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Introduction

Deposition of inorganic nitrogen (N) to natural or 

semi-natural ecosystems has increased over the 

second half of the 20th century due to emissions 

from human activities. Inputs of ammonium 

(NH4
+) and nitrate (NO3

-) can induce an eutrophi-

cation of previously N-limited systems. Alpine 

ecosystems tend to have a rather tight N cycle. 

This is because both the supply and demand of 

mineral N are limited by climate and soil condi-

tions at higher altitudes. The relative impact of N 

deposition is therefore potentially stronger here 

than at lower altitudes.

Critical loads of N are exceeded over large por-

tions of Swiss forests. Tree health, biodiversity 

and water quality may be detrimentally affected. 

Nitrate leaching into surface and ground water is 

a particular matter of concern.

A simulation of a higher deposition rate is being 

conducted as a paired-catchment experiment in a 

spruce forest at Alptal, Switzerland. Following 

questions are addressed:

Alptal research site

Geography and geology

The Alptal valley runs in the central Swiss Prealps 

from the Mythen mountains in the south to Ein-

siedeln in the north (Fig. 1). The Mythen are rel-

icts of the Penninic nappes, which were pushed 

from the south then eroded with the exception of 

the Mythen. The top of the Grosse Mythen is dis-

tinctly red and belongs to the Couches Rouges. 

Underneath is grey Malm limestone. The pilgrim-

age town of Einsiedeln, on his part, lies over

freshwater Molasse. Between these two for-

mations, the Alptal consists of Flysch, mainly 

Wägital Flysch. These old-tertiary calcareous 

sandstones with clay-rich shists make the whole 

hillsides unstable and let them move down with 

velocities in the order of magnitude of a cm per 

year.

Climate

The climate of the Alptal is cool and wet, with a 

mean temperature of 6°C at an altitude of 1200 m 

and with 2300 mm precipitation per year, of which 

~30% as snow.
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Fig. 1: Three small catchments studied by WSL in the Alptal valley.

Soil

Soils evolving from  Flysch parent material are 

very heavy, with here typically 45% clay, 45% silt 

and only 10% sand. The mineral soil has there-

fore a low water permeability. Together with the 

wet climate, this leads to hydromorphy and to the 

development of Gleysols on the slopes. Espe-

cially in forested areas, there is a distinct mi-

crotopograhy with mounds and depressions. Soil 

profiles vary accordingly, the reducing gley hori-

zon starting at depths between 15 and 80 cm be-

low soil surface. Humus forms also differ: anmoor 

in the depressions and raw-humus-like on the 

mounds (Fig. 2). Gleysol is also found on open, 

non-forested areas, there with a thick anmoor 

horizon.
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Fig. 2: Typical soil profiles in the Alptal forest.

Vegetation

The landscape of the Alptal is a mosaic of for-

ested areas and wet meadows and pastures. 

Meadows were formerly used once a year for litter 

production. This land-use form disappeared until 

it was reintroduced in the 2000's to protect their 

typical species, like orchids. Forests are naturally 

dominated by Norway spruce (Picea abies) with 

some silver fir (Abies alba) and green alder (Alnus 

viridis) along the streams. The ground vegetation 

in the forests can be classified into three commu-

nities depending on soil and light: trees + Vaccin-

ium on the acidic mounds; Caltha palustris +

Petasites alba (shade) or Poa trivialis + Carex 

(light) in the depressions. The active vegetation 

period lasts from June to September.

Atmospheric deposition

As measured in rain gauges, the bulk deposition 

of nitrate (NO3
-) and ammonium (NH4

+) amounted 

to each 6 kg / ha / y in the 1980 and 1990's and 

is slightly decreased since then. The deposition 

of sulfate (SO4
2-) strongly decreased following 

abatement measures. This let the pH of precipita-

tion increase by one unit (Fig. 3).

Hydrological catchments

Three sub-catchments of the river Alp have been 

instrumented in the 1980's (Fig. 1). They differ in 

their proportion of forest cover. Precipitation and 

discharge are measured and analysed since 

then.

Starting 1995, two experimental forested catch-

ments (~1500 m²) have been delimited by 

trenches within the Erlenbach catchment (Fig. 4). 

Nitrogen is added as NH4NO3 to rain water and 

applied by sprinklers to catchment # 2 at 22 kg N 

/ ha / y. Catchment # 1 is the control and receives 

only unaltered rain water. Catchment # 3 is a fur-

ther control in a fallow area (former litter 

meadow). The addition of NH4NO3 started after 

one year of calibration. It included 1400‰ 15N

during the first treatment year. Control catch-

ments were labelled with 15NO3 in 2000/01 and 

with 15NH4 in 2002/03.



157

Fig. 3: Trends in bulk deposition at Erlenhöhe (Alptal).

Fig. 4: Experimental setup of the N-addition experiment Alptal.

Sampling and analyses

Water discharge: measured with V-notch weirs, 

with automatic, discharge-proportional sampling. 

Bulk deposition, throughfall and runoff samples:

collected weekly, proportionally bulked over 2 

weeks.

Water analyses: electrical conductivity, pH, ICP-

AES (cations), IC (anions), FIAS (ammonium), 

persulfate digestion + IC (dissolved organic N = 

DON).

15N: soil and vegetation pools analyzed by MS. 
15NO3

- and 15NH4
+ in water samples measured by 
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concentration on exchange resins + ammonium 

diffusion + MS.

Water budget

The evapotranspiration was estimated, based on 

temperature and radiation, to be ~510 and ~590 

mm for grassland and forest, respectively. Differ-

ences between yearly water inputs and outputs 

ranged from -60 to +370 mm. Forest and grass-

land are very similar except during snowmelt (Fig. 

5) because less snow accumulates in the forest 

(interception and sublimation in the canopy).

Fig. 5: Mean cumulated water balances (1994-2002).

Nitrate leaching

Nitrate in the runoff is mostly <0.5 mg N / l (Fig. 

6). Higher concentrations occur either at low dis-

charge or during snowmelt. Leaching from the 

grassland is about the same than from the forest. 

During the calibration year, both forested catch-

ments were very similar. During the first treatment 

year, there was a quick and significant increase 

over the control, most of which consisting of la-

belled N (Fig. 7). This leaching can largely be ex-

plained by fast preferential flow of water through 

the upper soil, followed by lateral flow over the 

gley horizon. Accordingly, nitrate from precipita-

tion (or treatment) has only a short contact with 

the soil and can only partly be captured by roots 

and microorganisms.

Fig. 6: Nitrate concentrations in soil solution and runoff wa-

ter
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Fig. 7: Nitrate leaching during 20 years of N addition, with tree girdling in 2009, then felling in 2010.

Effect of tree girdling and felling

Girdling half or the trees >20 cm in diameter in 

2009, then felling them in 2010 resulted in an in-

crease in nitrate leaching from the catchments, 

especially from the N-treated one. This effect can 

be explained by the reduced demand for N by 

roots. It was not related to an increased minerali-

sation since practically no increase was observed 

in the transfer of 15N label from the soil to leached 

nitrate.

Partitioning of 15N

Most 15N applied to the N-treated catchment was 

retained in the soil, including its litter layer. The 

trees and the ground vegetation contained each 

less than 10% of the label, but in later years the 

recovery slowly increased in the trees while it de-

creased in the ground vegetation. In the control, 

much label applied as ammonium was first re-

tained in the mosses, but within a few years the 

partitioning pattern became similar to that ob-

served in the N-addition catchment (Fig. 8).
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Fig. 8: Partitioning of 15N between soil, trees and ground vegetation after labelling (small horizontal arrows): with 15NH4
15NO3

in the N-treated catchment, with K15NO3 then 15NH4Cl in the control.

Effect of N addition on trees

Fig. 9: Effect of the N addition on N concentration and morphological parameters of needles.

15N was readily incorporated into needles, also in 

older ones. Nevertheless, N concentration in-

creased only after a few years and later returned 

to values no longer significantly higher than in the 

control (Fig. 10). This can be explained by a dilu-

tion effect since the size of the needles markedly 

increased.

The diameter growth was measured on stem 

disks when trees were felled in 2010. Compared 
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to the preceding 35 years, the N addition induced 

significantly higher growth rates in the early wood 

and thus also in the entire rings. This enhance-

ment can be ascribed to the larger needles of the 

N-treated trees. The canopy being relatively open 

(leaf area index 3.8), increasing the needle area 

implies that more light can be absorbed an used 

for photosynthesis.

Fig. 10: Basal area increments in response to N addition

Ground vegetation

Species were counted each year on 9 permanent 

quadrates (50 x 50 cm) per plot. An analysis of 

principal components of frequencies was per-

formed. The first component was found to be 

linked to soil conditions and the second to light. 

There was a clear discrimination between three 

plant communities but no response to N addition. 

An increase in blackberry abundance was noticed 

in the N-treated catchment after tree felling, but 

this did not yet show up significantly in the perma-

nent quadrates.

Greenhouse gases

Static chambers were used during 5 years to 

measures exchanges of the 3 main greenhouse 

gases: CO2, CH4 and N2O (Fig. 11). N addition 

tended to decrease CO2 production, which is in 

line with observations on other sites and corre-

sponds to the accumulation of N along with C in 

soil organic matter. CH4 balance was also mar-

ginally affected by the N treatment, turning the 

soil from a small sink into a small source. The 

higher the water table in the soil, the more CH4

was produced. Girdling and felling trees also in-

creased the net production of CH4. Similar 

tendencies were measured for N2O, with the ex-

ception that a higher water table corresponded to 

a reduced net release of this greenhouse gas.

Fig. 11: Greenhouse gases from the soil of N-treated plots (red) compared to controls (blue). Error bars indicate ± standard 

error (n=5).
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This can be explained by the soil being often too 

wet for N2O production: denitrification then pro-

ceeds further to the formation of N2. Soil temper-

ature had obviously a large impact on soil respi-

ration but no significant effect on net fluxes of CH4

and N2O.

Conclusions (including facts not detailled here)

Publications

A publication list of this project is available at https://www.schleppi.ch/patrick/publi/?proj=Alptal. Ab-

stracts, DOI links and many PDFs are available there.


