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10.1
Carbon sequestration in Swiss arable land: insights from the case of
Geneva Canton
Pascal Boivin1, Xavier Dupla1, Téo Lemaître1, Cécric Deluz1, Karine Gondret1 & Ophélie Sauzet1
HEPIA Sols et Substrats, HES-SO Genève, 150 route de Presinge, 1254 Jussy (pascal.boivin@hesge.ch)

1

The canton of Geneva has adopted a climate plan compatible with the objectives adopted at the COP21 conference.
Among measures, the measure 6.4 projected to sequestre 15’000 t of CO2 per year in the topsoil of arable land.
Investigations were performed to define how this objective should be achieved. Each field was analysed for Soil Organic
Carbon (SOC) content at least every ten years with international standards whose results are available in the canton
database. Therefore, the annual change in SOC was quantified for more than 600 fields for which the field limits were
unchanged between 2 analyses. The annual rates of SOC ranged between -30‰ and +45‰ (Figure 1). In average, the
SOC content was decreasing before 2000 and increased later-on, in connection with the introduction od conservation
agriculture and reduced tillage methods (Figure 2). The cropping practices corresponding to the range of observed rate of
SOC change were analysed in 60 farms, thus leading to a general model of SOC change according to cropping practices.
This meta-analysis underlined the potential and limits of conservation agriculture practices, and allowed to define the
priority actions to conduct for increased carbon sequestration in arable land.

Figure 1. Histogram of the annual SOC change rate for 600 fields of the canton of Geneva.

Figure 2 – Time evolution of the annual rate of SOC change in Geneva Arable land.
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10.2
Monitoring the soil organic carbon with farmers. The case of Geneva
canton climate plan
Cédric Deluz1, Madlene Nussbaum2, Ophélie Sauzet1, Karine Gondret1 and Pascal Boivin1
University of Applied Sciences and Arts Western Switzerland, HEPIA Soils and Substrates, Route de Presinge 150, 1254
Jussy Geneva, Switzerland (pascal.boivin@hesge.ch)
2
Bern University of Applied Sciences, School of Agricultural, Forest and Food Sciences (BFH-HAFL), Länggasse 85, 3052
Zollikofen, Switzerland
1

Increasing soil organic carbon (SOC) content is crucial for soil quality restauration and climate change mitigation. SOC
monitoring is indispensable to the corresponding policies and should provide results at farm scale to allow for incentives. In
Switzerland farmers perform mandatory analyses of the SOC content of the 0-20 cm topsoil of every field, based on a
composite sample, at least every ten years. The corresponding results were stored in a database in canton of Geneva. The
minimum detectable change (MDC) calculated based on the observed SOC changes was 0.013 % g g-1 at canton scale
(2700 fields). Three representative fields were extensively sampled to simulate different sampling strategies and determine
best sampling guidelines for farmers. Collecting 20 aliquots with a gouge on the field diagonals was considered the best
sampling compromise with MDCs of about 0.1 % g g-1 and a sampling duration of 20 mn. Compared to this procedure,
former farmers’ sampling was not biased in average but showed a variance of 0.22% g g-1 due to smaller number of
aliquots and varying sampling depths. Based on the best sampling results and assumptions on farm-scale SOC variance or
SOC differences, the MDCs at farm scale ranged from 0.21 to 0.12 % g g-1 (5 fields) and 0.09 to 0.05 % g g-1 (30 fields),
respectively (Figure 1). These MDCs are small compared to published monitoring networks MDCs, and allow determining
SOC change rates at farm scale, thus representative an inexpensive and potentially efficient monitoring in the frame of soil
quality or climate mitigation incentives.
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Figure 1. Minimum Detectable Change of SOC at farm scale, as a function of the number of fields. Black dots: calculated using Eq. (2) and
the estimated variance of the difference between two consecutive analyses at farm scale; grey dots: calculated using Eq. (3) and the
estimated variance of SOC content at farm scale.
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10.3
Organic matter quality in arable land as influence by clay content and
cropping system
Cédric Deluz1, David Sebag2, Eric Verrecchia3 & Pascal Boivin1
HEPIA Sols et Substrats, HES-SO Genève, 150 route de Presinge, 1254 Jussy (cedric.deluz@hesge.ch)
Normandie Univ, UNIROUEN, UNICAEN, CNRS, M2C, 76000 Rouen, France
3
Institute of Earth Surface Dynamics, Faculty of Geosciences and the Environment, Bât. Geopolis Université de
Lausanne, 1015 Lausanne – Switzerland
1

2

Fifty fields from the Swiss plateau, cropped with Conservation Agriculture (CA) or conventional tillage (CT) since at least 10
years, were sampled for structure quality and soil analyses down to 40 cm depth. The organic matter (OM) quality was
analysed with Rock-Eval pyrolisys. The relationships between cropping practices, depth, clay content, Soil Organic Carbon
(SOC) content and OM quality were then discussed. AC and CT differed mostly by the location of SOC, with higher content
on the topsoil in CA, and lower below 20 cm depth, compared to CT. OM quality was influenced by SOC content, showing
increasing labile forms proportion with increasing SOC content. SOC to clay ratio, however, seemed to be the major
determinant of OM quality, with the 0.1 ratio corresponding to a threshold above which changes in SOC content are mostly
accounted for by labile forms, and conversely. This 0.1 SOC:clay ratio was already highlighted as a threshold for structural
and physical behavour of the soil, thus leading to the hypothesis that the degradation of mid-recalcitrant forms under this
ratio are responsible for structure degradation. Moreover, these results call for caution when interpreting field experiments
with respect to OM quality, which appears to be driven by SOC:Clay ratio rather than cropping practices in this study.
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10.4
Evaluation of earthworms as soil quality indicator for the farmers
Alyssa Fischer1, Marina Wendling2, David Sebag3, Raphaël Charles2, Renée-Claire Le Bayon1
Functional Ecology Laboratory, Institute of Biology, Faculty of Science, Université de Neuchâtel, Rue Emile-Argand 11,
CH-2000 Neuchâtel
2
Research Institut of Organic Agriculture (FiBL), Antenne romande, Avenue des Jordils 3, CH-1001 Lausanne
3
Normandie Univ, UNIROUEN, UNICAEN, CNRS, M2C, 76000 Rouen, France
1

The role of earthworms on soil functioning has been widely demonstrated and their potential as a bioindicator has been
explored several times. As part of the “Progrès Sol“ project, this work aims to evaluate the perspective of earthworms as a
soil quality self-diagnosis tool for farmers. To do this, the earthworm communities were studied using simple methods on
twenty agricultural plots in the canton of Vaud. The crop management techniques were characterized to determine the
influence of cultural practices. Laboratory analyses were conducted to characterize soil properties between sites as well as
earthworm faeces. Earthworms are proving to be a good indicator of soil disturbance. Regardless of the cropping system,
reduced tillage and the presence of grassland limit the impact of cropping practices. The presence of legumes in the
rotation and the addition of organic matter are also favourable to earthworms. This work did not establish a link between the
earthworm communities and the differences in the physico-chemical properties of the plots. On the other hand, the results
showed that the nutritional behaviour of earthworms influences the properties of the organic matter present in the faeces.
Measuring the abundance of earthworms appears to be the best compromise among the measures tested between the
simplicity of the indicator and the produced information. This study also recommends using full extraction to collect
earthworms, waiting for a minimum of 50 mm of cumulative rainfall over the 30 days preceding the sampling and setting a
critical abundance threshold at 120 individuals/m2 above which agricultural practices can be considered favourable for
earthworm populations.
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10.5
A method of extraction and analysis of nanoplastics in soils
Alexandra Foetisch1, Montserrat Filella2, Daniela Fischer1, Anna Muntwyler1, Benjamin Watts3, Katharina Witte3,
Moritz Bigalke1
Institute of Geography, University of Bern, Hallerstrasse 12, 3000 Bern (alexandra.foetisch@giub.unibe.ch)
Department F.-A. Forel, Universityof Geneva, Boulevard Carl-Vogt 66, CH-1205 Geneva
3
Paul Scherrer Institute, CH-5232 Villigen PSI
1

2

The world plastic production is steadily increasing and some of the produced plastics end up in soils and might affect soil
properties and soil health. The effect of the plastics strongly depend on its size and shape. Nanoplastics (NP) are in the <1µm
size range and might either be emitted directly (e.g. from, cosmetics or road dust) or form from bigger plastics by
decomposition, UV induced breakdown or physically forced breakdown. In agricultural ecosystems, NP can induce negative
effects on a variety of soil organisms and their occurrence might affect soil ecology and fertility. The research about NP in soils
is still at its very beginning due to the complex matrix soil represents and technical limitations in the analysis of NP. Samples
preparation and analysis are more challenging compared to microplastics. Indeed, infrared or Raman spectroscopy, which are
normally used in microplastic research, are limited to the >1µm range and does not allow for the analysis of smaller particles.
This study focuses on soils under two different landuse. First, agricultural soils, which are exposed to plastic input because
of agricultural practices, as sewage sludge application or the use of plastic mulch. Second, road sided soils exposed to
plastic pollution coming from tyre abrasion on the road. With the aim of characterizing NP pollution in the first 20 cm of
agricultural and road sided soils, we tested the extraction of NP from soils samples by the following sequence: size
fractionation, density separation, oxidation of natural organic and ultrafiltration to extract and concentrate and clean the NP.
Samples are deposited on a 1 mm silicon-nitride (Si3N4) membrane. Particles are located on the membrane with a
Scanning Electron Microscope (SEM) (Figure 1 A) and their elemental composition is analysed by energy dispersive X-ray
spectroscopy (EDX) analysis. The identification of the NP is done by scanning transmission X-ray microscopy (STXM) at
the Swiss Light Source synchrotron. The STXM method can image NP with a resolution of about 30 nm (Figure 1 B) and
identify the plastics via near edge X-ray absorption fine spectra (NEXAFS) at the carbon K-edge (Figure 1 C).
The method was suitable to extract polystyrene nanobeads of 1000, 500, 250 and 100 nm from spiked soil and particles
between 150 and > 1000 nm in natural samples. However, analysis show that natural organic matter particles remain in the
sample. Those particles make the identification of plastic more laborious. Indeed, it is not possible to differentiate plastic
and natural organic matter (NOM) particles visually or with an EDX analysis. Furthermore, dissolved organic matter can
precipitate while drying the sample creating a background interfering with the particles spectra.
Current work is focusing on two main aspects. The first one is to improve removal of organic matter with different incubation
time of H2O2 and by alkalinisation of sample in order to remove humic acids from solutions. The second one is to increase
particles concentration on Si3N4 membranes by concentrating the sample by evaporation or the use a perforated
membrane as a filter.
Nonetheless, preliminary results already showed that the protocol is suitable to extract plastic nanoparticles from natural
soil samples. Coupled with STXM analysis, the method allows for imaging and identifications of the NP and thus offers the
possibility for a characterisation of NP in the environment.

Figure 1. (A) SEM picture of a membrane’s corner carrying 250 nm Polystyrene (PS) beads. Position of the beads is measured according
to the edge of the membrane. (B) STXM picture of the same particles than in (A). (C) Absorption spectrum of a PS beads with the STXM.
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10.6
The podzolization process in a context of land disturbance
Stephanie Grand1, Valentine Turberg1, Anaïs Fayolle1 & Adrian Unc2
Faculty of Geosciences and Environment, University of Lausanne, CH-1015 Lausanne (stephanie.grand@unil.ch)
Boreal Ecosystems and Agricultural Sciences, Memorial University of Newfoundland, Canada

1
2

The podzolization process involves the intensive leaching of the upper soil layer and the subsurface accumulation of
illuviated organic matter, iron and aluminium. The resulting sola, called podzols in many classification systems, are
widespread on coarse-textured acid parent materials under cool climates where precipitation exceeds evapotranspiration.
Most often, podzols naturally support forest or heath vegetation. Due to the growing demand for food and forest product as
well as the push for locally-sourced commodities, the area of podzolic land coming under human influence is increasing in
many parts of the world.
This talk explores the effects of land-use change such as forest harvest or conversion to agriculture on the podzolization
process. Using examples from Canada and the Swiss Alps, we show that land disturbance often causes a change in the
quantity and the quality of organic matter in podzols. Land disturbance can also affect the forms and distribution of iron and
aluminium in the profile. Our data suggest that the amount of poorly crystalline Fe and Al varies according to climate and
land use, in turn affecting the ability of podzols to accumulate and stabilize organic matter. Future research needs
surrounding this largely unexplored feedback loop are discussed.
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10.7
Soil protection in Switzerland between policy and practice
Gudrun Schwilch
Federal Office for the Environment FOEN, Soil and Biotechnology Division, 3003 Bern (gudrun.schwilch@bafu.admin.ch)

In Switzerland, the problem of soil degradation persists despite numerous studies and significant improvements. Analysis
shows that the non-renewable resource of soil is suffering both qualitative and quantitative damage. This suggests that it
may be difficult to retain soil functions in the long-term. Although various measures have helped to prevent an increase in
certain types of soil pollution and there has even been a decrease in some types of pollution, Switzerland does not have a
sustainable approach to dealing with soil, a basic natural resource. Soil has been protected by legislation in Switzerland
only since 1983, when the Environment Protection Act (EPA) was passed. The EPA and the Soil Pollution Ordinance
(SoilPO) are the legal basis for soil protection in Switzerland. The federal government strives to improve soil protection on
various levels. However, there has been limited success to date because at the cantonal and communal levels financial and
human resources are still very scarce. Newly emerging challenges include climate mitigation and adaptation, plant
protection products or (micro-)plastic.
In most cases, the effect of soil degradation involves economic and ecological costs for society, such as with on- and offsite effects of soil erosion. The Swiss agricultural policy system is based on a system of direct payments (subsidies) to
compensate farmers for the different types of services they deliver to society. This system supports prevention of soil
erosion indirectly, e.g. by defining a minimal crop rotation or an optimal soil coverage. Furthermore, financial support is
given to farmers, for example for applying conservation tillage. In Switzerland, agro-environmental policies are the result of
negotiation and compromise rather than optimal expert determination. Despite their comprehensiveness, inconsistencies
remain, leading to an ineffective implementation.
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10.8
Loss of soil organic carbon in Swiss long-term agricultural experiments
over a wide range of management practices
Sonja G. Keel1, Thomas Anken2, Lucie Büchi3,°, Andreas Chervet4, Andreas Fliessbach5, René Flisch6, Olivier HugueninElie7, Paul Mäder5, Jochen Mayer6, Sokrat Sinaj3, Wolfgang Sturny4, Chloé Wüst-Galley1, Urs Zihlmann7, Jens Leifeld1
Climate and Agriculture, Agroecology and Environment, Agroscope, 8046 Zürich (sonja.keel@agroscope.admin.ch)
Digital Production, Competitiveness and System Evaluation, Agroscope, 8356 Ettenhausen
3
Field crop systems and Plant nutrition, Plant Production Systems, Agroscope, 1260 Nyon
4
Bern Office of Agriculture & Nature, Soil Conservation Service, 3052 Zollikofen
5
Research Institute of Organic Agriculture, 5070 Frick
6
Water Protection and Substance Flows, Agroecology and Environment, Agroscope, 8046 Zürich
7
Forage Production and Grassland Systems, Animal Production Systems and Animal Health, Agroscope, 8046 Zürich
8
Soil Fertility and Soil Protection, Agroecology and Environment, Agroscope, 8046 Zürich
°present address: Natural Resources Institute, University of Greenwich, Chatham, England
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2

Soil carbon sequestration (SCS) is one of the cheapest and technically least demanding carbon dioxide (CO2) removal
technologies. It is defined as a change in land management that leads to an increase in the soil C content and therefore a
net uptake of CO2 from the atmosphere. For a realistic assessment of SCS on agricultural soils, it is critical to evaluate how
much carbon (C) can be stored under actual agricultural practices. This includes e.g. typical crop rotations or fertilization
strategies and depends on resources that are available (e.g. farmyard manure) and affordable for farmers.
We evaluated changes in soil organic carbon (SOC) stocks using data from eleven long-term field experiments on cropland
and permanent grassland in Switzerland that included common local practices. Surprisingly topsoils (~0-0.2 m) lost C at an
average rate of 0.29 t C ha-1 year-1, although many of the investigated treatments were expected to lead to SOC increases.
Based on a linear mixed effects model we showed that SOC change rates were driven by amounts of C inputs to the soil
(from harvest residues and organic fertilizer), the duration of soil cover and the size of the initial SOC stock. The type of
land use (grassland vs. cropland) or soil tillage (conventional ploughing vs. no tillage) had no significant effect. Our analysis
suggests that current efforts to manage soils sustainably need to be intensified and complemented with further techniques if
Switzerland wants to achieve the goal of the 4p1000 initiative, a multistakeholder platform aiming at increasing SOC
storage. Using a model-based SOC inventory, we will assess the potential to increase SCS at the national scale.
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10.9
Growth conditions and Ca sources of pedogenic needle fibre calcite
(NFC)
Millière L.1,2, Gussone N.1, Bindschedler S.3 and Verrecchia E.P.2
Institut für Mineralogie, Universität Münster, Corrensst. 24, D-48149 Münster
Institute of Earth Surface Dynamics, Faculty of the Geosciences and the Environment, University of Lausanne, Geopolis
Campus, CH-1015 Lausanne
3
Institute of Biology, Faculty of Sciences, University of Neuchâtel, Rue Emile Argand 11, CH-2000 Neuchâtel
1
2

Needle fibre calcite (NFC) and nanofibres are microscopic features of secondary calcium carbonate accumulation
commonly observed in soils and caves. Both NFC and nanofibre morphologies correspond to a needle-shaped
monocrystal. NFC has an average diameter of 1-2 µm and a length reaching 102 times its width, while nanofibres have an
average width of 50-150 nm and lengths from 10 to 100 times their width. Three main groups previously identified by
Millière et al. (2011) and corresponding to specific microscopic arrangements, have been identified in the Swiss Jura
Mountains: simple needles (SN) corresponding to the original form of NFC, which can evolve into simple needles with
calcitic overgrowths (SNO), and simple needles with nanofibres (SNN). It is suggested that both NFC and nanofibres are
related to the presence of fungi, but despite intense work, its origin and the processes involved in its formation are still
under debate. To better constrain their formation processes, different NFC morphotypes (SN, SNO, SNN) and a late calcitic
cement (LCC) from the same soil depth, have been sampled in the Swiss Jura Mountains.
Strontium and calcium isotopic compositions and Sr/Ca ratios in the different reservoirs of NFC, soil water, throughfall,
inorganic cements, as well as host rock, have been analysed to determine the Ca sources and to investigate the formation
mechanisms.
87
Sr/86Sr ratios of the various NFC types and LCC suggest that the contribution of Ca from the main Ca sources differs
between NFC and LCC, implying different precipitation processes. In addition, the three microscopic morphological groups
of NFC (SN, SNO, SNN) displayed Sr isotopic compositions different from each other, emphasizing a direct relationship
between the NFC morphotypes and the origin of the Ca. Sr/Ca ratios and δ44/40Ca values of NFC and LCC crystal are used
to determine possible differences in their growth rate and/or micro-environment during their formation. Crystals described
as simple needles (SN) are enriched in 44Ca and depleted in Sr compared to LCC, suggesting that the elongated shape of
the SN crystal cannot be related to a rapid precipitation rate, but rather to a slow precipitation under semi-enclosed
conditions. In contrast, LCC has a stronger enrichment in light Ca isotopes and is less depleted in Sr relative to the soil
solution, suggesting more rapid precipitation. SNN and SNO overlap with the SN but are on average lighter in Ca isotopes
and have higher Sr contents. Overall, NFC and LCC are explainable by calcite precipitation according to the Sr and Ca
systematics of inorganic calcite of Tang et al. (2008), with different precipitation rates and degrees of Ca and Sr
consumption. Specifically, SN correspond to values of a calcite formed in a restricted environment, supporting the fungal
hypothesis for the origin of NFC.

REFERENCES
Millière L., Gussone O., Bindschedler S., Moritz T. & Verrecchia EP. 2019: Origin of strontium and calcium in pedogenic
needle fibre calcite (NFC), Cemical Geology 524: 329-344.
Millière L., Hasinger O., Bindschedler S., Cailleau G., Spangenberg JE. & Verrecchia EP. 2011: Stable carbon and oxygen
isotope signature of pedogenic needle fibre calcite: further insight into its origin and relationship with soil conditions,
Geoderma 161: 74-87.
Tang J., Dietzel M., Böhm F., Köhler SJ. & Eisenhauer A. 2008: Sr2+/Ca2+ and 44Ca/40Ca fractionation during inorganic calcite
formation: II. Ca isotopes, Geochimica et Cosmochimica Acta 72: 3733-3745.
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10.10
The ephemeral legacy of nutrient management in tropical seasonal
wetland Anthrosols
Leonor Rodrigues1/2, Tobias Sprafke1, Doyle McKey2
1
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Institut of Geographie, University of Bern, Hallerstrasse 12, CH-3012 Bern (Leonor.rodrigues@giub.unibe.ch)
Centre d’Écologie Fonctionnelle et Évolutive, CNRS UMR 5175, 1919 Route de Mende, 34293 Montpellier 5, France.

Anthrosols, man-made soils, vary widely in their characteristics and the degree to which evidence of past human activities
is preserved. Over at least 500 years, Terras Pretas do Índio, or Amazonian Dark Earths (ADEs), have remained far more
fertile than the surrounding natural soils and research on their history and functioning has found wide applications for
agronomy, bioenergy and carbon storage. Another widespread type of pre-Columbian Anthrosols in Amazonia has attracted
comparably little attention: raised fields (RFs), large earthworks constructed in order to farm in seasonally inundated
wetlands. To date, pre-Columbian RFs have been mostly regarded simply as a technique to minimize flood risk, as there is
no convincing evidence of nutrient management. A promising analogue of the long-abandoned RFs in the Amazon Basin is
present-day RF agriculture in similar environments of the Congo Basin. We studied three RFs in detail, spanning different
periods of cultivation, material addition and fallow on seasonal to multi-decadal timescales. To evaluate their properties and
functioning we used a multi-methodological approach including sedimentology, geochemistry and micromorphology. Our
results reveal that the way RFs are managed does result in a considerable improvement of soil fertility when they are
active. On the other hand, we show that evidence of human management disappears within years to decades. This
relatively fast process leads to a clear loss of information on how they were constructed and how they functioned when
they were active, hampering the interpretation of ancient agricultural systems. These findings clearly show that comparison
with present-day active systems can yield important insights for interpreting ancient agricultural systems.

Figure 1. Present-day raised field (400 cm x 400 cm x 170 cm) in the Congo Basin, during the dry season. The field can be flooded up to
150 cm during the high-water season.
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10.11
The cascading influence of CaCO3 on the pedogenic trajectories and
biogeochemistry of the subalpine soils at the Nant valley, Switzerland.
Rowley, M. C., Grand, S., Adatte, T., Verrecchia, E. P.
Université de Lausanne, IDYST, Geopolis, 1015 Lausanne, Switzerland
(mike.rowley@unil.ch)

Soil research in temperate to cool and humid regions has typically focused on acidic soils; there has been relatively little
investigation into the effects of calcium carbonate (CaCO3) on unamended soil properties or function in humid environments
like the subalpine soils of Switzerland. The object of this study was to characterise the effects of small concentrations of
CaCO3 on the pedogenic trajectories and soil biogeochemistry of a humid subalpine valley in Switzerland (Nant valley,
Vaud).
To isolate the influence of CaCO3 from other pedogenic variables, six profiles were selected that had developed under
almost identical conditions for soil formation (climate, topography, vegetation structure, time since deglaciation, silicate
mineralogy and texture). The main difference between the profiles was that three contained small concentrations of CaCO3
(< 6.2 %; thereafter, ‘CaCO3-bearing’) and the remaining three contained no detectable CaCO3 (thereafter, ‘CaCO3-free’).
The presence of CaCO3 was associated with cascading changes in soil biogeochemistry of these soils that had formed
under otherwise similar conditions. These changes included higher pH, an order of magnitude higher extractable Ca, twice
as much soil organic carbon, and a higher proportion of poorly crystalline Fe forms. The higher pH at the CaCO3-bearing
site was attributable to the weak buffering provided by dissolution of the small concentrations of CaCO3, which also
maintained the relatively higher extractable Ca concentrations. Exchangeable Ca (CaExch) and other reactive Ca forms could
be stabilising SOC, contributing to its accumulation through sorption to mineral surfaces and/or occlusion within aggregates.
The increased pH, CaExch and SOC concentrations at the CaCO3-bearing site could in turn also be inhibiting the
crystallisation of disordered Fe forms, contributing to the further retention of SOC; but additional investigation is required to
confirm this effect and isolate the exact mechanisms.
Overall, this study shows that the presence of small amounts of CaCO3 in the humid subalpine soils of the Nant valley has
a far-reaching influence on soil formation and biogeochemistry. This study further supports the idea that indicators of Ca
prevalence may have the potential to improve regional SOC estimates.
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SWISSOIL: a pedagogical multimedia resource in soil science
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SWISSOIL is a teaching resource for pedology hosted at the University of Lausanne. The aim of the project was to improve
access to field educational activities on soils for university students as well as school children and the general public.
SWISSOIL has two main components:
1.
2.

A physical basis, consisting in five permanent soil pits maintained in the Dorigny forest on the University of
Lausanne campus; and
A multimedia website (wp.unil.ch/swissoil) providing interpretive information on soil profiles.

The permanent soil pits are marked by a wood enclosure and freely accessible along the trails of the Dorigny forest. A QR
code is present at each site directing visitors to the web resource. The website features both introductory and advanced
pedological information. Introductory material, designed for novice students and the general public, includes a basic
explanation of soil formation processes, visuals (soil pictures) and short presentation videos. Advanced content includes
technical soil descriptions, micromorphological characterization and results of mineralogical, chemical and physical
analyses.
The SWISSOIL resource allows students to make field observations on soil profiles at their own pace. The detailed
information provided on the website forms the basis for a practical exercise in which students are asked to integrate their
own observations with existing data to answer an integrative question on soil quality and conservation. Many activities and
excursions targeting a wide range of audiences (young children, nature enthusiasts, alumni, winegrowers, etc.) have also
made use of SWISSOIL, showing that there is an unmet demand for soil interpretive resources. SWISSOIL has received
the 2019 prize from the Swiss Society of Pedology (SSP – BGS) for innovation in soil conservation and public awareness.

Swiss Geoscience Meeting 2019

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 10: Soil: Formation, Processes, and Conservation

325

Symposium 10: Soil: Formation, Processes, and Conservation

326

P 10.2
Soil color and geochemistry along a W-E transect on the S-Cameroon
Plateau
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Soil has important functions for nature and society. Large regions of Central Africa, especially those covered by rainforest,
lack consistent spatial information on soil distribution and properties. According to the Soil Map of the World 1:5M (FAO/
UNESCO 1973), the S Cameroon plateau is mainly covered by Ferralsols; an earlier pedological map of Cameroon (1:1M)
differentates yellow and red ferralitic soils for this region (Ségalen & Martin 1966). More detailed and more recent spatial
information using the international soil classification (WRB 2015) is practically not available. Applying the WRB requires
training and - even more challenging – laboratory data for final classification of several soil types. In order to fill the current
gap, we carried out an initial survey along roadcuts of a 200 km W-E transect through the S-Cameroon plateau. The region
is largely covered by secondary rainforest and made up of gneiss from the Panafrican orogeny. Weathering profiles had a
thickness of > 40 m, whereas soil classifications usually consider the first 2 m. We focused on describing sections above
stone lines / petro-/pisoplinthic horizons / saprolite, which varied in thickness between 0.3 to 7.4 m. 63 locations were
sampled in their upper and lower parts for laboratory measurements of color (spectrophotometer), geochemistry (portable
XRF), and organic matter. Seven reference profiles were sampled in detail for analyzes of Fed/Feo, base saturation, cation
exchange capacity, carbon / organic matter content, grain size distribution according to WRB (2014) requirements. Our
study reveals an unexpected variability in soil cover thickness, colors and morphologies along the studied transect. Based
on our dataset we expect to provide unprecedented detail in soil differentiation for the South of Cameroon.
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Cover beds of local and aeolian deposits influence soil evolution along
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The pedosphere is the interface of all natural spheres and provides an important research field to investigate environmental
processes and changes through time. Quantifying rates of soil production is a major challenge in Earth Sciences, leading to
the development of new methods (e.g. based on cosmogenic nuclides) and models of increasing complexity. For the
temperate zone the role of allochtonous additions from upslope and from deposition by wind to soil parent materials is
widely accepted, which makes it difficult to calculate soil production rates. Such cover beds are assumed to have formed
during the cold stages of the Pleistocene and they determine the pathway of soil formation and their properties (Kleber &
Terhorst 2013).
This study aims to identify slope deposits with variable dust admixture on a catena with variable lithology in Northern
Bavaria. Six profiles were examined in detail in a catena from the hilltop to the footslope covering diverse Triassic bedrocks
of the Lower Muschelkalk (limestone) and Upper Buntsandstein (silty claystone and sandstone). A small area on a midslope
plateau is covered by up to 2 m of loess. In addition to field descriptions, a spectrophotometer measured color changes
throughout the soil profile, complemented by basic soil parameters (pH, carbonate content). As granulometry is an
important aspect of soil classification, we used and compared three different methods, i.e. sieve/pipette, sieve/Sedigraph
and laser particle sizer (Mastersizer 2000). The latter clearly underestimates clay contents, but determines the modes of
grain size distribution, which informs about the contribution of aeolian silt.
A variable influence of slope processes and aeolian additions to soil parent materials is visible in all soil profiles alonge the
slope, which has considerable influence on soil properties and classification: Even though the local lithology is highly
variable, all soils classify as Cambisols (WRB 2015) or Braunerde after the German soil mapping key (Ad-hoc-AG Boden
2005) with differing properties; the exception are Luvisols (Parabraunerden) found on loess.
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Soil erosion rates over time derived from two high Alpine soil
chronosequences
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Erosion and sedimentation are important drivers in the degradation of soil quality worldwide. Mountainous landscapes are
strongly shaped by soil relocation processes due to their variable and steep relief. The high-Alpine soils we see today
started to develop since the Late Pleistocene/Early Holocene and mostly have formed on the glacial till left by the retreating
glaciers. Soil chronosequences are a powerful tool widely used on moraine sequences to examine soil development over
time. Soil formation is the net difference between soil production and denudation or erosion. How erosion rates change
over time has so far only rarely been investigated.
The aim of this study was therefore to assess how soil age affects soil erosion rates. We investigated two
chronosequences in the Swiss Alps: one was established in the (siliceous) proglacial area of the Stein glacier at
Sustenpass, and the other one in the (calcareous) proglacial area of Griess glacier near Klausenpass. The quantification of
soil relocation processes is often done using Fallout Radionuclides (FRN). During the last few years 239+240Pu have been
increasingly used due to advantages over other isotopes (e.g. long half-life). FRNs originate from nuclear weapons tests
which were conducted most intensely during the early 1960s. Erosion (or sedimentation) rates can be modelled using a
reference site that is compared to the site of interest. The investigated soils at Sustenpass have ages varying from 30 a to
10 ka; the soils at Klausenpass from 110 a to c. 14 ka. We collected data on both the physical and chemical soil properties,
and quantified the Pu inventories and soil redistribution rates.
Soil erosion decreased from 4 – 4.2 t ha-1 yr-1 to 1.7 t ha-1 yr-1 after several millennia of soil development. The highest soil
erosion occurred at the youngest sites and almost no erosion was detectable at the oldest sits. This confirms that young
soils are the most vulnerable to surface erosion and that soil erosion exhibits distinct temporal dynamics.
The physical and chemical soil properties change substantially during the first decades and centuries of soil development
and affect the composition and density of the plant cover. More water is retained and more nutrients are available for plant
up-take thanks to the weathering of minerals and physical breakdown of larger particles. With time, deeper rooting plants
are able to establish a dense cover which stabilises and protects the soil surface from erosion. After about 10 ka, erosion
rates on vegetated moraine slopes is almost zero.
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Soils are the complex interface of the major geospheres at the earth’s surface and provide essential services for nature and
society. Knowledge on the processes and rates of soil formation through time helps understanding variations of soil
properties in space and raises awareness that soil is a limited ressource.
During the last decades, researchers from different scientific background have worked on pedogenesis; yet there exits little
conceptual work for a unified concept on soil formation. To overcome this limitation, we compile case studies from the
tropical and the temperate zone that address and quantify significant aspects of soil formation.
The determination of soil production rates under assumed steady state conditions, especially based on terrestrial
cosmogenic nuclides (TCN), provides a quantitative basis for our understanding of soil and landscape evolution. However,
research from Central Europe has revealed that paleoclimatic shifts resulted in alternating phases of morphodynamic
activity with enhanced slope processes and morphodynamic stability characterized by soil formation. Grain size distribution,
mineralogy and geochemical provenance tracers can reveal aeolian additions to soils and their parent materials. The
presence of allochtonous material leads to significant overestimations of soil production rates. Luminescence dating
increasingly determines time periods of slope processes and strong aeolian deposition. Recent studies use this technique
to understand and quantify bioturbation processes.
Based on our literature review and own research in the temperate and tropical zone, we conclude that future work needs to
mutually integrate the “biomantle” (e.g. Johnson et al. 2005) and the “cover bed” concepts (Kleber & Terhorst 2013). This
leads to an appropriate selection of complementary research tools to evaluate soil formation through time in different
regions worldwide.
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Are Fungus-Growing Termites Major Contributors To Sediment GrainSize Distributions In Subtropical Environments?
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Fungus-growing termites (FGT) have long been considered as ecosystem engineers (Jones, 1990) for the modifications
they bring to the soil, their ability to concentrate nutrients, and their capacity to create patches of fertile land. Although FGT
have obvious specific capabilities to change their environment, there are only a few studies that have highlighted their
ability to modify the grain-size distributions of the sediments and soils that are forming the environment where they develop
(Jouquet, 2002). Therefore, the aim of this study is to document the potential impact of FGT in an environment in which
sands are dominating grain-size distributions, but also, where some concentrations of fine material, in this case diatomites,
are found, offering the opportunity to compare the impact of FGT on two different and contrasting grain-size settings. In
other words, this work proposes to compare two distinct substrata one fine, one coarse, on which FGT built mounds. The
sedimentary modifications carried out by termites between these two parent materials and associated constructed mounds
are assessed using techniques mostly based on grain-size distributions and soil micromorphology. Only very few studies
have combined both methods to highlight the role FGT play in the selection of grain-sizes to build their epigeal mounds
(Abe, 2009). In order to conduct this investigation, two FGT mounds where selected in the Chobe Enclave, northen
Botswana, in the surroundings of the VTR Research Center. Two types of sediments were chosen, one coarse (dominated
by sands) and one fine (dominated by fine silt). The key questions of this study lie on the capacity of fungus-growing
termites (i) to adapt to any kind of parent material to build their mounds, (ii) and to enrich or deplete this parent soil to meet
their texture requirements in terms of mound stability and appropriate settings to insure the success of the colony.
Therefore, it is demonstrated that ,whatever a given parent material, the result in their construction will converge to a
required optimum; in other words, by selecting, transporting, and mixing at will the various grain-sizes at disposition from
the surrounding environment, fungus-growing termites reach the mandatory texture adapted to the functions and properties
for their mounds.
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Calcium (Ca) is a key element of the Earth’s system and closely related to the carbon cycle. Weathering of silicate releases
Ca, which is exported and sequestered into the oceans. However, pedogenic Ca-carbonate constitutes a Ca-trapping
pathway on continents that has not received the attention it deserves. Significant accumulations of pedogenic carbonate
nodules associated with paleo-Vertisols, inherited from the Late Quaternary, are widespread in the Far North Region of
Cameroon, although formed in a carbonate-free watershed. A previous study using Sr isotopes showed that Ca sources of
carbonate nodules are local granite and Saharan dust (Dietrich et al., 2017). This suggests that Ca is kept in the soil
system after weathering. However, the Ca sedimentary and biogeochemical pathways by which Ca is transferred from
sources, i.e. the granite and the Saharan dust, to the trapping compartment, i.e. the carbonate nodules, remained unclear.
This present study used major, trace, and rare earth element distributions of carbonate nodules, as well as of the various
other Ca compartments of the landscape, in order to document these pathways. Three main processes transferred Ca from
its source, in granite and dust, to a trapping compartment, i.e. pedogenic carbonate nodules. The first process involved the
weathering of a granitic bedrock, which produced a saprolite. The residual products were then mixed with Saharan dust to
form the host sediment of the nodules. The second process is related to clay minerals, products of weathering, which
accumulated Ca and other alkaline cations during Vertisol development. Weathering products, i.e. clays and oxides, as well
as vegetation and soil organic matter, have to be considered as transient compartments of Ca. At the end of the African
Humid Period, drier climate conditions prevailed, enhancing the precipitation and preservation of pedogenic carbonate
nodules. Ca was then incorporated and sequestered into the nodules, until the present-day. Consequently, during the last
twenty thousand years, an important part of the Ca was transferred from upstream granite to downstream nodules of
pedogenic carbonate developed in Vertisols (Diaz et al., 2018). Mass balance calculations in soil profiles demonstrated that
the Ca accumulation in carbonate nodules exceeded the Ca released by the chemical weathering of the parent material,
highlighting the role of Vertisols as Ca-trappers. Therefore, an important part of Ca is still sequestrated in the soil system
and has not been yet transferred into rivers. Consequently, at the landscape scale, the paleo-Vertisols have acted as Catrapping systems (pedogenic carbonate nodules), emphasizing the significant role of Vertisols in terrestrial Ca balances, as
they cover large areas on continents. Moreover, such a spatial relationship between sources and transient trapping
compartments leads to a new concept of “geochemical cascade” similar, in terms of geochemistry, to the concept of
“sediment cascade” developed by continental sedimentologists.

Figure 1. Ca location through time: Ca is transferred from granite and dust sources to carbonate nodules, highlighting the role of Vertisols
as Ca- and C-trappers.
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Strongly weathered soils in tropical regions are often poor in nutrients and suffer from low soil fertilty. Amazonian Dark
Earth (ADE) is an exception to this rule, as it often shows increased soil fertility compared to surrounding soils, likely linked
to its increased concentration of soil organic matter and macronutrients such as phosphorus (P). For P, there is little
knowledge whether the higher P availability is a result of increased biological processes (such as organic P mineralization)
or physico-chemical processes (such as sorption/desorption), or both. Using the 33P isotopic pool dilution approach we
aimed to quantify the exchangeability of inorganic P as well as organic P mineralization rates of ADE under secondary
forest and a cassava plantation. For that, 33P labelled ADE as well as surrounding soil (highly weathered, no “dark earth”
features) under both land use systems (forest and cassava) were incubated for a period of 14 days. P-concentrations and
specific activity of the added 33P tracer were determined on four time points in the water-extractable P pool as well as in the
microbial P pool (resin-fumigation method). ADE showed generally increased concentrations of total P and loosely bound P
(water extractable P; resin extractable P) compared to surrounding soils. Isotopically exchangeable P was similar in both
analyzed ADEs (approx. 150 mg kg-1 soil after 7 days), yet significantly higher compared to surrounding soils (30 to 90 mg
kg-1 soil after 7 days). A numerical model used to estimate P transformation rates suggests the dominance of
physicochemical processes over biological processes in ADE under both land use systems. However, biological processes
were at least doubled in ADE, compared to surrounding soils. We conclude that the higher P availability in ADE is largely
caused by increases in the exchangeable inorganic P pool. While biological processes (mineralization/microbial
immobilization) were increased in ADE compared to surrounding soils, their net effect on P availability remains small.
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