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13.1
Soil erosion assessment in Swiss mountainous areas using Fallout 
Radionuclides (137Cs, 239+240Pu)  

Laura Arata1, Katrin Meusburger1 & Christine Alewell1 

1 Environmental Geosciences, University of Basel, Bernoullistrasse 32, CH-4056 Basel (laura.arata@unibas.ch)

The combined pressure of land use and climate change has resulted in accelerated soil erosion rates in Alpine grasslands. 
To efficiently mitigate and control soil losses by erosion and reduce their environmental impacts in Alpine grasslands, 
reliable and validated methods for comprehensive data generation on the magnitude and spatial extent of soil erosion are 
needed. Sheet erosion, which is one of the main forms of erosion affecting Swiss Alpine grasslands, is particularly difficult 
to quantify.

Among other methods to estimate the role of sheet erosion in the degradation processes of Alpine soils, the application of 
the Fallout Radionuclides (FRN) as soil tracers showed very promising results (e.g. Konz et al. 2012). So far, applications 
of FRNs in the Alps as soil erosion tracers include 137Cs (half-life: 30.2 years) (Konz et al., 2012), 239Pu (239Pu [half-life = 
24110 years] and 240Pu [half-life = 6561 years]) (Alewell et al., 2014). 

The classical approach of the FRN method is based on a qualitative comparison: the inventory (total radionuclide activity 
per unit area) at a given sampling site is compared to that of an undisturbed reference site, where no soil redistribution 
processes have occurred since the main deposition of the selected FRN. To derive quantitative estimates of soil erosion 
and deposition rates from FRN measurements specific conversion models are needed.

This traditional reference-site approach encounters a number of limitations in the Alps, especially related to the selection of 
suitable reference sites and to the use of 137Cs, the most widely used FRN for soil erosion studies. First, finding undisturbed 
slopes with no erosional activity during the last 30 years (time since 137Cs fallout) is challenging. Second, the application of 
137Cs in alpine grasslands is compromised by the high heterogeneity of the fallout at the reference sites, which is most likely 
due to its origin from the Chernobyl accident.

To overcome the above described limitations, our research focuses on three main aims:
1. To replace the classical 137Cs approach, where an undisturbed reference site is compared to erosional sites, with a 

repeated sampling approach (Porto et al., 2014), where we re-sample sites which have already been measured for 
137Cs inventories in the past. In this way the spatial reference is replaced by a temporal.
 

2. To apply airborne gamma measurements to map 137Cs distribution over selected alpine study areas. Having an 
overview of the 137Cs concentration in the study areas allows to identify suitable reference sites. Moreover, to 
upscale the application of 137Cs as soil tracer for soil erosion assessment would help to validate results of soil 
erosion risk models.

3. To investigate the application of Pu isotopes in alpine grasslands, and to design a valid conversion model to 
estimate soil redistribution rates from Pu inventories.  In the alpine valleys the origin of Plutonium fallout is mainly 
linked to the nuclear bomb tests, which took place from 1954 to the mid-1960s, and therefore 239+240Pu deposition 
is not connected to few specific rain events, which results in a more homogeneous distribution of 239+240Pu in the 
alpine soils (Alewell et al., 2014). 

The quantification of Alpine soil erosion rates will be crucial in the near future for alpine grassland management, as it might 
increase management efficiency towards a more sustainable land use.

REFERENCES  
Alewell, C., Meusburger, K., Juretzko, G., Mabit, L., Ketterer, M. E., 2014. Suitability of 239+240Pu and 137Cs as tracers for 

soil erosion assessment in mountain grasslands. Chemosphere, 103, 274-280.
Konz, N., Prasuhn, V., & Alewell, C. , 2012. On the measurement of alpine soil erosion. Catena, 91, 63-71
Porto, P., Walling, D. E., Alewell, C., Callegari, G., Mabit, L., Mallimo, N., ... & Zehringer, M. (2014). Use of a 137 Cs 

re-sampling technique to investigate temporal changes in soil erosion and sediment mobilisation for a small forested 
catchment in southern Italy. Journal of environmental radioactivity, 138, 137-148.
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13.2
Assessing the carbon sequestration potential of Miscanthus cropping 
on managed organic soils 

Cedric Bader1/3, Jens Leifeld1, Moritz Müller2 Rainer Schulin3

1 Agroscope INH, Reckenholzstrasse 191, CH-8046 Zürich, (cedric.bader@agroscope.admin.ch)
2 HAFL, Berner Fachhochschule, Länggasse 85, CH-3052 Zollikofen
3 D-USYS, ETH Zürich, Universitätstrasse 16,CH 8092 Zürich 

The organic soils of peatlands represent a major terrestrial carbon sink. Agricultural use of organic soils requires drainage 
and thus changes conditions in these soils from anoxic to oxic. As a consequence, organic carbon that had been 
accumulated over millennia is rapidly mineralized, so that these soils are converted from a CO2 sink to a source. The peat 
mineralisation rate depends mainly on drainage depth and on cultivation type. Several studies stated that Miscanthus, a C4 
bioenergy plant, shows potential for carbon-sequestration in mineral soils because of its root system, absence of tillage and 
preharvest litterfall (Dondini et. al (2009), Zimmermann et al (2011), Poeplau & Don (2014)). The major aim of our study 
was to determine the amount of C4-derived carbon in a managed organic soil and thus to quantify whether also organic 
soils with Miscanthus sequester new carbon. Additionally, we analysed the isotopic composition of respired CO2 emitted 
from incubated organic soil samples cultivated with Miscanthus. We examined soil samples from different soil depths down 
to 1 m of two adjacent fields cultivated either with Miscanthus (since 20 years) or perennial grass. Both sites are located in 
the Bernese Lakeland. The ∂13C values of the soil imply, that the highest share of Miscanthus derived carbon lies around 
17.8 % and is situated in a depth of 10-20 cm. To asses the influence of Miscanthus on respired CO2, we incubated soil 
samples at 20°C and 10°C for 9 months. During the first month, soil respiration rates were slightly smaller for the samples 
from the Miscanthus field, but became similar to the soil from perennial grass over longer incubation periods. To analyse 
the isotopic CO2 composition, we trapped CO2 of the soil samples from a depth of 0-30 cm during the first 600 hours of 
incubation at 20°C. We precibitated it as BaCO3 and measured its ∂13C value. CO2 of the soil samples mainly originated 
from Miscanthus (17-98 %). Hence, C4-derived carbon is more actively mineralized than peat-derived carbon. However, the 
share of Miscanthus derived CO2 shows no correlation with the amount of C4-derived soil carbon. After 20 years of 
Miscanthus cropping on an organic soil we found a substantial contribution of C4-derived soil carbon. Nevertheless the 
sequestration rate is 1.3-2 times smaller than on mineral soils used for studies by Dondini et. al (2009) and Zimmermann et 
al. (2011). 

REFERENCES 
Dondini, Marta, Kees-Jan Van Groenigen, Ilaria Del Galdo, und Michael B. Jones. 2009: Carbon Sequestration under 

Miscanthus: A Study of 13C Distribution in Soil Aggregates, GCB Bioenergy 1, 321-330.
Poeplau, Christopher, und Axel Don. „Soil Carbon Changes under Miscanthus Driven by C4 Accumulation and C3 

Decompostion – toward a Default Sequestration Function.“ GCB Bioenergy 6): 327–38.
Zimmermann, Jesko, Jens Dauber, und Michael B. Jones. „Soil Carbon Sequestration during the Establishment Phase of 

Miscanthus × Giganteus: A Regional-Scale Study on Commercial Farms Using 13C Natural Abundance.“ GCB Bioenergy 
4, : 453–61. 

13.3
The role of soil for humans and the environment  
Emmanuel Frossard

ETH Zürich, Institut f. Agrarwissenschaften, Eschikon 33, 8315 Lindau
(emmanuel.frossard@usys.ethz.ch)

Invited talk without abstract
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13.4
SOM storage and pool distribution along climatic and altitudinal 
gradients in Swiss forest soils  

Sia Gosheva1, 2, Mirjam Müller1, 3, Lorenz Walthert1, Stephan Zimmermann1 , Pascal Niklaus2,  
Beatriz R. González Domínguez3, Samuel Abiven3, Frank Hagedorn1  

1 Forest Soils and Biogeochemistry, Swiss Federal Institute of Forest, Snow and Landscape Research (WSL),  
  Zürcherstrasse 111, CH-8903 Birmensdorf (sia.gosheva@wsl.ch)
2 Institute of Evolutional Biology and Environmental Studies, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich
3 Soil Science and Biogeochemistry Unit, Department of Geography, University of Zurich, Winterthurerstrasse 190,  
  CH-8057 Zurich

Soil organic matter (SOM) plays a key role for a number of soil and ecosystem functions, but our quantitative understanding 
of the driving factors is still uncertain. SOM consists of a continuum of compounds ranging from slightly altered plant 
residues, the so-called particulate OM (POM), to mineral-associated OM. POM is the most rapidly cycling and hence labile 
fraction in SOM. Therefore, it might respond particularly sensitive to climate change. For Swiss grasslands, Leifeld et al. 
2009 observed higher SOM contents and an increasing contribution of POM with increasing elevation suggesting that 
climate exerts a major control on SOM stability and storage. Little is known, however, for forest soils where a substantial 
fraction of POM is stored in the organic layer. 

In our study, we explore the controlling factors of SOM stocks and the distribution of POM in the organic layer as well as 
within mineral soils of Swiss forests. We hypothesize that SOM storage increases with increasing elevation. Furthermore, 
we expect elevational changes to be larger for SOM properties (contribution of POM, SOM depth distribution, and C/N 
ratio) than for SOM stocks. 
We examined the SOM stocks in the organic layer and the mineral soil of 1000 soil profiles. Mineral soils (0-20cm) from a 
subset of 54 sites were separated into free light fraction (fLF), occluded light fraction (oLF), fine heavy fraction (fHF), and 
coarse heavy fraction (cHF). The sites, all located in Swiss forests, were distributed along a great altitudinal gradient 
ranging between 277 and 2207 m a.s.l., mean annual temperatures (MAT) ranging between 0.6 and 11.9 °C, and mean 
annual precipitation (MAP) between 704 and 2340 mm. 

In the organic layer C-stocks increased with an increase in elevation (Figure 1) and with a decrease in MAT. MAP had no 
impact on the organic layer; however, in the mineral soil, C-stocks increased with an increasing MAP, but they were not 
influenced by neither altitude nor MAT. These elevational changes occurred on both calcareous and acidic bedrock. 

Similarly to the organic layer, we found an 
increase in all SOM-fractions except in cHF with 
an increasing elevation and MAP. MAT showed a 
smaller impact as compared to MAP and altitude. 
Our results indicate that climatic conditions exert 
a significant control on SOM stocks and quality. In 
particular MAT is important for the organic layer 
and MAP for the POM in the mineral soil. 
Consequently, a warmer and drier climate could 
lead to a deterioration of SOM, especially at high 
elevations. This could possibly cause a 
redistribution of carbon pools and C losses from 
forest soils. 

Figure 1. Relationship C-stocks vs. altitude 

REFERENCES  
Leifeld J., Zimmermann M., Fuhrer J., &  Conen J. 2009: Storage and turnover of carbon in grassland soils along an 

elevation gradient in the Swiss Alps, Global Change Biology, 15(3), 668-679.
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13.5
Exploring mean residence time and distribution of SOC pools in a long term 
experiment in Switzerland through explicit radiocarbon model structures

Lorenzo Menichetti1, Jens Leifeld1, Thomas Kätterer2

1 Agroscope, Climate / Air Pollution Group, Reckenholzstrasse 191, CH 8046 Zürich (Switzerland).  
  Lorenzo.Menichetti@agroscope.admin.ch
2 Sveriges Lantbrucksuniversitet, Inst för Ekologi, Box 7044, 75007 Uppsala (Sweden). Thomas.Katterer@slu.se

Modelling soil organic carbon (SOC) dynamics is of paramount importance to face several of the challenges of the present 
century, linked with the need to reduce atmospheric greenhouse gases, to maintain or enhance soil fertility, and to mitigate 
the impact of climate change on other ecosystem services.

SOC dynamics are the result of different, partially unknown, interacting processes and controls at the pedon and ecosystem 
scale. This complexity translates in SOC models as high number of degrees of freedom  and high number of latent 
variables to be inferred. In consequence, SOC model parameters interact strongly, generating an equifinality problem. 
In order to minimize equifinality and to better deal with the lack of data to constrain parameters, one of the good practices 
in SOC modelling is to prioritize model simplicity. This criterion in itself is rather simple, but difficult to implement. It defines 
an elusive optimum point over the bias/variance trade off, balancing the adherence of the model to reality (model 
complexity) with its predictive power and potential to generalize (model simplicity).

The time scale of SOC turnover is mostly in the range of years to centuries, hence direct turnover measurements are 
difficult or impossible to design. Thus, robust proxy variables are needed to improve the precision of estimating latent 
variables. In this respect, carbon radioisotope measurements can serve as a proxy for SOC ages both at annual to decadal 
(bomb peak based) and centennial to millenial time scales (radio decay based).

Since the first attempts to utilize radiocarbon measurements in SOC models, at the end of the last century, there seems to 
be a discrepancy between what is indicated by isotope data and by SOC kinetic models. This suggests that contemporary 
SOC models are missing key processes, and indicates structural uncertainties of SOC models. These uncertainties need to 
be considered, but are difficult to quantify.

To tackle these problems, we studied SOC dynamics and kinetics in the ZOFE experiment, a >60-years old controlled 
cropland experiment situated in Zürich (Oberholzer et al., 2014) by utilizing SO14C measurements in the framework of 
different SOC model structures. The different model structures, built starting from a “mother” structure (the two-pool model 
ICBM, Andren & Kätterer, 1997), present small variations in order to represent different processes. We first added an inert 
pool (structure 2) to the basic ICBM structure (structure 1), in order to represent slower SOC. We then considered this third 
pool as decaying with similar kinetics as the others (structure 3). We then added a term representing interactions between 
SOC and the microbial C pool both to the basic ICBM structure (structure 4) and to the inert pool structure (structure 5). 

The use of different model structures allows us also to explore model structural uncertainty and to compare different 
estimates of SOC initial distributions and kinetics in the experiment. This multiple structure approach can improve greatly 
the robustness of the estimates. Together with structural uncertainty, we took care of parameter uncertainty and equifinality 
by implementing each calibration in a formal Bayesian framework.

All model structures have been then extended to explicitly represent a total C pool and a 14C pool in order to combine the 
information coming from the measured total SOC and SO14C data streams to constrain more accurately the models.
In order to investigate the effect of the information from the two data streams on the parameter calibration over the different 
structures, all the models are calibrated over a gradient of weights assigned to the two data streams. This way we 
assessed the sensitivity of different SOC kinetics hypotheses to the SO14C data stream.

Results define a clear picture for the ZOFE experiment. All model structures indicated a dramatic change following an initial 
land use change, followed then by a smaller but constant C loss in the three treatments considered in our study. The mean 
residence times of the C pools defined in our models was robust for the younger SOC (varying between 0.9 and 1.1 years), 
but highly sensitive to model structure for the older SOC (varying between 20 and 70 years).

Those two model structures that include a microbial control parameter, influenced by substrate availability (structure 4 and 
5) performed the best. This suggests an interaction between substrate input rate and SOC turnover that should be 
considered in SOC models. 
Our results indicate that explicit SO14C modeling has the potential to identify key controls of SOC turnover in agricultural soils.
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REFERENCES
Andren, O., & Katterer, T. (1997). ICBM : The Introductory Carbon Balance Model for Exploration of Soil Carbon Balances. 

Ecological Applications, 7(4), 1226–1236.
Oberholzer, H. R., Leifeld, J., & Mayer, J. (2014). Changes in soil carbon and crop yield over 60 years in the Zurich Organic 

Fertilization Experiment , following land-use change from grassland to cropland. Journal of Plant Nutrition and Soil 
Science, 493, 696–704.
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13.6
Unravelling the “real age” of tree fine roots
Emily F. Solly1, Ivano Brunner1, Claude Herzog1 , Ingo Schöning2, Marion Schrumpf2, Fritz H. Schweigruber1,  
Susan E. Trumbore2, Frank Hagedorn1  

1 Swiss Federal Research Institute WSL, Zürcherstrasse 111, CH-8903 Birmensdorf (emily.solly@wsl.ch)
2 Max Planck Institute for Biogeochemistry, Hans-Knoell-Str. 10, DE-07745 Jena

Estimating the turnover time of tree fine roots is crucial for modelling soil organic matter dynamics, but it is one of the 
biggest challenges in soil ecology and one of the least understood aspects of the belowground carbon cycle. The methods 
used - ranging from radiocarbon to ingrowth cores and root cameras (minirhizotrons) - yield very diverse pictures of fine 
root dynamics with turnover rates reaching from less than one year to decades. These have huge implications on estimates 
of carbon allocation to root growth and maintenance and on the persistence of root carbon in soils before it is decomposed 
or leached. We will present a new approach, involving dendrochronological techniques, which unravels the “real age” of fine 
roots and reconcyles the debate on root turnover in recent years. 

For a range of forests with diverse water and nutrient limitations we find that the annual growth rings in the secondary 
xylem of thin transversal sections have a mean root “ring age” of 1.5 - 2 years (Figure 1). However, radiocarbon estimates 
of mean “carbon ages”, which define the time elapsed since structural carbon was fixed from the atmosphere, average 
around a decade. We relate this dramatic difference not to methodological bias, but rather to a time lag  between C 
assimilation and production of fine root tissues due to the storage of older carbon components in trees. We further 
observed that the root ring age increases with root diameter although it does not appear to be related to the branching 
order. Our findings indicate that both the physiological and radiocarbon ages must be modelled jointly in forest ecosystems, 
if we want to correctly account for the inputs of root litter into the soil organic matter pool and quantify the carbon 
persistence times in soils.  

Figure 1. Example of fine root microscopic section of a pine (Pinus sylvestris L.) fine root. The earlywood and latewood cells in a yearly growth 
ring are highlighted.
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13.7
Effect of climate change on plant-soil-atmosphere carbon cycling: plant 
vs. soil organic matter derived CO2 effluxes

Mirjam S. Studer1, Beatriz R. Gonzalez Dominguez1,2, Pascal A. Niklaus2, Samuel Abiven1

1 Department of Geography, Soil Science and Biogeochemistry, University of Zurich, Winterthurerstr. 190, CH-8057 Zurich  
  (mirjam.studer@geo.uzh.ch)
2 Institute of Evolutionary Biology and Environmental Studies, University of Zurich, Winterthurerstr. 190, CH-8057 Zurich

The effect of future multifactorial climate change on plant-soil C fluxes and thus on the current carbon (C) stocks is still 
largely unknown (Kreyling and Beier, 2013). The overall goal of this project, which is part of the Swiss National Research 
Program 68, is to estimate the drivers of the vulnerability of Swiss soil organic carbon (SOC) stocks to climate change. The 
vulnerability is defined as the likelihood of a soil to loose its organic carbon due to the influence of external factors. The 
objective of the experiment presented here was to study the effect of plants on the soil CO2 efflux under current and future 
climate in order to identify potential feedback mechanism between climate and the plant-soil C cycle. 

The vulnerability of soil organic matter was quantified as the ratio between the soil respiration rate and its C content, 
whereby a high ratio indicates a high potential vulnerability. We grew poplar plants in two soils with similar SOC content, 
but different CO2 efflux rates for five weeks in two climate chambers (described in Studer et al., 2014). We used stable 
isotope techniques to distinguish the plant-derived from the SOC-derived CO2 efflux. The plant shoots, which were 
hermetically sealed from the roots and the soil, were continuously labelled with 10.6 at.% 13C-CO2. The plant soil system 
were acclimatised at current conditions (22 °C air and soil temperature, 400 ppm CO2, 34 mm week-1 precipitation, 60 % 
relative air humidity) for 11 days before we started to simulate in one of the chambers the climate predicted for Switzerland 
for the period 2070-2100 (+4 °C temperature, +550 ppm CO2 concentration, -18 % precipitation and -9 % relative air 
humidity).

The initial results indicate that the total soil CO2 efflux rate was increased under future climate conditions by 62 and 43 % 
(+1.1 and +1.4 μmol CO2 m

-2 s-1), while the plant-derived CO2 efflux was increased by 95 and 76 % (+0.4 μmol CO2 m
-2 s-1 

in both soils) in the soils with low and high potential vulnerability, respectively. Thus 37 and 29 % of the change in total soil 
CO2 efflux was due to a change in plant-C mineralization. This indicates that the plant-soil C fluxes in the soil classified as 
less vulnerable (low CO2 efflux/C content ratio) were affected more strongly by climate change, but that the overall 
quantitative change in the SOM mineralization was still larger in the more vulnerable soil (1.0 vs. 0.7 μmol CO2 m

-2 s-1) that 
is characterized by a high mineralization rate compared to the C content under the current climate conditions. 

The preliminary conclusions of this experiment are that future climate will have a massive effect on the plant-soil C fluxes 
and thus endanger the current Swiss SOC stocks. Upcoming sample and data analysis will focus on the question if the 
plant is a major driver of the soil organic matter vulnerability due to rhizosphere priming effect.

REFERENCES
Kreyling, J. and Beier, C. 2013: Complexity in Climate Change Manipulation Experiments, Bioscience, 63, 763–767.
Studer, M. S., Siegwolf, R. T. W. and Abiven, S. 2014: Carbon transfer, partitioning and residence time in the plant-soil 

system: a comparison of two 13CO2 labelling techniques, Biogeosciences, 11, 1637–1648. 
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13.8
Insights into soil organic matter stability using temporal, fraction- and 
compound-specific radiocarbon analysis 

Tessa S. van der Voort1, Claudia Zell1, Cameron McIntyre1,2, Frank Hagedorn3, Lorena Fisher1, Timothy Eglinton1

1 Institute of Geology, ETH Zürich, Sonneggstrasse 5, 8092 Zürich, Switzerland
2 Department of Physics, Laboratory of Ion Beam Physics, ETH Zurich, Schaffmatstrasse 20, 9083 Zurich
3 Forest soils and Biogeochemistry, Swiss Federal Research Institute WSL, Zürcherstrasse 111, 8903 Birmensdorf,  
  Switzerland

Understanding controls on the stability of soil organic matter (SOM) has garnered attention in recent years in the context of 
its vulnerability to, and role in climate change, as well as its importance in soil function.  Radiocarbon has proven to be a 
powerful tool for assessing SOM dynamics and is increasingly used in studies of carbon turnover. However, soil 
heterogeneity and complex underlying processes render it challenging to determine dynamics of different carbon pools from 
single time-point bulk radiocarbon signals alone. This project aims to improve the understanding of processes that influence 
SOM stability and vulnerability over time on a bulk level as well as on a carbon-pool specific level. This is done by 
investigating the change in bulk radiocarbon signature in soils over time as well as measuring the abundance and 
radiocarbon signatures of density fractions (free light fraction, occluded light fraction, heavy fraction) and molecular markers 
of vascular plant and microbial organic matter (lignin, plant waxes, glycerol dialkyl glycerol tetraethers). Our goal is to 
examine the turnover and fate of these specific biologically-derived components and to evaluate their utility as tracers of 
carbon flow and turnover within soils. We focus on soil profiles from specific well-studied sites that form part of the Long-
Term Forest Ecosystem Research (LWF) program of the Swiss Federal Institute for Forest, Snow and Landscape research 
(WSL). 

Preliminary results reveal marked soil-dependant changes in radiocarbon signature over time as well as strong variations in 
the abundance and radiocarbon age of different molecular markers as a function of both soil type and depth. Radiocarbon 
age relationships between specific markers and density fractions imply both distinct and evolving modes of association 
within the soil matrix. Ultimately, data emanating from this combined compound- and fraction-specific approach may serve 
to improve carbon turnover models by constraining the size and age of different SOM pools, enhancing our ability to assess 
SOM stability and to predict vulnerability to change. 
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P 13.1
Conversation tillage and sustainable intensification of agriculture: 
regional vs. global benefits analysis

Nikolaus J. Kuhn1, Yaxian Hu1, Lena Bloemertz1, Liangang Xiao1, Jin He2, Hongwen Li2 & Philip Greenwood1

1 Physical Geography and Environmental Change Research Group, University of Basel, Klingelbergstrasse 27, CH-4056 Basel  
  (nikolaus.kuhn@unibas.ch)
2 Conservation Tillage Research Center, China Agricultural University, Qinghua East Road 17, Beijing 100083, China

Climate change is expected to affect both the amount of global crop production, and annual variability in food supply. 
Agriculture is a major source of greenhouse gas emissions, but also considered to mitigate climate change. Conservation 
tillage, as a climate-smart agricultural practice, is repeatedly reported to mitigate net greenhouse gas emissions by 
increasing soil organic carbon (SOC). However, with reduced tillage, less litter is moved from the surface deeper into the 
soil profile, so SOC increase is very likely constrained to topsoil layers. Further adaptation benefits, such as increasing crop 
yield and resilience to famine, have recently been questioned after averaging yields from field studies. However, such 
global averaging masks the geographic extent individual studies apply to. This paper attempts a holistic regional analysis 
on the benefits of conservation tillage, in particular its fundamental principle no-tillage (NT), on the Chinese Loess Plateau. 
Based on a review of almost 20 years of conservation tillage plot experiments, the potential of NT to increase SOC stock  
and to adapt to lower but more variable rainfall in the future has been assessed. The results show that the difference of 
total SOC stocks between NT and CT decreased with soil depth, confirming that the SOC benefits of NT are concentrated 
to the immediate topsoil still subject to direct seeding. The topsoil achieved maximum SOC stocks after about 10 years of 
NT. Crop yields, on the other hand, increased by up to 20% for years with average and below average precipitation. In 
addition, the misrepresentation of study locations in previous report suggests that as a result of global averaging, the 
negative results of NT in SOC stock increase from the under-represented humid regions outweighed the positive effects 
from the over-represented drylands. Therefore, given the size of the Loess Plateau and its relevance for food security in 
China, our analysis illustrates the need to assess the benefits of a tillage pattern for each combination of eco-region and 
farming system, weighed by their area and the affected population, rather than just using a global average for policy 
development on sustainable productivity.
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P 13.2
Losses of organic carbon from Swiss forest soils in relation to climate, 
soil properties and landscape characteristics

Beatriz R. González Domínguez1 , 2, Studer Mirjam S.1, Pascal A. Niklaus2 & Samuel Abiven1

1 Department of Geography, University of Zurich, CH-8057 Zurich, Switzerland.
2 Institute of Evolutionary Biology and Environmental Studies, University of Zurich, CH-8057 Zurich, Switzerland.

In a changing climate, the mineralization of previously stabilized organic carbon can become one of the largest feedbacks 
from terrestrial ecosystems to the atmosphere (Lal, 2004). For this reason, it is of interest to understand the vulnerability of 
this carbon in relation to drivers. In this study, soil organic matter (SOM) vulnerability is defined as the likelihood of a soil to 
lose its organic carbon due to the influence of external factors. In this study, SOM vulnerability is quantified as the ratio 
between the respiration and the organic carbon content of the soil.

The objective of this study is twofold: firstly, to develop a robust statistical approach to allow the investigation of SOM 
vulnerability at large scales and, secondly, to determine whether climate, soil properties and/or terrain characteristics are 
driving the vulnerability of organic matter of Swiss forest soils.

The hypothesis of this research is that the main variables driving SOM vulnerability are climate (i.e. temperature and soil 
moisture proxy), soil (i.e. pH and % clay) and terrain (i.e. slope and aspect). Based on this hypothesis, 54 study sites, all 
part of the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) network, were selected to introduce a 
balanced combination of the variables and to enable a powerful hypothesis testing. To accomplish this, first we spread all 
sites from the WSL database according to their climatic data during the period 1981-2010. Then, we spread these sites 
spatially by incorporating the productive regions of Switzerland (Schwaab et al., 2015). Finally, we carried out a principal 
coordinates analysis with soil and terrain data before selecting the sites that were going to be part of the study.

Three non-overlaping topsoil (i.e. 20 cm) composites were collected within 40 x 40 m2 plots at the 54 sites selected. Soils 
were sieved at 2 mm and incubated in the lab for 6 months under aerobic and controlled conditions of moisture and 
temperature (25 °C). Carbon vulnerability was investigated by quantifying heterotrophic respiration and soil water 
extractable organic carbon. 

The first results from the regression analysis show a systematic influence of the drivers investigated on SOM vulnerability. 
Unexpectedly, soil properties play a more significant role than terrain characteristics and even climate.

A systematic influence of drivers on SOM vulnerability leaves a door open to produce predictive tools/models for regional 
scales. These tools could assist in the assessment of the risk of soils becoming increasing net sources of CO2 into the 
atmosphere.

REFERENCES
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1623–1627.
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Soil quality indicators of urban gardens in Zurich
Simon Tresch1, 3, Andreas Fliessbach1, Marco Moretti2 & Claire Le Bayon3

 
1 Department of Soil Sciences, Research Institute of Organic Agriculture (FiBL (simon.tresch@fibl.org)
2 Biodiversity and Conservation Biology, Swiss Federal Research Institute WSL )
3 Functional Ecology Laboratory, Institute of Biology, University of Neuchâtel 

For the first time in human history the majority of people lives in urban ares. It is vital to understand urban ecology because 
urban ecosystems provide important ecosystem services like (i) supporting services (e.g. nutrient cycling, decomposition of 
organic matter, water cycling), (ii) regulating services (air quality, climate regulation, natural hazard regulation) & (iii) 
provisioning service (e.g. food, fibre, pollination, fresh water, fertile soils). Urban gardens provide a great part of the green 
space in urban areas in many countries and are therefore essential for their functioning. However, soil quality in an urban 
context is poorly investigated.

This study is part of an interdisciplinary project called “Strategies for Better Gardens: Integrated Analysis of Soil Quality, 
Biodiversity and Social Value of Urban Gardens” (www.bettergardens.ch). Four research groups, two from the Swiss 
Federal Research Institute WSL and two from the Research Institute of Organic Agriculture (FiBL) are collaborating closely 
to analyse the economy, sociology, above ground biodiversity and soil quality in urban gardens. New strategies to preserve 
urban green spaces and to safeguard the soils underneath have to include ecosystem services and respect soil functions 
(such as filter, absorption, decomposition) that help to build and conserve above and below ground life in the cities.

As a first step, soil quality indicators of 80 private and allotment gardens in the city of Zurich will be analysed in situ and 
under controlled conditions. In situ measures comprise penetration resistance and decomposition of plant material in 
litterbags and a standardised tea bag approach. Important soil biological indicators like microbial biomass (Cmic, Nmic) and 
a multi-substrate respiration method (MicroResp), for developing a community level physiological profile of soil 
microorganisms, will be established. Together with relevant chemical and physical soil properties soil quality can be 
compared. Statistical correlation of the measured soil quality indicators, vegetation and soil fauna parameters will build the 
basement for further functional decomposition experiments on a selected sub-group of gardens. Established ecosystem 
services like nutrient cycling and comminution of organic material and their link to the multiple ecological and social 
functions of urban gardens will be taken into consideration to provide a comprehensive synthesis showing the 
interdisciplinary research in the multi-stakeholder environment of the cities.
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Figure 1. Research plots located in the urban area of Zurich (n=85).
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