
Wetlands are considered to be the biggest un-
knowns regarding the influence of global climate
change on element dynamics, so knowledge of
processes and conditions controlling sink and source
functions of redox processes is crucial.

The aim of this study was to investigate the
sink/source function of nitrate, Fe, sulfate reduction
and methanogenesis of an upland and a lowland fen
within a boreal spruce catchment, southern Ger-
many. We used suction cups and anaerobic dialysis
chambers for soil solution sampling, FeS probes for
the determination of S oxidation potential and stabil-
ity of anoxic conditions, stable isotope analysis in
soil solution and groundwater and analysis of the soil
solid phase (contents of C, S and Fe species).

Both fens had high rates of nitrate reduction and
potentially high rates of CH4 production. The upper
few cm of all profiles were oxic with low CH4 con-
centrations, suggesting low CH4 emission rates from
the soil, though emission by vascular plants cannot
be excluded. Sulfate and Fe reduction processes
differed significantly in the fens. The upland fen was
characterized by relatively stable anoxic conditions,
low Fe contents, significant but relatively low en-
richment in δ34S values, but high contents of organic
S and low C/S ratios. We concluded that the upland
fen is an effective sink for sulfate with long term S
storage. In contrast, the lowland fen was character-
ized by alternating oxidation – reduction cycles with
high Fe contents, extremely high δ34S values in the
soil solutions (Figure 1), lower contents of organic S
and higher C/S ratios. Thus, even though low sulfate
and high Fe concentrations in soil solutions indicated
high reduction rates in the lowland fen, long term
storage of S is not likely in this fen. Differences in
biogeochemical processes between sites are most
likely not associated with hydrology but could be
connected to the role of vascular plants.

Figure 1. δ34S values in the soil solution at 90 cm depth in the
lowland fen (Lehstenbach catchment, Fichtelgebirge, NE-
Bavaria, Germany). Lys =lysimeters. TF = throughfall

At the temporal and spatial scales relevant for
biogeochemical investigations (e.g., plot and catch-
ment scale) we could not find evidence for a se-
quential reduction chain in situ. In contrast, high
oxygen saturation was paired with low nitrate and
high δ34S values indicating dissimilatory sulfate and
nitrate concentrations in spite of O2 presence.
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Long-term trends including depopulation and shifts in
agricultural policies and management have been
leading to large-scale land-use changes throughout
the European Alps. The consequences are spatially
segregated and range from land abandonment at
higher elevations to intensification of open-land in
the lowlands. Various degrees and intensities of
land-use change are likely to affect the potential
sizes of carbon pools of the respective land-use
types. While non-intensively used land and refor-
estration may act as carbon sinks, an intensivation of
land-use may lead to losses of carbon.

We assess and quantify potential future effects of
land-use change on carbon pools in Switzerland
(41,000km2) using three scenarios. The scenarios
encompass: (1) a business-as-usual scenario that
relies on trends of land-use change observed during
the last 20 years, (2) a biodiversity support scenario
that assumes optimal management strategies and
subsidies for biodiversity and conservation, and (3) a
liberalisation scenario where no public support is
given to agriculture and conservation.

Results show that the liberalisation scenario re-
sults in a rather segregated landscape with forests at
higher elevations and intensively managed land in
the lowlands. The biodiversity support scenario con-
verts large proportions of currently intensively man-
aged land into non-intensively used meadows, and
reforestation is generally marginal. Implications of
each scenario for potential carbon pool changes at
the landscape scale are performed and discussed.

Potential carbon-pool changes under various scenarios
of land-use change in a mountainous region (Switzerland)
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We investigated the impact of the Vesuvio's erup-
tions on tree primary productivity (estimated using
ring widths) and tree stomatal conductance (as-
sessed using δ13C and δ18O values), to understand
the impact of volcanic eruptions on net primary pro-
duction. Tree rings of trees growing in a stand of
Fagus sylvatica L. and Acer pseudoplatanus L. lo-
cated in the area of the Vesuvio (Southern Italy)
showed a significant decrease in ring width following
each Vesuvio's eruption event, probably caused by a
decrease in the mean annual temperature.

The analysis of stable-isotope wood composition
confirms a change in climatic conditions caused by
volcanic eruptions. The lower δ18O values in the
tree-ring cellulose indicate an increase of relative
humidity following each volcanic eruption, while δ13C
remained stable, indicating no change in photosyn-
thetic activity. Vesuvio eruptions strongly altered the
local climate by decreasing temperature and in-
creasing relative humidity, which in turn caused a
decrease in tree growth but not in photosynthesis
rates.

The impact of Vesuvio’s eruptions
on the growth and physiology of surrounding trees
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INTRODUCTION

Arsenic (As) in groundwater has led to an unre-
solved health crisis in Bangladesh. During the past
decades, the source of drinking-water has been
largely shifted from surface waters to groundwater.
This groundwater often contains As at concentra-
tions well above the WHO drinking-water guideline
(10 µg/L). A rapid population increase has led to in-
creasing rice production and the resulting increase in
irrigation water has mainly been provided by shallow
aquifers, which are particularly rich in As (Ali et al.
2003). The following As input into soils may lead to
long-term risks for the environment and human
health, because As may accumulate in soils, de-
crease soil fertility, can be taken up by plants and
thereby enter the food chain (Meharg & Rahman
2003). Recent studies indicate positive correlations
between As concentrations in paddy soils and in irri-
gation water (Alam & Sattar 2000; Meharg & Rah-
man 2003), but it is currently not known if this As
contamination is cumulative or if there are sufficient
biogeochemical pathways leading to As removal
(e.g., volatilisation, transport into deeper soil layers
or to overlaying water during flooding). Biogeo-
chemical processes may play an important role for
the behaviour of As: On the one hand oxidation of
As(III) to As(V) and sorption of As(V) to hydrous fer-
ric oxides can lead to immobilisation of As. On the
other hand, reducing conditions may occur in the
soils during the irrigation season as well as during
the wet monsoon season, so that As(V) may be re-
duced to As(III) and mobilised. Furthermore, organic
As species may play an important role in As cycling
both in soil and in the atmosphere.

OBJECTIVES AND METHODS

The general goal of our project is to investigate the
fate of As in the paddy soil system. The study in-

cludes the investigation of the spatial distribution and
temporal variation of As and other relevant elements
in paddy soil profiles at a field site in Munjiganj
Province, Bangladesh. Data of the concentration and
speciation of As are needed to determine the poten-
tial for As enrichment or attenuation and the direction
of further As dispersion in the environment. This will
provide information about the processes controlling
the fate of As in the field. Two sampling campaigns
were so far conducted in January 2005 before the
onset of the irrigation and in May 2005 after the irri-
gation season. First laboratory work including XRF,
pH, and CHNS analyses and oxalate extractions of
soils has been carried out so far.

FIRST RESULTS

The soils at the study site are non-calcareous,
clayey to silty Fluvisols. The average soil pH is 5.8 in
the topsoil (0-10cm) and 6.6 in the subsoil (30-
40cm). The topsoils contain on average 22.5 g kg-1

organic carbon, while only 8.0 g kg-1 were found in
the subsoil. The concentrations of total As in the top-
soil layer along a transect from the irrigation water
inlet to the opposite side of a paddy field before
(January) and after (May) the irrigation season 2005
is shown.
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Figure 1. Total Arsenic (mg kg-1) in the topsoil (0-10cm) along a
transect from the irrigation water inlet to the opposite side of a
paddy field sampled before and after the irrigation season
2005.

The results demonstrate clearly an accumulation of
As in the soil through the irrigation with As-rich water
as well as a heterogeneous As distribution in the
field. The concentrations near the water inlet are
about twice as high as at the opposite side of the
field. The same phenomenon can be observed in the
subsoil, although to a lesser extend (data not
shown). The heterogeneous distribution of As must
be considered when determining As fluxes in the
field. Also the total concentrations of P, Fe, Al, and
Mn in the soil samples were measured (data not
shown). Concentrations of P exhibited a similar trend
as did As, whereas the concentrations of Fe, Al and
Mn showed only minor variations along the transect.
Table 1 presents the total minimum and maximum
topsoil values of selected elements along the shown
transect in January and May 2005. Oxalate extract-
able As accounts for 66% of the total content,
whereas Mn (~47%), Fe (~19%) and Al (~2%) are
only to a lesser extent oxalate extractable. This
means for instance for As that 66% of the total As is
adsorbed to soil components or bound in amorphous
phases of Al- or Fe-hydroxides.

Table 1. Total minimum and maximum values of selected ele-
ments along the transect in January and May 2005 in the top-
soil (0-10cm).
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Figure 2. Depth distribution of total As in two soil profiles sam-
pled in January and May 2005.

Figure 2 shows the depth distribution of total As in
two soil profiles sampled in January and May 2005.
In January, the As concentrations were more or less
constant over depth at a slightly elevated level.

In May, total As concentrations up to 150 mg kg-1

were found in the first centimetre of the profile, de-
creasing to low concentrations of about 10 mg kg-1 in
the subsoil. This shows the direct influence of the
As-rich irrigation water. The upper part of the topsoil
layer is clearly the most affected.

Our first results show that the As concentrations in
the topsoil increase strongly during the irrigation pe-
riod. The spatial distribution of As along the transect
demonstrates a decrease in As inputs with distance
from the irrigation water inlet. At the end of the irri-
gation period, As is mainly concentrated in the top
few centimetres of the soil. However, As leaching
during the following monsoon period and soil mixing
as a result of ploughing is expected to lead again to
a more uniform depth distribution of As (similar to
January 2005).

OUTLOOK

More detailed sampling will be carried out in 2005
and 2006. The next campaign is planned for De-
cember 2005 after the wet monsoon season. Further
sampling campaigns will follow to observe changes
in the soil As concentration due to irrigation and
flooding over a period of 2.5 years. In addition, ex-
periments using closed soil slurry and microcosm
systems will be conducted to quantify biogeochemi-
cal As transformation processes in paddy soils under
controlled laboratory conditions. This will provide
detailed insights into relevant reaction pathways and
permit a better interpretation of our field data.
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Der CO2-Fluss aus Böden setzt sich aus der
autotrophen Atmung lebender Wurzeln, ihrer
assoziierten Mikroorganismen sowie der
heterotrophen Atmung von Zersetzern zusammen.
Diese verschiedenen Quellen erschweren die
Interpretation von Bodenatmungsraten und die
Quantifizierung des C-Budgets. In unserem Versuch
setzten wir ökosysteme an der alpinen Waldgrenze 4
Jahre lang erhöhten CO2-Konzentrationen aus. Das
hinzugegebene CO2 enthielt im Vergleich zu
‚normaler’ Luft einen geringeren Anteil des stabilen
Isotops 13C, wodurch wir das von den Pflanzen
aufgenommene CO2 über die Wurzeln bis ins
wiederveratmete CO2 verfolgen konnten. Ziel war es,
zu bestimmen, wie hoch der Anteil der autotrophen
Atmung am CO2-Fluss aus den Böden ist.

Unsere Ergebnisse zeigen, dass rezenter
Assimilate beträchtlich zur Bodenatmung beitragen.
Entsprechend der Zugabe von 13C abgereichertem
CO2 erniedrigte sich das d13C rezenter Nadeln um
7‰. Das d13C des aus dem Boden freigesetzten
CO2 nahm um etwa 3‰ ab, woraus sich ein rund
40% Anteil rezenter Assimilate an der Bodenatmung
ergibt. Vermutlich lag der Beitrag pflanzenbürtigen C
zur Bodenatmung jedoch höher. Die 13C-Markierung
‚verdünnte’ sich in der ‚alten’ Vegetation mit 40-
jährigen Bäumen, so dass man mit dem 13C-Signal
die Veratmung ‚ältere’ Pflanzenkomponenten
unterschätzt. Unterstützt wird dies durch einen
begleitenden ‚Clipping’-Versuch, in dem wir die
gesamte Vegetation entfernten. Hierdurch nahmen
die Boden-atmungsraten um 60 bis 70% ab, was
einen entsprechend hohen Anteil pflanzenbürtigen C
nahe legt. Hinsichtlich des gesamten C-Budgets
ergab sich, dass rund zwei Drittel des jährlich von
den Pflanzen gebundenen CO2 wieder direkt über
die Wurzelatmung abgegeben wird.

Quellen der Bodenatmung an der alpinen Waldgrenze –

ein 13CO2-Tracerversuch
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Lignin is a major component of cell walls in terrestrial
plants. Due to its aromatic structure it is believed to
be highly resistant against microbial degradation.
Short term decomposition studies indicate initial
lignin enrichment in plant litter. Its long-term fate in
soils, however, is not known.

Organic carbon can be stabilised in the clay
fraction by interactions with clay minerals. However,
we know only very little about the compounds that
are especially enriched in this stabilised fraction.
The aim of this study was to assess the role of lignin
as a possible contributor to the stable soil carbon
pool.
This was achieved by two different and independent
approaches:
(1) Quantification of lignin in different particle size
classes, and
(2) Determination of turnover rates for lignin by
compound specific isotope analysis (CSIA).

Quantification of lignin in particle size fractions is
well documented in literature (Guggenberger et al.
1994, Amelung et al. 1999, Kiem & Kögel-Knabner
2003). However, CSIA has only recently been
applied to lignin monomers in soil (Dignac et al.
2005).

Determination of turnover rates can be done by
using the stable isotope approach (Balesdent &
Mariotti, 1996). Briefly, organic matter turnover rates
are determined by following the decrease of “old”
carbon stocks after the isotopic label of the biomass
input has been changed either by a vegetation
change (C3 to C4 plants) or by fumigation with
labeled CO2. In order to discern “old” from “new”
lignin, we applied compound specific isotope
analysis (CSIA). Before CSIA can be applied, the
lignin macromolecule has to be split up into
monomers that are amenable to gas
chromatography. For this purpose the sample is

mildly oxidized with CuO in an alkaline solution,
which yields up to eight lignin-specific monomers in
different concentrations. These can be separated by
gas chromatography (GC). For CSIA, the GC is
coupled to a combustion oven and an isotope ratio
monitoring mass spectrometer. Each compound
separated by GC is separately combusted to CO2

and the 13C/12C ratio of the generated CO2 is then
monitored in the mass spectrometer.

Within the current project, samples from two
arable soils (Boigneville, France and Rotthalmünster,
Germany) were analysed as bulk soils and after
separation into particle size classes. At both sites,
one plot has been under continuous maize (C4
plant) cropping for 23 years, while the control plot
has been under continuous wheat (C3 plant). For
comparison, a grassland soil, planted with ryegrass
(Lolium perenne) was analysed, where the 13C label
had been introduced by fumigation with labeled CO2

for 10 years.

The samples studied so far indicate that turnover
times for lignin-derived monomers are in the range of
10 to 40 years, and thus shorter than for bulk soil
organic matter (SOM) in the same soil. This is in
contrast to the existing assumption that the lignin
macromolecule is selectively preserved within SOM.
Among the structural units of the lignin, cinnamyl
units turn over faster than syringyl and vanillyl units.
Under pasture, lignin turnover appears to be faster
than in arable soil. Lignin analyses in particle size
fractions support the view of relatively fast lignin
turnover. We observed relatively small differences in
lignin turnover times between the particle size
fractions, while turnover times for bulk organic matter
steadily increased from the sand to the clay fraction.
This suggests that the particle size class in which a
lignin molecule actually is located has only a minor
effect on its turnover rate and a particle size-
dependent stabilization does not exist for lignin.

Lignin is not a main contributor to the
stable soil organic carbon fraction.
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This agrees very well with independent data from a
simple quantification of lignin oxidation products in
the size fractions. At all three sites, the ratio of lignin
oxidation products to total organic carbon decreased
from sand to clay fractions. The same trend is also
documented in literature for a variety of soils
(Guggenberger et al. 1994, Amelung et al. 1999,
Kiem & Kögel-Knabner 2003). The clay fraction
usually contains the oldest and most stable carbon.
However, compared to the other size fractions,
carbon in the clay fractions contained the smallest
proportion of lignin-derived monomers of all size
fractions. Thus, it must be concluded that lignin
molecules do not contribute significantly to this
selectively preserved carbon pool.
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Soils store the greatest amount of C in terrestrial
ecosystems, they store about 70 % of the total ter-
restrial C and contain C- pools with turnover times of
several hundred years (Perruchoud & Fischlin 1995).
C- sink is an important issue in the Kyoto protocol.
The significance of forest soils as a carbon sink is
still uncertain. Detecting changes in pools of solid
organic carbon (SOC) is extremly difficult because C
pools and CO2 fluxes are rather large compared to
changes.

DOC is a net product of soil carbon cycling and it
could potentially be used as an indicator to detect
changes in soil carbon cycling. In forest ecosystems,
the forest floor represents an important source of
DOC. A study by Neff & Asner (2001) showed, that
DOC fluxes could account for the formation of at
least 25 % of the soil carbon. A large portion of it is
retained in the mineral soil, thereby contributing sig-
nificantly to the accumulation and preservation of or-
ganic carbon in long term.

Analysing and modelling 14C dynamics in SOC
and DOC in combination with long-term monitoring
data are a promising approach to understand and
quantify soil C cycling.

By the use of the model DyDOC (Michalzik et
al. 2003), it was attemped to simulate the formation,
transport and retention of DOC in a soil profile, tak-
ing account of metabolism, sorption reactions and
transport of percolating water. A significant feature of
the model is that it tracks the passage of 14C through
the plant-soil-water sytem, providing information
about time scales.

Different data concerning climate, vegetation, soil
and soil solution are sampled and analysed at a
permanent monitoring site in Beatenberg, Switzer-
land. Data between 2001 and 2004 provide the basis
to parameterise the DyDOC model.

The modelled results were compared with the meas-
ured DOC concentrations. By the use of the calcu-
lated parameterisation for the study site in Beaten-
berg, it was tried to extrapolate the model on a
similary site. Furthermore scenarios (changing tem-
perature, changing forest productivity) which proba-
bly have influence on the terrestrial C cycling were
simulated.

The present results show a good accordance
between the measured and the modelled DOC con-
centrations in the O-horizon of Beatenberg. The
modell reproduce well the variation of measured
DOC concentrations, increasing during the summer-
time and decreasing in the wintermonths.

The development of the C-pool in the O-horizon
shows that the litter and the substrate fraction need
about 20 and 220 years respectivly to reach steady
state, the Hum-3 is still increasing.
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CO2 from soils is recognised as one of the largest
fluxes in the global carbon cycle and small changes
in the magnitude of soil respiration could have a
large effect on the concentration of CO2 in the at-
mosphere (Schlesinger & Andrews, 2000). Climatic
change may influence decomposition of SOM and
therefore soil respiration directly through the re-
sponses of the decomposer organisms to altered
temperature and/or moisture regimes, but also indi-
rectly through alterations of ecosystem (Sjögersten &
Wookey, 2002) By using historic fixed-point land-
scape photographs, it has been reported that tree
lines in the South Urals have been rising by 60 to 80
m during the last century, most likely due to a
warming climate (Moiseev & Shiyatov, 2001).

In this study, we investigated how this rising tree
lines will alter the soil carbon cycling and if the shift
from open land to forest and the increasing tem-
perature would result in a carbon release from soils
to the atmosphere. For this aim we compared soils
at the tree-line and in the closed forest and deter-
mined C- and N-pools by inventory and the
decomposability of SOM (organic layer and Ah-
Horizon) by a half-year laboratory incubation ex-
periment at two temperatures (7 °C and 20 °C). We
measured the release of CO2, DOC and N. CO2-
respration of both organic layer and Ah-Horizon was
2-4 times higher in the forest than at the tree-line,
suggesting that greater litter input by rising tree-lines
might be 'balanced out' by accelerated decomposi-
tion. This assumption was confirmed by the fact that
at the tree-line the organic layers content much more
C then in the forest. But total SOC-stocks are
smaller at the tree-line because of less C in the min-
eral soil. We conclude that rising tree-line will reduce
organic layer and therefore total SOC at the tree line
on a short time scale. But the incubation experiment
also showed greater N-mineralization in the forest.
Increased N- availability by rising tree-line may result

in greater C storage in plants, because they have
higher C/N ratios than SOM, allowing them to store
more C per unit N than soil.

Not surprisingly, the incubation temperature had
a substantial effect on CO2-respiration, DOC-release
and N-mineralization, with 2-4 higher fluxes at the
higher temperatures. But starting out from the pre-
diction that temperatures in this century will increase
1.4-5.8 °C (IPCC, 2001), we conclude that the indi-
rect influence of global warming through rising tree
line on SOC-stocks will be more important in this re-
gion, than the direct influence through higher tem-
peratures.
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Since half of all biomass or humus is carbon and the
annual carbon fluxes through vegetation are seven
to eight times larger than anthropogenic carbon re-
lease in the form of CO2, the biosphere is a key
player in any global carbon budgeting. However, lots
of misunderstandings seeped into the debate. The
most significant issue is the definition of biological
carbon sequestration. For many this is the instanta-
neous carbon uptake by vegetation, although this is
largely irrelevant for the carbon budget. The relevant
factor is sustained carbon storage, i.e. the pool of
carbon per unit landscape area. In other words, the
debate suffers from confusing rates of fluxes with the
size of pools. Biological carbon sequestration is a
demographic rather than a physiological process and
is driven by the mean organismic life span (mean
residence time) over large areas. A second issue is
the likelihood of a stimulation of plant growth by ele-
vated atmospheric CO2 concentrations, which is of-
ten believed to mitigate atmospheric CO2 enrich-
ment. I will comment this in the light of recent
experimental findings and the above considerations
on rates vs. pools of carbon.
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Plants and microorganisms exude a range of organic
substances into the extracellular environment. Inter-
actions between these substances and mineral sur-
faces influence the solubility and adsorption of trace
nutrients or pollutants and modify the physico-
chemical properties of the mineral/water interface.
The efficiency of these processes controls the pri-
mary production and carbon cycling in trace-nutrient
limited environments including marine and terrestrial
systems. As an example for such biogeochemical
processes we will discuss how biogenic ligands and
surfactants control mineral surface chemistry in or-
der to acquire the trace nutrient iron.

Bacteria, fungi and grasses exude siderophores
along with other organic ligands under iron limiting
conditions to increase the bioavailability of iron ox-
ides. Under steady state conditions, siderophores in-
fluence the dissolution rates of iron oxides by modi-
fying the solution saturation state and by facilitating a
surface controlled siderophore promoted dissolution
mechanism.

Microorganisms and plant roots exude biogenic
surfactants to modify the physical and chemical
properties of mineral-water interfaces. Surfactants
with negatively charged hydrophilic head groups in-
teract strongly with oppositely charged mineral sur-
faces such as iron or aluminum oxides. Surfactant
self-assembly at mineral surfaces can result in the
formation of admicelles that have a significant effect
on the surface charge and hydrophobicity.

We investigated the adsorption of a natural sur-
factant (rhamnolipid: RhL) and the synthetic surfac-
tant (sodium dodecyl sulfate: SDS) on goethite (_-
FeOOH, a common pedogenic iron oxide) and ob-
serving the effect of surfactant self-assembly on the
properties of the mineral water interface and on iron
acquisition processes.

In this study we demonstrated how surfactant
self-assembly at the mineral surface influences the
adsorption of siderophores and other organic
ligands. We studied the adsorption of two sideropho-
res, Desferrioxamine B (DFO-B) and Desferrioxam-
ine D (DFO-D). These siderophores have identical
ligating groups and backbone, but DFO-B is posi-
tively charged while DFO-D has no charge at pH 6
due to structural modifications of a terminal amine
group. Also, we studied the adsorption of EDTA,
which is negatively charged at the experimental pH.
We found increasing adsorption of DFO-B and DFO-
D with increasing surfactant concentrations, indicat-
ing that hydrophobic interactions between the ligand
and the adsorbed surfactant are more important than
electrostatic attraction. This interpretation is consis-
tent with the observation that the surfactant had no
effect on EDTA adsorption, which is twice negatively
charged and hydrophilic. Siderophore controlled iron
oxide dissolution rates increased with increasing
surfactant concentrations up to 10 _M but slightly
decreased at higher surfactant concentrations. This
indicates that the presence of low surfactant con-
centrations facilitates inner sphere surface com-
plexation of siderophores. However, at high surfac-
tant concentrations siderophores adsorb as outer
sphere complexes, presumably by adsorption to the
surfactant admicelle. Our results demonstrate that
surfactants have an important effect on bio-mineral
interactions.
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Large areas near the timber line of the Swiss Alps
are historically covered by grasslands, but the influ-
ence of different management practices on the
amount, distribution, and chemical properties of the
soil organic matter (SOM) is largely unknown. Here
we report results from two sites at Alp Flix, Canton
Graubünden, which are located at approximately
2020 m elevation with a mean annual temperature of
+2.2°C and a mean annual rainfall of 1050 mm.
During the last hundred years, the sites were either
used as a hay meadow or as a cattle pasture. The
sites are located in close vicinity to each other and
have comparable conditions (elevation, exposition,
slope) and parent material. Soils at each site were
not deeply developed (maximum 20 cm), which limits
their SOM storage capacity. Soil organic carbon
(SOC) densities over the entire soil profile were
similar, i.e. 6.11 ± 0.69 and 5.51 ± 0.80 kg C m-2 for
pasture and meadow, respectively (Fig. 1). The
pasture soil was less deep, and had significantly
more SOC located in the topsoil. Measurements in
the laboratory revealed no difference between the
two sites in terms of the rate of CO2 respiration and
for Q10 values, thus indicating similar proportions of
labile SOM. Chemical (i.e. share of alkyl C measured
by FTIR spectroscopy) and thermal (i.e. peak tem-
peratures of oxidative measurements obtained by
means of Differential Scanning Calorimetry) SOM
characteristics changed strongly with soil depth, but
without significant differences between sites. To-
gether, these parameters indicated an increase in
OM transformation with soil depth, which was slightly
more pronounced under pasture. In conclusion, total
SOM storage was limited by profile depth and stone
content, and long-term management had only minor
influence on SOC density. However, due to a differ-
ent SOC stratification, SOM under pastures may be
more vulnerable to erosion or increasing tempera-
ture.

Figure 1. Soil organic carbon storage under meadow (left) and
pasture (right). Box-whisker plots show means, standard errors
SE, and SE * 1.96.
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Atmospheric deposition of ammonium (NH4+) and
nitrate (NO3_) can induce eutrophication of previ-
ously N-limited ecosystems, including forests. NO3_

leaching in forests is usually considered as a symp-
tom of ‘nitrogen saturation’, when N inputs exceed
the uptake capacity of plants and soil microbes.

In a Picea abies forest at Alptal, central Switzer-
land (1200 m a.s.l.), we simulated an increased N
deposition by adding NH4NO3 (25 kg N ha-1 year-1) to
rain water sprinkled over the ground of a small
catchment. This treatment is compared to a control
catchment that receives only unaltered precipitation
(12 kg ha-1 year-1 bulk N deposition) and where
NO3_-N leaching is close to 3 kg ha-1 year-1.

During a rain event, NO3_ concentration in runoff
water correlates to the discharge, both showing con-
comitant peaks. Part of this leaching corresponds to
short and sharp peaks of NO3_ deposited during the
event itself, as shown by 15N labelling (Providoli et
al., 2005a). Very fast leaching is favoured by prefer-
ential and lateral water flow in the Gleysols of this
site, whereas flow paths also correspond to mi-
crosites with enhanced N transformation in compari-
son to the soil matrix (Hagedorn et al., 1999). An-
other part of this leaching is made of N deposited
during the previous events and NO3_ losses doubled
within weeks of the N addition (Schleppi et al.,
2004). This rapid increase is thus largely driven by
hydrology and cannot be interpreted as N saturation.

In the short term, NH4+ and NO3_ from atmos-
pheric deposition have a different fate: NO3_ is partly
leached and NH4+ is more taken up by the vegeta-
tion before even reaching the ground. Mosses are
especially efficient in this regard and can take up
20% of the NH4+ contained in precipitation. In the
soil, both NH4+ and NO3_ are rapidly immobilised and
less than 2% remain extractable after one week

(Providoli et al., 2005b). With the same time span,
the ratio between both ions becomes equilibrated,
regardless of which one was added as 15N label.
This indicates that differences between both ions
exist, but that they can be effective only through
short-term processes.

Most of the N chronically added as NH4NO3 was
retained in the ecosystem, especially in the soil
(Schleppi et al., 1999; Hagedorn et al., 2001). In the
first year of the treatment, about 10% of the added,
15N-labelled N was lost as NO3_ leaching. The treat-
ment continued but with unlabelled N and the 15N
signal disappeared from the runoff within 3 months.
However, NO3_ leaching itself continued to increase
and reached 30% of the N addition after 6 years.
This was accompanied by a decrease of the C:N ra-
tio in the upper soil from 20 to 18. The decreased
ability of the ecosystem to retain N is thus inter-
preted as a progressive N saturation of the soil.

In the trees, 6 years of N addition were necessary
to measure an increased N uptake. Needles became
larger, but the stem growth remained unaffected. No
significant changes in the botanical composition of
the ground vegetation could be detected so far.
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This review focuses on the commonly analytical
methods and definitions used to characterize sedi-
mentary combustion-derived products. New optical
and chemical methods are used for the reconstruc-
tion of past biomass burning activity and its impact
on the global Black Carbon (BC) cycle. The dark
particles >0.2 µm remaining after the partial diges-
tion of organic matter are optically counted by auto-
mated-image analysis and defined as charcoal. The
elemental carbon remaining after a thermal and a
chemical oxidative treatments is quantified as BC
(quantification limit is 7.8µg and recovery is 83%).
Charcoal and BC records from late-Pleistocene
equatorial Pacific Ocean and late-Holocene African
lacustrine sediment cores, are interpreted regarding
transport mechanisms and biomass burning activi-
ties. Results show that dark carbon-rich particles
burial in the open-ocean area is partially controlled
by low-latitude atmospheric circulation patterns (i.e.
summer monsoon dynamics), while surface run-
off/erosion from forest soils is an important sources
of particles for the tropical lake. However, in the
oceanic sedimentary record from the west equatorial
Pacific recovering the last 360 ky, charcoal and BC
sediment fluxes increase by three fold between 53-
43 and 12-10 ky, suggesting that human colonization
and changes in practices in the Indo/Pacific region
have induced shifts in fire regimes. In the crater lake
record from Tanzania recovering the last 4 ky, char-
coal and BC sediment fluxes increase by three fold
between 1.6 and 0.9 ky, synchronously with the ex-
tend of Late Iron Age and agricultural innovations in
the east African Rift. These results demonstrate that
fire regimes have changed throughout Late Pleisto-
cene and during the Holocene, due to changes in
climate, vegetation, and human practices. The re-
gional emissions of dark carbon-rich particles in the
environment have probably tripled under anthropo-
genic influence, such as appearance, land-use inno-

vations, and social changes (settlement, agriculture,
metallurgy).

A new project comparing a lacustrine record (Lake
Lucerne) with an Alpine ice core (Colle Gnifetti), will
allow to test the methods in Swiss natural archives,
and to compare past and modern human impact on
the emission of pyrogenic carbon in the environment.

This project is funded by the French Ministry of
Foreign Affairs (Lavoisier grant 2005) and the host
institutions.
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Iron plays a key role in the terrestrial biogeochemical
cycle of soils and sediments. The dissolution of iron
oxide minerals during weathering and soil develop-
ment controls the bioavailability of iron, an essential
nutrient for almost all organisms. Furthermore, the
biogeochemical iron cycle is closely connected to the
environmental cycles of other nutrient and pollutant
elements.

Iron has four stable isotopes in nature (54Fe, 56Fe,
57Fe, 58Fe). Due to the development of new analyti-
cal methods, namely multiple-collector inductively-
coupled-plasma mass spectrometry (MC-ICPMS),
the distribution of iron isotopes in natural samples
can now be measured with high precision. Iron iso-
tope ratios in bulk magmatic rocks are constant
within a very small range. In contrast, significant
fractionations of iron isotopes have been found in
various low-temperature environments including
soils. However, the fractionation mechanisms gov-
erning the distribution of iron isotopes in nature still
remain largely unclear.

We will present iron isotope measurements of
natural soil profiles with pedogenic translocation of
iron. Our data indicate that the light isotope 54Fe is
preferentially translocated during podzolization
(ligand-controlled) and redoximorphosis (redox-
controlled). Furthermore, the results of laboratory
dissolution experiments with goethite (a-FeOOH) will
be presented and discussed. Iron oxide minerals
dissolve by three different mechanisms: (1) proton-
promoted, (2) ligand-controlled, and (3) reductive
dissolution. Whereas proton-promoted dissolution
does not fractionate iron isotopes, significant frac-
tionations favoring the lighter isotopes occur during
both ligand-controlled and reductive dissolution.
These results provide a first mechanistic picture of
iron isotope fractionation during mineral dissolution.
A kinetic fractionation model describing the distribu-
tion of iron isotopes in solution and at the mineral
surface during the early dissolution fractions will be
presented. The implications of these results for the
use of iron isotopes as tracer in terrestrial biogeo-
chemical cycles will be discussed.

Iron isotope fractionation during weathering and soil development
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Sequestration of organic matter into soils plays an
important role in global CO2 dynamics. Models de-
scribing CO2 budgets therefore assume different
rates of soil organic carbon (SOC) turnover depend-
ing on the reactivity of plant-derived components.
Lipids are assumed to represent a relatively stable
fraction of soil organic matter (SOM) (van Bergen et
al., 1997, Kögel-Knabner, 2002). In contrast to mac-
romolecular SOM-fractions these compounds are
suitable for detailed structural and compound-
specific δ13C-isotope characterization. In contrast to
the standard approach for assessment of SOM turn-
over rates using natural isotopic labeling after
monoculture crop switching, carbon enrichment ex-
periments (FACE) facilitate turnover estimations of
bulk SOC and organic substances as a result of la-
beling with 13C-depleted CO2. The enhanced avail-
ability of CO2 was thought to increase biomass pro-
duction in plants. Recent analyses show that no
significant biomass increases were obtained during
10 years of carbon enrichment in the Swiss Eschikon
FACE experiment. In this study, we simultaneously
applied isotopic and biomarker analysis to obtain in-
formation on the development of lipid distribution in
plants and turnover into SOM.

Surface soil (0-10cm depth) and plant samples
derive from the Eschikon FACE experiment after 10
years of parallel treatment with i) natural CO2 con-
centrations and corresponding δ 13C-values of      
–8.7‰ [V-PDB], and ii) an enhanced CO2 concen-
tration of 600ppm, where the added CO2 had a δ13C-
value of –48‰ [V-PDB]. Three replicate samples
were taken of each plot from both, Lolium perenne
and Trifolium repens. Total lipids were recovered by
accelerated solvent extraction and separated into
eight fractions of different polarity by automated liq-
uid chromatography (Wiesenberg et al., 2004a).
Fractions of aliphatic hydrocarbons and carboxylic
acids were analyzed by GC-MS and GC-irmMS. Bulk

SOC was analyzed by EA-IRMS after decarbonati-
zation.

Amounts of total extractable lipids remain uniform
for plants grown under fertilized and ambient condi-
tions, resembling total biomass production. Con-
trastingly, lipid distribution patterns changed for both,
plants and corresponding soils. Plants reveal lower
relative amounts of C16:0 carboxylic acids and larger
amounts of unsaturated C18:1 and C18:2 carboxylic
acids with CO2 fertilization. Additionally, a minor but
consistent relative enrichment of n-C33 alkanes can
be observed in fertilized plants. Due to consistent re-
sults observed for several plants, these changes
must be related to the fertilization effect of CO2.
Turnover of bulk carbon seems virtually identical for
both experiments (Figure 1) with an replacement of
30% by new carbon as estimated from bulk organic
carbon isotopic (δ13C) differences between ambient
and elevated CO2 plots. This turnover is in good
agreement with literature data from standard natural
isotopic labeling experiments as explained above.

In contrast to bulk carbon, lipid turnover shows
large varieties between both, different lipid fractions
(alkanes and carboxylic acids), and different planta-
tions (Figure 1). Long-chain plant-derived carboxylic
acids turn over significantly faster than bulk organic
carbon, which is in perfect agreement with literature
data (Wiesenberg et al., 2004b). Contrastingly, long-
chain plant-derived n-alkanes reveal significant lower
new carbon proportions and hence slower turnover
times than the bulk soil organic carbon of the FACE
eperiment and alkanes of agricultural trials with natu-
ral 13C-labelling (Wiesenberg et al., 2004b). This
might be due to a combination of three effects: i) the
plant-internal translocation rate of alkanes from
aboveground biomass to SOC is lower for the plants
of the FACE experiment than for typical agricultural
crops with larger biomass production rates, ii) al-
kanes in the soils can be derived from other sources

Modification of lipid distribution pattern and isotopic (d13C)
composition in plants and turnover of lipids in

corresponding soils of the Eschikon FACE experiment
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like e.g. incorporation of fossil carbon, and iii) degra-
dation processes in the no-till soil are slower than in
well aerated agricultural soils. Thus more reactive
compounds like carboxylic acids remain stable after
incorporation by plant and microbial biomass and
lower amounts are degraded into less reactive com-
pound-classes like aliphatic hydrocarbons (including
alkanes). The largest effect on slow turnover of al-
kanes is to be assumed from the third effect, be-
cause alkane proportions are not significantly lower
in CO2-fertilized plants and low contributions of fossil
carbon can be expected due to the location of the
experimental trial in a rural area.

Significant differences are observable between
the lipid turnover of the two different analysed plants
in the FACE experiment (Figure 1). The Trifolium re-
pens plots show a slower replacement of new lipids,
which might be due to lower biomass production and
translocation rates into soil organic carbon.

The Eschikon FACE experiments gave new in-
sights into molecular behavior of lipids under ele-
vated CO2 conditions, which are to be expected in
the atmosphere within the next few decades. While
the total lipid amounts remain unchanged, significant
compositional changes in lipid distribution patterns
can be expected. Under non-tillage conditions al-
kanes can be more stable than bulk soil organic car-
bon and more reactive lipid fractions like carboxylic
acids. The FACE experiment facilitates turnover de-
terminations additionally or alternatively to the stan-
dard natural labeling approach.

Figure 1. The new carbon proportions of bulk soil organic car-
bon and the plant-derived long-chain n-alkanes and n-
carboxylic acids after 10 years of the Eschikon FACE experi-
ment.
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