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Abstract. Forest fires are the major disturbing factor that can affect soil carbon content in a forest 
ecosystem and may have a particularly persistent effect on the carbon stock in the affected soils. 
Purpose of the study performed was to investigate the carbon content and stock changes in a soil 
under coniferous and mixed stands in result of a forest fire occurred on the north slopes of the Rila 
Mountain (Dolna Bania region). Stands of Larix decidua Mill. ranging in age from 25 to 35 years 
have been affected. Established sampling sites (SS) cover impacts of a crown fire (C1 and C2), 
surface fire (S1 and S2) and undisturbed stand (control U). Results obtained clearly show the 
influence of the forest fire on the soil carbon content. For the soil from C1 and C2, where the crown 
fire prevailed, a decrease in the soil carbon content in comparison with the control values have 
been observed. Opposite trend was documented for the soil carbon content in sampling sites 
influenced by surface fire. These values increased with about 1% and reached 3.45% of soil organic 
carbon (SOC). The SOC stock varied from 1.4 kg/m2 to 2.5 kg/m2 for the upper 5 cm and from 3.7 
kg/m2 to 4.6 kg/m2 for the lower 15 cm soil layer. Soil from the fire-affected sites accumulated 
more carbon than the control (unburned) one. This finding is important by confirming the role of 
forest soil in the global carbon sequestration. The SOC stock values, however, differ depending on 
the trees species. For the upper 5 cm soil layer, the highest SOC stock was 2.52 kg/m2 in the soil of 
the sampling site, afforested by Scot pine, followed by that below a mixed forest (Pinus sylvestris L. 
and Quercus cerris L.). 
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Introduction 
Forest fires provoke various changes in 

ecosystems that affect the composition, 
structure and patern of the vegetation cover, 
as well as soil and water resources of 
ecosystems that are critical for their overall 
functions (NEARY et al., 2005). Forest fires 
are considered as a driver for global biome 
distribution and for maintaining the 
structure and function of fire-prone 

communities (THONICKE et al., 2001; BOND & 
KEELEY, 2005). From naturally occurring 
phenomena, forest fires become more often 
human dependent events during the last 
two decades. Fire frequency is expected to 
increase with human-induced climate 
change, especially where precipitation 
remains the same or is reduced (STOCKS et 
al., 1998). A general but moderate increase in 
precipitation, together with increased 
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productivity, could also favour generation 
of more flammable fine fuels. MIRANDA 
(1994) suggests an increase in risk, severity, 
and frequency of forest fires in Europe. It is 
well known that the world's forests are the 
main carbon pool, which is estimated to be 
348 Gt C in vegetation and 478 Gt C in soil 
(to 1 m) (updated since DIXON et al., 1994, by 
BROWN, 1998). Thus, they play an important 
role for offsetting carbon emissions and 
preventing (or at least slowing) global 
warming. Forest fires affect ability of forest 
ecosystems to store carbon. Typically 
changes occur in species distribution, net 
ecosystem production (NEP), net primary 
productivity (NPP), net biome productivity 
(NBP), elevated CO2 emissions, as well as in 
climate variability and weather extremes 
(SMITHWICK et al., 2009). Immediately after a 
fire, carbon is lost to the atmosphere 
through combustion. Stand-replacing fires 
kill living biomass in forests and reduce 
carbon gains to near zero (KASHIAN et al., 
2006). Strongest effect of fire on carbon 
cycling, however, occurs in the changing 
balance between carbon lost through 
subsequent decomposition and 
simultaneous carbon gains through growth 
of new vegetation. Stand-replacing fires 
switch ecosystems to being a net source of 
carbon as decomposition exceeds 
photosynthesis - a short-term effect (years to 
decades) that may be important over the 
next century if fire frequency increases.  

Our previous studies showed that 
forest fires have a significant positive effect 

on the soil organic carbon (SOC) content in 
the surface soil layer if it occurs in 
coniferous forests (VELIZAROVA, 2011; 
VELIZAROVA et al., 2011). Through affecting 
the more thermo-labile fractions of SOC, the 
forest fires favour the rate of the 
mineralisation processes (VELIZAROVA & 
FILCHEVA, 2011). However, the degree to 
which forest fire impacts the soil carbon 
stock has not been explored previously. Our 
goal was to advance the current knowledge 
and understanding of fire effects on carbon 
content and stock in soils on the north slopes 
of Rila Mountain, under different types of 
forests.  

 
Materials and Methods  
Representative sampling sites have been 

chosen within the coniferous forests on the 
territory of Dolna Bania Government 
Forestry Enterprises (GFE). Sampling sites 
were situated on the north slopes of the Rila 
Mountain, affected by forest fire in August 
2012. Two sampling sites – C1 and C2 with 
forests, respectively Scots pine (Pinus 
sylvestris L.) and European larch (Larix 
desidua, Mill.), were affected by a crown fire. 
Both sampling sites were established within 
the Scots pine (Pinus sylvestris L.) forest S1 
and mixed forest - Scots pine (Pinus sylvestris 
L.) and Turkey oak (Quercus cerris L.) – S2. 
Control experimental site was established in 
an unburned Scots pine (Pinus sylvestris L.) 
forest – designate like U. Detailed 
information for the sampling sites is 
presented in Table 1.  

 
Table 1. Studied areas parameters. 

 
Sampling 
sites (SS) 

Studied 
cases 

Dominant tree 
species 

Altitude, 
m 

Stand 
age 

Area, 
ha 

Geographical 
positions 

C1 Crown fire Pinus sylvestris L. 650 25 0.2 42°19'23.78" N 
23°46'37.09" E 

C2 Crown fire Larix desidua Mill. 650 25 9.3 42°19'23.77" N 
23°46'37.10" E 

S1 Surface fire Pinus sylvestris L. 650 25 4.4 42°19'23.75" N 
23°46'37.11" E 

S2 Surface fire Pinus sylvestris L. 
Quercus cerris L. 650 25 0.9 42°19'23.58" N 

23°46'36.89" E 

U Unburned Pinus sylvestris L. 650 25 0.6 42°19'25.25" N 
23°46'36.40" E 
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The five 1-m deep soil profiles (till to 
the rock material) were established using 
spade – four at the burned forest stands 
(Sampling sites - C1, C2, S1, S2) and one – at 
intact forest site (Unburned - U). Soil 
samples were taken from 0-5 cm and 5-20 
cm depth of the mineral part of the soil 
profile. Additionally four soil samples from 
the surface mineral soil have been collected 
randomly at each sampling site. Sampling 
and sample preparation processing have 
been performed following the contemporary 
methodological approach, described in 
details at ICP Manual - (COOLS & DE VOS, 
2010). The soil from observed sites belongs 
to the group of the Haplic Luvisols 
(WRBSR, 2006). Identification and 
classification was performed according to 
the morphological peculiarities of the 
established soil profiles and based on the 
data received from the following laboratory 
analyses.  

Soil organic carbon stock (SOC) for soil 
and forest litter was calculated according 
STOLBOVOY et al. (2007). For the purpose of 
our investigation, the reference soil organic 
carbon stock (SOCref)  represents the initial 
(baseline) amount of the total SOC of the 
forest plots (unburned in our case). In order 
to calculate the difference in soil organic 
carbon stock Δ SOCstoc, provoked by forest 
fire, the sequence of equations 1 to 4 was 
used. Soil organic carbon content represents 
the percentage of carbon (C) by weight (kg 
C/kg soil) × 100,  and thus does not show 
the absolute carbon mass in the soil, which 
is sometimes inconvenient for comparing 
soils differing significantly in their density. 
Mass of C depends on the soil bulk density 
(e.g., a soil with a low percentage of C, but 
with a high bulk density may contain more 
mass of C compared to a low-density soil 
with a higher percentage of C).  

Soil organic carbon density (SCD) for 
sampling site can be calculated according to 
the following equation (1): 

 
SCDsite = ∑jlayer=1 (SOCcontent × BulkDensity × Depth × (1 - frag)) 

 
Where: 
SOCcontent - SOC content, % of mass 

𝑘𝑔 𝐶
𝑘𝑔 𝑆𝑜𝑖𝑙

 × 100 

Bulk Density - soil bulk density,  𝑘𝑔 𝑆𝑜𝑖𝑙
𝑑𝑚3  

Depth - thickness of the sampled layer, 
dm; 

Frag. - volume of coarse fragments, % of 
mass or 𝑚

3𝑆𝑡𝑜𝑛𝑒
𝑚3 𝑆𝑜𝑖𝑙

 
 

Parameter 𝑆𝐶𝐷𝑠𝑖𝑡𝑒 provides an average 
value for the sampling site, which is derived 
from a composite sample as indicated in 
Equation 1. 

Next step in the calculation of the 
difference in soil organic stock is calculation 
of the mean (arithmetic average) soil carbon 
density (DCS) for a given plot.  
 

𝑆𝐶Dp = 1
𝑛
 ∑ 𝑆𝐶𝐷𝑠𝑖𝑡𝑒𝑛

𝑠𝑖𝑡𝑒=1          (2) 
Where:  
 𝑆𝐶𝐷𝑠𝑖𝑡𝑒 is calculated according to 

Equation 1;   
n - number of the sampled sites within 

the plot. 
 

Reference soil organic carbon (SOCref) 
stock for the plot was calculated according 
the equation: 

SOCref = 𝑆𝐶Dp × Ap             (3) 
Where:  
𝑆𝐶Dp  is estimated by Equation 2.  
Ap is the area of the plot. 

 
In our case, we assumed that the areas 

of the plots are equal to 1ha in order to be 
able to identify the influence of the forest 
vegetation.  

The changes in organic carbon stock 
(∆𝑆𝑂𝐶𝑠𝑡𝑜𝑐𝑘) for the plots were calculated, 
using the equation:  
 
∆𝑆𝑂𝐶𝑠𝑡𝑜𝑐𝑘 =   𝑆𝑂𝐶𝑛𝑒𝑤 −   𝑆𝑂𝐶𝑟𝑒𝑓𝑠𝑡𝑜𝑐𝑘   (4) 

Where: 
The  𝑆𝑂𝐶𝑟𝑒𝑓𝑠𝑡𝑜𝑐𝑘 is as indicated in 

Equation 3 and refer to values obtained for 
unburned reference sampling site. 

The  𝑆𝑂𝐶𝑛𝑒𝑤   refers to soil carbon stock 
after the influence of forest fire. 

 
Results and Discussion 

A summary of the characteristics of soils 
from the studied sampling sites is given in 
Table 2. 
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The measured values for soil pH after 
forest fire are higher in all experimental 
variants compared to the control pH values 
(unburned sites). More pronounced 
differences was observed for the upper 5 cm 
of the soil and for all sampling sites, affected 
by crown fire. The highest difference of 
about 1 unit of pH was found in the soil 
after fire for sampling site - C2 - under 
European larch forest. The burning of the 

organic materials from tree crowns and 
above-ground biomass makes nutrient 
elements such as Mg and Ca more available 
(MOLINA et al., 2007; SCHAFER & MACK, 
2010). A similar trend for soil pH changes 
after a crown fire under 25 years stands of 
Pinus sylvestris L. was found previously 
(VELIZAROVA et al., 2001). Our results show 
that the soil pH increased also in the layer 5 
– 20 cm in all studied variants. 

 
Table 2. Basic soil characteristics and results for the soil carbon stock changes 

 

Sa
m

pl
in

g 
si

te
s 

So
il 

de
pt

h,
 c

m
 

рН
 (Н

2О
) 

So
il 

or
ga

ni
c 

ca
rb

on
 

co
nt

en
t, 

(S
O

C
) %

 

To
ta

l s
oi

l n
itr

og
en

 
N

, %
 

C
/N

 

So
il 

bu
lk

 d
en

si
ty

 
kg

 s
oi

l/
dm

3  

So
il 

ca
rb

on
 d

en
si

ty
  

(S
C

D
sit

e)
 k

g 
C

/m
2  

SC
D

 si
te

, t
/h

a 
(fo

r 
ea

ch
 st

ud
ie

d 
so

il 
de

pt
h)

 

SC
D

 si
te

, t
/h

a 

C1 0 - 5 6.06 1.66 0.04 39.71 1.66 1.37 13.7 56.0 5 - 20 5.53 1.38 0.03 44.09 2.04 4.22 42.2 

C2 0 - 5 6.42 1.93 0.08 22.76 1.92 1.85 18.5 55.2 5 - 20 6.12 1.24 0.07 17.74 1.97 3.67 36.7 

S1 0 - 5 5.81 2.35 0.10 24.59 2.15 2.52 25.2 63.7 5 - 20 5.40 1.79 0.08 21.90 1.43 3.84 38.5 

S2 0 - 5 6.12 3.45 0.13 26.58 1.40 2.41 24.2 70.5 5 - 20 5.85 2.21 0.10 22.51 1.40 4.63 46.4 

U (SOCref) 
0 - 5 5.47 2.07 0.09 22.21 1.34 1.39 13.9 43.4 5 - 20 5.26 1.10 0.05 21.19 1.78 2.95 29.5 

 
The soil pH changes in result of the 

forest fire depend not only on the fire type – 
crown or surface, but also on the differences 
of forest vegetation cover. Besides Larix 
Desidua Mill., the mixed forest of Pinus 
sylvestris L. and Quercus cerris L., subjected 
to fire, provokes a respective increase in the 
soil pH. The specific chemical composition 
of the forest litter and tissues of the different 
forest vegetation are known to cause 
variability in quantity and quality of burned 
organic material (KEVIN et al., 2003).  

The data on soil bulk density and its 
changes are presented in Table 2 and Fig 1. 
The fire influenced soil showed increased 
bulk density values in comparison with that 
of the control sampling site. This increase is 
higher for the surface 5 cm layer and a 
maximal value of 0.81 kg soil/dm3 was 

established for S1. Rather smaller changes 
were found for this indicator in the 5 – 20 cm 
soil layer. Increase in the bulk soil density of 
up to 0.26 kg soil/dm3 was established for 
the soil from sampling sites, influenced by 
crown fire. Surface fire led to decrease in soil 
bulk density with 0.35 kg soil/dm3 – 0.38 kg 
soil × dm3 at this depth. BOERNER et al. 
(2009) and CERTINI (2005) found that heat 
and flames of forest fires transform/destruct 
the soil aggregates, clay minerals and the 
biomass, disperse formed ash, filled up soil 
pores and, thus, decrease soil porosity and 
permeability. Changes in soil bulk density 
influence the values of soil carbon density 
(SCD). 

The most significant event occurring 
during a forest fire is burning of biomass 
and soil organic matter (CERTINI, 2005). 
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Fig. 1. Soil bulk density changes in 0 - 5 cm (A) and 5 -20 cm (B) soil layer. 
 

        
Fig. 2. Correlation between the SOC content and soil bulk 
for 0 – 5 cm soil layer (A) and for 5 -20 cm soil layer (B). 

 

 
 

Fig. 3. Changes in soil organic carbon stock (∆𝑆𝑂𝐶𝑠𝑡𝑜𝑐𝑘)  
for 0 – 5 cm soil layer (A) and for 5 -20 cm soil layer (B). 
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These processes are of great importance as 
the forests and soil organic matter are a part 
of the terrestrial carbon pool, which is in 
turn – a part of the global carbon cycle (LAL, 
2005). In the 0-5 cm layer of the mineral soil, 
the SOC content varies from 1.65% to 3.45% 
(Table 2). For the soil from C1 and C2, 
affected by crown fire, SOC content 
decreased in comparison to that in control 
(U). The earlier (HOSKING, 1938) and later 
studies (DEBANO et al., 1998) on heat-
induced changes in organic matter have 
improved our understanding on the specific 
chemical changes that occur in organic 
matter during the course of heating. These 
and other studies demonstrated losses of 
organic carbon content in result of 
volatilization and carbonization of organic 
materials within the temperature interval 
from 200 ºC to 400 ºC (SCHNITZER & 
HOFFMAN, 1964). Contrary, the surface fire, 
peculiar to S1 and S2 provoked an increase 
in soil organic carbon amount in the surface 
soil layer – by up to 3.45% in comparison to 
the value for the U site. A similar trend for 
the soil organic concentration in result of a 
surface fire has been reported for 25 years 
old Austrian pine plantations (VELIZAROVA, 
2000). А slight growth in soil OM content 
are also reported due to an increased 
deposition of dry leaves and charred plant 
materials after fires that affect the tree 
canopy and forest litter (CHANDLER et al., 
1983).  

Тhe complex interactions among 
vegetation variety, fire severity, loss or 
reduction of structure and porosity, water 
repellency, as well as geomorphic processes 
influence the organic carbon content 
distribution along the soil profile. As surface 
fires suppose greater heat transfer to soil, 
the organic matter transformation was 
expected to result in structural changes. The 
SOC content within the 5-20 cm soil layer 
showed higher values in all studied variants 
in comparison with the control site. This 
increase was evident in the soils from S1 
and S2 sampling sites. DEBANO (1981) 
hypothesizes that because of the steep 
temperature gradient in the upper 5 cm and 
deeper soil layers a small amount of organic 
matter can move downward and condense 

to form a water-repellent layer that would 
impede infiltration. Our results showing a 
negative correlation between the SOC 
content and soil bulk density for 5 -20 cm 
soil layer are in agreement with this 
hypothesis (Fig. 2).   

The soil organic matter consists of 
distracted to a different degree plant 
materials, wood debris, humified 
components and other organic fractions and 
thus it is important to discuss the SOC stock 
and its changes (∆𝑆𝑂𝐶𝑠𝑡𝑜𝑐𝑘) for the fire 
influenced sampling sites (Table 2, Fig. 3).  
Our results for the SOC stock show that its 
values vary from 1.4 kg/m2 to 2.5 kg/m2 for 
the upper 5 cm and from 3.7 kg/m2 to 4.6 
kg/m2 for the lower 15 cm. Comparing these 
values with that for control sampling site, it 
is evident that the soils from fire affected 
sites accumulated more carbon than 
the control one. The SOC stock values, 
however, differ with the forest types. For 
example – the soil from Scots pine stand 
affected by surface fire (S1) showed the 
highest SOC stock in the surface 5 cm 
- 2.52 kg/m2, followed by that – for S2 – 
mixed forest (Pinus sylvestris L. Quercus 
cerris L.). The soil of these sampling sites 
(S1 and S2) showed higher carbon stocks 
also in the lower 15 cm layer – 3.85 kg/m2 

and 4.64 kg/m2, respectively. 
Standardized SOC stock values for the 
studied 20 cm layer of the mineral soil 
exhibit the highest accumulation of 63.7 
kg/m2 and 70.5 kg/m2 in the soil from 
surface fire affected sites. Obviously, 
the SOC stock in the fire-influenced 
sampling sites was dependent of fire 
characteristics (fire type and its severity) 
and on the tree species. We calculated the changes in soil 
organic carbon stock (∆𝑆𝑂𝐶𝑠𝑡𝑜𝑐𝑘) as the 
difference between the reference soil organic 
carbon stock (SOCref) and  𝑆𝑂𝐶𝑛𝑒𝑤  and use it 
as a measure for the forest fire influence on 
the soil organic matter (Fig. 3). The SOC 
stock differences in the surface 5 cm of the 
soil were ≈ 1.0 kg/m2 in the S1 and S2 – 
sampling sites, related to the surface fire 
influence. Crown fire provoked lower SOC 
stock changes ≈ 0.4 kg/m2 in the C2. All 
mentioned changes show positive 
accumulation trend. A decrease in the SOC 
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stock - by - 0.01 kg/m2 was found for the 
surface 5 cm of the soil from C1, influenced 
by crown fire.  

Along the soil profile (the 5-20 cm 
layer), the SOC stock differences vary from 
0.6 kg/m2 to 1.7 kg/m2. Based on the data 
obtained, we suppose that in deeper soil 
layers the forest fire influence was less 
significant and that the carbon stock 
changes were mainly due to downward 
movement processes of transformed soil 
organic compounds, as well as of fine soil 
particles. RAPALEE et al., (1998) found that 
for boreal soil the SOC stock accumulation 
is related to the soil permeability, which 
was confirmed also by other studies 
(DEBANO, 1981).  

 
Conclusions 
Our investigation highlights the 

importance of field-based site 
measurements in characterizing the soil 
organic carbon stocks. The SOC stock varied 
from 1.4 kg/m2 to 2.5 kg/m2 for the upper 5 
cm and from 3.7 kg/m2 to 4.6 kg/m2 for the 
lower 15 cm soil layer. The soil from the 
fire-affected sites accumulated more carbon 
than the control (unburned) one. This 
finding is important by confirming the role 
of forest soil in the global carbon 
sequestration. The SOC stock values, 
however, differ depending on the trees 
species. For the upper 5 cm soil layer, the 
highest SOC stock was 2.52 kg/m2 in the 
soil of the sampling site, afforested by Scot 
pine, followed by that  below a mixed forest 
(Pinus sylvestris L. and Quercus cerris L.). 
Standardized SOC stock values for the 
studied 20 cm layer of the mineral soil show 
that the highest accumulation of 63.7 kg/m2 

and 70.5 kg/m2 is achieved in the soil from 
the surface fire affected sites. The reasons 
leading to a higher SOC stock in the fire-
influenced sampling sites were related to 
fire characteristics (type and severity), and 
to the type of tree species. Changes in soil 
bulk density induce changes in soil carbon 
density (SCD). 

SOC stock differences stock (∆𝑆𝑂𝐶𝑠𝑡𝑜𝑐𝑘) 
vary from 0.6 kg/m2 to 1.7 kg/m2. 
Downward movement processes of 
transformed soil organic compounds and 

fine soil particles seem to be the main 
mechanism for SOC stock accumulation. 
Forest fires influenced to a lesser degree the 
carbon stock changes in deeper (more than 5 
cm) soil layers.  

 
 

References 
 
BOERNER R., S. HART, J. HUANG. 2009. 

Impacts of Fire and Fire Surrogate 
treatments. - Ecological Applications, 
19(2): 338–358. 

BOND W.J., J.E. KEELEY. 2005. Fire as a global 
‘herbivore’: the ecology and evolution 
of flammable ecosystem. - Trends in 
Ecology and Evolution, 20(7): 387-394. 

BROWN S. 1998. Present and future role of 
forests in global climate change. - In: 
Goapl, B., P.S. Pathak, K.G. Saxena 
(Eds.): Ecology Today: An Anthology of 
Contemporary Ecological Research. New 
Delhi, India, International Scientific 
Publications, pp. 59–74. 

CERTINI G. 2005. Effect of fire on properties 
of soil - A review. - Oecologia, 143: 1-10. 

CHANDLER C, P. CHENEY, P. THOMAS, L. 
TRABAUD, D. WILLIAMS. 1983. Forest fire 
behaviour and effects. Fire in Forestry, (I), 
New York: John Wiley & Sons, 450 p. 

COOLS N., B. DE VOS. 2010. Sampling and 
Analysis of Soil. Manual Part X, In: 
Manual on methods and criteria for 
harmonized sampling, assessment, 
monitoring and analysis of the effects 
of air pollution on forests, UNECE, 
ICP Forests, Hamburg, 208 p.  

DEBANO L. F. 1981. Water repellent soils: a 
state of the art. Technical report PSW-
46. Berkeley, CA: U.S.A., 21 p. 

DEBANO L.F., D.G. NEARY, P.F. FFOLLIOTT. 
1998. Fire’s effects on ecosystems. New 
York, John Wiley & Sons, Inc. 333 p. 

DIXON R.K., S. BROWN, R.A. HOUGHTON, 
A.M. SOLOMON, M.C. TREXLER, J. 
WISNIEWSKI. 1994. Carbon pools and 
flux of global forest ecosystems. - 
Science, 263: 185–190. 

HOSKING J.S. 1938. The ignition at low 
temperatures of the organicmatter in 
soils. - Journal of Agricultural Science, 28: 
393–400. 

87 
 



Forest Fire Impact on the Soil Carbon Content and Stock on the North Slopes of Rila Mountain… 
 

KASHIAN D.M., W. H. ROMME, D.B. TINKER, 
M. G. TURNER, M. G. RYAN. 2006. 
Carbon Storage on Landscapes with 
Stand-replacing. - Fires BioScience, 
56(7):598-606. 

MCTIERNAN K. B., M-M. COUTEAUX, B. BERG, 
M. P. BERG, R. CA. DE ANTA, A. 
GALLARDOE, W. KRATZF, P. PIUSSI, J. 
REMACLE, A. V. DE SANTO. 2003. 
Changes in chemical composition of 
Pinus sylvestris needle litter during 
decomposition along a European 
coniferous forest climatic transect. - 
Soil biology and biochemistry, 35: 801 – 
813.  

LAL R. 2005. Forest soils and carbon 
sequestration. - Forest Ecology and 
Management, 220: 242 –25 

MOLINA M, R. FUENTES, R. CALDERON, M. 
ESCUDEY, K. AVENDAÑO, M. 
GUTIERREZ, A. CHANG. 2007. Impact of 
forest fire ash on surface charge 
characteristics of Andisols. - Soil 
Science, 172(10): 820-834. 

NEARY D. G., K. C. RYAN, L. F. DEBANO. 
2005. Wildland fire in ecosystems: effects 
of fire on soils and water. General 
Technical Report, Ogden, U.S. Rocky 
Mountain Research Station, 250 p. 

RAPALEE, G., S. E. TRUMBORE, E. A. 
DAVIDSON, J. W. HARDEN, H. 
VELDHUIS. 1998. Soil carbon stocks and 
their rates of accumulation and loss in 
a boreal forest landscape. - Global 
Biogeochemical Cycles, 12(4): 687–701. 

SCHAFER J.L., M.C. MACK. 2010. Short-term 
effects of fire on soil and plant 
nutrients. - Plant Soil, 334: 433-447. 

SCHNITZER M., I. HOFFMAN. 1964. Pyrolysis 
of soil organic matter. - Soil Science 
Society of America Proceedings, 28: 520–
525. 

SMITHWICK E. A. H., D. M. KASHIAN, M. G. 
RYAN, M. G. TURNER. 2009. Long-Term 
Nitrogen Storage and Soil Nitrogen 
Availability in Post-Fire Lodgepole 
Pine. - Ecosystems, 12: 792–806. 

STOCKS B.J., M.A. FOSBERG, T.J. LYNHAM, L. 
MEARNS, B.M. WOTTON, Q. YANG, J.Z. 
JIN, K. LAWRENCE, G.R. HARTLEY, J.A. 
MASON, D.W. MCKENNEY. 1998. 
Climate change and forest fire 
potential in Russian and Canadian 
boreal forests. - Climatic Change, 38: 1-
13. 

STOLBOVOY V., L. MONTANARELLA, N. 
FILIPPI, A. JONES, J. GALLEGO, G. 
GRASSI. 2007. Soil sampling protocol to 
certify the changes of organic carbon 
stock in mineral soil of the European 
Union. Version 2. Office for Official 
Publications of the European 
Communities, Luxembourg, 56 p.  

THONICKE T. K, S. VENEVSKY, S. SITCH, W. 
CRAMER. 2001. The role of fire 
disturbance for global vegetation 
dynamics: coupling fire into a dynamic 
global vegetation model. - Global 
Ecology and Biogeography, 10(6): 661-
677. 

VELIZAROVA E. 2011. Forest fire influence 
on some properties of soils under 
different forest types. - In: Atanassov 
I. (Ed.), Proceedings of International 
conference 100 Years Bulgarian soil 
science (II): 833 – 836.  

VELIZAROVA E., A. TASHEV, L TOPALOVA – 
RZEZHICHA, I. ATANASOVA. 2011. 
Dynamic of soil organic matter after 
surface and crown fire depending on 
the forest tree species variability. - 
Soil science, Agrochemistry and Ecology, 
1-4: 77 - 81.  

VELIZAROVA E., E. FILCHEVA. 2011. Effects 
of forest fires on the organic matter of 
soils in Plana and Ihtimanska Sredna 
gora mountain. - Soil science, 
Agrochemistry and Ecology, 1-4: 59–63.  

WRBSR. 2006. World Reference Base of Soil 
Resources (WRBSR), 2006. World Soil 
Resources Reports 103, 127 p. 

 
 

Received: 10.11.2013 
Accepted: 02.03.2014

 

© Ecologia Balkanica 
http://eb.bio.uni-plovdiv.bg 

Union of Scientists in Bulgaria – Plovdiv 
University of Plovdiv Publishing House 

  
 


