
Introduction

Soil organic carbon (SOC) pools are influenced by
factors as geological parent material, vegetation
type, temperature, precipitation and soil moisture,
as well as land use and management measures. In
Sweden there are pronounced gradients, mainly in
temperature and nitrogen deposition (Figure 1),
both factors being of major importance for SOC
pools. The gradient in annual mean precipitation is
less pronounced. The two major tree species,
Norway spruce (Picea abies) and Scots pine (Pinus
sylvestris), covers approximately 80% of the forested
area. The most common soil type is Podzol
(Spodosol), which covers 60 % of the total area
forest land.

In Sweden, the National Forest Inventory (NFI)
provides good conditions for testing the hypothesis
on a regional/national scale. Soil organic carbon
content has in the inventory been analyzed in
generic horizons along with determination of
various soil state factors such as climate in terms of
temperature (latitude), hydrological conditions
(topography), texture, tree species composition
and site capacity. The Swedish NFI covers all forest
land, which is the most predominating land use in
Sweden with around 23 M ha, corresponding to ca.
55% of the land area.
The objective with the present work was to

investigate and interpret the relationship between
latitude and soil C stocks in Swedish Podzols.
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Figure 1.
Annual mean precipitation and temperature (1961-1990), and nitrogen deposition in Sweden.



Greenhouse-gas budget of soils under changing climate and land use (BurnOut) • COST 639 • 2006-201082

Methods

Soil inventory
The Soil Inventory in the Swedish NFI comprises
about 23500 permanent sample plots in a stratified
national grid system (denser in the southern part
of the country) that are reanalysed within a 10 year
cycle. All the plots have been described regarding
land use, location, general site characteristics like
soil parent material, texture, soil type, hydrology
and field vegetation forest stand properties.
In this study we used data from the survey period

1993 - 2002 from which data were available from
8580 plots on forest land (production exceeding 1
m3 yr-1 ha-1), and that were sampled during 1993 -
2001. Of this number almost 4777 were podzols,
which was the most predominating soil type and
common in almost all parts of Sweden. Data on

SOC content in the forest floor and SOC concentra-
tion in the upper B horizon (0-5 cm), BC and C
horizon were used together with pedotransfer func-
tions to estimate total soil SOC stock. Bulk density
was estimated from amodel. See Olsson et al. (2007)
for further information. In this study we focus on
1472 sites, which were classified as either “dry”,
“fresh” or “slight moist”, depending on the distance
to ground water table during the vegetation period.

Modelling
A process-orientated ecosystem model, Coup-
Model (Jansson and Karlberg, 2001; Svensson et
al., 2007), was used to evaluate the present SOC
pools in Sweden. Simulations were run for four
different regions in Sweden with climatic data
taken from four representative sites, Lycksele in the
north, Mora and Nässjö in central Sweden and

Figure 2.
Distrubution of sampling locations (n=1472)

Lycksele

Mora

Nässjö

Ljungbyhed

N

Figure 3.



Ljungbyhed in the south (Figure 3). Tree layer and
understory vegetation development were simulated
for a 100 year-period, using standing stock
volumes from the Swedish Forest Inventory to cali-
brate tree growth. See Svensson et al. (2007), for a
detailed description of the calibration procedure.

Results

The average SOC stocks and 95 % confidence
interval in O horizon plus the mineral soil to 0-50
cm at dry, fresh and slight moist hydrology condi-
tions, based on data from 1472 sites, was 8.2±0.3

kg C m-2. As shown in
Figure 4, the SOC pools
increased in size when
moving from north to south.
We propose two possible
explanations for this pattern:
(i) soil C stock is a balance
between litter input and
decomposition rates - both
variables will increase when
moving from north to south,
but litter input ”wins”, and
(ii) decomposition rate of
soil ”humus” is lower in the
south due to N-richer envi-
ronment (e.g. Berg, 2000;
Carriero et al. 2000). Judging
from maps of forest produc-
tivity and CN-ratios of the O
horizon, both explanations
are possible (Figure 5).
In order to resolve the rela-

tive importance of these two
factors, we used the Coup-
Model. As shown in Figure 6,
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Figure 4.
SOC pools in Swedish podzols (dry+fresh) as a function of latitude.

Figure 5.
Annual forest mean production (left) and CN-ratio of O horizon (right)



simulations suggest that the litter production
during a rotation period is 1.6 times higher in the
south (Ljungbyhed) than in the north (Lycksele).
On the other hand, the decomposition rate of soil
organic matter (SOM) is predicted to be 1.8 times
faster in the south than in the north, suggesting
that we would expect about the same pool sizes of
SOC all-over Sweden. Thus, we need a slower
decomposition rate of SOM in the south in order
to explain the larger pool sizes there. We propose
that the decomposition rate of soil ”humus” is
lower in the south due to N-richer environment, as
indicated by a lower CN-ratio of O horizons
(Figure 5). The results of the CoupModel simula-
tions are discussed in detail in Svensson et al.
(2007).

Conclusions

� Using approximately 3 times slower humus
decomposition rate constant in the south
compared to the north, we obtained a realistic
picture of tree growth and soil C and N
dynamics in the country.

� Changes of soil C pools at present conditions
(climate and N deposition) range from -5 g C
m-2 yr-1 in the north to +23 g C m-2 yr-1 in the
south.

� The link between N status (deposition, fertil-
ization, etc) and C seguestration in boreal
ecosystems needs to be explored further.
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Figure 6.
Simulated average annual plant litter production
during a rotation period (100 years) for different
locations (bars), and the predicted response of soil
climate (temperature and moisture) on decomposi-
tion rate for SOC (line).




