aggregates (soil 
crumbs), which are the basis of a healthy soil structure. They can compensate for the destruction 
of the soil structure, even when all external circumstances are unfavourable (Bádonyi et al., 2008a; 
Madarász et al., 2011). This is how the edaphon organisms can make the pore volume increase 
during the growing season, even though there is usually a decreasing trend (Johnson-Maynard et 
al., 2007). 
Water infiltration and hydraulic conductivity ( <2.6 mm/h) of the soil layers for the early summer 
surface 0–15 cm horizon were significantly better for the CT soil, which is the positive 
consequence of ploughing. However, this difference disappeared by the autumn and in the 
deeper horizons (15 cm<) infiltration and hydraulic conductivity were better in the CS soils. From 
the depth of 25 cm, water percolation on the CS plots was quasi-stabilized at a higher level during 
the entire year. This was due to increased soil biota activity (Fig. 2). 

 

 
Figure 2. Infiltration by horizons and by treatments in June and September 2010. 

The results of the infiltration studies may suggest that the lower permeability of the upper 
horizons of the CS soils may lead to increased surface runoff. However, this was not confirmed by 
the measured quantity of the runoff water from the plots (Bádonyi et al., 2008b; Madarász et al., 
2011). According to our hypothesis, the presence of biogalleries in biologically active soils ensures 
water infiltration even on surfaces with a compacted soil layer. Under CS tillage 100–200 
earthworm galleries with 2.5mm diameter macro pores were present in a one square meter area 
(Fig. 3). Our study implies that these macro pores play a more important role in the water 
transportation of the soil than was presumed before.  
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Figure 3. Macro pores of earthworms on the CS and CV plots 

Conclusions 

An economic advantage of conservation tillage against ploughing (conventional tillage) is 
increased water infiltration and a more even water supply for the plants. The reduced water stress 
leads to more secure production. The increase in soil SOM may have a similar effect. An obvious 
SOM increase of 0.3–0.5 % can be observed in both cases but the rate of change was different. 
The agronomic consequence was that production hazards may decrease under CS tillage. The 
protection of soil and water is also more effective: the amount of runoff water can be reduced by 
several hundred m3/ha compared to the CT areas, thus preventing soil erosion and loading of 
natural waters by sediment. 
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Labile and stable soil carbon fractions in alley-cropping systems composed 
of poplar and black locust trees, Germany 
Tetiana V. Medinski‡*, D. Freese, C. Boehm,  
Chair of Soil Protection and Recultivation, Technical University of Brandenburg/ Konrad Wachsmann 
Allee 6, Cottbus 03046, Germany,  

Introduction 

Short rotation coppices (SRC) composed of fast growing tree species are considered to be a 
promising land-use system at agricultural marginal lands and reclamation sites. In addition to 
production of energy- wood as a substitute to fossil fuels, SRCs may mitigate the greenhouse gas 
CO2 and enhance soil carbon sequestration (Lal, 2004; Nair et al., 2010). Numerous studies have 
reported increase in soil organic carbon (OC) content after establishment of SRCs (Nii-Annang et 
al., 2009; Quinkenstein et al., 2011).  This is because, compared to conventional crop systems, SRCs 
assimilate greater quantities of carbon, which may be stored in woody biomass or translocated to 
soil with litterfall or via extensive root systems (Montagini and Nair, 2004; Haile et al., 2008). SRCs 
may be planted as stands or in a form of alley-cropping, with tree coppices established as strips 
on arable crop land, with crops cultivated in the alleys in between the tree strips. The extent to 
which carbon (C) is sequestered varies between alley-cropping systems and depends on species 
composition, soil properties, and physical protection of carbon within soil aggregates (Nair et al., 
2009). Organic matter occluded within the soil aggregates is better protected from microbial 
decomposition than that located outside the aggregates (Six et al., 2000; Nair et al., 2009). 
Fractionation of soil into macro- (>250 µm), micro- (53-250 µm), and clay and silt (<53 µm) 
particle- size aggregates, followed by carbon determination in these aggregates allows detection 
of decomposable and recalcitrant OC fractions (Elliot, 1986; Christensen, 1992). This procedure 
was successfully adopted by a number of studies (Haile et al., 2008; Gama-Rodriques et al., 2010; 
Howlett et al., 2011). While it may take a long time for the changes in total OC to be detectable, a 
determination of labile C fraction may show short-term changes in soil C. In this regard, hot water 
extractable OC (HWC) was found to be a sensitive measure for detection of land-use change effect 
on soil OC (Ghani et al., 2003; Böhm et al., 2009). In order to understand the C sequestration 
potential of alley-cropping systems, it is important to know C storage in variable fractions at 
different soil depth layers. The objective of this study was to determine total and labile C stocks as 
well as C storage in different aggregate-size fractions in different soil depth layers up to 60 cm in 
SRCs composed of black locust and poplar trees in comparison with adjacent crop strips in 
Germany.  

1. Methods 

1.1. Study Area and soil sampling 

Study was conducted at alley-cropping site, located near town Forst, Germany (51°47´N, and 
14°37´E). The site obtains mean annual precipitation of 590 mm. The average annual temperature 
is 8.3°C. Soil type is a cambisol, soil texture is sandy loam. Alley-cropping system was established 
in 2010.  Although both black locust and poplar trees were planted in 2010, due to the low rate of 
survival, poplars were replanted in 2011. In March 2012, soil samples were collected from four 
treatments: black locust Robinia pseudoacacia L. (BL) and poplar Max 1 (P) strips and from 
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adjacent crop (maize) alleys (BL crop, P crop), from 0-3; 3-10; 10-30; and 30-60 cm depth layers. 
Litter samples were collected from black locust and poplar strips in November 2011 with 1 x 1 m 
frame. Dry litter mass and C and N contents in litter material were determined by gas 
chromatography (Vario El Elemental Analyser). 

1.2. Soil analyses 

Soil samples were analysed for total C by gas chromatography (Vario El Elemental Analyser), 
inorganic C with 10% HCl using Scheibler device (DIN, 2007), and hot water-extractable OC using 
Schimadzu device (Kyoto, Japan) (Körschens et al., 1990). Organic carbon (OC) was calculated as a 
difference between total C and inorganic C. Soil samples were physically fractionated into water-
stable fraction size classes: macro- (250-2000 µm), micro- (53-250 µm), and silt- and clay- sized 
fraction (<53 µm) (referred as ‘clay+silt’ thereafter) by wet-sieving by Elliott (1986). Carbon stocks 
(Mg ha-1 in 1 cm soil layer) were calculated by multiplying the C concentration (g kg-1), bulk 
density, thickness of soil layer (1cm), and percent weight of soil without rocks. A Mann-Whitney U 
Test was done to compare the mean differences between vegetation types in C stocks. Differences 
were considered significant at p<0.05. Spearman correlation coefficients were determined to test 
correlations between variables. All analyses were done with SPSS program (version 21, 2012, IBM).  

2. Results 

Litter amount and C and N amounts in litter were higher in black locust compared to poplar.  

Table1. Litter amount and C and N contents of litter in black locust and poplar stands. 

 
Total C stocks in 0-60 cm soil layer showed no significant differences between tree strips and 
adjacent crop alleys, comprising 74, 72, 62, and 59 Mg ha-1 for black locust, black locust crop, 
poplar and poplar crop, respectively (Fig.1).  

 

Figure 1. Organic carbon stocks in 0-60 cm soil layer at black locust (BL), black locust crop ( BL crop), 
poplar (P) and poplar crop (P crop strips). 
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Although no differences in the total C stocks between black locust, poplar and adjacent crop strips 
at different soil layers were found, fractionation of soil into different-size water-stable aggregates 
showed about two times higher C stocks in macro- and micro-sized aggregates at 0-3cm depth in 
black locust (Fig.2). Carbon was mostly allocated within micro- and clay+silt-sized aggregates, 
showing significant (p<0.01) Spearman’s correlation coefficients (r) of 0.769, 0.733, and 0.590 for 
clay+silt, micro- and macro-fractions, respectively. 
 

 

Figure 2. Total OC stocks, and OC stock at macro (250-2000µm), micro- (53-250µm) and clay+silt-
sized (<53µm) fractions at 0-3, 3-10, 10-30, and 30-60 soil depth layers at black locust (BL), black 
locust crop ( BL crop), poplar (P) and poplar crop (P crop strips), a,b – indicate significant differences 
between tree strips and adjacent crop strips (p<0,05, Mann-Whitney U Test) 
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In black locust, the amount of macro-aggregates (250-2000 µm) was significantly (p<0.05) higher 
at 0-3 and 30-60 cm depth, while the amount of micro-aggregates (53-250 µm) at 30-60 cm 
depth, and clay+silt (< 53 µm) aggregates at 0-3, and 30-60 cm depth were significantly lower 
compared to adjacent crop strips (Fig.3). In poplar, the amount of micro-aggregates (53-250 µm) 
was significantly higher compared to adjacent crop strips at 3-10 cm soil depth layer. Micro-
aggregates were the predominant size fraction under all vegetation types. 
 

 

Figure 3. Particle-size fractions content at 0-3, 3-20,10-30, and 30-60 cm soil depth layers in black 
locust, black locust crop, poplar and poplar crop strips, a,b – indicate significant differences between 
tree strips and adjacent crop strips (p<0,05, Mann-Whitney U Test) 

Hot water-extractable carbon (HWC) was significantly correlated with total OC (r=0.89, p<0.01). 
Poplar had significantly lower hot water-extractable carbon (HWC) compared to adjacent crop 
strip at 3-10 cm soil depth, and compared to black locust at 0-3 and 3-10 cm soil depth. 



scs2013 – posters  251  

 

3. Discussion 

It may take a long time for the differences in total C stocks to be detectable after land-use change. 
A lack of differences in TOC stocks between tree strips and crop alley could be related to the 

young age of tree coppices in our study. Despite no significant differences in the TOC at 0-60 cm 
depth were found, there was a trend of higher TOC stocks in top 0-3 cm soil in black locust, with a 
gradual decrease with depth, which could be a reflection of higher litter return in the topsoils. By 
contrast, in crops, similar TOC contents were found at different soil layers up to 30 cm depth. This 

may be attributed to soil tillage, which mixes and redistribute litter material within the soil.  
Fractionation of soils into different particle size fractions enabled a detection of greater OC stocks 
in macro-and micro- fractions in the top 0-3 cm soil layer in black locust. This may be related to 
the greater macro-aggregates formation, due to the lower soil disturbance in black locust 
compared to the tilled crop strips (Fig.4). A formation of macro-aggregates from smaller-sized 
aggregates, explains a concomitant decrease of micro- and clay+silt aggregates at a particular soil 
depth layer. A better aggregate formation indicates a potential of black locust stands to enhance 
soil C sequestration, as C occluded within soil aggregates is better protected from microbial 
decomposition and has longer residence time in soils.  
 

 

Figure 4. Amount of hot water-extractable carbon at 0-3, 3-10, 10-30 and 30-60 cm soil depth in 
black locust, black locust crop, poplar and poplar crop vegetation types, a,b – indicate significant 
differences between tree strips and adjacent crop strips (p<0,05, Mann-Whitney U Test) 

A lack of difference in easily extractable labile HWC between black locust and crops could have 
resulted from a great amount of straw left on soil after maize harvesting in October. Soil tillage 
mixes straw into the soil, as well as increases soil aeration and moisture availability, which may 
enhance microbial decomposition, and therefore amount of labile HWC in crop strips. A lower 
HWC in poplar compared to adjacent crop strips may be related to the lower litter returns. As 
poplar trees died after planting in 2010, and were replanted in 2011, there was no litter 
production in 2010. In 2011, poplar trees were only 1 year old, and therefore had lower litter 
returns, compared to black locust. Soil disturbance during re-planting of poplar trees could have 
damage soil aggregates, resulting in lower macro-aggregates formation compared to black locust. 
Probably in a long run, due to the lower soil disturbance, the amount of macro-aggregates and C 
inclusion within aggregates will increase in poplar stands similar to black locust.  
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Conclusions 

Although no differences in the total OC stocks were observed between trees and adjacent crop 
strips after two years of establishment of alley-cropping system, there was a tendency in greater 
inclusion of OC in macro-and micro-aggregates in the top soil layer in black locust. This may be 
related to the lower disturbance and greater macro-aggregates formation in black locust 
compared to the tilled crop strips. The greater inclusion of C within soil aggregates preserve it 
from decomposition, which in a long run may enhance soil C sequestration. 
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Improving local soil carbon inventories: IPCC coefficients tuning for 
vineyard management in a semi-arid environment 
Agata Novara, Luciano Gristina§, Gaetano Antonio Furnari, Antonino Santoro, Tommaso La Mantia 
Department of Scienze Agrarie e Forestali, viale delle Scienze, 90128 Palermo, Italy. 

Introduction 

Estimation of changes in soil carbon stocks after the adoption of Agro Environment Measures 
(AEM) is important for both national Green House Gasses (GHG) scale accounting and the Kyoto 
Protocol. Present uncertainty in the available estimates also weakens evaluation of the exact cost 
and agro-environmental payments due the farmers. Without this assessment, it can be 
problematic for policymakers and resource managers to develop government policies and 
management programs and to determine changes in ecosystem services. 
Inventories are needed to estimate the amount of C sequestration for the agriculture mitigation 
practices carried out under international agreements (Subak, 2000; Houghton, 2001) within the 
new Common Agriculture Policies (CAP) scheduling. The Intergovernmental Panel on Climate 
Change (IPCC) has developed a method for quantifying changes in SOC storage based on land 
use and management practices. Furthermore there is a need to better understand the potential of 
the CAP in GHG emission trend and projections.  
In Sicily tending vineyards is one of the most problematic cropping systems, both because of the 
intensive cropping practices adopted and because vineyard land tends to slope and is therefore 
prone to erosion that leads to SOM depletion. Consequently, the broad objective of this study was 
to estimate change in vineyard SOC storage when AEM are adopted, as well as to define better 
the coefficients to be used in IPCC methods and to define the limits and potential of SOC as a C 
sink in vineyard systems subjected to Agro Environment Measures (AEM) under the hypothesis of 
possible soil carbon saturation.  

1. Materials and Methods 

The study area is located in the south part of Sicily (Fig.1). In a area of 11 588 ha (utilizabile 
agricultural area), 35.5 % is devoted to vineyard cultivation, 32.2 % is arable land and only 11.1 % 
cultivated olive groves. 
A paired-site approach was chosen to study the difference in SOC stocks after AEM adoption, in 
accordance with criteria based on Conteh (1999) and also applied in several research studies 
(Chan et al., 2010, Kucharik et al., 2003; Murphy et al., 2003 and Novara et al., 2012). 
For comparison, the members of a paired site were selected to be similar with respect to soil, 
slope, elevation, and drainage, but not to AEM. The comparisons were made between adjacent 
patches of land with different AEM, and a known history of use.  
A total of 100 paired sites (two adjacent plots) were chosen and three soil samples (0-30 cm 
depth) were collected in each plot (600 soil samples). 
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Figure 1. a) Sicilian vineyard areas (green) and study area location (red);  b) Vineyards plots (green) 
and paired sites (red) plots in the study area  

1.1. Soil analysis 

The soil samples were gently broken, passed through a 2-mm sieve, air dried, ground to a fine 
powder, treated with HCl 2:1 to remove carbonates, and then analysed for C and N content using 
a CHN-Elemental Analyser. SOC content was first expressed as a percentage (g of C per 100 g of 
dry soil × 100) and then converted to mg per hectare based on bulk density (BD) and soil depth.  
SOC content (%) was converted to Mg ha-1 using: 
 

Cstock (Mg ha-1) = BD * Cconc *D * CFcoarse  (eq.1) 
 

where BD is bulk density (Mg m-3), Cconc is carbon concentration (g/100 g), D is depth thickness 
(m), and CFcoarse is a correction factor [1- (gravel % + stone %) /100]. 
Soil bulk density was measured using the tube core method (Baruah and Barthakur, 1997), based 
on the volume of the collected sample and the weight of dry soil in the sample. 

Bulk density, when not measured was calculated as follows (Stewart et al., 1970):		
 

 (eq. 2) 

where SOM is soil organic matter (g kg-1), BDom is organic matter bulk density (0,224 g cm-3) and 
BDms is the mineral soil bulk density (2.7 g cm-3) 
We calculated annual SOC stock changes in mineral soils and C losses from managed mineral soil 
soils between 2007 and 2012 as the difference between traditional and AEM managed vineyards, 
respectively, as follows:  

Carbon change index (CCI) = (CAEM – CTRADITIONAL)/CAEM (eq. 3) 

where CTRADITIONAL = SOC content in the traditional management, and CAEM = SOC content in the 
Agro Environment Measures. 

a 

b 
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1.2. Reference carbon stocks and stock change factors 

The IPCC method accounts for a change in SOC stocks from a reference condition resulting from 
modifications in agricultural management (IPCC, 1997). It is a relatively simple C accounting 
approach that any nation, even those with limited technology and resources, can use to account 
for net changes in SOC storage as part of their greenhouse gas reporting. Presumably, agricultural 
management has its greatest influence over the time frame and portion of the profile (IPCC, 1997), 
although this may limit its usefulness if there are pervasive impacts at longer time intervals or 
deeper depths.  
The LUC (Land Use Change) coefficient was always considered equal to 1.0 because no land use 
change happened in the area in the last ten years and the input factor (IF) was always 1.1 
(according to previous studies experience in the study area). The management factor (MF index) 
was thus calculated. 
 

 

Figure 2.  Schematic representation of IPCC calculus 

2. Results 

In the 100 paired sites plots SOC increased from 29.3 to 33.4 t ha-1; in traditional vineyards and 
AEM vineyards, respectively, and a Carbon Index of 0.20, and an average increment of 4.0 t ha-1 of 
carbon stocks was observed. Regression between SOC content in the traditional plots and CCI 
showed a highly significant relationship (R2=0.71). Polynomial regression between SOC stocks in 
traditional plots and CCI (Fig. 3) decreased from 0.7 to -0,1 with the increment of SOC content in 
the traditionally managed vineyards decreasing to negative values proportionally to SOC values in 
the traditional management, crossing the “carbon compensation point” at about 40 t ha-1 (Fig. 3). 
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Figure 3. Relationship between soil carbon stocks in the traditional plots and the Carbon Change 
Index (CCI) 

The soil carbon gain, when AEMs were applied, was inversely correlated to the SOC reference. It is 
well known that soil carbon losses due to enhanced decomposition should be proportional to the 
amount of SOC present, especially the amount of C that is easily mineralizable. However, carbon 
gains will primarily be determined by inputs (i.e. residue return from plant production), which are 
mostly decoupled from the size of the current SOC stocks. Furthermore,  SOC is lost more rapidly 
than it is gained because formation of stable aggregates that retard SOC decomposition is slower 
(Jastrow et al., 1996, Six et al., 2000); thus SOC stocks may not increase as rapidly as they appear 
to be lost (Balesdent et al., 2000; Pankhurst et al., 2002a; Pankhurst et al., 2002b).  

Under the IPCC guidelines, SOC stocks following all management changes are assumed to 
stabilize after 20 years  (IPCC 2006; Dalal and Mayer, 1986; Senthilkumar et al., 2009), but, 
according to the evidence of experimental data, the fast increase of SOC (after 5 years) in AEM 
vineyards must be acceptable. This increase is always coupled with high values of SOC lability; 
thus the stability and/or duration of the gained SOC is uncertain when AEM are abandoned.  
Even if the lability index is higher when SOC is below 40 t ha-1 differences indicate that soil is 
carbon saturated. According to Tristam (2007) the saturation level will be approached 
asymptotically as the decomposition rate approaches, as the rate of C input, in combination with 
the initial soil C or steady state level, determines the rate and duration of potential C 
sequestration. 
Estimating future soil C capacities will depend on changes in land management that are aimed 
particularly to increment SOC, and must be associated with to sequestration rates, duration and 
soil organic matter quality (lability). 
All calculated MF ranged between those indicated by IPCC guidelines (IPCC, 1997 and 2006). 
Values less than one in Fluvic soil clearly indicated how the success of soil management (in term 
of CO2 fluxes or SOC sequestration) strongly depends on soil type (tab. 1).  
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Conclusions 

We demonstrated the limit in SOC sequestration when SOC content is over 1.5 % (40 t ha-1). On 
the other hand, the SOC gains when the AEM were applied on soils with a poor SOC content were 
high but seemed to be short lived because characterized by a high lability coefficient. Probably 
SOC pools with low C sequestration potential do not stabilize extra C even when soil C input 
increases, likely indicating C saturation. In this context it is important to consider the long-term 
efficiency of measures with respect to carbon sequestration as well as to costs. Finally, the 
measures used, and the related costs , have to be maintained, if only to keep an elevated carbon 
level in the soil, and SOC permanence must be considered in order to easily implement an 
effective soil carbon sequestration policy. 

Table 1 – Carbon stocks and fluxes in the study area in relation to the four major soil groups. 
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Assessing change of topSoil Organic Carbon due to Common Agricultural 
Policy (CAP) 
Francesca Staffilani**1, Andrea Furlan2, Giampaolo Sarno2  
1Regione Emilia-Romagna Directorate-General Environment, 2Regione Emilia-Romagna Directorate-
General Agriculture - Via della Fiera 8, 40127 Bologna Italy  

Introduction  

Emilia-Romagna (ER) is one of the main agricultural regions of Italy and the protection of soil, as 
provided by EU policies and adopted by the regional government, is intended to play a strategic 
role for sustainable development. The Regional Rural Development Programme (RDP 2007-2013, 
Reg (CE) 1698/2005) promotes the preservation and the storage of Soil Organic Carbon (SOC) 
through Agri-environmental Payments (Measure 214) directed to farmers.  
Agri-environmental payments may influence directly or indirectly SOC, due to its complex 
behaviour.  Several projects have been funded by the Region ER to investigate the current state of 
soil quality and the impact of agri-environmental policy. The evaluation requires the knowledge of 
(i) the actual SOC stock, (ii) the nature and effects of interacting factors (e.g.: micro-climate, soil 
properties, crop rotations etc.) and (iii) a thorough knowledge of farm management. 
Efficacy and efficiency of farming actions may change as a consequence of soil types, land use and 
local conditions. An evaluation of this variability and related effects is necessary to select actions 
targets and provide their successful fine tuning. 
To better evaluate the effects of agri-environmental commitments on SOC dynamics the following 
processes need to be studied: SOC storage capacity of meadows; effect of land use change from 
arable land to grassland; rates of SOC accumulation; SOC content as influenced by integrated or 
organic agriculture compared to conventional farms. 
Soil surveys co-ordinated by Emilia-Romagna Administration began in 1976 and mapping has 
been carried out at different scales on various themes: geology, land use, soils, salinity and more 
(http://ambiente.regione.emilia-romagna.it/geologia/temi/geologia-en). The Regional Soil 
Information System is the knowledge base where the information on soils are organized and 
contains data collected as a joint venture by two regional services: Agricultural Extension Service 
and Geological, Seismic and Soil Survey.  
In 2011 ER Region started a new project in the Po plain to investigate the capacity to accumulate 
OC by different soils and to evaluate how SOC can be affected by Agri-environmental Measures of 
RDP. In three years of activity a new inventory of 1800 geo-referenced topsoil samples has been 
conducted. By the end of 2012, 1200 samples were ready for a first analysis. In this study a subset 
of collected data has been statistical analysed to characterise SOC content of three different Soil 
Functional Groups and to assess the impact on SOC of different soil management system. 

1. Context of the studied area  

Emilia-Romagna Region is in the northern part of Italy and covers an area of 22.124 km2. Utilized 
Agricultural Area (UAA) reaches 10.627 Km2, meanly located in the Po plain, north to the Apennine 
Chain (Table 1). Arable crops occupy 65% of the plain and one third of the hilly area (100-600 m 
asl). Temporary or permanent grassland are widespread through the hilly area, respectively with 
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40% and 15% of UAA, and even more in mountain area (above 600 m) with 41% and 48% of UAA 
(Fig. 1). 

Table 1 Land use of Emilia Romagna Region in different altimetric area (ha). General Census of 
Agriculture 2010 - ISTAT 

 

Different agri-environmental actions are included in RDP 2007-2013. In 2012, 144.638 ha, 13% of 
regional UAA, were managed on a voluntary basis under one or more agri-environmental 
contracts (Fig. 2) that have a specific influence on SOC.  
Compared to the conventional agricultural management, the RDP introduces additional 
commitments, described as follows: integrated (action 1) and organic farming (action 2) are the 
most important actions (more than 90.000 ha in total) aimed at reducing the chemical inputs, 
introducing arable crops rotation and increasing the use of organic fertilization. Another action is 
no tillage and extensive grazing (action 8) which include conservation of existing meadows and 
transforming of arable crops in permanent grassland, with low fertilization and reducing grazing 
livestock load. Other actions have a more targeted approach aimed at increasing soil organic 
matter through distribution of organic fertilizers (action 4), increasing winter cover of soils (cover 
crops – action 3), conservation of natural and semi-natural area in the agricultural landscape 
(action 9) and set-aside for environmental purposes (action 10).  

 
 
Figure 1 Land use of Emilia Romagna Region shares in different altimetric area (per cent of 
UAA). General Census of Agriculture 2010 – ISTAT. 
 

Arable crops Temporary grass (forage land) Permanent grassland Permanent crops

Plain 462.539 135256 16.440 97.347 711.583

Hill 82.279 99.969 37.293 30.134 249.675

Mountain 9.369 41.158 48.826 2.149 101.505

Total region 554.187 276.384 102.561 129.631 1.062.763

UAA (Util ized Agricultural  Area) ha
UAA
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Figure 2  Selected Agri-environmental actions affecting SOC: area (ha) under contract in Emilia 
Romagna Region, 2012 
 
A soil map at 1:50.000 scale, available in the Po plain area, defines 218 STUs (Soil Typological 
Units) to describe soil variability (http://ambiente.regione.emilia-
romagna.it/geologia/temi/suoli/cartografie).  
In order to show a trend of top-SOC distribution all over the region, these STUs have been 
grouped in 13 Soil Functional Groups (SFGs), based on a selection of soil-specific characteristics 
that are likely to affect SOC status and dynamics:  top-soil textural class, drainage class, slope, 
presence of organic horizon and floods. As a result a first map of top-Soil Organic Carbon Stock 
was obtained in 2010 using soil map delineations and land use classification as parameters to 
optimize a geostatistical approach (Ungaro et al.). The map shows a SOC stock mean value of 63 
Mg*ha-1, 8 Mg ha-1 in terms of Carbon Potential Sequestration and 5 Mg ha-1 as Potential Carbon 
Loss, with a spatial variability related to soil types, land use and soil management (Fig. 3). 
Three SFGs have been taken into account in this study. They are described as follow (Fig. 4): 
A – soils in interfluvial area: soils with a high clay content affected, to varying degrees, by 
shrinking and swelling which produces large, deep cracks in the soil; Ap texture fine (C, SiC, SC), 
moderately well drained to poorly drained. Mainly Calcic Vertisols and Vertic Cambisols (Gleyc), 
according to WRB. Typically they are in interfluvial bottom land artificially drained; 
E - soils of distributary channels: they display a reorganization of soil particles, attributable to 
animal and plant organisms, and are characterized by deposition at depth of calcium carbonate, 
leached from the surface by the water. Ap texture medium-fine (SiCL. CL, SCL), well drained to 
moderately well drained. Mainly Haplic Cambisols and Haplic Calcisols, according to WRB; 
M – coastal plain soils: are characterized by a relatively shallow groundwater table, problematic 
drainage (seasonal surplus of water) Ap texture coarse (S, LS), moderately drained to poorly 
drained. Mainly Endogleyic Arenosols according to WRB. 
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Figure 3. Top-SOC Stock of Emilia-Romagna Plain (Mg*ha-1) 

 

Figure 4.  Regional distribution of A, E, and M Soil Functional Groups 

 

1.1. Soil sampling and statistical analysis 

The project started in 2011 provides, in three years of activity, an inventory of 1800 geo-
referenced topsoil samples with soil type and land use description and routine laboratory analysis. 
The study area is located in the Po plain. By the end of 2012, 1200 samples were ready and a 
subset was used in this analysis (Fig. 5). 
Data collected have been included in the regional Soil Information System and linked to a Soil 
Typological Unit (STU) of regional catalogue. For each site the following analytical data are 
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available for the first 30 cm of soil: textural fractions, sand, silt and clay, according to USDA 
particle size (ISO11277 method); pH (ISO 10390); soil organic matter (ISO 10694 method).  

 

Figure 5. Regional distribution of soil sampling points collected in 2011 and 2012. 

2. SOC in different SFGs 

To assess soil specific OC content 679 samples, linked to “A”, “E” and “M” SFGs, were selected 
from the inventory. Selection depends on three land use classes: arable crop, temporary grassland 
(forage) and permanent grassland (minimum 30 years old meadows).  
According with analytical data, “A”, “E” and ”M” SFGs are well distinguished (Table 2). The 
significant difference of SOC content among the groups (Fig. 6) is connected to the soil type, land 
use and management. The SFG A shows the highest content of OC, due to the high clay content, 
while SFG M has the lowest value, as a consequence of coarse texture. 
Beside SFG M data set do not include permanent grassland use. 2010 ISTAT General Census of 
Agriculture confirms the low occurrence of this land use class in Ferrara (FE) and Ravenna (RA) 
eastern provinces where SFG M is widespread. On the contrary permanent grassland and forage 
land are instead common in Parma (PR) and Reggio Emilia (RE) provinces where A and E SFGs are 
prevalent (Fig. 7, 4). This distribution depends on livestock sector, typically concentrated in the 
western part of the region. 

Table 2 Descriptive statistics of the data set for A, E and M SFGs.  

 

 
 
 
 

sand% silt% clay% SOC% sand% silt% clay% SOC% sand% silt% clay% SOC%

Mean 8,86 46,4 44,7 1,58 18,36 52,3 29,4 1,36 76,73 13,6 9,71 1,02

std dev 1,45 2,35 2,74 0,58 10,16 8,54 7,38 0,57 10,86 8,23 4,29 0,42

Min 5 39 35 0,41 8 22 10 0,33 26 2 2 0,33

Median 9 46 45 1,51 14 55 32 1,24 80 11,5 9,5 0,91

Max 18,5 56 51 4,52 64 70 39 4,2 96 54 27 2,19

A (Num Obs = 278) E (Num Obs = 307) M (Num Obs = 94)
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Figure 6. SOC%: mean values and mean confidence intervals for the three SFGs  
 

 
Figure 7. Land use share in the provinces of Emilia Romagna plain (per cent of UAA, ISTAT 2010.) 

2.1. SOC in different cropping system 

To evaluate the impact of RDP on SOC two Regional Farm Database (Applications Managing 
System and RDP Evaluation Primary Data) have been used to obtain information on soil 
management concerning arable land, temporary grassland and permanent grassland (meadows), 
under contract for one of the selected agri-environmental actions. 
A subset of 112 samples have been selected for A and E SFGs. These data were used to define OC 
storage capacity of meadows, the effect of land use change from arable land to grassland, the 
rates of SOC accumulation and carbon potential sequestration, as a consequence of soil types and 
management system.  
Permanent grasslands cover 16.440 ha of the Po Plain, mainly over Parma and Reggio Emilia 
provinces where small dairy farms, connected with Parmesan cheese production, are located 
(Table 1 and Fig. 7). A part of these meadows are unploughed over 30 years, irrigated and 
managed exclusively through mowing and fertilizing. They are characterized by a high biodiversity 
and inserted in an intensive agricultural matrix.  
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Temporary grassland usually regards long crop rotations with 3-5 years of alfalfa, followed by two 
years with annual crops. No soil tillage operation is scheduled while alfalfa occupies the single 
field.  
Arable land is ploughed every year and different crops are always in rotation (winter wheat, maize, 
sugar beet, tomato, etc.).  
In both SFGs, statistical analysis confirms the strong influence of no-tillage over the years to 
enhance OC storage capacity. As expected, the permanent grassland reaches the highest value 
that is significantly different from the other two crop systems. Temporary grassland shows values 
of SOC % higher than arable land, even if difference is not so evident (Table 3 and Fig. 8).The role 
of organic fertilization, as a determinant for SOC, is still under observation and will be analyzed at 
the end of the project. 

Table 3 SOC %: descriptive statistics of data subset for SFGs A and E in the three cropping systems 

 
 

 

 

Figure 8. SOC%: mean values and mean confidence intervals of data subset for A and E SFGs in the 
three cropping systems 

SOC mass fraction can be converted using bulk density (BD) in SOC Stock (Mg*ha-1) for a certain 
soil volume using the follow expression SOC (Mg*ha-1) = SOC% * BD * depth * 100. 
BD regional data from Regional Soil Survey are available (May2013). BD average values is 1,42 
Mg*m-3 for SFG A and 1,52Mg*m-3  for SFG E, while for permanent grassland topsoil BD average 
value is 0,95 Mg*m-3.  
Table 4 shows SOC Stock of the SFGs A and E. Values are calculated by a simple approach using 
SOC and BD mean value for a depth of 30 cm of soil. 

Table 4 SOC stock (Mg*ha-1) of the A and E SFG in the three cropping systems 

 

Permanent grassland Temporary grass Arable land Permanent grassland Temporary grass Arable land

Num Obs 11 21 27 11 22 20

Mean 3,91 1,63 1,45 3,4 1,33 1,17

std dev 0,44 0,41 0,27 0,65 0,29 0,35

Min 3,12 0,94 0,94 2,17 0,63 0,49

Median 4,08 1,56 1,5 3,52 1,37 1,19

Max 4,52 2,62 2,02 4,2 1,68 1,93

A E

permanent grassland temporary grass arable land

A 111,41 69,44 61,77

E 96,93 60,61 53,33
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Conclusions  

Local soil data assessment is essential to define SOC stock and SOC dynamics and to understand 
how far agricultural policy can affect SOC. 
This analysis confirms the influence of soil types on OC storage capacity. In Emilia-Romagna plain, 
soils with high clay content (SFG A) show a mean value of 1,58% OC that is significantly different 
from medium-fine texture soils (SFG E) with a mean value of 1,36% OC and even more from 
coarse soils (SFG M), 1,02% OC. SOC depends also on land use and soil management: suitable 
local conditions like rainy climate or irrigation availability, higher water capacity, dairy farms 
especially if involved in traditional productions (e.g. Parmesan cheese), are factors that brings to 
the concentration of permanent grassland in some areas. This land use is concentrated where A 
and E SFGs are dominant, while in areas characterised by SFG M permanent grassland is not 
present.  
To assess RDP actions impact, three cropping systems have been analysed for A and E SFGs. The 
strong influence of no-tillage over the years is evident in permanent grassland where meadows 
are unploughed over 30 years. The meadows reach mean values of 3.9 OC% in SFG A and 3.1 OC% 
in SFG E. Temporary grass, characterized by 3-5 years of alfalfa without tillage, shows higher mean 
value compared to systems ploughed every year, even if the influence of organic fertilization is 
still under observation and need to be subject to further analysis. 
In terms of SOC stock, soils under RDP actions could store on average up to 111 Mg*ha-1 OC in 
SFG A and 96 Mg*ha-1 OC in SFG E. Changes from arable land to temporary grassland can lead to 
gain nearly 8 Mg*ha-1 OC in SFG A and 7 Mg*ha-1 OC in SFG E.  
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Introduction 

Soil organic carbon (SOC) concentration is an indicator for assessing soil quality. SOC 
concentration can be increased by using appropriate crop and soil management which can 
increase organic matter input into soil and decrease its mineralization rate (Follett, 2001). The aim 
of this study was to investigate SOC content and dynamics in four inorganic and two organic 
cropping systems in five crop rotation. Data presented in this paper covers the first rotation from 
years 2008 to 2012.  

1. Material and methods 

The experiment comparing inorganic and organic cropping systems was established in 2008 on an 
Estonian University of Life Sciences experimental field (58°22'N, 26°40'E). Five different crops are 
following each other: barley undersown with red clover, red clover, winter wheat, pea, potato 
(Tabel 1). These crops are commonly grown on large areas and the order of crops was chosen 
according to their nutrient input and output.  

Table 1. The order of crops in rotation. 

2008 Barley + red clover N0 Nlow Naverage Nhigh 

Protective area 

Org I   Org II 
2009 Red clover N0 Nlow Naverage Nhigh Org I   Org II 
2010 Winter wheat N0 N0 N0 N0 Org I   Org II 
2011 Pea N0 Nlow Naverage Nhigh Org I   Org II 
2012 Potato N0 Nlow Nlow Nlow Org I   Org II 
 
There were six fertilizer treatments, four inorganic and two organic, applied every year. The four 
inorganic cropping systems were – N0 (control N0P0K0), Nlow (N40–50P25K95), Naverage (N80–100P25K95), 
Nhigh (N120–150P25K95) and two organic systems – Org I (catch crops as green manures), Org II (catch 
crops as green manures combined with composted cattle manure). Catch crops were used before 
pea, potato and barley. Manure was added to potato (before 2012 40 t ha-1, starting from 2012 20 
t ha-1) and starting from 2012 also to winter wheat (10 t ha-1) and barley (10 t ha-1). Low N rate 
(N20P25K95) was used for pea as it is a leguminous crop. Red clover alone was not fertilized. Only 
grain and tuber yields were removed from a field. Barley straw was left on the soil surface after 
harvest, red clover was incorporated into the soil, and winter wheat and pea were incorporated 
into soil after harvest. Soil samples were collected in mid-April in the following year, thus the SOC 
contents were influenced by the previous year crop. The quality of organic material was assessed 
by the biomass C/N ratio and by the biomass N content. The Statistica version 11.0 (Statsoft Inc. 
2013; www.statsoft.com) software package was used for statistical analyses. Factorial analysis of 
variance (ANOVA) and one-way ANOVA were applied to test the effect of cropping systems on 
SOC. 
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2. Results and discussion 

During the first rotation SOC concentrations increased in cropping systems with low inorganic 
nitrogen rate. No significant change was detected in systems with higher inorganic nitrogen (Fig. 
1). Fertilization with the mineral N had a positive influence on the organic matter decomposition. 
Positive influence of the mineral N fertilizer on the SOC dynamics was also reported by Kauer et al. 
(2013). 
 

Figure 1. Soil organic carbon content (mg g-1). (S) After-effect of incorporated straw material; (L) 
after-effect of incorporated legume. 
 
The SOC content was significantly higher in organic systems compared to inorganic systems, 
which was also found by Clark et al. (1998), indicating that in organic systems the organic matter 
mineralization did not exceed the amount of organic matter input into soil. It might have been 
caused by the lack of N for the decomposition of organic matter. Meier and Bowman (2008) 
indicated that the identity and specific structure of chemical substrates entering the soil are 
known to affect the soil C dynamics. SOC content variability in cropping systems was higher when 
the straw material as the material with low quality was incorporated into soil. Straw material C/N 
ratio was broader and therefore mineralization occurred slower. SOC content was significantly (p 
< 0.01) influenced by year and crop interactions. Metaanalysis made by Gattinger et al. (2012) also 
revealed that SOC concentrations under organic cropping systems were significantly (p < 0.0001) 
higher (0.12-0.24%) compared to non-organic systems and were strongly affected by organic 
matter recycling, forage legumes in rotation and climatic conditions. Based on the study of 
Franzluebbers and Arshad (1996) higher increase in SOC can be observed after 5-10 years, but if 
the weather conditions are favourable the SOC increase could be observed already earlier 
(Campbell et al., 2000). 

Conclusions 

The SOC dynamics and content depended on previously grown crops. Also the land and residue 
management after the vegetation period had an influence on SOC content. There is a need to 
optimize the rate of fertilization to sustain the SOC content, because the fertilization with mineral 
N did not promote the SOC content increase even if the organic matter input into soil increased 
with the rate of N. In organic cropping systems the suppression of organic matter decomposition 
caused by limitation of N is the main reason why the SOC content increased, although the amount 
of organic matter input was smaller compared to the amounts in N-fertilized systems. 
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Reclaiming Iceland’s sandy deserts: Accumulation and distribution of soil 
organic carbon in fields of Lupinus nootkatensis  
Mathias Würsch‡‡* a, Nikolaus J. Kuhn a, Johann Thorsson b 
a Physical Geography and Environmental Change, Department of Environmental Sciences, University 
of Basel, Switzerland. b Soil Conservation Service, Iceland. 

Introduction 

Despite its cold and humid climate, Iceland’s fertile Andosol soils are threatened by desertification 
and erosion. Since the time of settlement in 874 AD, vegetation cover has dropped from 
approximately 65% to 25%, leaving behind barren soil highly susceptible to wind and water 
erosion (Arnalds, 1987). In 1907, organized soil conservation began in Iceland with the aim of 
halting erosion and restoring the vegetation cover. Today, the potential for carbon sequestration 
by land reclamation represents a highly active research field in Iceland (e.g. Arnalds, Guðbergsson 
& Guðmundsson, 2000; Ágústsdóttir, 2004; Arnalds, Orradóttir & Aradóttir, 2013). 
Among a multitude of actions to combat desertification such as the construction of storm walls 
and fencing off of high erosion risk areas, native and foreign plant species were tested by the Soil 
Conservation Service of Iceland for their potential to stabilize moving sand. The soils of Iceland’s 
deserts are vitric Andosols which are typically very sandy, shallow and low in soil organic carbon 
content (SOC) and nutrients (Arnalds 2008). The water holding capacity of vitric Andosols is 
limited and evaporation rates are high because of strong winds, often causing arid conditions 
despite high precipitation rates. Only a handful of species managed to grow under these 
conditions, and among them Nootka lupin (Lupinus nootkatensis) stood out as being particularly 
well adapted to the Icelandic deserts. Nootka lupin is a perennial nitrogen-fixing legume 
originating from North America. It can rapidly build-up biomass and within a couple of years 
cover most of the soil surface, thereby dramatically reducing wind erosion and gradually enriching 
the soil with soil organic matter (Arnalds & Runólfsson, 2004). In time, this should increase soil 
fertility and prepare degraded land for further restoration. For example, lupin patches on 
degraded land were successfully reforested with the native birch (Betula pubescens) and other tree 
species (e.g. Óskarsson & Sigurgeirsson, 2004); but there have also been cases where the lupin 
started to act invasive (e.g. Svavarsdóttir et al., 2004). Nootka lupin must therefore be applied with 
great care to protect existing ecosystems. 
In this study the accumulation rates and distribution patterns of soil organic carbon under both 
young and old lupins were investigated for lupins growing either in dense patches or in relative 
isolation (“pioneer lupins”). Additionally, the overall success of the lupin growth in a sandy desert 
was evaluated. 

1. Material and methods 

The study was conducted in Geitasandur, a sandy area in south Iceland. The lupin patch which was 
sampled was established around 25 years ago on bare eroded land from seed from nearby lupin 
fields. Thus, all lupins in this study were non-fertilized and self-sown. Mean annual temperature 
and precipitation in Geitasandur are 3.9 °C and 1226.2 mm, with January averaging -1.6 °C and 
107.4 mm and July 11.1 °C and 83.1 mm (average for 1958 to 2004 at the Hella weather station, 
Icelandic Meteorological Office). The whole study area was approximately 1.5 ha, divided into 
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three habitats: a) dense lupin field, b) area grown with scattered pioneer lupin plants and c) bare 
eroded land. Within each habitat 5x5 m randomly selected study plots were established: three 
plots in the scattered pioneer lupin area; two plots in a dense lupin field; and three plots in bare 
eroded land, which served as control. Within dense and pioneer plots both young and old lupins 
were sampled individually. Two randomly selected young (approximately three years old) and two 
old (eight to ten years old) lupins were sampled per plot, with the age of the lupins being 
determined based on stem count (Magnússon et al. 1995). All data was gathered in summer 2011. 

1.1. Soil sampling and analysis 

The soil samples were collected in depths of 0-5, 5-10, 15-20, 35-40 and 55-60 cm according to a 
high-resolution sampling scheme with small 100 cm3 bulk density rings (diameter 5.6 cm, height 
4.1 cm). Depending on plant age, between 16 to 20 soil samples were collected per plant at the 
sampling depths mentioned before and various distances to the plant roots. The exact locations of 
the sampling points in relation to the plant root can be seen in Fig. 1 (white dots). The soil 
samples were dried at 40°C for 48 hours and sieved through a 2 mm sieve. Fine earth bulk 
densities were estimated with the water displacement method (Lal & Kimble, 2001) and soil 
organic carbon concentrations were measured for homogenized sub-samples by dry combustion 
(LECO CN1000 at 1050°C). Carbon sequestration rates were calculated similar to Arnalds et al. 
(2000) for 0 to 20 cm depth close to the plant roots. The gathered soil carbon data was then 
averaged (depending on growth type and age of the plant) and graphically displayed using cubic 
interpolation in MATLAB. 

1.2. Vegetation sampling 

Basic vegetation sampling was done by placing a 50x50 cm subplot grid randomly for three times 
within each of the plots described previously. The following parameters were determined: 

 Vegetation cover [%] 
 Area covered by litter [%] 
 Area coverage per genus [%] 
 Genera names 

Further, for all lupins under which soil samples were collected, plant height, radius, stem count as 
well as root length were recorded.  

2. Results and discussion 

2.1. Lupin growth 

The difference in vegetation cover between the dense lupin plot and both the pioneer and control 
plots was absolute (Table 1). The lupins growing in the dense patch looked very healthy and 
reached heights of over 80 cm (Table 2), not leaving much exposed soil in between plants. The 
native vegetation cover of the area on the other hand consisted primarily of very small plants (e.g. 
Thymus praecox) or mosses which do not protect much of the soil surface. Adult lupins were the 
largest obstacles within the area, which over the years caused aeolian sediment to continuously 
accumulate in the lupin patches. 
In other parts of Iceland it was found that Nootka lupin can reduce the biodiversity of functioning 
ecosystems (e.g. Magnússon et al. 2004). This contrasts the findings from Geitasandur where the 
number of genera, as well as the area covered by plants other than lupins, was higher within 
dense lupin fields compared to the control plots outside of the field (Table 1). Dense lupin stands 
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seemed to create a favorable microclimate for other species, most likely because of reduced wind 
speeds and evaporation rates. 

Table 1. Percentage of the area covered by vegetation, litter and plants other than lupins, as well as 
number of genera which were found (n = 9 for control and pioneer and n = 6 for dense plots). 

Plot Vegetation  
cover (%) 

Litter  
cover (%) 

Covered by plants  
other than lupins (%) 

Number of  
genera found 

Control 4 ±4 4 ±3 3 ±4 0 to 2 

Pioneer 10 ±8 2 ±2 5 ±6 1 to 3 

Dense 65 ±27 29 ±12 47 ±22 3 to 5 

 
Old pioneer lupins were typically smaller than their counterparts from the dense patch (t(9) = 2.37, 
p = 0.04, Table 2), possibly because they were unable to profit from the shelter a dense patch 
poses. Not surprisingly, some pioneer lupins showed signs of stress such as yellow leaves and 
were also not flowering. No insect damage was evident on the roots. 

Table 2. Averaged lupin plant characteristics of the four plot types where soil carbon data was 
acquired. Standard deviation indicated, n = 4 (dense plot plants) or n = 6 (pioneer plot plants). 

Plot Height 
(cm) 

Plant radius (cm) Stem count Root length 
(cm) 

Pioneer young 37 ±11 14 ±4 5 ±2 28 ±5 

Pioneer old 67 ±6 31 ±8 39 ±14 35 ±9 

Dense young 44 ±10 13 ±5 5 ±2 37 ±7 

Dense old 76 ±6 38 ±6 44 ±12 51 ±11 

2.2. Distribution of soil organic carbon 

The soil organic carbon distribution plots revealed a distinct carbon hot spot close to the root of 
both young and old lupins growing in a dense patch (Fig. 1). While lupins form relatively sturdy 
tap roots that grow perpendicular to the soil surface they usually also have a finer lateral root 
system at 5 to 15 cm below the surface. Root exudates and dead root material from these lateral 
roots are likely the main organic matter input that formed the carbon hot spots. 
The top soil beneath the plants also showed increased soil organic carbon concentrations, either 
because of lupin litter input and/or fine roots from the lupin or for example grasses growing next 
to the lupins. The plots of the pioneer plants on the other hand showed no significant increase in 
soil organic carbon concentrations compared to the control area, and are therefore not included.  
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Figure 1. Averaged and interpolated distribution of the soil organic carbon (SOC) concentration 
under young and old lupins (n=4 for each plot). The position of the y-axis is roughly equivalent to 
the position of the lupin tap roots. Sampling points are indicated by small white dots, the sampling 
point above the soil surface represents the aeolian material accumulated by the plants. 

2.3. Carbon sequestration 

The carbon sequestration rate of dense plot lupins (220 kg C ha-1 year-1, Fig. 2) was much higher 
than the rate of pioneer plants (50 kg C ha-1 year-1). In fact, the carbon sequestration rate of 
pioneer plants was so low and variable that there was no statistically significant difference 
between the soil carbon stocks calculated for the soil below the ten years old pioneer plants and 
the control plots (t(7) = 2.36, p = 0.17). Evidently, pioneer lupins sequestered carbon primarily into 
plant biomass with only little input into the soil. Although the lupin produces appreciable 
amounts of litter every year as the above-ground biomass dies off in winter, with nothing to stop 
the litter from being blown away by the strong winds, the organic material is unlikely to end up in 
the soil next to the lupin. The very opposite is the case in the dense lupin field where on average 
more than 30% of the area showed evidence of plant litter accumulation (Table 1). 

 

Figure 2. Soil organic carbon (t Corg ha-1) plotted against lupin age. The control plot measurements 
serve as baseline and are therefore used for both regression lines (n = 11 for dense and n = 15 for 
pioneer plots). 
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Comparing this study’s sequestration rates with other literature suggests that the Geitasandur 
lupins are on the lower end of the scale (Table 3). However, the sequestration rate of the 
Geitasandur dense lupin patch still is remarkable considering that no seeding and fertilization 
took place, both of which would impact the overall CO2 balance of the land reclamation treatment 
negatively and also make it considerably more expensive.  

Table 3. Collection of various Icelandic studies about land reclamation treatments and the resulting 
soil organic carbon sequestration rates. The results from the present study are highlighted in bold 
text. 

Study Comments kg C ha-1 
year-1 

Present study Pioneer lupins, 10 years old, south Iceland 50 

Present study Dense growing lupins, 10 years old, south Iceland 225 

Arnalds et al. (2013) Seeded lupins together with birch and sitka spruce over 8 
years in Geitasandur 

400 

Arnalds et al. (2013) 8 years of seeded lupin growth in Geitasandur 510 

Arnalds et al. (2000) ~ 40 years of various land reclamation treatments, not only 
lupins, north Iceland 

520 

Arnalds et al. (2000) ~ 40 years of various land reclamation treatments, not only 
lupins, south Iceland 

630 

Magnússon et al. 
(2004) 

Highest sequestration rates in south Iceland, lowest in dry 
northern inland 

130 to 1300 

Conclusions 

With soil organic carbon concentrations varying considerably within a couple of centimeters (Fig. 
1), small changes in the sampling scheme can easily lead to significant differences in the resulting 
carbon sequestration rates or carbon stocks. This effect seems to be the strongest in the early 
stages of land reclamation where the contrast between extremely carbon poor soil and soil 
influenced by plant growth is particularly large. As a consequence, measuring the carbon 
sequestered by land reclamation is expensive, time consuming and most likely still associated with 
a high amount of uncertainty. The present study uses a simple two dimensional approach to 
illustrate the problem and underline that there is need for a reliable and cost-effective way of 
verifying soil carbon sequestration for short intervals of 5 to 10 years. 
As far as Nootka lupin is concerned, the apparent win-win scenario for Iceland by sequestering 
carbon and at the same time restoring land fertility undoubtedly has its ecological limitations 
because of the lupin’s invasive nature. Nevertheless, Nootka lupin keeps on proofing to be a great 
asset in reclaiming Iceland’s sandy deserts. Land reclamation using the lupin has a small carbon 
footprint, is highly cost effective and appears to be long lasting. 
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Introduction 

Harran Plain is located in the south-eastern part of Şanlıurfa province, which is at the center of 
Turkey's major irrigation and development project known as the GAP project (biggest Integrated 
National Project) and comprises 141 500 ha irrigable land. It is the most important irrigable area 
with high crop yield potential in SE Turkey.  
The positive effect of soil organic matter (SOM) on soil properties has been demonstrated for 
many soil types (Rasmussen and Collins, 1991). The soil organic matter (OM) improves soil 
productivity, because it determines soil resistance to erosion, increases the soil water holding 
capacity and nutrient availability to plants (Gregorich et al., 1994; Hevia et al., 2003). Soil organic 
carbon (SOC) is one of the most important constituents of soils due to its capacity in effecting 
plant growth (Bongiovanni and Labartini, 2006). Quantifying the potential of cropland soils to 
restore antecedent SOC will help to evaluate the contribution of cropland soils as a carbon (C) 
source or sink to the global C balance. However, there are many uncertainties in SOC dynamics of 
the soil system (Mermut et al., 2000 and Li, 2002), therefore, understanding these uncertainties is 
very important in terms of soil C sequestration (Smith, 2004).  Several studies demonstrated that 
some soil properties are dependent more on the amount of organic matter accumulated in 
different size fractions than on the total soil organic matter (SOM) contents (Tiessen et al., 1983; 
Dalal and Mayer, 1986). 
The objectives of this study were to (1) quantify the amount of soil organic carbon (SOC) from 
selected 16 profiles and (2) determine the distribution of SOC in five particle size fractions (2000-
425µm, 425-150 µm, 150-106 µm, 106-75 µm, <75 µm) of surface horizons in the Harran Plain.  

1. Materials and Methods 

1.1. Description of the study area 

Harran Plain is located in the south-eastern part of Şanlıurfa province, Turkey, which is in the 
center of Turkey's major irrigation and development project (Southeastern Anatolian Project, 
GAP). It lies between the longitudes of 38°39'-39°30' E and the latitudes of 36°43'-37°ll' N  and 
spans an area of 225 000 ha. 
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Figure 1. Distribution of 16 soil profiles in the studied area. 

The elevation ranges between 350 and 450 m a.sl. and it increases from the south to north.  The 
plain has a semi-arid climate with limited precipitation between June and September. The long-
term mean annual temperature is about 18°C, the highest annual mean temperature is 31.4°C in 
July, and the lowest annual mean temperature is 5.8°C in January (DMI, 2004). The annual mean 
relative humidity is 57% and the mean precipitation is 284.2 mm (Yesilnacar and Güllüoğlu, 2007). 
The dominant crops in the area are cotton and wheat.                                         
Distribution of soil profiles in the studied area is presented in Fig. 1. The soils of the plain are 
clayey with slightly alkaline pH (pH 7.5–8.0). The minimum permeability values of the soils are 
between 0.22 and 3.51 m day-1 (DSI, 2003). The majority of soils in the plain are classified as 
Vertisol according to Soil Survey Staff (2010). The dominant silicate clay minerals are smectite, and 
palygorskite, however, illite and kaolinite are also found in the mixture. The soils are generally well 
developed with ABC horizons and although lime content is high, soil organic matter is usually 
around 1.0% (DSI, 2003).  

1.2. Soil sampling, analytical and statistical methods 

Sample locations were selected from different sites of the Harran Plain and grouped based on 
elevation as shown in Fig. 1. Soil samples were taken from 16 profiles to determine soil 
characteristics and organic carbon. The samples were air-dried, sieved to pass a 2-mm mesh and 
stored in plastic bags for analysis of physical and chemical soil properties. Soil samples for particle 
size analysis were taken from each of the soil surface horizons (0-20 cm). 
The following soil measurements were carried out: pH in a 1:1 water soil ratio solution according 
to Peech's method (1965); electrical conductivity (EC), Bower and Wilcox (1965); CaCO3 by the 

Bernard calcimeter method (Vatan, 1967); organic carbon (OC) according to Duchaufour (1970); 
and cation exchange capacity (CEC) following the method of Chapman (1965). Total amount of 
organic and inorganic carbon was given total carbon (TC) of soil. Inorganic carbon (IC) was 
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calculated from lime contents. The bulk density (BD) (Mg m−3) was determined according to 
method of Black (1965). 
Particle size analysis carried out by using the FAO-ISRIC system (1990) after the combination of 
the pipette Robinson and sieving. The fraction of bulk soils into five particle size fractions was 
conducted using sieves with the following sizes: 2000, 850, 250, 150, and 75 µm. For the 
quantification of soil organic carbon in each fraction, a subset of each particle size fraction was 
ground and determined according to Duchaufour (1970). For the statistical analysis multiple linear 
tests were performed using the general linear model (GLM) and analysis of variance (ANOVA). All 
statistical tests were performed with Sigmaplot 12.0 (Systat Software Inc. 2011) and differences 
were considered significant when p<0.05. 

2. Results and Discussion 

2.1. Soil characteristics of the study area 

Table 1. Physical-chemical characteristics of the surface horizons of the selected properties in the 
studied area (n: 3). 

Profile 
Codes 

Soil  
Series 

pH 
EC  
(dS m-1) 

OM  
(%) 

CaCO3 

(%)
CEC  
(cmol(+)kg-1) 

Clay 
(%) 

BD 

 (mg m-3) 
1 Kısas I 7.57 1.01 1.08 32.73 36.93 56.51 1.25 

2 Çekçek 8.23 0.89 1.13 29.23 38.93 35.94 1.26 

3 Harran I 8.39 0.48 1.64 21.44 38.66 55.71 1.30 

4 Kısas II 7.98 0.67 1.54 37.02 31.97 53.56 1.29 

5 Bellitaş 8.40 0.99 1.18 33.51 38.28 51.48 1.31 

6 Gürgelen 7.61 1.32 1.98 25.33 28.61 47.79 1.31 

7 İkizce 7.62 0.57 1.31 27.28 48.12 42.28 1.29 

8 Sırrın 8.20 0.63 1.82 28.45 35.58 54.02 1.31 

9 İrice 8.03 1.04 1.76 23.38 40.52 57.50 1.29 

10 Beğdeş 8.09 0.57 1.37 24.94 39.34 50.08 1.33 

11 Harran II 8.30 1.00 1.20 25.72 37.21 55.86 1.31 

12 Gürgelen II 7.51 10.41 0.96 22.99 41.92 46.85 1.33 

13 Akören 8.11 1.09 1.41 24.55 43.42 45.08 1.33 

14 Ekinyazı 7.37 15.62 2.12 20.27 45.42 46.26 1.35 

15 Akçakale 8.14 1.03 0.87 14.81 32.59 58.45 1.33 

16 Gürgelen III 8.19 1.33 1.12 33.91 31.84 54.02 1.34 

EC: Electric conductivity; CEC: Cation Exchange Capacity, OM: Organic Matter, BD: Bulk Density. 

The selected physical-chemical soil characteristics were given in Table 1. Results of soil analysis 
were limited to pH, EC, OM, CaCO3 contents, CEC, clay contents, and BD. The soils were generally 
clayey and the amount of clay tended to increase towards the center of the study region. The 
concentration of organic matter content was low in surface and next to surface horizons in all 
sample sites, were about (~1.5%). Carbonate and clay contents are >20% and 45%, respectively. 
The southern sample sites had higher salinity (15.62 dS m-1). The reason of high salinity can be 
excessive and uncontrolled irrigation and fertilization, in addition to poor natural drainage. Also, 
CEC was higher than 35 cmol (+) kg-1 in the studied area. The soils of the Harran Plain were alkaline 
in the surface horizons, pH ranging between 7.51 and 8.40 (Table 1).  
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Surface horizons of the studied area had high lime content, which were ranged between 20.27 and 
33.91%. The organic matter concentrations were between 0.87 and 2.12%. The studied area had 
high amount of clay, which were ranged between 35 and 57% in the surface horizon.  Cation 
exchange capacities in the surface horizons was between 28.61 and 45.42 cmol(+) kg-1. Bulk density 
of 16 studied profiles was between 1.25 and 1.35 mg m-3 in the study area (Table 1).  

2.2. Soil carbon distributions in each profiles and size fractions 

Distributions of soil carbon in the studied profiles were given in Fig. 2. The amount of SOC 
depends on soil texture, climate, vegetation and historical and current land use/management. 
Hontoria et al. (1999) reported that 45% of the variability in soil organic carbon in peninsular 
Spain could be explained by the parameters of annual precipitation, annual mean temperature 
and altitude. The influence of soil texture on organic matter decomposition has been widely 
studied and results indicate that the rate of decomposition and net mineralization depend on the 
accessibility of organic substrates to soil organisms (Hassink, 1996). Although organic matter 
decomposition studies are numerous, few have addressed the relative importance of direct and 
indirect mechanisms of soil texture control on organic matter stabilization (Srensen, 1981; van 
Veen et al., 1985). In general, the quantity and nature of the soil clay affect the amount of C 
stabilized in soil.  
SOM in  coarse  sand  is  poorly  protected  against  microbial attack,  releasing  less-available  
organic  matter  and microbial  material  of  lower  C:N  ratios,  which induces  further  aggregate  
formation (Stemmer et al., 1998).  As  a  consequence,  soil  aggregates  smaller  than  about  20 
µm  no  longer  contain  plant  debris  (Oades  and  Waters, 1991). Clay size fraction contributed 
most of organic matter both for organic carbon and for nitrogen, with considerable smaller 
contributions from silt-and sand-sized fraction (Schmidt and Kögel-Knabber 2002). 
Organic matter can be trapped in the very small spaces between clay particles making them 
inaccessible to micro-organisms and therefore slowing decomposition. In addition, clay offers 
chemical protection to organic matter through adsorption onto clay surfaces, which again 
prevents organic matter from being decomposed by bacteria. Soil with high clay content therefore 
tends to have higher SOC than soil with low clay content under similar land use and climate 
conditions. Climate effects SOC amount as it is a major determinant of the rate decomposition 
and therefore the turnover time of C in soils (Milne, 2008). 
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Figure 2. Distrubitions of soil carbon (%) in 16 profiles (n:3). 
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Figure 3. Contents of five particle size fractions in surface horizon (n:3).      

Contents of five particle size fractions in soil surface horizon from studied areas were given in Fig. 
3.  The results showed that; the dominant size fractions were the largest fractions (850-250 and 
2000 -850 µm). Distribution of soil organic carbon (SOC) in five particle size fractions from soil 
surface horizons were given in Fig.4. SOC content were increased with small size fractions. There 
was an inverse relationship between size fraction and SOC in the studied area.  

 

Figure 4. Distribution of soil organic carbon (SOC) in five particle size fractions from surface horizons 
(n:3). 

The considerable effect of organic matter and particle size fractions of soils are discussed in 
literature. However, several studies showed that relationship between organic matter and 
aggregate stability varies widely between soils (Chenu et al., 2000). Particle-size distribution of 
soils is very important to understand their properties. Whether soils consist of sand, clay and silt, 
the size distribution affects the movement and retention of water, consistency tillage, and capacity 
to shrink and swell to name few properties. Moreover, particle-size distribution is influenced little 
by tillage or other manipulation unless it is drastic. Most soil classification systems therefore use 
particle-size distribution as one criterion (Chesworth, 2008). 
Pearson correlation coefficients between SOC and five particle size fractions are given in Table 2. 
The results showed that, SOC significantly affected by particle size fractions. Similar studies 
showed that there are relationships between soil carbon and fractions but under the same 
conditions like climate, clay minerals and microorganisms etc. In addition, Wong et al. (2007) 
concluded that dissolved organic matter interacts with the clay minerals becoming less accessible 
to microorganisms. 
Quenea et al. (2008), Accoe et al. (2002), and Kögel-Knabber (2002) found highest carbon and 
nitrogen concentration in small size fraction. Carter et al., (2003) found clay plus silt content (lower 
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than 40%) consist 60% of total organic carbon in soil. Zhang et al., (2003) found highest organic 
carbon value in clay fraction. Chen and Chiu (2003), studied different soils and found similar 
results. 

Table 2. Pearson correlation coefficients between soil organic carbon (SOC) and five particle size 
fractions 

Contrarily, some researchers observed that the level of organic matter in soils can reflect the 
intensity of soil utilization; the present study was carried out with the aim of elucidating the 
precise effects of different soil management practices on total organic matter and its particle size 
fractions in soils (Puget et al., 1995 and Schulten et al., 1993). The obtained data show that organic 
matter fractions differ according to particle size distribution and the prevailing soil management 
system. Stable organic matter content (<50 μm) is significantly related to clay content, whereas 
coarse organic matter (>100 μm) is strongly influenced by the type of soil management utilized 
(Quiroga et al., 1996). 

Conclusions 

The Harran Plain had bulky and basic soil, high cation exchange capacity, lime and clay content 
and low organic matter. Soil aggregate distribution in the surface samples was: 850-250 > 2000-
850 > 250-150 > 150-75 > 75 µm. Distribution of SOC in particle size fractions was: 11% in 2000-
850 µm., 15% in 850-250 µm., 21% in 250-150 µm., 23% in 150-75 µm. and 30% in <75 µm. 
The results showed that the high quantity of SOC accumulated in the below of 75 μm fraction. 
Based on these findings, the soil organic carbon accumulation in the soil can be said to be 
inversely proportional to the size of particles. Also, semiarid climate condition affected on organic 
matter with the high temperature, microbial activity and deficiency organic material affected 
accumulation of organic carbon in soil. Despite the high clay content of soil, usually low organic 
matter and lime contents were higher. This study demonstrated that in Vertisol soils, there is 
inverse relation between SOC and particle size. This is caused from swelling and shrinkage 
features of clay minerals.  
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Introduction 

Soil organic matter (SOM) plays an important role in soil fertility and agricultural productivity. In 
soils, organic matter includes all organic carbon either present free in the soils, bound in between 
soil stable aggregates, or chemically bound in the soil mineral matter. At any time, SOM may 
include, for instance, a variety of compounds such as decomposing plant or microbial residues 
and root exudates. The SOM content in soils varies from traces to more than 30% of soil weight 
(Bot and Benites, 2005) and in most cases, soil C pool is below the ecological potential (Lal, 2006).  
Storage of  SOC is a function of carbon additions from organic amendments and the carbon 
losses through organic matter decomposition and to a lesser extent as dissolved organic carbon 
(DOC) (Christ and David 1996). The release of additional organic substrates might not only affect 
the fluxes of DOC but also the quality. Natural carbon fluxes are huge, so that even small forced 
changes in the natural balance would be very significant at the global level (Mermut and Eswaran, 
2008). Agricultural practices are a source of atmospheric CO2 and about 30 to 50% of soil organic 
matter has been lost since the cultivation of native prairies in Canada (Mermut, 2002). 
Agricultural management practices such as irrigation, fertilization (organic and inorganic), tillage 
and residue management, crop rotation or their different combinations can influence the amount 
of carbon in the soil (Baggs et al., 2006). Farmyard manure, together with organic residues and 
wastes, is used increasingly in agriculture (Fearnside, 2000). In Southeastern Spain, there are many 
pig farms and their waste is often used as fertilizer. Nearly 2.5×106 Mg (dry wt.) of pig manure is 
collected annually and approximately 50% of this manure is utilized on agricultural land. This 
practice is an easy, inexpensive solution for the disposal of the manure.  
The objectives of our study were to: 1) calculate the carbon remained or released using the pig 
slurry (PS) application in the leaching and soil system, 2) determine the organic carbon balance in 
the soil ecosystem, and 3) assess the relationships between carbon and environmental parameters 
for better use and management of the soils from the viewpoint of carbon balance and fluxes in a 
semi-arid environment. 

1. Material and Methods   

1.1. Site description, column sampling and experimental design  

The study area is located in La Hoya near the Lorca city of Murcia Province, Southeast Spain (Fig. 
1). The climate is semiarid, with a mean annual rainfall of 300 mm and a mean annual temperature 
of 18°C, and the potential evapotranspiration is >900 mm yr−1 (Faz et al., 2005). The typical 
Mediterranean climate means that there is almost no rain in the summer (3 mm in July), with the 
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rainy seasons in the autumn and spring. Because of the semiarid climate conditions, most 
agriculture in the area is rain-fed. Cereals are the main crops in the area. The soil series of the 
studied area are Haplic Calcicol (FAO, 2007). 
The calcium carbonate content ranges between 55 and 60% and the soil organic carbon ranges 
between 11.08 and 12.31 g kg-1.  The organic carbon content is similar to other Mediterranean 
soils under an arid-semiarid climate, or less than 20 g kg-1.  The bulk density of the soils in the 
area is about 1.18 g cm-3.  The soils are alkaline, have a low EC (Coverts, 1993), low organic carbon, 
very low total nitrogen (Villalbi and Vidal, 1988), and a high phosphorus content (Dressing, 1993). 
The cation exchange capacity is also low due to the silty loam texture (FAO, 2001).  The 
characteristics of the PS used in the study showed that cations, phosphorus and dry matter 
content were high with a very high concentration of Na and K., However, selected bioavailable 
metal concentrations (Cu, Zn, Fe, and Mn) were not high (Karaca, 2004).  
 

 

Figure 1. Location of the study area (Mateus (2006).  

Nine undisturbed soil columns were taken from silty loam soils of the area. Soils were extracted 
using a transparent methacrylate cylinder, 60 cm long, 16 cm inside diameter, and 45 cm thick  
(Carmona and Faz, 2004) with three replicates. Each column weight was about 10-11 kg. The 
experimental setup of the columns is shown in Fig 2. Sea sand, washed with distilled water, was 
used as supporting material below the columns. The columns were saturated with approximately 
1000 ml of distilled water before the application of the PS. Simulated rainwater was added to the 
columns by a peristaltic pump. Soil columns were amended with low (129.7 ml) and high (389.2 
ml) (equaling 170 kg N ha-1 yr-1 (Low Dose-LD), 510 kg N ha-1 yr-1 (High Dose-HD) respectively) 
doses of PS and un-amended control with three replications, applied and mixed in the surface 
layer of 10 cm. The experiment was carried out for 12 weeks; three un-amended columns as 
control (C) were added to the experiment. The applied doses of PS were calculated from the 
agronomic rate of the legal Nitrogen (N) requirement of 170 kg N ha-1 yr-1 accepted for the 
Murcia region (Low Dose).  
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Figure 2. Experimental setup of columns. 

     Irrigation was carried out on a weekly basis using distilled water at a rate of 80 ml h-1 to 
simulate the monthly rainfall in the area. Leachates and surface soil from the top 5 cm were 
collected and analyzed each week to determine the carbon balance. Leachates were filtered with 
Whatman filter paper nº 42 and were refrigerated at 5 °C while awaiting chemical analysis. 
Irrigation each week is equal to the monthly rainfall.  

1.2. Analytical and statistical methods 

Selected chemical properties of the PS, leachate and soil were determined using the following 
routine methods: soil pH, redox potential (Eh) and electrical conductivity (EC) were measured in 
deionized water (1:2.5, 1:2.5 and 1:5 w/v), according to Peech´s (1965) and Bower and Wilcox 
(1965) method, respectively. Soil organic carbon (SOC) and total nitrogen (TN) were determined 
according to Duchaufour (1970). The analyses of leachates and PS, following analytical techniques 
suggested by APHA (1998) were used: Dissolved organic carbon (DOC) and Dissolved Nitrogen 
(DN) (on a weekly basis) by a TOC analyser (TOC – V-CSH Shimadzu, Kyoto-Japan). CO2 fluxes 
from the columns were measured according to Anderson (1982). SOC and TN from the surface soil 
samples were measured using the CHNS-O Elemental Analyzer (model EA1108) in each week, in 
addition to during the initial and final stages of the experiment. The organic carbon balance was 
calculated using the following formula (1).  

(1) 
 

The SPSS 19.0 program (IBM Corp., Armonk, NY, USA) was used for statistical analyses of soils and 
leachates. Prior to statistical analyses, the data were tested for equal variance and normal 
distribution using analysis of variance (ANOVA). When the distribution was not normal, the data 
were log-transformed, before statistical treatment. Descriptive statistics (mean, median, standard 
deviation and range) of soil properties were performed applying the Excel for Windows software 
package (Microsoft, WA, USA). 

Organic Carbon Balance = ( TOC + Fertilizer Organic C ) - ( DOC + C-CO2 ) 
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2. Results and Discussion  

2.1. Changes in soil properties with pig slurry application and distributions of soil organic 
carbon along the profile 

Distributions of initial and final soil properties with application results showed that the soil pH was 
between 8.11 and 9.00 and decreased after application of PS. The effect of PS addition on pH was 
more evident at the higher amendment rate, which is in line with Ukrainetz et al. (1996). Electrical 
conductivities did not change significantly and were between 0.08 and 0.13 dS m-1. Electrolytes 
were probably washed out with the leachate.  
The direct effects on physical and chemical soil properties observed in this study are consistent 
with other studies (Chao et al., 1996; Eghball and Barbarick., 2006). 
Distributions of SOC with depth at the initial and final stages of the study showed that they 
changed from 10.96 and 12.22 g C kg-1 at the onset of the experiment to 12.16 and 14.22 g C kg-1 
in low and high doses respectively, and SOC increased with increase amounts of PS, specifically in 
the deeper horizons (Table 1). Our results showed that SOC was affected by PS application; 
however PS applications contributed OC to the soil in the following order HD>LD>C and in total 
added to the soil 2.91 >1.73>-0.06 g C kg-1, respectively. Total organic carbon from the PS 
additions remained at 18.2 and 10.9% with LD and HD, respectively. The amounts in the surface 
layers (0-10 cm) in one year were between 15.84 and 24.68 % (1.97 and 3.15 tonnes C ha-1) with 
LD and HD, respectively, as the per cent of their organic carbon content in the soil. Results from 
the control column showed a 0.68% (0.09 tonnes C ha-1) loss of organic carbon in one year. These 
results are consistent with a previous report by Wu et al. (2003), which estimated an SOC loss of 
10%–40% in the cultivated soils relative to their non-cultivated counterparts in China. 

Table 1. Distribution of SOC with depth at the initial and final stages of the study. 

Depth LDI HDI CI LDF HDF CF 

cm SOC (g kg-1) 

0-5  1.53 1.53 1.25 1.77 1.79 1.24 

5-15 3.06 3.06 2.51 3.30 3.34 2.49 

15-25  1.92 2.12 2.78 2.70 3.12 2.76 

25-35  1.92 2.12 2.78 2.46 2.88 2.78 

35-45  2.54 2.48 2.90 2.46 3.09 2.88 

Total OC    10.96        11.31        12.22        12.69        14.22        12.16     

(LDI: Low dose of initial; HDI: High dose of initial; CI: Control of initial; LDF: Low dose of final; HDF: 
High dose of final; CF: Control of final) 

Climatic conditions seemed to be the dominant factor determining the SOC in the upper soil layer 
while for deeper soils clay content became increasingly influential in this study (Hiederer, R., 2009). 
On a global scale, SOC increases with precipitation and decreases with temperature (Post et al, 
1982). Celik (2005) reported that the soil organic matter of cropland soils decreased by 48% for 
the 0–10 cm soil depth and 50% for the 10–20 cm soil depth compared with pasture soils over 12 
years. Lal (2002) also reported a carbon pool loss of 30%–50% in the Midwestern USA due to land 
use changes from natural to agricultural ecosystems.  
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2.2. Characteristics of leachates, CO2 release, and organic carbon balance in the 
undisturbed soil columns 

Correlation analyses showed that there were significant relations between some soil properties, 
such as, pH, EC, Eh, cations, bioavailable metals, nitrogen, and organic carbon. The pH value from 
leachates is an important chemical indicator with EC, which increased with PS application. This was 
likely due to the high salt content of the PS, which could be related to the feed given the animals. 
Eh values decreased with both PS applications; however, the decrease was more distinct in the HD 
of PS application.  
     Dissolved organic carbon (DOC) results showed that the DOC content had changed 
cumulatively between 0.00 to 3.42 kg ha-1 with the LD, 0.00 to 4.71 kg ha-1 carbon with the HD 
(Fig. 3).  
The dissolved organic carbon content in the two doses applied was closely associated with the 
amount of water applied, which tended to increase with time. The cumulative concentration of the 
dissolved organic carbon occurred in the following order: HD > C > LD. As expected, the dissolved 
organic carbon increased in the leachate, especially in the HD application. According to Qualls and 
Haines (1992); pH was a more important factor for DOC leaching than temperature. Our results 
showed that PS application increased the amount of DOC in leachates and had a positive effect on 
DOC release, also it same as Carmona and Faz (2004) and Sitaula et al. (2004).  

 

Figure 3. Distributions of DOC and CO2 expressed in cumulative manner (LD: Low Dose; HD: High 
Dose; C: Control; CLD: Cumulative low dose; CHD: Cumulative high dose; CC: Cumulative control, n: 
9). 
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Soil respiration results are given in Fig. 3. The results showed that soil respiration was 
approximately 0.01 tonnes C-CO2 month-1 ha-1, LD and HD varied between 0.01 and 2.30 tonnes 
C-CO2 month-1 ha-1; 0.01 and 7.16 tonnes C-CO2 month-1 ha-1 , respectively (Fig. 3) and occurred in 
the following order: HD> LD> C. Recent studies on PS from silty loam soils have shown that soil 
CO2 release can increase following application (Bernal et al., 1998; Pascual et al., 1998).  The soil 
respiration rate increased with the PS applications in our study and humidity had a positive 
correlation with respiration (the data not shown). Ajwa and Tabatabai, (1994) found the 
cumulative respiration rate was higher in HD application, which was lower in the controls and it 
similar to our results.  
DOC and CO2 fluxes in the leaching system were positively affected by PS applications. The CO2 
release changed with PS application to the soil and the amount of respiration was strongly 
correlated with time and temperature. The results of soil organic carbon evolution and total loss 
of organic carbon as DOC+CO2 showed that the loss of DOC was 0.15 and 0.07 and 16.30% with 
LD, HD, and the C, respectively. The release of CO2 ranged between 99.88; 99.94; and 83.70 % with 
LD, HD, and C, respectively. 

Conclusions 

The surface layers (0-10 cm) studied in the Murcia region in SE Spain sequestered 15.84 and 
24.68% (1.97 and 3.15 tonnes C ha-1) with LD and HD, respectively. C-CO2 released in the control 
column showed a 0.68 % (0.09 tonnes C ha-1) loss of organic carbon in one year. Pig slurries had a 
great potential in increasing of soil organic carbon levels in the terrestrial system, the long term 
use of HD pig slurries can also affect some physical and chemical properties. Despite this, it 
appears that typical applications of PS over many years and HD confer no advantage to the soil. 
The benefits from the use of amendment depend on management of PS, carbon and 
environmental quality. LD application to silty loam soils has a positive effect on carbon in the 
atmosphere and ground water in the Mediterranean ecosystem. Low dose seems to be very 
suitable in terms of sustainable agriculture and also can improve physical, chemical and biological 
soil properties.  
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Conference Program 
Saturday 25/5 

18:00 Registration & refreshments - Grand Hotel, reception area  

Sunday 26/5 

07:30 Registration - Grand Hotel & Hotel Cabin, reception area 
08:00 Conference tour – Departure from Grand Hotel & Hotel Cabin 

Monday 27/5   

08:00 Registration - Grand Hotel, reception area 
08:30 Words of Welcome 
 Andrés Arnalds, Assistant Director of the Soil Conservation Service of Iceland 
08:35 Opening Address 

His Excellency the President of Iceland, Mr. Ólafur Ragnar Grímsson  
09:00 Conference introduction – Context and objectives  

Guðmundur Halldórsson. Chair of Organizing Committee, Soil Conservation Service of Iceland 

Session 1 Soil Carbon - A Foundation for our Future   

Chairs: Hafdís Hanna Ægisdóttir, Director UNU-LRT and Jón Geir Pétursson, Icelandic Ministry for 
the Environment and Natural Resources.  Rapporteur: Bjarni Diðrik Sigurðsson, Agricultural 
University of Iceland 

09:15 There’s a lot of excitement in a handful of dirt - so why don't we talk about it more?  
Anne Glover, Chief Scientific Adviser, European Commission 

09:40 Coffee  
10:15 Soil carbon and the quest for land quality - Experiences from Africa and Asia   

Azamat Isakov, David J. Z. Liabunya, Enock Ssekuubwa, Idrissa Soumana, Merkeb W. 
Bezabeh, Mohamadou H. Gabou, Olive Chemutai, Salifu Wahabu, Tserennadmid Bataa, 
Wellencia C. Mukaru & Zhyldyz Shigaeva, Fellows of the UNU - Land Restoration Training 
Program 

10:40 Global status of soil carbon   
Luca Montanarella, European Commission, Joint Research Centre 

11:05 Soil carbon sequestration  
Rattan Lal, The Ohio State University 

11:30 Discussions  
12:00 Lunch  
13:10 We need soil carbon data!  

Asger Olesen, European Commission, DG  Climate Action 
13:35 Carbon fluxes from boreal forests - the role of water  

Leena Finér, Finnish Forest Research Institute 
13:50 Soil carbon sequestration in forestry: influences of changed land use and management 

Lars Vesterdal, University of Copenhagen 
14:15 Soil carbon sequestration in revegetation and rangeland  

Ólafur Arnalds, Agricultural University of Iceland  
14:40 Coffee 
15:10 Carbon sequestration in cropland  

Thomas Kätterer, Swedish University of Agricultural Sciences 
15:35 Carbon Dynamics of Northern Peatlands: Importance of Carbon Stock Preservation 

Hlynur Óskarsson, Agricultural University of Iceland 
16:00 Discussions 
16:30 Poster Presentations and refreshments 



scs2013  294  

 

Tuesday 28/5  

Session 2 Soil carbon sequestration – potential of different soils and habitats (parallel sessions) 

Session 2a Forest soil   

Chairs: Lena Finér, Finnish Forest Research Institute and Þröstur Eysteinsson, Iceland Forest Service. 
Rapporteur: Lars Vesterdal, University of Copenhagen    

08:30 Organic carbon stocks in soils of the Northern Limestone Alps  
Jörg Prietzel & Dominik Christophel 

08:50 SOC changes following natural afforestation of grasslands in the Southern Alps  
Claudia Guidi, Mirco Rodeghiero, Lars Vesterdal & Damiano Gianelle 

09:10 Ectomycorrhizal fungi contributes significantly to soil organic matter formation  
Håkan Wallander, Mark Smits, Alf Ekblad & Johan Bergh 

09:30 Discussions  
09:50 Coffee  
10:20 Soil respiration from a young afforestation area in East-Iceland  

Brynhildur Bjarnadóttir  & Bjarni D. Sigurdsson 
10:40 The impact of afforestation in Iceland on soil and biomass C stocks  

Bjarni Diðrik Sigurðsson 
11:00 A meta-analysis of soil carbon stock change following afforestation in Northern Europe 

Teresa G. Bárcena, Lars Vesterdal, Lars P.Kiær, Helena Marta Stefánsdóttir, 
Per Gundersen & Bjarni D. Sigurdsson 

11:20 Elevated soil temperatures, ectomycorrhizal communities and litter decomposition in a 
Sitka spruce forest  
Edda Sigurdis Oddsdottir, Ella Thoen, Håkan Wallander,Kesara Anamthawat-Jonsson & 
Bjarni D. Sigurdsson  

11:40 Discussions  
12:00 Lunch  
13:10 Productivity and carbon storage in silvopastoral systems in Chile  

Francis Dube, Miguel Espinosa, Neal B. Stolpe, Erick Zagal, Naresh V. Thevathasan & 
Andrew M. Gordon 

13:30 Verification of soil organic carbon stock changes in Swedish forests  
Carina A. Ortiz 

13:50 Carbon Inventory of Icelandic forests: influence of soil carbon fluxes  
Arnór Snorrason & Aðalsteinn Sigurgeirsson 

14:10 Controlling factors of soil respiration in a Bornean tropical rainforest in Sarawak, Malaysia 
 Mizue Ohashi, Tomonori Kume, Natsuko Yoshifuji 
14:30 Discussions  
14:50 Coffee  
15:20 Soil organic carbon changes due to replacement of tropical forests with plantations 

Tommaso Chiti, E. Grieco, L. Perugini & R. Valentini 
15:40 Soil carbon and nitrogen pools under different plantation forests in Southern Ethiopia 

Ambachew Demessie & Bal Ram Singh 
16:00 Effects of drought on monocultures and mixtures of British deciduous tree species  

Hans Göransson, Michael Bambrick & Douglas L. Godbold  
16:20 Emerging methods to assess C sequestration in base on SOM nature in afforested lands 

Nieves Barros, M. Martin-Pastor, C. Pérez-Cruzado & A. Merino 
16:40 Discussions 
19:00 Conference dinner  
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Session 2b Cropland    

Chairs: Guðrún Gísladóttir and Utra Mankasingh, University of Iceland and Þorsteinn Tómasson, 
director agricultural research. Rapporteur: Thomas Kätterer, Swedish University of Agricultural 
Sciences  

08:30 Farming effects on soil organic matter of Icelandic Brown and Histic Andosols  
Taru Lehtinen, Gudrún Gísladóttir, Georg J. Lair, Jeroen van Leeuwen,Winfried E.H. Blum, 
Jaap Bloem & Kristín Vala Ragnarsdóttir  

08:50 Does reduced tillage lead to carbon sequestration in Northern Europe?  
Veera Kainiemi, Johan Arvidsson & Thomas Kätterer  

09:10 Long-term tillage effects on soil structure, root growth and SOC distribution  
N. Dal Ferro, L. Sartori, A. Berti, G. Simonetti & F. Morari  

09:30 Discussions  
09:50 Coffee  
10:20 Tillage impacts on the stratification and storage of organic carbon  

Ararso Etana 
10:40 Effects of Long-Term Tillage and Drainage Treatments on GHG Fluxes from a Corn Field 

Arindam Datta, P. Smith & R. Lal 
11:00 Impact of management practices on soil organic carbon sequestration potential of 
 croplands of China: A meta-analysis   

Dali Nayak, Kun Cheng, Genxing Pan & Pete Smith  
11:20 Carbon sequestration in post-agrogenic ecosystems of Russia  

Dmitry I. Lyuri , S. V. Goryachkin, D. V. Karelin, O. Kalinina & L. Giani 
11:40 Discussions  
12:00 Lunch  
13:10 How the carbon sequestration changed after the farming system collapse in Russia  

Irina Kurganova, Valentin Lopes de Gerenyu & Yakov Kuzyakov  
13:30 Consequences of model initialisation for model performance   

Rie Nemoto, K. Klumpp, M. Dondini, Y. A. Teh, E. Veenendaal, M. Saunders, J. Duyzer,B. 
Osborne, C. Ammann, J. Leifeld, T. Scott, K. Goulding, A.Hastings & P. Smith 

13:50 Threshold climatic changes for SOM variations in different Mediterranean crop systems 
Roberto Barbetti, Alessandro Agnelli, Maria Costanza Andrenelli,Giuseppe Lo Papa, 
Salvatore Madrau, Sergio Pellegrini, Simone Priori & Edoardo A.C. Costantini  

14:10 Ecological stoichiometry: Linking carbon stoichiometry with ecosystem service provision 
Bhim Bahadur Ghaley & John Roy Porter  

14:30 Discussions  
14:50 Coffee  
15:20 Farm-level modelling of SOC sequestration under the climate and land use change 

Gabriela Barančíková, R. Skalský, J. Halas, Z. Tarasovičová, M. Nováková & Š. Koco 
15:40 CO2 emissions from Norwegian cropland: influence of IPCC tier level  

Signe Kynding Borgen, Lise Dalsgaard & Arnold Arnoldussen 
16:00 Discussions 
19:00 Conference dinner  
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Session 2c Revegetation - erosion   

Chairs: Jose L. Rubio, CIDE- CSIC, Valencia and Kristín Svavarsdóttir, Soil Conservation Service of 
Iceland. Rapporteur: Björn Barkarson, Icelandic Ministry for the Environment and Natural Resources  

08:30 The role of carbon dust emission as a global source of atmospheric CO2   
Adrian Chappell, Nicholas P. Webb, Harry J. Butler, Craig L. Strong,Grant H. McTainsh, John 
F. Leys & Raphael A. Viscarra Rossel 

 
08:50 Soil carbon accretion along a glacial chronosequence of Skaftafellsjökull, SE-Iceland  

Olga Kolbrún Vilmundardóttir, Guðrún Gísladóttir & Rattan Lal 
09:10 Soil carbon sequestration: A component of ecological restoration  

Jóhann Þórsson & Kristin Svavarsdóttir 
09:30 Discussions  
09:50 Coffee  
10:20 Carbon accumulation in Icelandic desert Andosols during early stages of restoration  

Ólafur Arnalds, Berglind Orradóttir & Ása L. Aradóttir 
10:40 Soil organic matter accumulation in post mining sites   

Jan Frouz 
11:00 The sequestration potential of re-vegated land – Is SOC the only relevant parameter? 

Matthias Hunziker, Nina Carle, Guðmundur Halldórsson & Nikolaus Kuhn 
11:20 Monitoring soil organic carbon loss from erosion using stable isotopes  

Iftekhar Ahmed, Abdullah Karim, Tom W. Boutton & Kyle B. Strom 
11:40 Discussions  
12:00 Lunch 

Session 2d Rangeland, grassland   

Chairs: Hlynur Óskarsson and Taru Lehtinen, Univeristy of Iceland. Rapporteur: Björn Barkarson 

13:10 Soil carbon sequestration in the context of integrated sustainability performance 
Marthijn P.W. Sonneveld, M.A. Dolman &  I.J.M. de Boer 

13:30 Potential Soil Carbon Sequestration in Icelandic Grasslands  
Þorsteinn Guðmundsson, Sunna Áskelsdóttir & Guðni Þorvaldsson 

13:50 Coffee 
14:10 In-situ carbon and nitrogen turnover dynamics; a climate warming simulation study   

Ika Djukic, F. Zehetner, A. Watzinger, M. Horacek, M.H. Gerzabek  
14:30 Discussions  
14:50 Coffee  

Session 2e Wetland   

Chairs: Hlynur Óskarsson and Taru Lehtinen. Rapporteur: Björn Barkarson 

15:20 A pedagogical simulation of the spatial distribution of carbon flux dynamics in peat soils 
Alan Gilmer 

15:40 Organic Matter in soils of Sub-polar Ural (national park Yugyd va)  
A. A. Dymov, E. V. Zhangyrov, I. V. Zaboeva, Yu. A. Dubrovsky, N. A. Nizovcev & Yu. A. 
Vinogradova 

16:00 Carbon dioxide emission from drained organic soils in West-Iceland  
Jón Guðmundsson & Hlynur Óskarsson 

16:20 Discussions 
19:00 Conference dinner  
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Session 3 Verification, permanency & action  

Chairs: Francesca Bampa, EC-JRC and Guðmundur Ingi Guðbrandsson, Landvernd. Rapporteur: Ian 
Hannam, University of New England 

08:30 Soil organic carbon, food security and energy of pedogenetic processes  
Pavel Krasilnikov 

08:50 The Catch-C and SmartSOIL twin projects on Sustainable Soil Management in EU FP7  
Hein F.M. ten Berge & Jørgen E. Olesen 

09:10 Digital mapping of soil C using Vis-NIR reflectance spectroscopy and  geo-electrics  
Bas van Wesemael, Antoine Stevens, Marco Nocita & Isabelle Cousin 

09:30 Discussions  
09:50 Coffee  
10:20 Prediction of SOC content by Vis-NIR spectroscopy at European scale   

Marco Nocita, Antoine Stevens, Gergely Toth, Bas van Wesemael & Luca Montanarella  
10:40 Persistence of carbon in soils  

Winifred E.H. Blum 
11:00 Soil functions assessment for spatial planning - a legal approach    

Marie-Laure Lambert, C. Keller, S. Robert, J-P. Ambrosi & E. Rabot 
11:20 Soil Carbon Management in a Biobased Economy  

Alexandra E. Boekhold & G. Bergsma 
11:40 Discussions  
12:00 Lunch 

Chairs: Winfried Blum, University of Natural Resources and Life Sciences (BOKU) Vienna and 
Alexandra Boekhold, Soil Protection Technical Committee. Rapporteur: Ian Hannam 

13:10 The EIONET soil organic carbon data collection results vs. a modeled dataset  
Panos Panagos, Marc Van Liedekerke, Roland Hiederer & Francesca Bampa  

13:30 Soil carbon dynamics and sequestration potential in the Central Region of Russia  
Ivan I. Vasenev & I.M. Yashin; Vyacheslav Vasenev will give the presentation 

13:50 Activities to estimate soil carbon changes in Germany  
Frank Glante, Michaela Bach, Martin Koerschens, Jens Utermann & Nicole Wellbrock 

14:10 Functional SOC pools for different soil units and land uses in southeast Germany  
Martin Wiesmeier, Margit von Lützow, Peter Spörlein, Uwe Geuß,Edzard Hangen, Arthur 
Reischl, Bernd Schilling & Ingrid Kögel-Knabner 

14:30 Discussions  
14:50 Coffee  
15:20 Soil organic carbon accumulation under different land uses in Gergera watershed, Tigray 

Tigist Araya Gessesse 
15:40 EX-Ante Carbon-balance Tool (EX-ACT), a tool for enhancing SOC sequestration   

Martial Bernoux, Louis Bockel  (FAO), Giacomo Branca, Uwe Grewer,Leslie Lipper & Marie 
Mahieu  

16:00 CarbFix: Accelerating and imitating natural CO2 mineral sequestration in basalt  
Edda S.P. Aradóttir, I. Gunnarsson, B. Sigfússon, S. R. Gíslason, E. H. Oelkers, W. S. Broecker, 
M. Stute, J. M. Matter, H. Sigurdardóttir, K. G. Mesfin, S. Snæbjörnsdottir, H. A. Alfredsson, J. 
Hall, J. Bruno, F. Grandia, K. Didriksen S. Stipp & E. Gunnlaugsson 

16:20 Discussions 
19:00 Conference dinner  
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Wednesday 29/5 

Session 4 Soils and global goals: How to ensure that soils are part of the solution?  

Chairs: Kristín Vala Ragnarsdóttir, University of Iceland and Carmelo Dazzi, University of Palermo 
and president ESSC. Rapporteur: Þórunn Pétursdóttir, Soil Conservation Service of Iceland  

09:00 UNU-LRT links science, policy and action for restoration of degraded land   
Hafdís Hanna Ægisdóttir and Berglind Orradóttir, UNU-LRT 

09:20 FAO’s work on soil carbon and the Global Soil Partnership  
Ronald Vargas Rojas, FAO and Global Soil Partnership  

09:40 Legal and Institutional Frameworks to Manage Soil Carbon Sequestration   
Ian Hannam, University of New England 

10:00 Framework for assessing the economic value of soil ecosystem  services  
Jón Örvar G. Jónsson & Brynhildur Davíðsdóttir, University of Iceland,  et al. 

10:20 Coffee  
10:50 Iceland’s climate policy and the role of LULUCF  

Hugi Ólafsson, Stefán Einarsson & Jón Geir Pétursson, Icelandic Ministry for the Environment 
and Natural Resources 

11:10 Soil security, soil organic carbon and desertification   
Jose. L. Rubio, CIDE- CSIC, Valencia; Rattan Lal & Andrés Arnalds 

11:30 How soils can rise above the current impasse and gridlock in international arenas 
Richard J. Thomas, UNU-INWEH 

11:50 Discussions 
12:10 Lunch 
  
Conference summary & closing      
Moderator: Rattan Lal 

13:10 Reporting from sessions, discussions and conclusions  
16:00 Coffee  
16:30 Summing up - Linking science, policy and action    

Charles W. Rice, Kansas State University 
16:50 Closing remarks 

Sigurður Ingi Jóhannsson, Minister for the Environment and Natural Resources of Iceland
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List of posters 
Carbon-nitrogen stocks and structural stability of a tropical loamy sand as influenced by organic 

and inorganic fertilizers  
J. K. Adesodun, F. A. Olowokere, A. O. Adewole & P. O. Akintokun 

Change in metabolic quotient of the microbial biomass (qCO2) in coastal Arenosols from different 
Mediterranean forests  
L. Vittori Antisari, S. Carbone, C. Ferronato & G. Vianello 

Soil organic carbon in Arenosols of different land use  
K. Armolaitis, J. Aleinikovienė, J. Lubytė,V. Žėkaitė & P. Garbaravičius 

Carbon, nitrogen and phosphorus changes along post mining sites chronosequence on spoil 
heaps after coal mining near Sokolov (Czechia)  
M. Bartuška & J. Frouz 

Biochar application to forest soils. A silvicultural trial under the risk of Climate Change  
N. Gartzia-Bengoetxea & A. Arias-González 

Drained peat soil in Sweden – and potential areas for re-wetting  
Ö. Berglund 

Dissolved and particulate carbon losses from drained peatlands: A case study from Western 
Iceland  
S. L. Bjarnadóttir & H. Óskarsson 

Systematic Literature Review of the Effects of Field Management Practices on Soil Carbon – 
International Datasets Relevant to UK Soils and Climates  
S. Buckingham, K. Topp, R. Rees, J. Cloy, J. Webb & S. Jones 

Better soil structure, higher yield, increased soil organic matter content  
E. Bölenius & T. Rydberg 

The impact of climate and land use change on soil CO2 fluxes in Central Ireland  
E. Cacciotti, M. Saunders, B. Tobin & B. Osborne 

Soil organic carbon dynamic in wetland soils from Mexico  
N. E. García Calderón, E. Fuentes Romero, E. Ikkonen, K. L. García Varela, L. E. Medina Orozco, A. 

A. Martínez & J. M. Hernández 

Re-sampling of carbon stocks in forest soils and afforestation areas after 18 years – results from 
the 7x7 km Kvadratnet in Denmark  
I. Callesen, L. Vesterdal, I. Stupak, P. Georgiadis & V. Kvist Johannsen 

Carbon Storage in Organic Soils (COrS ): Quantifying past variations in carbon accumulation in 
peatlands of South Wales as a function of long-term changes in climate, human activity and 
fire.  
D. Carless, B. Kulessa, F. Alayne Street-Perrott, S. Davies & P. Sinnadurai 

Changes of chemical compositional during litter decomposition revaluation published 13C NMR 
spectra  
Š. Cepáková & J. Frouz 

Soil carbon sequestration over 14 years in afforested dryland of Peru  
G. Certini, F. Salbitano, A. Ortega, A. Pierguidi & G. Calamini 

Soil organic carbon changes during tropical forest succession in the Lope national park, Gabon  
T. Chiti, V. Mihindou, K. J. Jeffery, Y. Malhi, F . Oliveira, R. Valentini & L.J.T. White 
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The stabilisation of organic carbon via chemical interactions with Fe and Al oxides in gleyed soils  
J. M. Cloy, C. A. Wilson & M. C. Graham 

The key role of Fe oxide coatings on pedogenic clay minerals in the formation of organo-mineral 
associations in Podzol  
J-T. Cornelis, P. Rouxhet, E. Van Ranst & B. Delvaux 

Impact of agricultural management on soil quality in Aridisols from Southern Tunisia  
G. Corti, N. Hannachi, S. Cocco, G. Brecciaroli, F. Fornasier & A. Agnelli 

Estimation of Uncertainty in the DailyDAYCENT Model: Experiment with UK Cropland  
A. Datta, N. Fitton, K. Topp, J. Cloy, B. Rees, L. Cardenas, J.Williams, K. Smith & P. Smith 

Carbon sequestration potential in Mediterranean forests  
E. Díaz-Pinés, T. Chiti & A. Rubio 

Vegetation fires as a means of carbon sequestration in soils?  
S. H. Doerr & C. S. Nuno 

Carbon sequestration as a result of arable lands withdrawal: a chronosequence study in the forest 
and steppe regions of Russia  
V. Lopes de Gerenyu, I. Kurganova, N. Barros & A. Merino 

Carbon fluxes along a revegetation chronosequence in Iceland  
M. T. Einarsson, B. D. Sigurdsson & G. Halldorsson 

Indirect land use change effects of biodiesel production: case study Poland 
A. Faber, M. Borzecka-Walker, Z. Jarosz, R. Pudelko, A. Nierobca, J. Smagacz, A. Syp & J. Kozyra 

Options to reduce greenhouse gas emissions during wastewater treatment for agricultural reuse  
P. Fine & E. Hadas 

Soil organic carbon storage and distribution at high elevation in the North-western Italian Alps  
M. Freppaz, C. Cappelletti, G. F., F. Attorre, G. Certini, T. Chiti, E. Rivella, N. Loglisc & E. Zanini 

Soil Organic Carbon Stocks in Mediterranean arid lands: spatialization and variation under 
different land uses in Tunisia  
T. Gallali, N. Brahim & M. Bernoux 

Anthropogenic impacts on soil organic carbon in southwest Iceland  
G. Gísladóttir, E. Erlendsson & R. Lal 

The Challenge of Managing SOC in Icelandic Agricultural Soils  
T. Gudmundsson 

The effect of moss cover depth on soil conditions in a 30 year old restoration site in the Icelandic 
highlands  
Á. Helgadóttir, R. A. Guicharnaud, K. Svavarsdóttir & I. S. Jónsdóttir 

Finding areas within Europe with high potential for carbon sequestration  
R. Hijbeek, J. Wolf & M. van Ittersum 

Improving the effect of organic amendments on selected physical and chemical properties of light 
textures soils by carbonates  
A. Holes, T. Szegi, E. Michéli, C. Gyuricza & L. Aleksza 

CO2 production, diffusion and emission in anthropogenic chinampas soils in Mexico City  
E. N. Ikkonen, N. E. García-Calderón, E. Stephan-Otto & A. Martínez-Arroyo 

Does soil erosion sequestrate soil organic carbon? 
G. Jakab & A. Kértez  
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Assessing Soil Organic Carbon for Sustainable Agricultural Systems Using Visible Spectroscopic 
Based Analytical Methods  
B. Jintaridth & P.P. Motavalli 

CO2 emission and the rate of decomposition of wet and dry wood ant nests  
V. Jílková & J. Frouz 

Monitoring of long- term changes of SOC content in Poland  
R. Kaczynski, G. Siebielec & A. Lopatka 

Bayesian Simulation of Soil Organic Carbon Source Monitoring: A Case Study in Watershed 
Hydrology and Soil Erosion  
A. Karim, I. Ahmed, T. W. Boutton & K. B. Strom 

Total carbon stocks under different types and duration of agrogenic use for soils in the Russian 
forest steppe  
O. S. Khokhlova 

Carbon distribution in the Norwegian agricultural soilscape – room for further sequestration?  
O. Klakegg & W. Fjellstad 

Soil organic carbon variability across fertility and humidity gradients in Estonian coniferous forests 
K. Kriiska, E. Asi, J. Frey, V. Apuhtin, N. Kabral, Ü. Napa, T. Timmusk & I. Ostonen 

Tea Bag Index for decomposition: a global crowdsourcing method for raising soil carbon 
awareness  
T. Lehtinen, J. A. Keuskamp, B. J.J. Dingemans, J. M. Sarneel & M. M. Hefting 

Surface pattern of wetlands: indicator for the SOC sequestration conditions?  
E. Lode, E. Endjärv, H. Tammik & M. Vainu 

How can isotopic techniques efficiently contribute to enhance soil conservation and soil carbon 
sequestration?  
P.Macaigne 

Investigations on SOC content and soil water management properties of soils under conventional 
and conservation tillage  
B. Madarász & Á. Kertész 

Temperature sensitivity of microbial decomposition respiration from fine root litter in a temperate 
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Conference Tour 26 May 2013 
The conference tour highlighted land degradation in Iceland and efforts to restore vegetation, 
forests and wetlands.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The first stop was the estuary of the river Ölfusá, where visitors experienced efforts to stop the 
drifting sand on the west side of the river. On the east side the conference tour drove through 
extensive wetlands, most of which have been drained but are now being restored and turned into 
a bird sanctuary. The sanctuary in Flói is an Internationally Important Bird Area categorized by 
BirdLife International. 
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Gunnarsholt, the headquarters of the Soil Conservation Service of Iceland, was the next 
destination of the tour. In Gunnarsholt the guests visited Sagnagarður, the visiting centre of the 
institute. Sagnagarður displays the extensive land degradation of Iceland and the more than 100 
years of battle to halt the desertification forces and restore soil and vegetation. This is a globally 
unique story and the success stories are an inspiration of hope among nations. 
 

 
After leaving Gunnarsholt the Hekluskógar project was the focus of the tour. The project aim is to 
reclaim the native woodlands on ca 900 km2 in the vicinity of the volcano Mt. Hekla, one of the 
most active volcanoes in Iceland, in order to increase the resilience of the ecosystem to natural 
catastrophes. First, the pumice ash deserts west of Mt. Hekla were inspected and after that the 
guest visited the valley Þjórsárdalur which was hit by an immense eruption in Mt. Hekla in 1104 
AD. Subsequent to that event, the valley was desolated and became a desert. Ruins of medieval 
farms have later been excavated. The Icelandic Forest Service has restored native woodlands and 
established a conifer forest in the area. The valley is now a popular recreational resort. 
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