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Abstract
Respiration is an important part of the carbon flux. It can be measured as CO2 efflux into atmosphere
and it is variable spatially (in the local and regional scale) and also temporally (diurnally, seasonally,
annually).
Our aim was to determine seasonal changes of CO2 efflux of the mountain grassland and of the soil
and stems in the mountain Spruce forest at the Experimental Ecological Study Site Bílý Kříž, MoravianSilesian Beskydy Mts., during the growing season (May to October) in 2007. The CO2 efflux was
measured continuously throughout the season using the automatic closed gasometrical systems.
CO2 efflux depends exponentially on the temperature and this dependency differs between
experimental objects and due to changing conditions. For elimination of the temperature dependency
of CO2 efflux, standardized CO2 efflux R10 (CO2 efflux at temperature of 10°C) is usually used. That
allows comparison of CO2 efflux in different times and in different sites.
Mean R10 was about 2.50, 5. and 0.97 molCO2 m-2 s-1 for grassland, forest soil and stems,
respectively. In grassland the R10 course did not show obvious trend during the experimental period
but there was a slight decrease after cutting of the grass.. Whereas in the forest soil, the significant
increase at the beginning and decrease at the end of the season occurred, but without any distinct
maximum. Similar increase and decrease in R10 at the beginning and the end of the season was
observed in the stem CO2 efflux course as well. But there was a maximum which lasted from the
second half of June to the first half of July.
The temperature CO2 efflux sensitivity expressed by Q10 value (the proportional change in respiration
resulting from 10 °C increase in temperature) was in average about 3.04, 1.90 and 2.25 for the
grassland, forest soil and stems, respectively.
The temperature sensitivity in the forest soil was quite low during dry periods and increased shortly
after rain. It resulted in a rapid increase in CO2 efflux of the soil as a response to rain.
Response of the grassland to the rain was much weaker and no clear response occurred in stems.
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Introduction
Respiration is an important part of the
carbon flux. It is a great source of CO2
released to atmosphere. Because of its
sensitivity to temperature, it is supposed
that global climatic changes will have an
effect on respiration rates in the future
(Jones et al. 2005, Pendall 2004).
Soil respiration is the important portion of
ecosystem CO2 efflux (Bolstad et al. 2004,
Miyama et al. 2006) and its contribution to
the total ecosystem respiration changes
during the year (Shibistova et al 2002).
The most important factors affecting
respiration are temperature and soil
moisture (Davidson 2006, Janssens 1999).

They drive temporal respiration variability
from diurnal to interannual scale (Flanagan
et Johnson 2005, Reichstein et al. 2003,
Rey et al. 2002). The temperature
sensitivity of aboveground biomass is
higher than that of soil (Atkin et al. 2005,
Loveys et al. 2003) and within the soil, the
autotrophic part (roots) of respiration is
more temperature sensitive than the
heterotrophic (Boone et al. 1998, Guay et
al 2008).
Soil and aboveground biomass are in a
tight relationship so they influence each
other´s respiration (Asensio et al. 2007,
Craine et Wedin 2002, Ekblad et Hogberg
2001).
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Widely used method for CO2 efflux
measuring at different levels of ecosystem
(soil, stem, leaves) is a gasometrical
method (e.g. Cooper et al 2006, Pavelka et
al. 2007, Tang et al. 2008, Zha et al. 2004).
It is based on measuring of changes of CO2
concentration within a respiration chamber
which contains the observed object (e.g.
leaf), or it is fixed on the observed object
(soil or stem surface).
In this study, we determined temperature
normalized CO2 efflux rate and its seasonal
changes of three different objects:
mountain grassland, and soil and tree stems
in the mountain Spruce forest. Moreover,
we wanted to asses the effect of rain to
CO2 efflux and temperature sensitivity of
these objects.
Materials and methods
Sites and measurements
Measurements were carried out at two
sites, grassland (dominated by Festuca
rubra agg. and Nardus stricta) and
Norway spruce (Picea abies [L.] Karst)
forest at the Ecological Experimental
Study Site (EESS) Bíly Kříž 49°30´ N,
18°32´ E, 850 and 890 m a.s.l.,
respectively), Moravian-Silesian Beskydy
Mts., the Czech Republic. EESS Bílý Kříž
is characterized by mean annual
temperature of 5.5 °C and annual
precipitation of 1100 – 1400 mm.
Measurements of soil and stem CO2 efflux
in the forest were made using similar
automatic modified closed gasometrical
(non-steady-state through-flow) systems
(Institute of Systems Biology and Ecology,
the Czech Republic). Grassland CO2 efflux
was measured by three chambers of the
height of 60 cm and diameter of 60 cm
(inserted about 3 cm deep into the soil).
Forest soil CO2 efflux was measured by
eight chambers of the height of 20 cm and
diameter of 30 cm (inserted about 3 cm
deep into the soil). Tree stem CO2 efflux
was measured by eight chambers installed
on the northern surface of trees in the
height of about 1.3m. The chambers had a

half cylinder shape with height of 12 cm
and diameter of 6.5 cm.
Soil temperature was measured at 1.5 cm
soil depth in grassland and forest soil in all
chambers (Pavelka et al. 2007). Stem
temperature sensors were installed under
each measured position in the cambium
layer. They were inserted on the northern
side of stems (to avoid direct solar
radiation).
Data
were
collected
continuously
throughout the growing season 2007 (from
1.5. to 31.10.) in the forest. In the
grassland, the measurements were carried
out only during nights. During days, the
chambers were removed to minimize the
chamber shading influence on grass.
Precipitations were measured using
perception gauge (Amet, CR). Daily sum
was calculated.
Data analyses
The natural logarithm of the CO2 efflux
rate and the soil or woody-tissue
temperature were regressed using a linear
model.
ln(respiration) =  * T + 
where  and  are the regression
coefficients. Q10 (the proportional change
in CO2 efflux from 10 °C increase in
temperature) was calculated (Linder and
Troeng, 1981) from:
Q10 = e 10*
where  is the regression coefficient
obtained from the previous equation. Then,
CO2 efflux was normalized to the
temperature of 10 °C according to
equation:
R10 = Ri/Q10(T-10)/10
where Ri is the measured respiration rate at
T of soil or woody tissue.
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Results and discussion
CO2 efflux was positively correlated to the
soil or stem temperature. Temperature
sensitivity of the whole season expressed
as Q10 value was 3.04, 1.90 and 2.25 for
the grassland, forest soil and stems,
respectively.
Temporal dynamics of CO2 efflux of all
three experimental objects followed the
seasonal pattern of soil temperature with
maximum in summer months (Fig. 1)
Seasonal mean R10 was about 2.50 (SE =
0.02)), 5.29 (SE = 0.07)) mol CO2 m-2 s-1
(m2 means soil area) for grassland and
forest soil, respectively, and 0.97 (SE =
0.02) mol CO2 m-2 s-1 (m2 means stem
bark area) for stems. In the grassland, the
course of averaged nocturnal R10 did not
show any distinct pattern throughout the
experimental season but there was a slight
decrease in R10 values after mowing on 30.
7. 2007 (Fig. 2-A). In the forest soil R10
course, it was possible to observe an
obvious increase in May and decrease in
September and October (Fig. 2-B). The
forest soil did not show any distinct
maximum. In stem respiration there was a
rapid increase in daily R10 values in May
and reached maximum in June and the first
half of July. After that, R10 slowly
decreased until the end of October (Fig. 2C).
Precipitations had a strong effect on CO2
efflux from the forest soil. It caused an
increase in R10 shortly after rain. Also the
temperature sensitivity of CO2 efflux
increased, as shown in Fig. 3-B, where the
regression curve became steeper.
The grassland respiration also increased
shortly after the rain but the regression
curve of temperature and CO2 efflux had
very similar slope (Fig 3-A) and so similar
Q10.
Stem CO2 efflux did not show any
immediate response to the rain (Fig. 3-C).
Nevertheless, a heavy or long-term rain
possibly caused the increase in CO2 efflux,
e.g. around the date of 6.9. 2007 as
indicated by Fig. 2-C.

In this study, we compared seasonal course
of mean daily (or nocturnal) R10 values
(standardized rate of respiration at 10°C)
of the grassland, forest soil and tree stems,
and thus identified changes in respiration
independent of temperature. We also
observed different temperature sensitivity
of CO2 efflux of the experimental objects
and its response to rainfalls.
The most common way how to express the
temperature sensitivity of respiration is Q10
value (Davison et al. 2006). It is the factor
by which respiration is multiplied when
temperature increases by 10 °C. Q10 values
can change temporally in dependence of
temperature and moisture. It declines with
the increase in temperature and the
decrease in soil moisture (Janssens et
Pilegaard 2003, Flanagan et Johnson 2005,
Tjoelker 2001, Xu et Qi 2001). In our
study, we observed differences in Q10
values of different experimental objects.
The highest mean Q10 (3.04) of the whole
experimental season occurred at the
grassland and belonged to the whole
ecosystem
(soil
and
aboveground
biomass). For the tree stems, the mean Q10
value was equal to 2.25, and the lowest
value (1.90) was at the forest soil. Boone et
al. (1998) or Guay et al. (2008) claimed
that the autotrophic part of soil respiration
is more sensitive than the heterotrophic,
and the higher temperature sensitivity of
leaves than of soil was also observed
(Loveys et al. 2003, Atkin 2005).
Seasonal mean R10 was about 2.50 and
5.29 molCO2 m-2 s-1 (m2 means soil area)
for grassland and forest soil, respectively,
and 0.97 molCO2 m-2 s-1 (m2 means stem
bark area) for stems.
Soil respiration is the important portion of
ecosystem CO2 efflux. It changes
temporally in dependence mainly on soil
temperature and moisture (Davidson et al.
2006, Janssens et al. 1999). In our
experiment, CO2 efflux of the grassland,
forest soil and tree stem copied tightly the
course of soil temperature. But calculating
standardized rate of respiration at 10 °C,
R10, we could determine changes in
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respiration independent of changes in
temperature. R10 of the forest soil showed a
positive response to rainfall after at least
short time of drought. This response was
mostly very rapid and strong. After
rainfall, the temperature dependency of
forest soil CO2 efflux was also
significantly higher. Nevertheless, during
the long time rain, R10 decreased (e.g. at
the beginning of September) due to too
high soil moisture.
Stem CO2 efflux into atmosphere is the
highest portion of the total flux of respired
CO2 in stem. The next largest flux is CO2
transport in the xylem stream, and the last,
CO2 storage within stem, is only small
proportion of the total flux (McGuire et
Teskey 2004). Stem CO2 efflux is
positively correlated to stem temperature
(Kim et Nakane 2005, Saveyn 2008) which
is caused by increase in cell respiration and
decrease in CO2 solubility as a result of
higher temperature (McGuire et al. 2007).
The same study showed that stem
respiration was less at high sap velocity
compared with low sap velocity. But the
cause for this response was unknown.
However, sap flow has an effect on the
portion of CO2 efflux. At high sap velocity
the transport of CO2 in xylem sap is
significantly greater than at low sap
velocity and it causes the opposite
response of CO2 efflux to sap velocity
when CO2 efflux is significantly less at
high sap velocity than at low sap velocity
(Gansert et Burgdorf 2005, McGuire et
Teskey 2004).
Average daily R10 of tree stems increased
at the beginning of the season and reached
maximum in June and the first half of July.
After that R10 values decreased gradually.
The similar course was observed also in
other studies (Shibistova et al. 2002,
Stockfors and Linder 1998). The June-July
maximum is generally explained as a result
of
extra
respiratory
requirements
associated with stem growth (Lavigne and
Ryan 1997, Stockfors and Linder 1998).
This agrees with our data. The maximum

of stem growth at our study site occurred
in June (data not shown).
The rainy weather caused the decrease in
stem temperature which led to the decrease
in
measured
stem
CO2
efflux.
Nevertheless, there was a possibility to fit
just one regression curve through all data.
It indicates that the CO2 efflux dependency
on temperature and R10 values did not
differ before and after rain. Saveyn et al.
(2008) observed that rain caused the
increase in xylem sap CO2 concentration in
young Populus deltoides, which led to the
increase in CO2 efflux. This response can
occur after an extreme drought at mature
trees. During our experimental period, we
did not observe any long term period of
drought to indicate this effect.
R10 values of the grassland ecosystem
remained similar in the period from May to
October 2007. But there was a slight
decrease after mowing (grass was cut of
about 50 cm to 15 cm height) on 30.7.
2007. Mowing significantly decreases
aboveground biomass respiration rate.
Moreover, there is also reduction of
autotrophic (root) and heterotrophic part of
soil respiration (Kuzyakov et Cheng 2001).
A large portion of the variation of R10
values can be explained by seasonal
variation in the amount of aboveground
biomass and available soil moisture
(Flanagan et Johnson 2005), so mowing
caused decrease in grassland ecosystem
R10 values in our experiment.
Precipitations increased grassland R10
values. However, the curve of CO2 efflux
dependency on the soil temperature has
very similar slope, which means that the
Q10 values did not differ much. There has
been observed an increase in Q10 values
with increasing soil moisture (Reichstein et
al 2002, Janssens et Pilegaard 2003).
However, this effect can be probably less
obvious in grassland ecosystem than in the
forest soil because of the presence of
aboveground biomass. Chou et al. (2008)
observed seasonal changes of the effect of
rainfall on grassland CO2 efflux. The effect
of the rainfall was stronger in the
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beginning of the growing season
(especially before the germination of the
annual grass) than its end, and after a
period of drought than of high soil
moisture. When the soil is dry, the rainfall
can increase the CO2 efflux in different
mechanisms. The first and fastest response
is degassing of soil when additional water
fills soil pores and replaces CO2
concentrated air into the atmosphere.
Addition of water to a dry soil also
activates microbe activity, resulting in an
increase of soil CO2 efflux (Huxman et al.
2004, Chou et al. 2008, Liu et al 2002).
Conclusions
In conclusion, we can say that the seasonal
course of temperature standardized CO2
efflux values differed between our

experimental objects. While it remained
very similar during the whole period from
May to October in the grass ecosystem, the
significant increase in May and decrease in
October occurred in the forest soil. The
increase in R10 values was displayed also
by tree stems but after a maximum in June
and July they started to decrease slowly
until October.
The experimental objects differed also in
the response to the rain. While the forest
soil responded rapidly with the increase in
measured CO2 efflux and temperature
sensitivity, grassland ecosystem increased
CO2 efflux but the temperature sensitivity
remained similar. Stem CO2 efflux
decreased as a result of decrease in
temperature after rain but the temperature
sensitivity was the same.
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Fig. 2: Seasonal course of mean daily R10 and precipitations.
A – grassland, B – forest soil and tree stems
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Fig. 3: CO2 efflux dependence on soil temperature before (27.7.) and after (30.7.). The
rain was of strength 3.08 mm on 28.7, 2.70 mm on 29.7. and 12.32 on 30.7.
A – grassland, B – forest soil, C – tree stems

