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ABSTRACT 

During a period of one year, we measured the concentration and the stable isotopic composition 
of C02 in weekly soil air samples from two depths in a grass-covered soil. The C02 production 
rate, as estimated from the diffusion equation and the observed concentration gradient, was 
15 mmol m- 2 h-1, as an annual mean. During the cold season, the production rate varied with 
soil temperature, but no correlation existed with temperature above about l0°C. Concentrations 
and fluxes of N 2 0 in the soil were also determined. Observed <5 13C values were in the expected 
range, and <5 180 of soil C02 was found to be in isotopic equilibrium with the soil water. <5 180 
of the C02 released to the atmosphere is expected to be lower by roughly 8 ° / 00 due to diffusive 
isotope fractionation; the precise value depends on the competition between C0 2 production, 
equilibrium with soil water and diffusion. 

1. Introduction 

Carbon dioxide production in soils is a signifi­
cant source of C02 to the atmosphere. The 
production rate varies seasonally, and it has often 
been found to be well correlated with soil tem­
perature and sometimes with soil moisture (e.g., 
Dorr and Miinnich, 1987). 

Being produced by the decomposition of 
organic matter and by root respiration, soil C02 

carries the corresponding carbon isotope signal, 
having lower () 13C values than atmospheric C02 . 

Recently, the 180/160 ratio of atmospheric C02 

has received attention as a potential tracer (Fran­
cey and Tans, 1987; Friedli et al., 1987); however, 
the processes determining it are complex and have 
not been studied in detail. () 180 of C0 2 in soils, one 
of the sources to the atmosphere, can be expected 
to be in equilibrium with () 180 of the soil water, 
but no experimental data were available until now 
to test this assumption. We have analyzed air 
samples from a soil for about a year with respect to 
the concentration and isotopic composition of 
C0 2 , and also the N 2 0 concentration. From 
the measured concentrations, we estimated the 
production rates of these gases. In order to test the 
hypothesis of oxygen isotopic equilibrium with soil 
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water, we also performed 1J 180 analyses on soil 
water. 

The concentration of N 2 0 must be known, in 
order to correct the mass-spectrometric () 13C and 
()

180 analyses (Friedli and Siegenthaler, 1988). 
N 2 0 is produced by bacteria in the soil, but can be 
destroyed in the uppermost soil layer (Conrad 
et al., 1983 ). 

2. Sampling site and experimental methods 

On a weekly basis from September 1988 to Sep­
tember 1989, we collected soil air samples from 
two depths in a grass-covered soil in Liebefeld, 
near Bern. The uppermost soil layer down to 
80 cm depth consists of humus, sand and loam 
with imbedded stones. Below this layer is moraine 
material. This soil type is typical for the regions of 
the Swiss pre-Alps. The groundwater level is at 
about 30 m below the surface (Schudel, 1982). The 
sampling area is not cultivated, but the grass is cut 
during summer time. On the same plot, the Swiss 
Meteorological Institute measures, amongst other 
parameters, air and soil temperatures. 


















