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ABSTRACT: Detailed inventory data (n = 3,930; approximately one representative sampling point per 650 ha) on soil
organic carbon (SOC) to a depth of 30 cm has been used to characterize carbon content in forest soils in the Czech
Republic across all altitudinal vegetation zones and forest ecological series. This data set was used to predict the most
probable changes in soil carbon content in the altitudinal vegetation zones due to global warming. The mean value of
the SOC content in forest soils of the Czech Republic was determined to be 62.6 + 17.2 t-ha~!. Under different warming
scenarios the major SOC loss was observed at an altitude of 700-900 m a.s.l. Using a pessimistic emission scenario in

the climatic model (i.e. predicted temperature change by +4.24°C), losses of C from forest soils in the Czech Republic,

or potentially in central Europe, could be as high as 13% of the current carbon stock in forest soils.
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Soil is given special attention in the context of its
potential to be a significant sink or source of atmo-
spheric carbon. Carbon stocks and their changes
are investigated throughout the globe at national
and sub-national scales (FALLOON et al. 2007). For-
est soils contribute significantly to the carbon sink
of forests, the only stable ecosystems with a long-
term production cycle. Sequestration of atmo-
spheric CO, in forest soil may prove to represent a
more stable and long-lasting solution to C seques-
tration compared to aboveground biomass (LADE-
GAARD-PEDERSEN et al. 2005). According to LisKI1
et al. (2002), in Central Europe in 1990 the forest
soil C sink was almost as large as the tree biomass
C sink. Currently, forest soils, including peat soils,

store about 69% of the total forest C pool (D1xoN et
al. 1994; SCHARLEMANN et al. 2014).

At the global scale, the general trend of the soil
organic carbon (SOC) stock related to expected
global change is not known very well: although there
are some exceptions, generally SOC increases with
higher latitude and altitude due to temperatures
which decrease the decomposition rate of SOC.
Decomposition is the result of respiratory activ-
ity which is, as the cluster of enzymatic reactions,
strongly dependent on the temperature. This depen-
dence is demonstrated by the value of Q,, param-
eter, which indicates an increase of respiration rate
by the temperature increase up to 10°C. Q,, gener-
ally amounts the value of 2 (PAVELKA et al. 2007).
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Thus, the sensitivity of carbon efflux via autotrophic
and heterotrophic respiration is greatly affected by
the temperature increase resulting in a decrease in
SOC stocks. However this generally accepted effect
of temperature on C budget may or may not be valid
at regional scales, where the impact of warming may
induce either sequestration — improved conditions
for the photosynthetic assimilation, i.e. longer grow-
ing season, early start or delayed end of active car-
bon assimilation, or an increase of the C release due
to warmer conditions (Kurz-BEssoN et al. 2006).
RoDpEGHIERO and CESCATTI (2005) analysed the
impacts of soil type, species composition and land-
use history on soil respiration for representative for-
est types along an elevation gradient in the Italian
Alps observing a positive correlation between Lang’s
rain factor and total SOC. In contrast, CALLESTEN
et al. (2003) explored the relationship between SOC
and climate and soil quality in Nordic forest soils
(Sweden, Finland, Norway, Denmark) concluding
that SOC was positively correlated with tempera-
ture only within a particular range of latitude and
longitude. BOTTNER et al. (2000), in his unique soil
transplant experiment simulating a south to north
climate shift, demonstrated that the climate shift
would increase the carbon mineralization rate.
Kurz-BEssoN et al. (2006) analysed the rate of lit-
ter decomposition in eight pine forests with a cli-
matic latitudinal gradient (40-60°) suggesting that
the forest floor could be a source or sink of carbon
distinctively depending on local climatic conditions.
Global climatic change permanently enhanced the
atmospheric CO, concentration, which resulted in
an increase in nitrogen decomposition and as a con-
sequence stimulated the increase in primary pro-
duction — the combined nitrogen and carbon fertil-
ization (CALESTEN et al. 2003). This process resulted
in an increase in litter inputs to the soil. Moreover,
the rate of decomposition, litter quality (VOGEL et al.
2005), length of the growing season, biogeochemi-
cal feedbacks of the soil, nutrient cycles, insect out-
breaks and fire regimes (EUSKIRCHEN et al. 2010)
would also be altered.

Thus, the information on soil carbon content and
its dynamics under different climatic conditions
are necessary to understand.

The present study aims are focused on examin-
ing the relation between SOC and site climatic
conditions. The Central European landscape and
local climatic conditions are characterized by the
dominance of altitudinal over latitudinal zonality.
Hence, we hypothesize that a shift of altitudinal
vegetation zones due to the warming, and related
changes in temperature and precipitation, can
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bring some indication on the future SOC in the
individual forest altitudinal zones.

MATERIAL AND METHODS

Between the years 1993 and 2004, a detailed in-
ventory of the SOC in organic and mineral layers of
forest soils in the Czech Republic was carried out by
the Forest Management Institute. A total amount of
3,930 sampling points across every combination of
local forest typology of the Czech Republic, i.e. 9 alti-
tudinal vegetation zones (ZLATNIK 1976) and 8 basic
ecological series (PLivA 1984), were analysed.

Carbon content. A total of 6,130 soil samples
of H, A and B horizons were taken to a maximum
depth of 30 cm. All 6,130 samples were used for
SOC content estimation based on the wet oxidation.
In addition, 300 samples were used for bulk density
determinations for mineral soil. H horizons thicker
than 5 cm were sampled as well — that thickness
related to the use of a physical cylinder (of 10 cm
in diameter). The thickness of organic and mineral
layers was measured and the bulk density of carbon
concentrations (%) was determined. With respect
to data comparison, the only analytical procedure
was applied for all the samples, i.e. wet oxidation
using potassium bichromate and sulphuric acid.
Furthermore, the bulk density of organic horizon
and mineral horizon was determined for each
combination of the ecological series and altitudinal
vegetation zones (the number of existing combina-
tions: 58; total » = 300) in order to calculate the
absolute oxidizable carbon content (mg C-ha™!) up
to a depth of 30 cm (SOC,) in both the organic and
mineral layers. SOC stock was calculated according
to Eq. 1 (ScHwARTZ, NAMRI 2002):

Q,=C/D,E (1-G) (1)

where:

Q, — SOC stock (mg-ha™!) in the soil layer i with
thickness E, (m),

C, — carbon concentration (%),

D, - bulk density (g-cm™),

G, - rock fragment content.

The SOC,, content at the sampling point was re-
ported as the sum of the absolute SOC,, contents
of the combined organic and mineral soil layers.
The SOC,, content was calculated for every existing
combination of altitudinal vegetation zones and eco-
logical series. The mean SOC,, content weighted by
the areas of ecological series at the altitudinal vege-
tation zones was estimated for each altitudinal zone.
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Climatic conditions. For each altitudinal vegeta-
tion zone, its mean annual temperature and mean
annual precipitation amount were derived from the
Forest and Forest Management Report of the Czech
Republic prepared by Ministry of Agriculture of
the Czech Republic (Forest Management Institute
2008). To characterize the climate at the individ-
ual altitudinal vegetation zones, Lang’s rain factor
[mean annual precipitation amount (mm) divided
by mean annual temperature (°C)] was used. The
dependence of SOC,; and Lang’s rain factor on al-
titude was evaluated using the TableCurve 2D soft-
ware (Version 5, 2009).

Predictions of the soil carbon stock changes.
The tested hypothesis presumed that the soil or-
ganic carbon content of a particular altitudinal
vegetation zone (AV?Z) is closely related to the me-
soclimatic parameters. Then, under warming, the
changes in temperature and precipitation would
generate a new equilibrium of SOC which would
then tend towards the AVZ at lower altitudes, i.e.
with higher temperatures and lower rates of pre-
cipitation. Thus, the new SOC content would thus
also converge to the current SOC content of the
site located at a lower altitude.

A function describing the relations between SOC,
climate and altitude was developed and applied.
The concrete form of the applied model is based
on the logistic power peak function expressing the
relationship between SOC and altitude, and on the
exponential function expressing the relationship
between Lang’s rain factor and altitude. The car-
bon loss (C, ) was modelled individually for each
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altitudinal vegetation zone; the resulting model is
calculated as their sum. The simplified mathemati-
cal formula of the model is presented by Eq. 2:

Closs = Z Si ‘ﬂAt’ AP) (2)
i=1

where:

n — altitudinal zone number,

S, —area of the altitudinal layer,

f — composite function of the dependence of SOC, and
Lang’s rain factor on the specific altitudinal zone,

At — temperature change,

AP — precipitation change.

The model was applied to a range of climates
to cover the Intergovernmental Panel on Climate
Change climate scenarios as described by the Had-
CM3 climate model commonly used in Central Eu-
rope (KarLvovi et al. 2002) with low (B1), middle
(A1T) and high (A2) CO, emission scenarios. For
the specific situation of the Czech Republic the
used climate scenario predicts the temperature dif-
ferences up to +1.38, +2.59 and +4.24°C and precip-
itation differences of about —1% for the year 2075
for all climate scenarios with the reference to the
baseline period 1961 to 1990 (TRNKA et al. 2007).

RESULTS

The resulting map of the SOC,; stock in forest
soils of the Czech Republic is presented in Fig. 1.
The map is based on the carbon content sampling
realized within all AVZs.

SOC,, (tha™)
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Fig. 1. Map of organic car-
bon content in forest soils
to a depth of 30 cm (SOC,,)
in the Czech Republic
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Table 1. Areas of ecological series at each altitudinal vegetation zone in the Czech Republic and altitudinal limits of
the altitudinal vegetation zones

Altitudinal Altitudinal Area of ecological series (thousands ha)
zone vegetation zone Total (%)
number range (ma.s.l) extreme acidic nutritive maple floodplain pseudogley gleyed soils peat
0 azonal 8 77 2 9 8 4 108 (4)
1 100-350 8 23 38 6 29 32 5 141 (5)
2 350-400 2 81 117 17 4 22 1 244 (10)
3 400-550 8 183 282 37 22 44 1 577 (22)
4 550-600 1 95 228 25 81 4 2 436 (17)
5 600-700 7 207 257 21 10 76 6 2 585 (23)
6 700-900 6 144 65 9 83 12 2 320 (12)
7 900-1,050 2 62 10 16 14 4 108 (4)
8 1,050-1,350 5 15 2 4 8 4 38 (1)
9 1,350-1,450 3 1 2 6 (0.3)
Total (%) 52 888 1,000 114 65 368 58 19 2,564

(2) (35  (39) (4) (3) (14) (2) (1) (100)

The lowest elevation of the Czech Republic is 107 m a.s.l.

Higher carbon content in the map corresponds the forests have a SOC stock ranging from 55 to
with mountain areas (pink and grey areas). White 70 t-ha=! (Fig.1 — green to blue scale). Finally, the
areas denote non-forested land. The sizes of the resulting total amount of SOC in forest soils in the
areas of individual types of ecological series (ES — Czech Republic was calculated to be approximately
determined by the soil and vegetation types) within ~ 154.5 Mt C. In contrast, gleyed ES showed a spe-
each AVZ are different with altitude. Not every ES  cific shape due to the high fluctuation of the SOC
is situated at each AVZ (Table 1). The largest areas  content in the mineral layer (Fig. 2b). Its influence
are occupied by the nutritive and acidic type of ES.  is manifested especially in the rapid increase of the
These ES types cover 74% of the forested land of mineral layer carbon content and consequently its
the Czech Republic and contribute to their SOC,; decrease around 1,200 m a.s.l. (Fig. 3).
stock up to 70%. The average annual temperature within the AVZ

The SOC,; stock in the organic layer was found decreased with altitude from 8.9 to 2.3°C (Fig. 4),
to be significantly lower than in the mineral layer =~ whereas the average annual precipitation amount
(Figs 2a, b) of every ES. The SOC,, contents ob- increased from 525 to 1,550 mm. The trends of
served for all ES across all AVZ ranged from 39.2to  these climatic factors were not linear and the
159.8 t-ha™'. curve of Lang’s factor resulted in a significant ex-

The weighted mean of the SOC, stock in for- ponential increase with altitude (y = 37.725e>%%,
est soils of the Czech Republic was calculated to  R? = 0.999).
be 62.6 + 17.2 t-ha~!l. Notably, it results from the Quite different sensitivities of individual AVZ to
areas of the individual ES (Table 1) and the cor- carbon release connected with warming were found
responding carbon content (Figs 2a, b). 50% of out (Fig. 5a). The biggest decrease in the total SOC
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Fig. 2. Absolute carbon content to a depth of 30 cm (SOC, ) in organic (a) and mineral (b) layers in the ecological series
of forest soils in the Czech Republic; AVZ 1-9 — altitudinal vegetation zones according to Table 1
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Fig. 3. Carbon content to a depth of 30 cm (SOC,) in
organic and mineral soil and combined summed layers in
forest soils of the Czech Republic.

error bars — standard errors, AVZ 1-9 — altitudinal vegeta-
tion zones according to Table 1

stock with warming is predicted for forest soils at
the altitudes of 700-900 and 900-1,050 m a.s.l,
under the A1T scenario, i.e. warming by 2.59°C. It
means a decrease by about 30 and 41% of the cur-
rent SOC. In contrast, forests soils up to 550 m a.s.l.
showed negligible changes in SOC. On the other
hand, an increase of SOC is expected at high alti-
tudes. At the AVZ of 1050-1350 m a.s.l. the SOC
content is expected to be higher under a warming
scenario by up to 2°C, whereas AVZ between 1,350
and 1,450 m a.s.l. show an increase by up to 4°C.

The total amount of the SOC loss to a depth of
30 cm over the entire Czech forest estate is influ-
enced not only by the sensitivity of forest soils to
warming, but also by the size of the forest area in
each AVZ. Although the change of the SOC con-
tent due to warming at 700-900 m a.s.l. will be
most probably smaller than at 900-1,050 m a.s.L
(Fig. 5a), its contribution to the total SOC loss (car-
bon content change multiplied by the area) is going
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AVZ 1-9 — altitudinal vegetation zones according to Table 1

to be higher due to its larger area (Table 1, Fig. 5b).
It means that the interval of altitudes between 700
and 900 m a.s.l. would be the biggest contributor
to the total carbon loss caused by warming (up to
48%), although it represents only 12% of the for-
ested areas in the Czech Republic (Table 1).

The changes in the average SOC stock due to
warming were modelled as sums of carbon changes
at individual AVZ (Fig. 6). Accordingly, under the
scenarios B1, A1T and A2 (1.38, 2.59 and 4.24°C),
the SOC content in forest soils of the Czech Repub-
lic will amount to 4.9, 6.7 and 7.9 t-ha™!, respective-
ly, which would correspond to the respective total
carbon losses of 11.9, 16.4 and 19.2 Mt from for-
ested lands of the Czech Republic. As the current
average SOC content of forest soils to a depth of
30 cm amounts to ca. 63 t-ha™!, the predicted total
SOC losses for the respective scenarios will reach
7.8, 10.7 and 12.5% of the current SOC stored in
forests of the Czech Republic.

(b)
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Fig. 5. Prediction of carbon content changes (a) and carbon loss (b) in forested areas in the Czech Republic under warm-

ing for current forest altitudinal zones (m a.s.l.)

B1-LOW, A1T-MED, A2-HIGH — warming predicted for the year 2075 by the HadCM3 climate model and CO, emission
scenarios: B1 (low), A1T (medium) and A2 (high), baseline period 1961-1990
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Fig. 6. The predicted carbon loss in forest soils from the top
30 cm of forest soils in the Czech Republic according to the
used scenarios of changes due to warming

grey area — 95% confidence band, B1-LOW, A1T-MED,
A2-HIGH - warming predicted for the year 2075 by the
HadCM3 climate model and CO2 emission scenarios:
Bl (low), A1T (medium) and A2 (high), baseline period
1961-1990

DISCUSSION

The current state of the SOC content in forest
soils is the result of its long-term formation dur-
ing various climatic conditions. Due to the signifi-
cant altitudinal zonality of the Czech Republic, the
constructed map shows a wide range of forest soil
carbon contents on a relatively small area (Fig. 1).

The relation of SOC content to the altitude is
connected with the ratio between net primary
production (NPP) and decomposition. Lisk1 and
WESTMAN (1997) published the example of boreal
forests where under the situation of slight warming
some increase of soil carbon stock was predicted
due to an increase of their net ecosystem produc-
tion. Thus enhanced NPP may be higher than the
increase in soil organic carbon decomposition. On
the contrary, BOTTNER et al. (2000) predicted 20—
25% increases of carbon mineralization rate in the
boreal forest soils under the climate shift. It is an
open question if these two findings could be valid
for the situation of the strongly different altitudinal
zones of forest soils in the Czech Republic.

A dominant effect on the final trend between soil
carbon content and altitude is attributed to the acidic
and nutritive ecological series (i.e. soil and vegetation
types) due to their large area they occupy (Table 1).
It is necessary to stress that some ES as the peat,
gleyed, floodplain and extreme ES not correspond to
this general trend of SOC versus altitude. Soil types
of the peat ES are Histosols consisting of partially
decomposed organic material. They occur at higher
altitudes with high water table, high precipitation,
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low temperatures and low decomposition. Also,
Gleysols developed in conditions resulting from
prolonged water saturation. These conditions cause
an accumulation of organic carbon due to anaerobic
conditions and low pH. Thus, for peat and gleyed ES,
temperature is not the main limiting environmental
factor of decomposition. Water also played an im-
portant role in the development of floodplain soil
types. However, it should be noted that these above-
mentioned four ecological series represent only 8%
of the entire Czech forest area and thus their influ-
ence on the total trend is marginal.

From the realized inventory it is evident that
50% of the forest soils in the Czech Republic have
a SOC stock ranging from 55 to 70 t-ha™!. SMITH
et al. (2006) calculated the mean value of the SOC
stock for European forest soils to be about 96 t-ha!
and CIENCIALA et al. (2008) suggested the mean
C stock of forest soils in the Czech Republic to be
78.4 t-ha™! for the same soil depth, i.e. up to 30 cm.
These estimates are in good tolerance with our pre-
sented findings.

Under the effects of climate change LAL (2004)
expected the Central European region to experi-
ence a longer growing season and decreased rate
of mineralization leading to a decrease in the soil
organic carbon pool because of the enhanced evo-
lution of carbon in the gas form, i.e. carbon diox-
ide. Moreover, SUBKE et al. (2003) suggested that
this enhanced C evolution from soil organic mat-
ter would turn the present carbon sink into carbon
sources. On the contrary, CIENCIALA et al. (2008),
using the matrix scenario model (EFISCEN), con-
cluded that there will be no change in soil organic
carbon in forest soils in the Czech Republic due to
the ongoing climate change and assuming no sig-
nificant changes in forest management practices.

The present study affiliates the altitudinal limita-
tion of net primary production to the impact of two
basic climatic factors — temperature and precipita-
tion, which affect both production and decomposi-
tion. RODEGHIERO and CEscATTI (2005), and Eu-
SKIRCHEN et al. (2010) confirmed the basic role of
climate in soil decomposition showing a positive
correlation between soil organic matter to a depth
of 30 cm and Lang’s factor. Under the conditions of
the Czech Republic, precipitation is regarded as the
main limiting abiotic environmental factor for for-
ests up to 550 m a.s.l, whereas zones above 600 m
a.s.l. are mainly limited by temperature. The sites
between those two altitudes (550—600 m a.s.l) are
considered to be zonal, i.e. they are affected equally
by both temperature and precipitation (KALVOVA et
al. 2002). Presented findings show a low sensitivity
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of the SOC,, content to temperature changes up to
550 m a.s.l. (Fig. 5) and are in the agreement with the
above-mentioned concept. Thus warming will not
probably primarily induce any significant changes in
the total soil carbon content at these altitudes.

The soil processes such as decomposition and
factors affecting this process are still a source of
uncertainty (JoNEs et al. 2005; XU et al. 2009).
Thus, neither the use of short-term measurements
of carbon dynamics nor soil warming experiments
in the prediction models guarantee that the same
trend relations will be valid in the predictions of
long-term responses (VOGEL et al. 2005). Under
such conditions the investigation of real ecosys-
tems, which have developed over a longer time, is
a possible way of avoiding the above-mentioned
uncertainties. The application of climate scenari-
os that vary from the optimistic to the pessimis-
tic ones, anticipates the extent of possible future
changes in the carbon stock of forest soils under
warming. Since the obtained relationship between
warming and carbon losses has the shape of a hy-
perbolic function (Fig. 6), soils would react most
sensitively with the carbon loss corresponding to
the initial slope of the curve, i.e. approximately up
to 1°C of warming. Larger differences in the pre-
diction of carbon losses were found between the
optimistic and the middle variant of the emission
scenarios in comparison with differences between
the middle and pessimistic variants.

It is necessary to stress that the presented analysis
examined only the plant-soil-climate interactions;
it has not taken into account parameters such as ni-
trogen availability and management strategies. The
possible impact of changes in nitrogen availability
on the carbon stock is ambiguous and is at pres-
ent under active discussion (MAGNANI et al. 2007;
DE VRIES et al. 2008; REAY et al. 2008).

Our predicted changes in the total SOC loss from
forest soils in the Czech Republic due to warming
show that the main contributor to this SOC loss
will be located in the altitude range of 700—900 m
a.s.l. This range accounts for 12% of the total forest
area in the Czech Republic. It means that neither
current forest management procedures, as defined
in the Act No. 289/1995 Coll., nor species composi-
tion of the Czech forests (52% of spruce, then main-
ly pine, beech and oak) are expected to be changed
essentially in the next decades due to warming as
predicted by the scenario used here (CIENCIALA et
al. 2008). The predicted carbon loss from the en-
tire area of forest soils in the Czech Republic will
amount to 21 Mt of carbon (7.8 t-ha!) into the at-
mosphere if the pessimistic scenario (A2, warm-
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ing by 4.24°C) occurs. Then, the possible predicted
losses of carbon from forest soils of the Czech Re-
public, or potentially Central Europe, could be as
high as 14% of the current total soil organic carbon
stock in the soil layers to a depth of 30 cm.

CONCLUSIONS

Under the conditions of Central Europe, partic-
ularly in the Czech Republic, climatic conditions
which are strongly related to altitudinal zones influ-
ence the surface soil carbon content. The obtained
dependence of soil carbon content on the altitude
shows a different shape within individual ecological
series; the general trend shows increases of carbon
content up to 1,050 m a.s.l. followed by decreases
at higher altitudes. Via the construction of a model
using the obtained relationships, it was possible to
predict soil carbon losses in forests in the Czech
Republic under different climatic scenarios. The
model prediction shows that lower altitudes reduce
sensitivity to warming. This sensitivity would in-
crease with altitude. A decrease of carbon content
due to warming would be evident in the majority
of altitudinal zones with the exception of altitudes
above 1,050 m a.s.l, where the carbon content
would increase with the mild warming scenario.
Altitudes of 700—900 m a.s.l. would be the biggest
contributor to the total SOC loss. Using the pessi-
mistic scenario (A2, +4.24°C temperature change),
the predicted carbon loss from forest soils in the
Czech Republic will amount to ca. 21 Mt, i.e. 14%
of the total soil carbon stock to a depth of 30 cm.

Acknowledgement

The authors wish to thank Mr. S. FOSTER for re-
vising the English language of this manuscript.

References

Bottner P.,, Couteaux M.M., Anderson ].M., Berg B., Billes
G., Bolger T., Casabianca H., Romanya J., Rovira P. (2000):
Decomposition of *C-labelled plant material in a Euro-
pean 65—-40° latitudinal transect of coniferous forest soils:
Simulation of climate change by translocation of soils. Soil
Biology and Biochemistry, 32: 527-543.

Callesten I, Liski J., Raulund-Rasmussen K., Tau-Strand L.,
Vesterdal L., Westman C.J. (2003): Soil carbon stores in
Nordic well-drained forest soils — relationships with cli-
mate and texture class. Global Change Biology, 9: 358—370.

543



Cienciala E., Exnerova Z., Schelhaas M.J. (2008): Development
of forest carbon stock and wood production in the Czech
Republic until 2060. Annals of Forest Science, 65: 603.

de Vries W., Solberg S., Dobbertin M., Sterba H., Laubhahn
D., Reinds G.J., Nabuurs G.J., Gundersen P., Sutton M.A.
(2008): Ecologically implausible carbon response? Nature,
451: E1-E3.

Dixon R.K., Brown S., Houghton R.A., Solomon A.M., Trexler
M.C., Wisniewski J. (1994): Carbon pools and flux of global
forest ecosystems. Science, 263: 185—190.

Euskirchen E.S., McGuire A.D., Chapin ES., Rupp T.S. (2010):
The changing effects of Alaska’s boreal forests on the climate
system. Canadian Journal of Forest Research, 40: 1336—1346.

Falloon P, Jones C.D., Cerri C.E., Al-Adamat R., Kamoni P, Bhat-
tacharyyae T., Easterf M., Paustianf K., Killianf K., Colemang
K., Milneh E. (2007): Climate change and its impact on soil and
vegetation carbon storage in Kenya, Jordan, India and Brazil.
Agriculture, Ecosystems & Environment, 122: 114—124.

Forest Management Institute (2008): Forest and Forest Man-
agement Report of the Czech Republic. Prague, Ministry of
Agriculture of the Czech Republic: 112.

Jones D.L., Healey].R., Willett V.B., Farrar ].E,, Hodge A. (2005):
Dissolved organic nitrogen uptake by plants — an important N
uptake pathway? Soil Biology and Biochemistry, 37: 413—-423.

Kalvovad J., Kasparek L., Janous D., Zalud Z., Kazmarova H.
(2002): Zpresnéni scénait projekce klimatické zmény na
tizem{ Ceské republiky a odhad projekce klimatické zmény
na hydrologicky rezim, sektor zemédélstvi, sektor lesniho
hospodéistvi a na lidské zdravi v CR. Prague, Nérodni kli-
maticky program Ceské republiky: 151.

Kurz-Besson C., Couteaux M.M., Berg B., Remacle J., Ribeiro C.,
Romanya J., Thiery .M. (2006): A climate response function
explaining most of the variation of the forest floor needle mass
and the needle decomposition in pine forests across Europe.
Plant and Soil, 285: 97—-114.

Ladegaard-Pedersen P, Elberling B., Vesterdal L. (2005): Soil
carbon stocks, mineralization rates, and CO, effluxes under
10 tree species on contrasting soil types. Canadian Journal
of Forest Research, 35: 1277-1284.

Lal R. (2004): Soil carbon sequestration to mitigate climate
change. Geoderma, 123: 1-22.

Liski J., Westman J. (1997): Carbon storage in forest soil of
Finland. 1. Effect of thermoclimate. Biogeochemistry, 36:
239-260.

LiskiJ., Perruchoud D., Karjalainen T. (2002): Increasing carbon
stocks in the forest soils of western Europe. Forest Ecology
and Management, 169: 159-175.

Magnani F., Mencuccini M., Borghetti M., Berbigier P, Ber-
ninger F, Delzon S., Grelle A., Hari P, Jarvis P.G., Kolari P,
Kowalski A.S., Lankreijer H., Law B.E., Lindroth A., Loustau
D., Manca G., Moncrieff ].B., Rayment M., Tedeschi V., Val-
entini R., Grace J. (2007): The human footprint in the carbon
cycle of temperate and boreal forests. Nature, 441: 848—850.

Pavelka M., Acosta M., Marek M.V., Kutsch W., Janou$ D.
(2007): Dependence of the Q10 values on the depth of the soil
temperature measuring point. Plant and Soil, 292: 171-179.

Pliva K. (1984): Typologicka klasifikace lestt CSR. Brandys nad
Labem, Lesprojekt: 172.

Reay D.S., Dentener F, Smith P, Grace J., Feely R.A. (2008):
Global nitrogen deposition and carbon sinks. Nature Geosci-
ence, 1: 430-437.

Rodeghiero M., Cescatti A. (2005): Main determinants of forest
soil respiration along an elevation/temperature gradient in the
Italian Alps. Global Change Biology, 11: 1024—1041.

Scharlemann J.PW., Tanner E.V.]., Hiederer R., Kapos V. (2014):
Gobal soil carbon: Understanding and managing the largest
terrestrial carbon pool. Carbon Management, 5: 81-91.

Schwartz D., Namri M. (2002): Mapping the total organic carbon
in the soils of the Congo. Global Planet Change, 33: 77-93.

Smith P, Smith J., Wattenbach M., Meyer J., Lindner M., Zaehle
S., Hiederer R., Jones R.J.A., Montanarella L., Rounsevell
M., Reginster I, Kankaanpaa S. (2006): Projected changes in
mineral soil carbon of European forests, 1990-2100. Canadian
Journal of Soil Science, 86: 159—169.

Subke J., Reichstein M., Tenhunen J.D. (2003): Explaining tem-
poral variation in soil CO, efflux in a mature spruce forest
in Southern Germany. Soil Biology and Biochemistry, 35:
1467-1483.

Trnka M., Muska F.,, Semeradova D., Dubrovsky M., Koc-
mankovd E., Zalud Z. (2007): European Corn Borer life stage
model: Regional estimates of pest development and spatial
distribution under present and future climate. Ecological
Modelling, 207: 61-84.

Vogel J.G., Valentiny E.W., Ruess R.W. (2005): Soil and root
respiration in mature Alaskan black spruce forests that vary
in soil organic matter decomposition rates. Canadian Journal
of Forest Research, 35: 161-174.

Xu C., Gertner G.Z., Scheller R.M. (2009): Uncertainties in
the response of a forest landscape to global climatic change.
Global Change Biology, 15: 116—131.

Zlatnik A. (1976): Lesnicka fytocenologie. Prague, SZN: 387.

Received for publication November 11, 2015
Accepted after corrections October 26, 2016

Corresponding author:

Prof. RNDr. Ing. MICHAL V. MAREK, DrSc., dr.h.c., CzechGlobe — Global Change Research Institute CAS, Bélidla 4a,
603 00 Brno, Czech Republic; e-mail: marek.mv@czechglobe.cz

544

J. FOR. SCL, 62, 2016 (12): 537544



