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Abstract
It is widely accepted that increasing concentrations of “greenhouse gases” will raise the 

temperatures of the Earth’s atmosphere and oceans. By acting as C sinks, forest ecosystems 
can store significant amounts of CO2. There is, therefore, a growing need to evaluate the 
C cycle in forest ecosystems. Quatification of the C stored in forests, both in plants and 
soils (global balance between CO2 fixation and CO2 emission), and the knowledge of the 
main factors affecting net C fluxes in these ecosystems are basic and essential tools to 
control this environmental problem. This research work encompasses the study of the 
seasonal variations of the CO2 emissions from soils of two different types of deciduous 
forests of the temperate-humid zone (Quercus robur L. or Betula alba L.) located in Galicia 
(Northwestern Spain). With this objective, permanent forest plots were established and in 
situ determinations of soil CO2 effluxes were assessed using a portable infrared gas analyser. 
The determinations of the exchanges of this gas through the soil-atmosphere interphase 
were periodically carried out during a whole year (winter, spring, summer and autumn) in 
order to quantify the seasonal variations of these soil emissions. The significance of the 
seasonal variations observed for both types of forests and the implications of the results 
obtained in the global warming mitigation strategies, as well as the relation of these CO2 
effluxes with soil temperature, are discussed. 
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Introduction

Decidous forests are part of the 
European cultural heritage and are a 
key component of Galician landscapes. 
By amplifying parent material alteration 
with the development of fine and coarse 
tree roots, these kinds of ecosystems 

contribute to soil depth increase, 
to preserve fertility, productivity as 
well as C fixation and to prevent soil 
erosion. Since both the biosphere and 
the edaphosphere of these forests are 
important organic matter reservoirs, their 
degradation could generate considerable 
emissions of greenhouse gases (GHG) 
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due to biomass decomposition and 
soil organic matter mineralization. 
For this reason, adequate silvicultural 
managements are necessary to keep 
their C retention capacity and to avoid 
the convertion of these forests into 
a possible source of CO2 that could 
contribute to global warming.

It has been reported that the CO2 
concentration in the air is responsi-
ble for more than 70% of the green-
house effect (Lashof and Ahuja 1990) 
and some authors predict that CO2 
emissions to the atmosphere could in-
crease from 7.4 GtC.year-1 in 1997 to 
approximately 26 GtC.year-1 in 2100 
(Houghton et al. 1996). Nowadays, 
considering absorptions by natural sinks 
and emissions by CO2 sources, the net 
balance of total emissions towards the 
atmosphere amounts to 3 GtC.year-1. 
As a result of this excess of CO2, the 
greenhouse effect have been increased, 
raising the mean temperature of the at-
mosphere by 0.7ºC since the industrial 
period commencement. Although the 
effects of elevated CO2 concentration 
in the ecosystem functioning are uncer-
tain, many scientist state that doubling 
CO2 atmospheric concentrations could 
produce serious environmental conse-
quences (Lindzen 1994, Adams et al. 
1999), with biological, economical and 
edaphic negative effects.

Although some authors indicate that 
the soil respiration rate is scarcely sensi-
tive to the environmental temperature, it 
is widely acepted that a global increase 
of the temperature can cause soil C 
losses if the soil have enough moisture 
(Leirós et al. 1999, Gallardo and Merino 
2007). For this reason, the evaluation 
of the C effluxes and the knowledge of 
the main factors affecting their inten-

sity could be basic and essential tools 
to control this environmental problem.

Therefore, the aim of this research 
is to quantify the CO2 exchanges in the 
soil-atmosphere interphase in Quercus 
robur L. or Betula alba L. ecosystems 
located in Galicia (Northwestern Spain). 
This research work also encompasses 
the study of the seasonal variations of 
the soil CO2 emissions during a whole 
year, in order to enhance the knowledge 
of the C cycle in these types of broad-
leaf autochthonous ecosystems.

Methods and Study Area

Deciduous species such as oak and 
birch are the natural forests in the NW of 
Spain (Galicia). This geographic area is 
located in the temperate-humid climate 
zone and the main meteorological 
records corresponding to the period of 
study (temperature and rainfall values 
during the year 2009) are included in 
Fig. 1. The forest plots studied were 
located throughout this region and were 
selected to represent the whole range 
of stand densities, undergrowth types 
and growing conditions in Galician 
forests for these two tree species. None 
or scarce silvicultural treatments were 
applied to the forests selected for this 
study and the spatial distribution of the 
different plots is represented on the 
regional map included in Fig. 1.

To monitor soil CO2 effluxes, 12 oak 
and 12 birch permanent forest plots 
(around 1000 m2) were established, 
in order to determine the intra-annual 
variation of the CO2 exchanges through 
the soil-atmosphere interphase in this 
type of broadleaf autochthonous eco-
systems. In all permanent plots, in situ 
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measurements of soil C effluxes were 
assessed using a portable infrared gas 
analyser (EGM-4, PP Systems) and ex-
pressed as g CO2.m

-2.h-1. For each for-
est plot a squared pattern (4 rows and 
6 columns) was established and 24 
punctual determinations of the soil CO2 
emissions were periodically carried out 
during the 4 seasons of the year (win-
ter, spring, summer and autumn’2009) 
in order to quantify the seasonal varia-
tions of the edaphic releases to the at-
mosphere. Simultaneously in each mea-
surement point, a 10 cm probe was in-
troduced into the forest floor to register 
the subsurface soil temperature.

After the removal of the litter and 
the duff, a representative soil sample 
(composed by mixing 24 subsamples 
regularly taken following the previously 
indicated squared pattern) from the up-
per layer of the A horizon (0–15 cm) 

were collected in winter to determine 
the main soil caracteristics. The soil pH 
was measured using a 1:2.5 soil:water 
ratio. Organic C was determined by 
dry combustion in a Carmhograph 12 
(Whostoff, Germany), with primary and 
secondary ovens at 90ºC and 400ºC, 
respectively. Total soil C content, ex-
pressed as kgC.m-2, was estimated by 
considering only the 0–15 cm depth 
layer and a soil density of 1000 kg.m-3. 
Statistical analyses were performed us-
ing the computer software SPSS 15.0 
(2006). ANOVA test was applied to 
analyse the possible variations between 
oak and birch soils. 

Results and Discussion

For both types of ecosystems, all the 
selected forest plots exhibited acidic 

Fig. 1. Geografic distribution of the selected oak and birch forest plots and general climatic 
conditions of the Galician region during the studied period. 
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climatic conditions of the Galician region during the studied period.
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and highly organic soils, with soil pH 
values around 4.5 and averaged soil 
C contents always surpassing the 
6.5% for Betula alba L. and the 8.5% 
for Quercus robur L. Thus, within this 
temperate-humid zone, oak forests 
seem to exhibit a significantly higher 
soil C content (P<0.05) than birch 
plantations. The values found in these 
soils are in agreement with the results 
obtained for different types of forest 
soils of this region (Sánchez-Rodríguez 
et al. 2002; Fernandez et al. 2004; Diaz-
Maroto et al. 2005, 2007; Fernandez et 
al. 2006) and also with soils from other 
countries of similar latitudes (Mansson 
and Falkengren-Grerup 2003).

Annual soil CO2 emissions to the at-
mosphere from oak forests were slightly 
lower than effluxes from birch plantations 
(Table 1). The annual mean value of the 
soil CO2 emissions exhibited a significant 
negative correlation with the total soil C 
content (Fig. 2a) and, despite the scarce 
variability of the soil pH, a significant pos-
itive correlation with this edaphic param-
eter (Fig. 2b) and, due to this, the quan-
tity of C released to the atmosphere was 

lower for more organic and acidic soils.
The values of the averaged annu-

al soil CO2 emissions found for these 
broadleaf autochthonous tree species 
are slightly higher than the results found 
for coniferous forests from the same 
area (Carrasco 2008).

When the results obtained for each 
season of the year were considered, a 
similar trend in both types of ecosystems 
was observed along the whole studied 
period, clear seasonal variations being re-
vealed. Although intra- and interspecific 
differences were found, minimum values 
of the mean soil CO2 emissions to the 
atmosphere were always observed dur-
ing the winter season for both birch and 
oak ecosystems, these values differing 
significantly (ANOVA, P<0.05, n=12) 
from spring, summer and autumn emis-
sions (Fig. 3). In all cases, maximum val-
ues of the mean soil CO2 emissions were 
measured in the hotter seasons, particu-
larly in the summer with values surpass-
ing twice the soil C emissions observed 
during the winter (Table 1).

Furthermore, a very similar pattern 
was observed when values of the sub-

Table 1. Averaged values (mean ± standard deviation) of some edaphic parameters related 
to the soil C cycle for oak and birch forest ecosystems.

Parameters 
Quercus robur L. 

n=12 
Betula alba L. 

n=12 

pH 4.65 ± 0.36 4.56 ± 0.29 

Soil organic carbon (0-15 cm depth), kg C.m-2 13.02 ± 3.35 9.89 ± 3.79 

Soil CO2 emissions (annual mean), g CO2.m-2 h-1 1.11 ± 0.25 1.24 ± 0.31 

WINTER 0.67 ± 0.27 0.61 ± 0.19 

SPRING 1.30 ± 0.34 1.46 ± 0.49 

SUMMER 1.39 ± 0.44 1.72 ± 0.55 

Seasonal soil CO2 emissions, 
          g CO2.m-2 h-1 

AUTUMN 1.07 ± 0.42 1.18 ± 0.62 
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surface edaphic temperature were ana-
lysed (Fig. 4), since soil CO2 emission 
rates significantly correlated with this 
instant edaphic temperature, for both 
Betula alba or Quercus robur ecosys-
tems (Fig. 5), this correlation being 
even slightly stronger in B. alba plots. 
Other authors also found a similar re-
lation between these two parameters, 
the soil temperature and CO2 exchange 
rates (Asensio et al. 2007, Shi et al. 
2009).

Conclusions

Based on the experimental results 
obtained in this study, the following 
conclusions can be drawn:

– The tree species determines the to-
tal soil C content, oak forests normally 
exhibiting more organic soils than birch 
ecosystems.

– Significant seasonal variations of 
soil CO2 emission rates were observed 
in both types of deciduous ecosystems.

Fig. 3. Range of the soil CO2 emissions in oak and birch ecosystems for the different 
seasons of the year.

Fig. 3. Range of the soil CO2 emissions in oak and birch ecosystems for the different 
seasons of the year. 
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– Edaphic emissions were slightly 
lower in oak woodlands as compared 
with birch forests and in both tree spe-
cies the soil pH have a significant influ-
ence on the edaphic C effluxes.

– A significant correlation between 
the soil CO2 emission rate and the 

edaphic temperature were observed in 
the two types of ecosystems consid-
ered.

– These results can be used as a tool 
for forest management and they can 
contribute not only to quantify the total 
CO2 released to the atmosphere in the 

Fig. 4. Averaged subsurface edaphic temperature (ºC) in oak and birch forests obtained 
simultaneously to the determination of the seasonal soil CO2 emission rates. 
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Fig. 4. Averaged subsurface edaphic temperature (°C) in oak and birch forests obtained 
simultaneously to the determination of the seasonal soil CO2 emission rates.

Fig. 5. Relationship between the averaged soil CO2 emission rate and the subsurface soil 
temperature seasonally determined in oak and birch forests.
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contemporary climatic conditions but 
also to evaluate the role of these de-
ciduous forests in the global terrestrial 
C cycle.
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