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Abstract

Forest ecosystems represent one of the largest and most important ecosystems on Earth, con-
taining close to 80% of the biomass of our planet. As such, they play a significant role in the 
global carbon cycle because through photosynthesis, forests absorb more carbon than they emit 
and thus accumulate it. The most important species in deciduous forests in Europe, European 
beech (Fagus sylvatica L.), is of exceptional importance from the aspect of carbon storage. 
Considering that the state of carbon in pure beech forests is poorly investigated in the western 
part of the Balkans, the need for total carbon research was imposed to complete the picture of 
its stocks and factors that impact it. Research on total carbon (TC) storage in uneven-aged 
pure beech stands in the western part of the Balkans was carried out in three regions located 
approximately at the same latitude, but different longitude, imposing different macro-habitat 
characteristics. This research aimed to determine the TC stock and to examine the effects of 
orographic factors, stand canopy, and macroclimate on its values. TC stock in forest biomass 
was determined using appropriate regression equations and formulas, while soil organic car-
bon stock was determined using ICP forests methodology. Effects of different factors on carbon 
stock were examined using ANOVA (Type II Sums of Squares), General Linear Hypothesis 
Test (GLHT), and regression analyses. It was found that the largest TC stock is located in the 
region of Eastern Serbia (SRB) where its macroclimate is classified as suitable for hornbeam 
and sessile oak or mixed beech-oak stands. It was found that anthropogenic activity plays a 
significant role in the size of the carbon stock stored in above-ground biomass via alteration 
of forest canopy. The results also indicate that Aboveground Carbon (AGC) stocks are ap-
proximately proportional to Belowground Carbon (BGC; C in belowground biomass + soil C) 
stocks. What makes the difference is the structure of BGC, as the share of Soil Organic Carbon 
(SOC) is higher in the regions of Eastern Republic of Srpska (ERS) and Western Republic of 
Srpska (WRS), which are climatically classified as highly suitable for beech. Further analysis 
has shown that the amount of SOC decreases with increasing aridity levels. Given the results, 
management goals should be aimed at increasing the stock of biomass for the sake of carbon 
sequestration and for reducing the adverse effects of climate change, as a large amount of 
carbon can be stored in the above-ground and belowground biomass.
Keywords: forest biomass carbon, soil organic carbon, climate, orography, canopy

1. Introduction
Forest ecosystems represent one of the largest and 

most important ecosystems on Earth, covering more 
than 40 million km² and representing 30% of the total 
global land area (Keenan et al. 2015). The indisputable 
role of forests is that they contain close to 80% of our 
planet's biomass (Pan et al. 2013), representing an in-

dispensable factor for the study of carbon storage in 
terrestrial ecosystems (Liu et al. 2016). As such, they 
play a significant role in the global carbon cycle be-
cause, through photosynthesis, forests absorb more 
carbon than they emit and thus accumulate it (Kägi 
and Schmidtke 2005). In the forest ecosystem, carbon 
is present in various forms (Schneider et al. 2015).  
According to Lal (2005), total carbon (TC) in the forest 
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ecosystem can be divided into two basic forms – bio-
mass carbon and soil carbon, and it is essential to note, 
as stated by Ontl and Schulte (2014), that it arises di-
rectly from the growth and death of plants and indi-
rectly from the transfer of carbon-enriched compounds 
from roots to soil microbes. Biomass carbon, according 
to location, can be roughly divided into above-ground 
carbon (AGC), stored in living and dead standing 
trees, dead lying wood, stumps, and leaves, and be-
lowground carbon (BGC) stored in the roots of living 
and dead trees, as well as the roots of stumps and car-
bon stored in the soil. The importance of forest bio-
mass for carbon sequestration is reflected in the fact 
that approximately half of the weight of dry wood 
matter, i.e. biomass, constitutes carbon (Johnson and 
Coburn 2010). On the other hand, the soil represents 
an important source and storage of atmospheric CO2, 
primarily as a result of the activity of microorganisms 
in the soil (Gougoulias et al. 2014) that contribute to 
several processes involved in carbon cycling (Lladó et 
al. 2017). It is important to emphasize that, according 
to estimates, more than 70% of global soil organic car-
bon (SOC) is stored in forest soils (Alemu 2014). Con-
sidering that forests, according to Sacquet (2005), Puhe 
and Ulrich (2001), Nabuurs et al. (2003), and IPCC 
(2000, 2007), have a crucial role in preserving biodiver-
sity and absorbing carbon dioxide emissions, the re-
search of biomass and carbon stocks in forest ecosys-
tems has long been of great importance worldwide. 
Their importance is reflected in the understanding of 
complex problems of humanity such as the energy 
crisis and climate change. As human activities, such as 
deforestation and the burning of fossil fuels, have led 
to a drastic increase in the concentration of atmospher-
ic carbon dioxide (CO2) (Mund 2004, Ciais et al. 2013, 
Friedlingstein et al. 2019), the impact of various pol-
lutants and climate change on the forest ecosystem has 
often been studied, as well as their contribution to 
mitigate the adverse effects of climate change (Körner 
et al. 1988, 1991, Lebaube et al. 2000, Joosten et al. 2004, 
Mund 2004). The importance of climate impact or the 
impact of climate change on carbon sequestration, es-
pecially on soil organic carbon (SOC) stock, has been 
pointed out in a large number of studies (Pilegaard et 
al. 2009, Meier et al. 2010, Brunn et al. 2014, Alemu 
2014, Prietzel et al. 2016, Khan et al. 2019, Lee et al. 
2020, Fekete et al. 2020, Gu et al. 2021, Azian et al. 
2022). On the other hand, the way in which forests are 
managed should not be neglected, considering that the 
management systems largely define carbon stocks in 
forests (Johnson and Curtis 2001, Laiho et al. 2003, 
Nave et al. 2010, Warren and Ashton 2014, Achat et al. 
2015, Simard et al. 2020, Hukić et al. 2021).

As one of the most important species in deciduous 
forests in Europe and the most represented type of 
potential natural vegetation in Central Europe 
(Ellenberg 1988), European beech (Fagus sylvatica L.) is 
of exceptional importance from the aspect of carbon 
storage. Therefore, a large number of studies investigated 
the state of carbon in pure beech forests in Germany 
(Mund 2004, Joosten et al. 2004, Cremer et al. 2016, 
Grüneberg et al. 2013, Wambsganss et al. 2017), Italy 
(Bayat et al. 2012, Innangi et al. 2015, Piovesan et al. 2010), 
Denmark (Nord-Larsen et al. 2019), France  
(Lecointe et al. 2006, Granier et al. 2000), Belgium (Vande 
Walle et al. 2005), the Czech Republic (Schneider et al. 
2015, Andivia et al. 2016), Croatia (Marjanović et al. 
2010), Spain (Santa Regina et al. 1997) and Greece (Zianis 
and Mencuccini 2005). Although it is one of the most 
abundant species in the western part of the  
Balkans (Balkan part of Slovenia, Croatia, Bosnia and 
Herzegovina, Serbia, Montenegro, and North 
Macedonia) (Banković et al. 2009, Božič et al. 2010, 
Ballian et al. 2012, Govt of RS 2012, GIZ 2017), the state 
of carbon in pure beech forests in this region is poorly 
investigated. A small number of studies dealt with the 
mentioned topic in Serbia (Koprivica and Matović 2011, 
Koprivica et al. 2013a, Koprivica et al. 2013b, Hadrović 
2015), but they were limited to specific areas or mostly 
only to the state of AGC or BGC from biomass. On the 
other hand, this type of research has not been conducted 
on any scale in other parts of the Western Balkan. 
Further to the above, the need for a comprehensive 
research of carbon has emerged to complete the picture 
of its stocks and factors that impact it.

This research aims to determine the stock of total 
carbon and investigate the effect of different factors on 
carbon in three regions located at the same latitude in 
the western part of the Balkans. However, the three 
researched regions differ significantly in longitude, 
which determines their very different macro-habitat 
characteristics.

2. Materials and Methods
Research on the state of the total carbon in man-

aged beech forests has been conducted in three re-
gions: eastern Serbia (SRB), eastern (ERS), and western 
(WRS) Republic of Srpska, the entity of Bosnia and 
Herzegovina. In these three regions, which are eco-
logically very different, with an emphasis on the cli-
mate difference, 20 localities (70 sample plots), have 
been selected in pure uneven-aged beech forests, of 
which eight in SRB (30 sample plots), seven in ERS (24 
sample plots), and five in WRS (16 sample plots)  
(Appendix 1). In the not-so -far past, these pure  
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et al. 2013) and FAI values (Stojanović et al. 2014) from 
high-resolution rasters for sample plots in the SRB re-
gion. In each locality, sample plots were placed by lay-
ing transects with a minimum of 3 points at a distance 
of 1 km in the same direction, mostly from the tops of 
the mountains to their foothills.

Laying down of the transects was done in the GIS 
software QGIS 3.14, with the help of orthophoto im-
agery of the Republic of Srpska (Geoportal of RS 2012), 
European Digital Elevation Model (EU-DEM v1.1) and 
forestry stand maps. Data was collected in circular 
sample plots with a radius of 17.84 m and an area of 
1000 m2.

In the centre of each circular sample plot on an area 
of 1 m², the thickness of litter was measured, and all 
the leaves were collected. Within each circular sample 
plot, the diameters (≥5 cm) of all living and dead 
standing trees, dead lying trees and stumps were mea-
sured using »Haglöf« aluminium tree callipers. The 
decay degree was assessed for dead lying wood and 
stumps by applying ocular assessment and mechani-
cal wood pressing using Koprivica et al. (2013a) scale 
(Table 1).

The height of all living and dead standing trees was 
measured using the electronic tree height measuring 
device »Vertex IV«, while the length of the dead lying 
trees was measured using a ribbon. The volumes of 
living and dead preserved standing trees were calcu-
lated according to the regression equations of Kopriv-
ica and Matović (2005). The volume of the measured 
roundwood was calculated using the simple Huber's 
formula (Eq. 3).

 V = g1/2 * L (3)
Elevation and aspect were determined using a GPS 

device »Garmin Etrex 10«, while the terrain slope was 
measured using »Vertex IV«. The canopy level was 
determined by measuring the covered and uncovered 
parts on two cross-diameters of the circular sample 
plots. At the center of each circular sample plot, from 
previously prepared soil pits with depths that ranged 
up to 40 cm, several solid-state soil samples were tak-
en from the Ah horizon using Kopecky cylinders. The 
Ah horizon thickness was measured using a ribbon. 
To determine soil’s carbon storage capacities, the soil’s 

uneven-aged beech forests were old-growth forests. At 
the beginning, these forests in Serbia (SRB region) 
were managed as Plenter forests, but during the years 
group-selection management system became more 
common (Koprivica et al. 2013a). At present, these for-
ests are known for bad quality and assortment struc-
ture, although they have retained their structural di-
versity and degree of naturalness and have relatively 
high production potential (Matović et al. 2018). In 
Bosnia and Herzegovina (ERS and WRS regions), 
management of pure beech forests had a similar his-
tory, as the Plenter system was widely used (Čilaš et 
al. 2023). As a result of such management history, pure 
beech forests in Serbia and Bosnia and Herzegovina, 
unlike pure beech forests in a large number of  
European countries, are mainly uneven-aged, struc-
turally diverse, and ecologically stable.

To show the climatic differences in the best possi-
ble way, the climatic characteristics are expressed us-
ing the most commonly used climatic indices:

Ellenberg's climate quotient – EQ (Ellenberg 1988)

  
EQ

T
P

=
( )VII

annual
*100  (1)

Where:
TVII  mean monthly air temperature in July
Pannual mean annual amount of precipitation.
Forestry Aridity Index – FAI (Führer et al. 2011)
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Where:
TVII, TVIII  mean monthly air temperatures in 

July and August
PV, PVI, PVII, PVII  sum of monthly precipitation for 

May, June, July and August.
Lower values of both indices indicate a more hu-

mid climate, while higher values, a dryer and warmer 
climate. For example, Miletić et al. (2021) found that 
beech forests in Serbia are located in areas within a 
range from 16.07 (EQ) or 3.62 (FAI) to 38.69 or 8.92 
(FAI).

By the GIS software, QGIS 3.14, EQ and FAI values 
for sample plots in the ERS and WRS regions were 
obtained by processing high-resolution rasters from 
the Climate Atlas of Bosnia and Herzegovina (Bajić 
and Trbić 2016), and then by extracting EQ (Stojanović 

Table 1 Wood degree scale

Percentage of decay <10% 10–40% >40%

Decay degree
Sound
wood

Weakly
decayed wood

Decayed
wood

Categories a b c
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physical and chemical properties were analyzed ac-
cording to the ICP forests methodology. The total dry 
biomass of living standing trees and the old stump 
roots and dead standing trees were determined ac-
cording to Wutzler et al. (2008) regression equations 
for European beech. Deadwood biomass was deter-
mined by multiplying its volume with the beech wood 
density defined for different stages of its decay (Mund 
2004). The carbon in total biomass of standing trees 
was determined according to the regression equation 
for European beech (Joosten et al. 2004), and the car-
bon of roots and deadwood by multiplying their bio-
mass with a coefficient of 0.5 (IPCC 2003, Koprivica et 
al. 2012).

The systematization and processing of the collect-
ed data were carried out in the Microsoft Office Excel 
2010, whereby the values of elevation, terrain slope, 

and aspect were reclassified into the appropriate class-
es. The reclassification was carried out as follows: el-
evation into 100 m wide classes and terrain slope into 
categories by the general classification of the terrain 
depending on the size of the terrain slope angle (Vacca 
1992), which were ranked with increasing ordinal 
numbers. Canopy was reclassified into four classes 
ranked in ascending order according to Stojanović and 
Krstić’s (2008) classification: incomplete (0.5–0.6), 
complete (0.7), dense (0.8–0.9) and very dense canopy 
(1.0). In this way, the mentioned variables were con-
verted into the ordinal-type variables. Aspect was re-
classified into three classes: sunny (S, SE, SW), semi-
sunny (W and I), and shady (NW, N, NE), as well as a 
variable related to climatic regions, turning them into 
a nominal type variable. The influence of orographic 
factors and macroclimate on the amount of AGC and 
BGC was examined using ANOVA (Type II Sums of 

Fig. 1 Spatial distribution of sample plots
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Squares) and General Linear Hypothesis Test (GLH) 
using R Studio (R Core Team 2021) and packages: stats 
(R Core Team 2021), multcomp (Hothorn et al. 2008), 
car (Fox et al. 2019), VCA (Schuetzenmeister et al. 
2020), and readxl (Wickham et al. 2019). Given the 
high attention paid to soil organic carbon (SOC), the 
influence of microclimate on its content in soil was 
examined through regression analysis using R Studio 
(R Core Team 2021) and packages: readxl (Wickham 
et al. 2019), car (Fox et al. 2019), stats (R Core Team 
2021), where the elimination of the outliers was per-
formed using the Confidence Ellipse method with a 
90% confidence interval, using the SIBER package 
(Jackson et al. 2011). Graphs were created using pack-
ages ggplot2 (Wickam 2016) and graphics (R Core 
Team 2021). The mentioned parametric statistical 
methods were used following the central limit theo-
rem, which states if sample set is large enough (n>30) 
sampling distribution tends to be normal. For statisti-
cal analysis on sample sets that are composed of 30 or 
fewer samples (each region separately), the Shapiro-
Wilk test is used for normality check using the car (Fox 
et al. 2019) package in R Studio (R Core Team 2021).

3. Results
The most significant average number of living and 

dead trees are found in the SRB region, and the small-
est in the ERS region (Table 2). The average number of 
trees per region is pretty uniform and with very dif-
ferent average stand volumes, it indicates that beech 
forests in WRS and especially ERS region are exposed 
to greater anthropogenic (harvesting) activity (Table 
2).

It is important to note that the share of AGC versus 
BGC is the highest in the ERS region, and the lowest 
in the WRS region (Fig. 2). Interestingly, as much as 
35.21% of the AGC in the SRB region consists of carbon 

from dead-standing trees (21.11%) and dead-lying 
wood (14.10%), which is 54.73 t/ha and 67.72 t/ha high-
er than in the ERS and WRS regions, respectively 
(Table 3). However, special attention should be paid 
to the form of BGC, especially in the SRB region, con-
sidering that carbon from the roots of stumps, and liv-
ing and dead trees have the largest share compared to 
ERS and WRS regions (Table 4). When it comes to the 
SOC, significantly larger amounts are found in the 
WRS and ERS regions (Table 4), which have signifi-
cantly more humid climates than the SRB region  
(Table 2). On average, the highest amount of TC is 
found to be in the SRB region, and the lowest in the 
ERS region (Table 5).

Table 2 Stand structural elements

Region
Climate Sample plot

n

Living trees Dead trees Stumps Lying wood All

EQ FAI m3/ha n/ha m3/ha n/ha m3/ha n/ha m3/ha n/ha m3/ha n/ha

SRB 25.13 5.48 30 434.12 496 11.21 37 5.49 66 20.53 179 471.35 778

ERS 15.80 3.55 24 358.87 487 2.87 34 2.99 35 11.04 54 375.47 610

WRS 13.48 3.30 16 395.13 499 1.59 14 4.42 40 5.57 72 406.71 625

All 19.27 4.32 70 399.41 494 6.15 31 4.39 49 13.86 112 423.81 686

SRB – Eastern Serbia
ERS – Eastern Republic of Srpska
WRS – Western Republic of Srpska
FAI – Forestry aridity index
EQ – Ellenberg's climate quotient

Fig. 2 Relative share of above-, and below-ground carbon in ana-
lyzed regions
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Table 3 Carbon stocks in above-ground wood and litter in analyzed regions

Region

Woody carbon Non-woody carbon

Living trees Dead trees Stumps Lying wood All Litter

t/ha % t/ha % t/ha % t/ha % t/ha % t/ha %

SRB 146.41 60.25 51.31 21.11 10.18 4.19 34.24 14.1 242.14 99.65 0.86 0.35

ERS 121.12 72.41 12.6 7.53 14.37 8.59 18.22 10.89 166.32 99.43 0.95 0.57

WES 131.48 75.82 7.17 4.14 23.18 13.37 10.66 6.14 172.49 99.47 0.93 0.53

SRB – Eastern Serbia
ERS – Eastern Republic of Srpska
WRS – Western Republic of Srpska

Table 4 Carbon stocks in below-ground wood and soil in analyzed regions

Region

Woody carbon Non-woody carbon

Living trees roots Dead trees roots Stump roots All SOC

t/ha % t/ha % t/ha % t/ha % t/ha %

SRB 26.73 19.63 18.06 13.26 72.9 53.53 117.68 86.42 18.49 13.58

ERS 21.99 26.53 3.73 4.5 37.54 45.28 63.27 76.31 19.64 23.69

WRS 23.42 21.5 2.26 2.08 58.9 54.07 84.57 77.64 24.36 22.36

SRB – Eastern Serbia
ERS – Eastern Republic of Srpska
WRS – Western Republic of Srpska
SOC – Soil organic carbon

Table 5 The value of above-, below-ground and total carbon in analyzed regions

Region
Sample 

plot
n

Mean Min Max Sd

t/ha

AGC BGC TC AGC BGC TC AGC BGC TC AGC BGC TC

SRB 30 243 136.17 379.18 78.38 40.71 157.89 914.49 308.86 1116.22 157.98 68.2 187.90

ERS 24 167.27 82.91 250.18 79.15 31.18 110.34 390.47 172.24 486.07 67.16 28.96 74.76

WRS 16 173.42 108.93 282.34 85.08 35.21 120.29 331.97 206 453.89 59.88 55.4 89.22

All 70 201.13 111.69 312.82 78.38 31.18 110.34 914.49 308.86 1116.22 118.80 58.76 148.08

SRB – Eastern Serbia
ERS – Eastern Republic of Srpska
WRS – Western Republic of Srpska
AGC – Above-ground carbon
BGC – Below-ground carbon
TC – Total carbon

ANOVA has shown that one factor have a statisti-
cally significant effect on the amount of AGC, namely 
Canopy. The aspect should not be taken into further 
consideration, considering its extremely low level of 
statistical significance (p<0.1). Contrary to the previous 
one, the effect of the Canopy on AGC is characterized 
by a high level of statistical significance (p<0.01) (Table 
6). Statistically significant differences were found be-
tween very dense and dense and very dense and com-

plete canopy, where the amount of AGC was greater 
in favor of very dense canopy (Table 7).

ANOVA has shown that only the Region has a sta-
tistically significant effect (p<0.01) on the amount of 
BGC (Table 8). In this case, the GLHT showed no sta-
tistically significant difference in BGC between the 
ERS and WRS regions, although there are more than 
obvious differences in the macroclimatic conditions 
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posed to the FAI and EQ classifications of climate suit-
ability for beech development. As a statistically sig-
nificant variable, the canopy indicated that 
anthropogenic activity played a major role in the size 
of the carbon stock stored in the above-ground bio-
mass. It is assumed that the reason for this is the ap-
plication of different management systems through 
history and probably the long-term absence of man-
agement procedures in certain sample plots in the SRB 
region. The leading indicator for this is a significantly 
higher amount of carbon stored in dead-standing trees 
and lying wood in the SRB region than in the others 
(Table 3). The results indicate that AGC stocks are ap-
proximately proportional to BGC stocks (Table 5). Al-
though the amount of BGC is statistically significantly 
higher in the SRB region compared to the other two 
regions, ERS and WRS, what makes the difference is 
the structure of BGC among the analyzed regions. It 
is important to note that the share of SOC is signifi-
cantly higher in the ERS and WRS regions (Table 4), 
where the climate is classified as highly suitable for 
beech development, as opposed to the SRB region.

In a research that dealt with determining the TC 
stocks in pure beech forests in Europe, similar stocks 

expressed through climate indices (FAI and EQ). In 
contrast, statistically significant differences in BGC 
were found between the SRB and the other two re-
gions: ERS and WRS. GLHT showed that the amount 
of BGC was more significant in favor of the SRB region 
(Table 9).

The exponential regression analysis showed that 
there was a relatively weak negative relationship be-
tween the climatic characteristics expressed through 
FAI (R2=0.132) and EQ (R2=0.131) with the amount of 
SOC (Fig. 3a and 3b). The strength of that relationship 
is significantly greater when the relative share of SOC 
in BGC is used in the analysis above (Fig. 3c and 3d). 
Using this data, to a certain extent, the influence of har-
vesting in several beech stands on the obtained results 
was eliminated. Since sample sets comprising data 
from each region alone (SRB, ERS, and WRS) don’t have 
normally distributed data, the use of regression analy-
sis, for this particular case, is unreasonable.

4. Discussion
The most significant amounts of TC were found in 

the SRB region, and the smallest in the ERS region 
(Table 5). In this case, the size of the TC stock is op-

Table 6 Results of ANOVA on orography, macroclimate, and stand 
canopy impact on the carbon stock in above-ground wood and litter

Factors Total Sq Df F value Pr (>F) Signif. codes

Elevation 126,039.4 8 1.494 0.184 –

Aspect 56,726.54 2 2.69 0.078 .

Slopes 84,777.02 5 1.608 0.176 –

Canopy 105,018.4 3 3.32 0.027 *

Region 14,541.95 2 0.689 0.507 –

Residuals 516,728.3 49 – – –

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Table 8 Results of ANOVA on orography, macroclimate, and stand 
canopy impact on the carbon stock in below-ground wood and soil

Factors Total Sq Df F value Pr (>F) Signif. codes

Elevation 36,424.87 8 1.770 0.106 –

Aspect 4886.46 2 0.950 0.394 –

Slopes 2971.64 5 0.231 0.947 –

Canopy 11,171.15 3 1.448 0.240 –

Region 31,478.79 2 6.119 0.004 * *

Residuals 126,037.8 49 – – –

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Table 7 General Linear Hypothesis Test on carbon stock differ-
ences for the Canopy factor levels in above-ground wood and litter

Difference (Canopy) Estimates
Standard

error
t value Pr (>t)

Signif.
codes

Complete – 
Incomplete

–30.425 57.521 –0.529 0.9500 –

Dense – Incomplete –25.269 50.176 –0.504 0.9564 –

Very dense
Incomplete

151.276 67.174 2.252 0.1196 –

Dense-Complete 5.156 41.189 0.125 0.9993 –

Very dense – 
Complete

181.701 62.748 2.896 0.0269 *

Very dense – Dense 176.545 58.275 3.029 0.0193 *

Signif. codes : 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Table 9 General Linear Hypothesis Test on carbon stock differ-
ences between Regions in below-ground wood and soil

Difference
(Regions)

Estimates
Standard

error
t value Pr (>t)

Signif.
codes

ERS – WRS –23.79 18.03 –1.319 0.38677 –

SRB – WRS 61.55 25.56 2.408 0.04966 *

SRB – ERS 85.34 24.46 3.488 0.00285 **

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
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were found in areas with similar climatic characteris-
tics. Starting from the SRB region, it can be concluded 
that TC stocks are highly similar to the TC stocks 
found in beech forests in Denmark: 395 t/ha (Nord-
Larsen et al. 2019), Czech Republic: 321 t/ha (Schneider 
et al. 2015), Germany: 352 t/ha (Mund 2004) and 
France: 373 t/ha (Lecointe et al. 2006 ). On the other 
hand, similar total carbon stocks as those in the ERS 
and WRS regions have also been recorded in several 
locations in Italy: 247 t/ha (Bayat et al. 2012) and  

192–268 t/ha (Piovesan et al. 2010), Germany, Slovakia 
and Ukraine: 212 t/ha (Pandey 2012). Interestingly, ac-
cording to the classifications of Führer et al. (2011) – 
FAI and Ellenberg (1988) – EQ, the SRB region is clas-
sified as an area suitable for hornbeam and sessile oak 
or for mixed beech-oak stands. An even more interest-
ing fact is that the largest stock of TC was found in the 
given area (Table 5). Although, according to the men-
tioned classifications, ERS and WRS regions are clas-
sified as highly suitable for pure beech forests, the TC 

Fig. 3 Relationship between Ellenberg’s climate quotient, Forestry Aridity Index and SOC in all three regions (SRB, ERS and WRS) (grey dots-
outliers)
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stocks are significantly lower than in the SRB region 
(Table 5). According to our assessment, this is the re-
sult of different management systems and, in some 
sample plots in the SRB region, probably the result of 
the long-term absence of forest management proce-
dures. The best example of this is the site Oštri kamen 
1, which is characterized by a huge TC stock, which is 
dominated by carbon from dead standing trees and 
the absence of stumps (Appendix 1). Statistically sig-
nificant effect of the canopy on the amount of AGC 
(Table 6) validates this, considering that stands with a 
higher degree of canopy are better preserved (Đorem 
et al. 2022) due to the weak or complete absence of 
anthropogenic activity, which, according to Harmon 
et al. (1990), Cannell et al. (1992), Karjalainen (1996), 
Fleming and Freedman (1998), Trofymow and Black-
well (1998), Weber (2001), Crow et al. (2002), Askar et 
al. (2018), Duncanson et al. (2019), Urban et al. (2014) 
usually leads to the fact that the average living and 
dead above-ground biomass of managed forests 
reaches only 20–60% of that present in the virgin for-
ests. The above aspect should not be ignored in the 
case of BGC, as its stocks are statistically significantly 
larger in the SRB region compared to the ERS and 
WRS regions (Table 9). Given that a large part of BGC 
in the SRB region consists of carbon originating from 
the roots (Table 5), a high degree of forest preservation 
plays a major role in this case. The basis for this conclu-
sion is found in the research of Bolte et al. (2004), who 
concluded that the size of the breast diameter was 
highly correlated with the amount of beech coarse root 
biomass. Overall, it can be concluded that the anthro-
pogenic impact is very significant regarding to the 
amount of carbon stored in the above-ground or be-
low-ground forest biomass. As climate change can 
threaten the survival of forests in Serbia (Miletić et al. 
2021) and Bosnia and Herzegovina (Miletić et al. 2022) 
by the end of the 21st century, anthropogenic activity 
should be under strong control. This is crucial as cli-
mate-induced changes can lead to poor growth per-
formance (Stjepanović et. al 2018) and even mortality 
(Horváth et. al 2016) of beech trees, which can be wors-
ened by increased management pressure, leading to a 
severe loss of carbon stored in the above-ground and 
below-ground wood.

Although it was mentioned several times that the 
forests in the ERS and WRS regions are exposed to a 
significantly higher harvesting intensity, which, ac-
cording to Achat et al. (2015), Hukić et al. (2021), and 
Leuschner et al. (2022), leads to significant losses of 
SOC, its absolute share in BGC is higher in the ERS 
and WRS than in the SRB region (Table 4). Further 

analysis showed that the amount of SOC or its relative 
share in BGC decreased with the increase in EQ (Fig. 
3a and 3c) and FAI (Fig. 3b and 3d). In this way, it was 
shown that the climate was extremely important for 
soil carbon sequestration in addition to the significant 
anthropogenic impact that resulted in the reduction of 
wood stocks and even SOC. The research by Fekete et 
al. (2020) in Hungary showed that the climate had an 
extremely significant impact, while our study showed 
the opposite because it was found that the amount of 
SOC increased with the increase in EQ values. There-
fore, it can be concluded that the influence of climate 
on the amount of SOC cannot be generalized for all 
beech habitats.

5. Conclusions
Having in mind that forest management and cli-

mate change play a major role in AGC and BGC stock 
formation, in the future stakeholders should consider 
relieving pressure on overmanaged pure beech for-
ests, especially those in the ERS region. Improving 
their productivity and ecological stability needs to be 
our primary goal. This can be done by strictly imple-
menting ecosystem management systems, such as the 
Plenter and group-selection system, or combination of 
those two, as well as introducing drought-resistant 
beech provenances in climate change-endangered ar-
eas, such as lowland parts of the SRB region. Based on 
the results, the chosen management system should 
support trees with a high growth performance, as 
these trees have high carbon sequestration capacity. 
Where possible, a gradual introduction of other spe-
cies in beech forests, such as Norway spruce, Silver fir, 
and Sessile oak, should be considered as well, as these 
forests are well-known for improved overall resis-
tance, stability, and productivity. As the results show 
that the amount of SOC decreases with increasing EQ 
and FAI values, increasing the stock of biomass for the 
sake of carbon sequestration increase and reducing the 
adverse effects of climate change is a must. This espe-
cially applies to beech forests with a large amount of 
SOC in the WRS and ERS region, because it is evident 
in the example of beech forests in the SRB region that 
a large amount of carbon can be stored in the above-
ground and below-ground biomass. To complete the 
picture of the processes that affect the state of carbon 
in beech forests, in future research, it would be essen-
tial to conduct a similar analysis in virgin forests to 
avoid the negative impact of anthropogenic activity 
on carbon stocks, primarily on AGC stocks.
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Appendix A

Table A1 Carbon stocks in above- and below-ground wood, litter, and soil per sample plots

Re
gi

on Sample plots
FAI EQ

LT LTR DT DTR S SR LW L SOC TC

Location: XY t/ha

SR
B

Beljanica 1
21.6996, 44.1163 3.97 18.44 126.99 24.47 0.00 0.00 0.00 0.00 12.37 1 40.21 205.03

Beljanica 2
21.6995, 44.1253 4.30 19.97 56.85 10.30 0.00 0.00 20.38 143.95 0.15 1 13.83 246.45

Beljanica 3
21.6993, 44.1342 4.61 21.40 125.06 23.97 11.90 7.92 0.00 0.00 3.43 0.7 37.19 210.17

Beljanica 4
21.7004, 44.1438 4.84 22.47 140.84 26.89 7.26 6.59 11.531 88.47 11.96 0.8 35.66 329.99

Beljanica 5
21.6994, 44.1546 5.16 23.96 172.68 30.48 0.00 0.00 0.00 0.00 0.00 0.8 22.01 225.98

Crni vrh 1
21.9626, 44.1313 4.98 22.60 127.61 24.68 1.66 0.912 6.82 63.01 12.13 0.8 25.95 263.57

Crni vrh 2
21.9538, 44.1378 5.43 24.71 112.39 21.10 22.38 23.26 24.30 245.93 97.35 0.7 18.58 565.98

Crni vrh 3
21.945, 44.1439 5.59 25.49 77.45 14.02 0.51 0.20 14.47 107.56 28.06 0.3 8.15 250.72

Crni vrh 4
21.936, 44.1505 5.73 26.14 95.51 16.52 12.95 3.41 14.20 94.60 2.93 0.4 17.86 258.39

Debelo brdo-Pasuljanske 
livade 1

21.6727, 43.9619
5.20 24.01 120.83 21.35 20.76 9.30 13.74 68.76 30.75 0.4 10.86 296.75

Debelo brdo-Pasuljanske 
livade 2

21.6617, 43.9663
5.53 25.56 137.51 22.54 0.27 0.10 13.34 47.69 20.79 0.7 1.56 244.50

Debelo brdo-Pasuljanske 
livade 3

21.6508, 43.9708
5.64 26.07 103.62 17.29 12.40 6.71 27.15 130.27 57.57 0.3 6.07 361.36

Oman-Veliki Liškovac 1
22.023, 44.4534 5.86 26.87 115.49 24.41 105.25 49.84 15.54 111.74 29.12 1.2 14.35 466.94

Oman-Veliki Liškovac 2
22.0328, 44.4581 6.63 30.43 83.06 16.79 68.99 17.80 9.54 72.37 7.78 2.3 7.27 285.91

Oman-Veliki Liškovac 3
22.0438, 44.464 6.86 31.46 102.03 19.62 7.66 3.46 1.46 8.41 4.93 1.1 9.21 157.89

Oman-Veliki Liškovac 4
22.0547, 44.4687 7.13 32.70 172.96 27.60 21.61 5.43 0.00 0.00 26.33 0.3 7.76 261.98

Oštri kamen 1
21.794, 44.0308 4.48 20.52 280.44 55.00 567.22 139.42 0.00 0.00 64.63 2.2 7.33 1116.22

Oštri kamen 2
21.8008, 44.024 4.95 22.68 169.11 33.67 46.70 15.10 3.95 27.22 35.77 0.6 19.28 351.40

Oštri kamen 3
21.8077, 44.0169 5.23 23.93 158.87 32.80 253.80 102.83 10.05 42.67 43.55 1.5 25.63 671.70

Tilava Nalta 1
21.8202, 43.9247 4.96 22.56 180.50 36.25 6.90 3.09 11.70 59.78 54.30 0.7 18.29 371.52

Tilava Nalta 2
21.8084, 43.9255 5.64 25.72 43.49 9.01 0.69 0.35 19.12 104.41 22.72 0.8 17.97 218.56

Tilava Nalta 3
21.7954, 43.9268 5.85 26.73 133.80 23.76 9.69 6.45 28.31 189.55 41.48 0.4 6.97 440.41



Total Carbon Storage in Uneven-Aged Pure Beech Stands in the Western Part of the Balkans  (319–336) T. Đorem et al.

Croat. j. for. eng. 45(2024)2 329

Re
gi

on Sample plots
FAI EQ

LT LTR DT DTR S SR LW L SOC TC

Location: XY t/ha

SR
B

Velika Tresta 1
21.7707, 44.0741 5.84 26.90 123.62 20.24 5.43 1.54 15.47 131.49 33.89 0.6 29.66 361.95

Velika Tresta 2
21.783, 44.0763 5.61 25.82 220.92 36.92 0.99 0.30 15.26 180.61 9.53 1 8.48 473.99

Velika Tresta 3
21.7946, 44.0778 5.42 24.89 158.62 29.30 0.00 0.00 22.06 217.52 115.80 1.2 14.23 558.73

Velika Tresta 4
21.8073, 44.0797 4.74 21.74 203.47 37.35 139.37 66.70 0.00 0.00 52.38 0.8 28.24 528.31

Velika Tresta 5
21.8192, 44.0816 4.31 19.71 224.53 40.75 0.36 0.10 2.96 27.84 25.55 1 83.59 406.67

Veliki Štrbac 1
22.2986, 44.6133 6.48 30.76 220.71 36.31 19.38 5.24 2.79 17.12 26.84 0.7 3.52 332.60

Veliki Štrbac 2
22.3066, 44.6187 6.75 30.09 272.49 44.02 9.42 3.74 1.20 6.03 121.30 1 6.29 465.48

Veliki Štrbac 3
22.2944, 44.6058 6.61 29.51 130.91 24.36 185.87 61.99 0.00 0.00 33.72 0.6 8.75 446.18

ER
S

Bratunac 1
19.2707, 44.2473 4.00 18.32 133.03 23.22 154.68 38.75 7.03 10.94 94.72 1 22.70 486.07

Bratunac 2
19.2788, 44.2405 4.06 18.71 147.05 26.05 1.56 0.55 0.90 2.49 6.78 1.2 8.52 195.09

Bratunac 3
19.287, 44.2337 4.05 18.56 160.82 28.33 6.52 2.42 20.44 35.81 30.86 1.3 16.08 302.58

Bratunac 4
19.2946, 44.2273 4.05 18.56 71.10 14.43 5.08 2.35 33.59 73.18 2.37 0.9 19.50 222.50

Milići 1
19.0213, 44.1351 3.38 15.44 56.92 10.40 2.95 0.98 53.39 150.27 1.52 0.7 10.60 287.73

Milići 2
19.0181, 44.1264 3.46 15.93 79.68 13.21 1.89 0.65 20.55 54.00 27.20 0.8 15.28 213.25

Milići 3
19.0149, 44.1178 3.38 15.29 158.76 23.17 7.83 2.52 5.28 28.93 0.00 1 47.63 275.12

Milići-Srebrenica 1
19.1974, 44.0455 3.62 15.57 103.43 18.44 23.82 7.28 27.27 57.91 28.93 0.8 6.06 273.93

Milići-Srebrenica 2
19.1858, 44.0488 3.65 15.82 78.15 13.58 0.00 0.00 0.00 0.00 0.00 1 17.61 110.34

Milići-Srebrenica 3
19.1742, 44.0522 3.47 14.78 62.91 11.77 16.40 6.77 39.00 95.54 10.90 1 10.27 254.57

Milići-Srebrenica 4
19.1626, 44.0555 3.40 14.41 104.30 18.66 1.07 0.35 22.61 60.12 11.07 0.8 13.33 232.30

Šekovići
1 18.8121, 44.2911 3.76 17.45 51.93 10.97 2.76 0.65 15.47 35.34 9.26 1.1 23.45 150.93

Šekovići 2
18.8002, 44.2884 3.70 17.03 114.49 19.69 9.86 2.40 17.55 34.03 23.93 1 23.80 246.75

Šekovići 3
18.7882, 44.2857 3.50 15.69 73.81 11.73 6.73 2.32 6.68 41.85 13.57 0.9 15.45 173.06

Srebrenica 1
19.3985, 44.1000 3.91 16.85 135.36 25.21 12.07 5.02 6.68 41.85 7.12 0.8 26.00 260.10

Srebrenica 2
19.3886, 44.0946 4.05 17.76 138.40 25.87 5.31 1.70 19.10 53.66 0.36 0.8 16.07 261.26

Srebrenica 3
19.3787, 44.0891 3.89 16.77 160.42 28.93 0.00 0.00 5.28 28.93 0.00 0.8 22.28 246.64
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Re
gi

on Sample plots
FAI EQ

LT LTR DT DTR S SR LW L SOC TC

Location: XY t/ha

ER
S

Srebrenica 4
19.3688, 44.0836 3.77 16.03 150.35 30.19 6.09 1.98 4.04 19.35 50.11 0.9 18.27 281.27

Vlasenica 1
18.9417, 44.1546 2.91 12.80 167.78 32.53 8.12 3.86 3.70 17.02 5.17 1 25.84 265.01

Vlasenica 2
18.9309, 44.1592 3.11 14.03 132.84 24.25 10.66 3.42 9.15 10.15 0.00 1.2 25.25 216.93

Vlasenica 3
18.9524, 44.1501 3.16 14.33 153.10 30.10 1.18 0.35 9.43 18.34 51.32 0.9 26.00 290.71

Vlasenica-Kladanj 1
18.8634, 44.1777 3.04 13.44 120.08 20.60 5.33 1.99 7.92 14.14 58.27 0.8 16.87 246.00

Vlasenica-Kladanj 2
18.851, 44.177 2.95 12.83 89.81 15.78 0.00 0.00 9.90 17.10 1.90 0.8 14.82 150.11

Vlasenica-Kladanj 3
18.8366, 44.1762 2.96 12.84 262.35 50.74 12.56 3.33 0.00 0.00 1.95 1.3 29.79 362.01

W
RS

Banja Luka 1
17.1895, 44.6485 3.35 14.43 115.98 20.25 0.00 0.00 31.05 94.63 13.05 1 68.10 344.06

Banja Luka 2
17.179, 44.6535 3.47 15.10 95.32 16.30 2.58 0.57 32.38 90.88 3.49 1.1 66.89 309.51

Banja Luka 3
17.1686, 44.6586 3.41 14.70 126.76 22.78 18.35 4.86 7.34 12.84 5.88 1.1 45.70 245.61

Kotor Varoš 1
17.4756, 44.6366 3.20 13.88 164.12 29.31 0.00 0.00 37.12 88.92 0.00 1.1 10.50 331.07

Kotor Varoš 2
17.4630, 44.6370 3.27 14.35 118.22 21.24 3.89 1.19 16.63 35.91 0.00 0.9 8.96 206.94

Kotor Varoš 3
17.4504, 44.6374 3.52 15.93 94.31 17.22 0.00 0.00 23.86 54.29 12.71 0.8 4.62 207.81

Mrkonjić Grad 1
17.0222, 44.4963 3.30 13.32 68.36 12.50 0.00 0.00 21.69 44.35 0.62 0.8 19.49 167.83

Mrkonjić Grad 2
17.0249, 44.505 3.20 12.84 90.07 16.44 43.60 10.09 12.27 22.29 3.41 1 18.45 217.62

Mrkonjić Grad 3
17.0275, 44.5138 3.11 12.37 76.97 13.79 0.90 0.25 0.00 0.00 6.11 1.1 21.18 120.29

Mrkonjić Grad 4 17.0302, 
44.5226 3.04 12.03 111.01 19.31 0.00 0.00 50.62 100.98 4.50 0.9 23.04 310.35

Ribnik 1
16.8272, 44.3947 3.53 13.58 167.63 31.53 38.97 15.92 0.00 0.00 9.58 0.9 15.99 280.52

Ribnik 2
16.8149, 44.3929 3.45 13.15 179.90 29.98 0.51 0.20 0.74 1.95 5.56 0.8 15.66 235.31

Ribnik 3
16.8023, 44.3911 3.50 13.42 259.79 46.12 5.99 3.09 0.00 0.00 65.39 0.8 20.60 401.79

Šipovo 1
17.1012, 44.3433 3.28 12.81 164.97 28.52 0.00 0.00 48.79 164.60 33.34 0.8 12.88 453.89

Šipovo 2
17.0889, 44.3451 3.11 11.87 130.04 23.71 0.00 0.00 42.37 92.79 1.76 0.8 16.32 307.79

Šipovo 3
17.0766, 44.3469 3.12 11.92 140.18 25.68 0.00 0.00 46.04 137.93 5.08 0.9 21.32 377.12

SRB – Eastern Serbia, ERS – Eastern Republic of Srpska, WRS – Western Republic of Srpska, FAI – Forestry aridity index, EQ – Ellenberg's climate quotient, LT – Living trees, LTR – Living 
trees roots, DT – Dead trees, DTR – Dead trees roots, S – Stumps, SR – Stumps roots, LW – Lying wood, L – Litter, SOC – Soil organic carbon, TC – Total carbon



Total Carbon Storage in Uneven-Aged Pure Beech Stands in the Western Part of the Balkans  (319–336) T. Đorem et al.

Croat. j. for. eng. 45(2024)2 331

6. References
Achat, D.L., Fortin, M., Landmann, G., Ringeval, B., Augus-
to, L., 2015: Forest soil carbon is threatened by intensive bio-
mass harvesting. Sciebtific Reports 5(1): 15991. https://doi.
org/10.1038/srep15991

Alemu, B., 2014: The Role of Forest and Soil Carbon Seques-
trations on Climate Change Mitigation. Journal of Environ-
ment and Earth Science 4(13): 98–111.

Andivia, E., Rolo, V., Jonard, M., Formánek, P., Ponette, Q., 
2016: Tree species identity mediates mechanisms of top soil 
carbon sequestration in a Norway spruce and European 
beech mixed forest. Annals of Forest Science 73: 437–447. 
https://doi.org/10.1007/s13595-015-0536-z

Askar, N.N., Phairuang, W., Wicaksono, P., Sayektiningsih, 
T., 2018: Estimating Aboveground Biomass on Private Forest 
Using Sentinel-2 Imagery. Journal of Sensors 2018: Article 
ID 6745629. https://doi.org/10.1155/2018/6745629

Azian, M., Nizam, M., Nik-Norafida, N., Ismail, P., Samsu-
din, M., Noor-Farahanizan, Z., 2022:Projection of soil carbon 
changes and forest productivity for 100 years in Malaysia 
using dynamic vegetation model lund-potsdam-jena. Jour-
nal of Tropical Forest Science 34(3): 275–284. https://doi.
org/10.26525/jtfs2022.34.3.274

Bajić, D., Trbić, G., 2016: Climatic Atlas of Bosnia and Her-
zegovina: Temperatures and Precipitation (1961–1990, A1B 
2001–2030, A1B 2071–2100, A2 2071–2100). Faculty Of Natu-
ral Sciences And Mathematics, Banja Luka, Bosnia and Her-
zegovina, 207 p.

Ballian, D., Bogunić, F., Mujezinović, O., Kajba, D., 2012: Ge-
netic Differentiation of European Beech (Fagus sylvatica L.) 
in Bosnia And Herzegovina. Šumarski list 136(11–12): 587–
595.

Banković, S., Medarević, M., Pantić, D., Petrović, N., Eds., 
2009: National Forest Inventory of the Republic of Serbia. 
Ministry of Agriculture, Forestry and Water Management of 
the Republic of Serbia, Forest Directorate, Belgrade, Serbia, 
238 p.

Bayat, A.T., van Gils, H., Weir, M., 2012: Carbon Stock of 
European Beech Forest; A Case at M. Pizzalto, Italy. APCBEE 
Procedia 1: 159–168. https://doi.org/10.1016/j.ap-
cbee.2012.03.026

Bolte, A., Rahmann, T., Kuhr, M., Pogoda, P., Murach, D., 
Gadow, K.V., 2004: Relationships between tree dimension 
and coarse root biomass in mixed stands of European beech 
(Fagus sylvatica L.) and Norway spruce (Picea abies [L.] 
Karst.). Plant and Soil 264: 1–11. https://doi.
org/10.1023/B:PLSO.0000047777.23344.a3

Božič, G., Kutnar, L., Urbančič, M., Jurc, D., Kobler, A., Gre-
benc, T., Kraigher, H., 2010: Current state of European beech 
(Fagus sylvatica L.) gene pool in Slovenia. In: COST Action 
E52 – Genetic resources of beech in Europe – current state: 
implementing output of COST action E 52 project: evalua-
tion of beech genetic resources for sustainable forestry. Com-

munications Instituti Forestalis Bohemicae. Forestry and 
Game Management Research Institute, Jíloviště, 225–235.

Brunn, M., Spielvogel, S., Sauer, T., Oelmann, Y., 2014: Tem-
perature and precipitation effects on δ13C depth profiles in 
SOM under temperate beech forests. Geoderma 235–236: 
146–153. https://doi.org/10.1016/j.geoderma.2014.07.007

Cannell, M.G.R., Dewar, R.C., Thornley, J.H.M., 1992: Car-
bon flux and storage in Europeanforests. In: Responses of 
forest ecosystems toenvironmental changes. Teller, A., Ma-
thy, P., Jeffers, J.N.R., Eds; Springer, Dordrecht, Berlin, Ger-
many, 256–271. https://doi.org/10.1007/978-94-011-2866-7_23

Ciais, P., Sabine, C., Govindasamy, B., Bopp, L., Brovkin, V., 
Canadell, J., Chhabra, A., DeFries, R., Galloway, J., Heimann, 
M., Jones, C., Le Quéré, C., Myneni, R., Piao, S., Thorn-ton, 
P., 2013: Carbon and Other Biogeochemical Cycles, in: Cli-
mate Change 2013 The Physical Science Basis,Cambridge 
University Press, New Your, USA, 465–570 p.

Čilaš, M., Leiter, M., Višnjić, Ć., Hasenauer, H., 2023: Adapt-
ing the tree growth model MOSES to manage uneven-aged 
mixed species forests in Bosnia & Herzegovina. Trees, For-
ests and People 14: 100433. https://doi.org/10.1016/j.
tfp.2023.100433

Cremer, M., Kern, N.V., Prietzel, J., 2016: Soil organic carbon 
and nitrogen stocks under pure and mixed stands of Euro-
pean beech, Douglas fir and Norway spruce. Forest Ecology 
and Management 367: 30–40. https://doi.org/10.1016/j.fore-
co.2016.02.020

Crow, T.R., Buckley, D.S., Nauertz, E.A., Zasada, J.C., 2002: 
Effects of management on the composition and structure of 
northern hardwood forests in Upper Michigan. Forest Sci-
ence 48(1): 129–145. https://doi.org/10.1093/forest-
science/48.1.129

Đorem, T., Miletić, B., Matović, B., Galić, Z., Orlović, S., 
Gutalj, M., Bojić, S., Filipić, B., 2022: Impact of orography and 
stand canopy on stand volume in pure uneven-aged beech 
stands. Topola/Poplar 209: 13–23. https://doi.org/10.5937/
topola2209013D

Duncanson, L., Armston, J., Disney, M., Avitabile, V., Bar-
bier, N., Calders, K., Carter, S., Chave, J., Herold, M., 
Crowther, T.W., Falkowski, M., Kellner, J.R., Labrière, N., 
Lucas, R., MacBean, N., McRoberts, R.E., Meyer, V., Næsset, 
E., Nickeson, J.E., Paul, K.I., Phillips, O.L., Réjou-Méchain, 
M., Román, M., Roxburgh, S., Saatchi, S., Schepaschenko, D., 
Scipal, K., Siqueira, P.R., Whitehurst, A., Williams, M., 2019: 
The Importance of Consistent Global Forest Aboveground 
Biomass Product Validation. Surveys in Geophysics 40: 
979–999. https://doi.org/10.1007/s10712-019-09538-8

Ellenberg, H., 1988: Vegetation ecology of Central Europe. 
Fourth edition. Cambridge University Press, Cambridge, 
UK, 756 p.

European Union (EU), Copernicus Land Monitoring Service 
2018: European Environment Agency (EEA): EU-DEM v1.1.

Fekete, I., Berki, I., Lajtha, K., Trumbore, S., Francioso, O., 
Gioacchini, P., Montecchio, D., Várbíró, G., Béni, Á., Makádi, 



T. Đorem et al.  Total Carbon Storage in Uneven-Aged Pure Beech Stands in the Western Part of the Balkans (319–336)

332 Croat. j. for. eng. 45(2024)2

M., Demeter, I., Madarász, B., Juhos, K., Kotroczó, Z., 2020: 
How will a drier climate change carbon sequestration in soils 
of the deciduous forests of Central Europe. Biogeochemistry 
152(1): 13–32. https://doi.org/10.1007/s10533-020-00728-w

Fleming, T.L., Freedman, B., 1998: Conversion of natural, 
mixed-species forests to conifer plantations: Implications for 
dead organic matter and carbon storage. Ecoscience 5(2): 
213–221. https://doi.org/10.1080/11956860.1998.11682467

Fox, J., Weisberg, S., 2019: An {R} Companion to Applied 
Regression. Third Edition. Thousand Oaks CA: Sage. Cali-
fornia, USA, 577 p.

Friedlingstein, P., Jones, M.W., O'Sullivan, M., Andrew, 
R.M., Hauck, J., Peters, G.P., Peters, W., Pongratz, J., Sitch, 
S., Le Quéré, C., Bakker, D.C.E., Canadell, J.G., Ciais, P., Jack-
son, R.B., Anthoni, P., Barbero, L., Bastos, A., Bastrikov, V., 
Becker, M., Bopp, L., Buitenhuis, E., Chandra, N., Chevallier, 
F., Chini, L.P., Currie, K.I., Feely, R.A., Gehlen, M., Gilfillan, 
D., Gkritzalis, T., Goll, D.S., Gruber, N., Gutekunst, S., Har-
ris, I., Haverd, V., Houghton, R.A., Hurtt, G., Ilyina, T., Jain, 
A.K., Joetzjer, E., Kaplan, J.O., Kato, E., Goldewijk, K.K., 
Korsbakken, J.I., Landschützer, P., Lauvset, S.K., Lefèvre, N., 
Lenton, A., Lienert, S., Lombardozzi, D., Marland, G., Mc-
Guire, P.C., Melton, J.R., Metzl, N., Munro, D.R., Nabel, 
J.M.S., Nakaoka, S., Neill, C., Omar, A.M., Ono, T., Peregon, 
A., Pierrot, D., Poulter, B., Rehder, G., Resplandy, L., Rob-
ertson, E., Rödenbeck, C., Séférian, R., Schwinger, J., Smith, 
N., Tans, P.P., Tian, H., Tilbrook, B., Tubiello, F.N., van der 
Werf, G.R., Wiltshire, A.J., Zaehle, S., 2019: Global Carbon 
Budget 2019. Earth System Science Data 11(4): 1783–1838. 
https://doi.org/10.5194/essd-11-1783-2019

Führer, E., Horváth, L., Jagodics, A., Machon, A., Szabados, 
I., 2011: Application of new aridity index in Hungarian for-
estry practice. Időjárás 115(3): 205–216.

Geoportal of Republic of Srpska 2020: Orthophoto from 
2012.

Deutsche Gesellschaft für Internationale Zusammenarbeit, 
2017: Natural resource management in Southeast Europe: 
Forests, soil and water. Dragović, N., Ristić, R., Pilcl, H., 
Volfslehner, B. Eds; Deutsche Gesellschaft für Internatio-
nale Zusammenarbeit (GIZ) GmbH, Skopje, FYR Macedo-
nia, 263 p.

Gougoulias, C., Clark, J.M., Shaw, L.J., 2014: The role of soil 
microbes in the global carbon cycle: tracking the below-
ground microbial processing of plant-derived carbon for 
manipulating carbon dynamics in agricultural systems. 
Journal of the Science of Food and Agriculture 94(12): 2362–
2371. https://doi.org/10.1002/jsfa.6577

Government of Republic of Srpska 2012: Forestry Develop-
ment Strategy of the Republic of Srpska for the period 
2011–2021. Karadžić, D., Ljubojević, S., Medarević, M., 
Mihajlović, LJ., Todorović, Z., Govedar, Z., Eds; Govern-
ment of the Republic of Srpska, Ministry of Agriculture, 
Forestry and Water Management. Banja Luka, Bosnia and 
Herzegovina, 73 p.

Granier, A., Ceschia, E., Damesin, C., Dufrene, E., Epron, D., 
Gross, P., Saugier, B., 2000: The carbon balance of a young 
Beech forest. Functional Ecology 14(3): 312–325. https://doi.
org/10.1046/j.1365-2435.2000.00434.x

Grüneberg, E., Schöning, I., Hessenmöller, D., Schulze, E.-D., 
Weisser, W.W., 2013: Organic layer and clay content control 
soil organic carbon stocks in density fractions of differently 
managed German beech forests. Forest Ecology and Man-
agement 303: 1–10. https://doi.org/10.1016/j.fore-
co.2013.03.014

Gu, F., Zhang, Y., Huang, M., Yu, L., Yan, H., Guo, R., Zhang, 
Li., Zhong, X., Yan, C., 2021: Climate-induced increase in 
terrestrial carbon storage in the Yangtze River Economic Belt. 
Ecology and Evolution 11(12): 7211–7225. https://doi.
org/10.1002/ece3.7414

Hadrović, S., 2015: Accumulation of carbon and nitrogen in 
the forestlitter, forest soil and forest biomass. PhD thesis, 
Faculty of Ecology and Environmental Protection, Univer-
sity »UNION-Nikola Tesla«, Belgrade, Serbia.

Harmon, M.E., Ferrell, W.K., Franklin, J.F., 1990: Effects on 
carbon storage of conversion of oldgrowth forests to young 
forests. Science 247(4943): 699–702. https://doi.org/10.1126/
science.247.4943.699

Horváth, A., Mátyás, C., 2016. The Decline of Vitality Caused 
by Increasing Drought in a Beech Provenance Trial Predict-
ed by Juvenile Growth. South-east European Forestry 7(1): 
21–28. https://doi.org/10.15177/seefor.16-06

Hothorn, T., Bretz, F., Westfall, P., 2008: Simultaneous Infer-
ence in General Parametric Models. Biometrical Journal 
50(3): 346—363. https://doi.org/10.1002/bimj.200810425

Hukić, E., Čater, M., Marinšek, A., Ferlan, M., Kobal, M., 
Žlindra, D., Čustvoć, H., Simončič, P., 2021: Short-Term Im-
pacts of Harvesting Intensity on the Upper Soil Layers in 
High Karst Dinaric Fir-Beech Forests. Forests 12(5): 581. 
https://doi.org/10.3390/f12050581

Innangi, M., d’Alessandro, F., Fioretto, A., Di Febbraro, M., 
2015: Modeling distribution of Mediterranean beech forests 
and soil carbon stock under climate change scenarios. Cli-
mate Research 66(1): 25–36. https://doi.org/10.3354/cr01323

IPCC (Intergovernmental Panel on Climate Change), 2003: 
Good practice guidance for land use, land-use change and 
forestry. Penman, J., Gytarsky, M., Hiraishi, T., Krug, T., Kru-
ger, D., Pipatti, R., Buendia, L., Miwa, K., Ngara, R., Ta-
nabem, K., Wagner, F., Eds. Institute for Global Environmen-
tal Strategies (IGES), Kamiyamaguchi Hayama, Kanagawa, 
Japan, 570 p.

IPCC (Intergovernmental Panel on Climate Change), 2007: 
Climate Change 2007: Mitigation. Contribution of Working 
Group III to the Fourth Assessment Report of the Intergov-
ernmental Panel on Climate Change. Metz, B., Davidson, 
O.R., Bosch, P.R., Dave, R., Meyer, L.A., Eds. Cambridge 
University Press, Cambridge, United Kingdom and New 
York, NY, USA, 851 p.



Total Carbon Storage in Uneven-Aged Pure Beech Stands in the Western Part of the Balkans  (319–336) T. Đorem et al.

Croat. j. for. eng. 45(2024)2 333

IPCC (Intergovernmental Panel on Climate Change), 2000: 
Land use, land-use change, and forestry. Watson, R.T., No-
ble, I.R., Bolin, B., Ravindranath, N.H., Verardo, D.J., Dok-
ken, D.J., Eds.. Special Report of the Intergovernmental 
Panel on Climate Change. Cambridge University Press, 
Cambridge, UK, 375 p.

Jackson, A.L., Parnell, A.C., Inger, R., Bearhop, S., 2011: Com-
paring isotopic niche widths among and within communi-
ties: SIBER – Stable Isotope Bayesian Ellipses in R. Journal 
of Animal Ecology 80(3): 595–602. https://doi.
org/10.1111/j.1365-2656.2011.01806.x

Johnson, D.W., Curtis, P.S., 2001: Effects of forest manage-
ment on soil C and N storage: meta analysis. Forest Ecology 
and Management 140(2–3): 227–238. https://doi.org/10.1016/
S0378-1127(00)00282-6

Johnson, I., Coburn, R., 2010: Trees for carbon sequestration. 
Prime Facts 981: 1–6.

Joosten, R., Schumacher, J., Wirth, C., Schulte, A., 2004: Eval-
uating tree carbon predictions for beech (Fagus sylvatica L.) 
in western Germany. Forest Ecology and Management 
189(1–3): 87–96. https://doi.org/10.1016/j.foreco.2003.07.037

Kägi, W., Schmidtke, H., 2005: Who gets the money?. What 
do forest owners in developed countries expect from the 
Kyoto Protocol?. Unasylva 56(222): 35–38.

Karjalainen, T., 1996: Dynamics and potential of carbon se-
questration in managed stands andwood products in Fin-
land under changing climatic conditions. Forest Ecology and 
Management 80(1–3): 113–132. https://doi.org/10.1016/0378-
1127(95)03634-2

Keenan, R.J., Reams, G.A., Achard, F., de Freitas, J.V., 
Grainger, A., Lindquist, E., 2015: Dynamics of global forest 
area: Results from the FAO Global Forest Resources Assess-
ment 2015. Forest Ecology and Management 352: 9–20. 
https://doi.org/10.1016/j.foreco.2015.06.014

Khan, D., Muneer, M.A., Nisa, Z.-U., Shah, S., Amir, M., 
Saeed, S., Uddin, S., Munir, Z.M., Lushuang, G., Huang, H., 
2019: Effect of Climatic Factors on Stem Biomass and Carbon 
Stock of Larix gmelinii and Betula platyphylla in 
Daxing’anling Mountain of Inner Mongolia, China. Advanc-
es in Meteorology 2019: Article ID 5692574. https://doi.
org/10.1155/2019/5692574

Koprivica, M., Matović, B., 2005: Regression equations of 
volume and volume increment of beech trees in high forests 
in Serbia. Zbornik radova Instituta za šumarstvo, Beograd, 
Srbija, 52–53: 5–17.

Koprivica, M., Matović, B., Stajić, S., Čoleša, V., Jović, Đ., 
2013a: Dead wood in managed beech forests in Serbia. 
Šumarski list 137(3–4): 173–183.

Koprivica, M., Matović, B., 2011: Regression Equations of 
Beech Biomass and Carbon in High Forests in Serbia. 
Šumarstvo 1–2: 29–42.

Koprivica, M., Matović, B., Stajić, S., Jović, Đ., 2012: Biomass 
and Carbon Stock Estimation in High Beech Stands in 
Jablaničko Forest Area. Šumarstvo 1–2: 61–72.

Koprivica, M., Matović, B., Vučković, M., Stajić, B., 2013b: 
Estimates of biomass and carbon stock in uneven-aged beech 
stands in Eastern Serbia. Allg Forst Jagdztg 18(1/2): 17–25.

Körner, C., Farquhar, G.D., Roksandic, S., 1988: A global 
survey of carbon isotope discrimination in plants from high 
altitude. Oecologia 74: 623–632. https://doi.org/10.1007/
BF00380063

Körner, C., Farquhar, G.D., Wang, S.C., 1991: Carbon isotope 
discrimination byplants follows latitudinal and altitudinal 
trends. Oecologia 88: 30–40. https://doi.org/10.1007/
BF00328400

Laiho, R., Sanchez, F., Tiarks, A., Dougherty, P.M., Trettin, 
C.C., 2003: Impacts of intensiveforestry on early rotation 
trends in site carbon pools in the southeastern US. Forest 
Ecology and Management 174(1–3): 177–189. https://doi.
org/10.1016/S0378-1127(02)00020-8

Lal, R., 2005: Forest soil and carbon sequestration. Forest 
Ecology and Management 220(1–3): 242−258. https://doi.
org/10.1016/j.foreco.2005.08.015

Lebaube, S., LeGoff, N., Ottorini, J.M., Granier, A., 2000: Car-
bon balance and tree growth in a Fagus sylvatica stand. An-
nals of Forest Science 57(1): 49–61. https://doi.org/10.1051/
forest:2000100

Lecointe, S., Nys, C., Walter, C., Forgeard, F., Huet, S., Re-
cena, P., Follain, S., 2006: Estimation of carbon stocks in a 
beech forest (Fougères Forest – W. France): extrapolation 
from the plots to the whole forest. Annals of Forest Science 
63(2): 139–148. https://doi.org/10.1051/forest:2005106

Leuschner, C., Feldmann, E., Pichler, V., Glatthorn, J., Hertel, 
D., 2022: Forest management impact on soil organic carbon: 
A paired-plot study in primeval and managed European 
beech forests. Forest Ecology and Management 512: 120163. 
https://doi.org/10.1016/j.foreco.2022.120163

Li, J., Pei, J., Pendall, E., Reich, P.B., Noh, N.J., Li, B., Fang, 
C., Nie, M., 2020: Rising temperature may trigger deep soil 
carbon loss across forest ecosystems. Advanced Science 
7(19): 2001242. https://doi.org/10.1002/advs.202001242

Liu, L., Yang, H., Xu, Y., Guo, Y., Ni, J., 2016: Forest Biomass 
and Net Primary Productivity in Southwestern China: A 
Meta-Analysis Focusing on Environmental Driving Factors. 
Forests 7(12): 173. https://doi.org/10.3390/f7080173

Lladó, S., López-Mondéjar, R., Baldrian, P., 2017: Forest Soil 
Bacteria: Diversity, Involvement in Ecosystem Processes, 
and Response to Global Change. Microbiology and Molecu-
lar Biology Reviews 81(2): 1110–1128. https://doi.org/10.1128/
MMBR.00063-16

Marjanović, H., Ostrogović, M.Z., Paladinić, E., Balenović, 
I., Indir, K., Vrbek, B., 2010: First Estimates of Carbon Stocks 
by Pools in a Beech-Fir Forest Stand In Croatia, FAGUS 2010, 
Seletković, Z. Eds., Varaždin, Croatia, 35–37.



T. Đorem et al.  Total Carbon Storage in Uneven-Aged Pure Beech Stands in the Western Part of the Balkans (319–336)

334 Croat. j. for. eng. 45(2024)2

Matović, B., Koprivica, M., Kisin, B., Stojanović, D., Kneginjić, 
I., Stjepanović, S., 2018: Comparison of stand structure in 
managed and virgin european beech forests in Serbia. 
Šumarski list 142(1–2): 47–57. https://doi.org/10.31298/
sl.142.1-2.4

Meier, I.C., Leuschner, C., 2010: Variation of soil and biomass 
carbon pools in beech forests across a precipitation gradient. 
Global Change Biology 16(3): 1035–1045. https://doi.
org/10.1111/j.1365-2486.2009.02074.x

Miletić, B., Drašković, B., Đorem, T., Bojić, S., Matović, B., 
Stojanović, D.B., 2022: The Potential Impact of Climate 
Change on the Distribution of Norway Spruce (Picea abies 
Karst.) in Bosnia and Herzegovina. Russian Forestry Journal 
2022(2): 73–83. https://doi.org/10.37482/0536-1036-2022-2-73-
83

Miletić, B., Orlović, S., Lalić, B., Đurđević, V., Vujadinović 
Mandić, M., Vuković, A., Gutalj, M., Stjepanović, S., Matović, 
B., Stojanović, D.B., 2021: The potential impact of climate 
change on the distribution of key tree species in Serbia under 
RCP 4.5 and RCP 8.5 scenarios. Austrian Journal of Forest 
Science 138 (3/2021): 183–208.

Mund, M., 2004: Carbon pools of European beech forests 
(Fagus sylvatica) under different silvicultural management. 
PhD thesis, University Goettingen, Goettingen, Germany.

Nabuurs, G.J., Schelhaas, M.J., Mohren, G.M.J., Field, C.B., 
2003: Temporal evolution of the European forest sector car-
bon sink from 1950 to 1999. Global Change Biology 9(2): 
152–160. https://doi.org/10.1046/j.1365-2486.2003.00570.x

Nave, L.E., Vance, E.D., Swanston, S.W., Curtis, P.S., 2010: 
Harvest impacts on soil carbon storage in temperate forests. 
Forest Ecology and Management 259(5): 857–866. https://doi.
org/10.1016/j.foreco.2009.12.009

Nord-Larsen, T., Vesterdal, L., Bentsen, N.S., Larsen, J.B., 
2019: Ecosystem carbon stocks and their temporal resilience 
in a semi-natural beech-dominated forest. Forest Ecology 
and Management 447: 67–76. https://doi.org/10.1016/j.fore-
co.2019.05.038

Ontl, T.A., Schulte, L.A., 2012: Soil Carbon Storage. Nature 
Education Knowledge 3(10): 35.

Pan, Y., Birdsey, R.A., Phillips, О.L., Jackson, R.B., 2013: The 
Structure, Distribution, and Biomass of the World's Forests. 
Annual Review of Ecology, Evolution, and Systematics 44: 
593–622. https://doi.org/10.1146/annurev-ecolsys- 
-110512-135914

Pandey, D., 2012: Carbon Stocks of World Heritage Forest 
Sites. UNESCO, World Heritage Centre: Paris, France.

Pilegaard, K., Dellwik, E., Ibrom, A., 2009: Effects of climate 
change on carbon sequestration in a Danish Beech forest. 
IOP Conference Series: Earth and Environmental Science 
6(8): 082016. https://doi.org/10.1088/1755-1307/6/8/082016

Piovesan, G., Alessandrini, A., Baliva, M., Chiti, T., D’andrea, 
E., De Cinti, B., Di Filippo, A., Hermanin, L., Lauteri, M., 
Mugnozza, S.G., Schirone, B., Ziaco, E., Matteucci, G., 2010: 

Structural Patterns, Growth Processes, Carbon Stocks In An 
Italian Network Of Old-Growth Beech Forests, L’Italia 
Forestale e Montana. Italian Journal of Forest and Mountain 
Environments 65(5): 557–590. https://doi.org/10.4129/
ifm.2010.5.07

Prietzel, J., Zimmermann, L., Schubert, A., Christophel, D., 
2016: Organic matter losses in German Alps forest soils since 
the 1970s most likely caused by warming. Nature Geosci-
ence 9(7): 543–548. https://doi.org/10.1038/ngeo2732

Puhe, J., Ulrich, B., 2001: Present State of Forest Ecosystems. 
In: Global Climate Change and Human Impacts on Forest 
Ecosystems. Ecological Studies. Caldwell, M.M., Heldmaier, 
g., Lange, O.L., Mooney, H.A., Schulze, E.D., Sommer, U., 
(Eds), Springer 143., Berlin, Heidelberg. https://doi.
org/10.1007/978-3-642-59531-8_5

R Core Team 2021: R: A language and environment for sta-
tistical computing. R Foundation for Statistical Computing, 
Vienna, Austria.

Sacquet, A.M., 2005: World Atlas of Sustainable Develop-
ment: Economic, Social and Environmental Data. Anthem 
Press, London, 78 p.

Santa Regina, I., Tarazona, T., Calvo, R., 1997: Aboveground 
biomass in a beech forest and a Scots pine plantation in the 
Sierra de la Demanda area of northern Spain. Annales Des 
Sciences Forestières 54(3): 261–269. https://doi.org/10.1051/
forest:19970304

Schneider, J., Holušova, K., Rychtař, J., Vyskot, I., Lampar-
tova, I., 2015: Carbon storage in beech stands on the Chřiby 
uplands. Ekologia (Bratislava) 34(1): 26–38. https://doi.
org/10.1515/eko-2015-0004

Schuetzenmeister, A., Dufey, F., 2020: VCA: Variance Com-
ponent Analysis. R package version 1.4.3.

Simard, S.W., Roach, W.J., Defrenne, C.E., Pickles, B.J. Sny-
der, E.N., Robinson, A., Lavkulich, L.M., 2020: Harvest In-
tensity Effects on Carbon Stocks and Biodiversity Are De-
pendent on Regional Climate in Douglas-Fir Forests of 
British Columbia. Frontiers in Forests and Global Change 3: 
1–20. https://doi.org/10.3389/ffgc.2020.00088

Stjepanović, S., Matović, B., Stojanović, D., Lalić, B., Levanič, 
T., Orlović, S., Gutalj, M., 2018: The Impact of Adverse 
Weather and Climate on the Width of European Beech (Fa-
gus sylvatica L.) Tree Rings in Southeastern Europe. Atmo-
sphere 9(11): 451. https://doi.org/10.3390/atmos9110451

Stojanović, D.B, Matović, B., Orlović, S., Kržič, A., Trudić, B., 
Galić, Z., Stojnić, S., Pekeč, S., 2014: Future of the Main Im-
portant Forest Tree Species in Serbia from the Climate 
Change Perspective. South-East European Forestry 5(2): 
117–124. https://doi.org/10.15177/seefor.14-16

Stojanović, D.B., Kržič, A., Matović, B., Orlović, S., Duputie, 
A., Djurdjević, V., Galić, Z., Stojnić, S., 2013: Prediction of the 
European beech (Fagus sylvatica L.) xeric limit using a re-
gional climate model: An example from southeast Europe. 
Agricultural and Forest Meteorology 176: 94–103. https://
doi.org/10.1016/j.agrformet.2013.03.009



Total Carbon Storage in Uneven-Aged Pure Beech Stands in the Western Part of the Balkans  (319–336) T. Đorem et al.

Croat. j. for. eng. 45(2024)2 335

Stojanović, Lj., Krstić, M., 2008: Silvicuture – Methods of 
Natural Regeneration and Forest Care. University of Bel-
grade, Faculty of Forestry, Belgrade, Serbia, 365 p.

Trofymow, J.A., Blackwell, B.A., 1998: Changes in ecosystem 
mass and carbon distributions in coastal forest chronose-
quences. Northwest Science 72(2): 40–42.

Urban, J., Čermák, J., Ceulemans, R., 2014: Above- and be-
low-ground biomass, surface and volume, and stored water 
in a mature Scots pine stand. European Journal of Forest 
Research 134(1): 61–74. https://doi.org/10.1007/s10342-014-
0833-3

Vacca, S., 1992: La valutazione dei caratteri del territorio 
nella pianificazione-metodi ed applicazioni. Milano, 128 p.

Vande Walle, I., Van Camp, N., Perrin, D., Lemeur, R., Ver-
heyen, K., Van Wesemael, B., Laitat, E., 2005: Growing stock-
based assessment of the carbon stock in the Belgian forest 
biomass. Annals of Forest Science 62(8): 853–864. https://doi.
org/10.1051/forest:2005076

Wambsganss, J., Stutz, K.P., Lang, F., 2017: European beech 
deadwood can increase soil organic carbon sequestration in 
forest topsoils. Forest Ecology and Management 405: 200–
209. https://doi.org/10.1016/j.foreco.2017.08.053

Warren, K.L., Ashton, M.S., 2014: Change in Soil and Forest 
Floor Carbon after Shelterwood Harvests in a New England 
Oak-Hardwood Forest, USA. International Journal of For-
estry Research 2014: Article ID 527236. https://doi.
org/10.1155/2014/527236

Weber, M., 2001: Kohlenstoffspeicherung in Lenga- (Noth-
ofagus pumilio) Primärwäldern Feuerlands und Auswirkun-
gen ihrer Überführung in Wirtschaftswald auf den C-Haus-
halt. Verlag Dr. Norbert Kessel, Remagen-Oberwinter.

Wickham, H., Bryan, J., 2019: readxl: Read Excel Files. R 
package version 1.3.1.

Wickham, H.: 2016. ggplot2: Elegant Graphics for Data Anal-
ysis. Springer-Verlag New York.

Wutzler, T., Wirth, C., Schumacher, J., 2008: Generic biomass 
functions for Common beech (Fagus sylvatica) in Central Eu-
rope: predictions and components of uncertainty. Canadian 
Journal of Forest Research 38(6): 1661–1675. https://doi.
org/10.1139/X07-194

Zianis, D., Mencuccini, M., 2005: Aboveground net primary 
productivity of a beech (Fagus moesiaca) forest: a case study 
of Naousa forest, northern Greece. Tree Physiology 25(6): 
713–722. https://doi.org/10.1093/treephys/25.6.713

   © 2024 by the authors. Submitted for possible open access publication under the terms and conditions 
of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).



T. Đorem et al.  Total Carbon Storage in Uneven-Aged Pure Beech Stands in the Western Part of the Balkans (319–336)

336 Croat. j. for. eng. 45(2024)2

Received: March 20, 2023
Accepted: September 25, 2023

Authors’ addresses:
Todor Đorem, Msc * 
e-mail: todordjor@gmail.com 
Assist. prof. Boban Miletić, PhD 
e-mail: boban.miletic@pof.ues.rs.ba 
Assoc. prof. Marko Gutalj, PhD 
e-mail: marko.gutalj@pof.ues.rs.ba 
Assist. prof. Stefan Stjepanovic, PhD 
e-mail: stefan.stjepanovic@pof.ues.rs.ba 
Stefan Bojić, Msc 
e-mail: stefan.bojic@pof.ues.rs.ba 
University of East Sarajevo 
Faculty of Agriculture 
Department of Forestry 
Vuka Karadžića 30 
71 123 Istočno Novo Sarajevo 
BOSNIA AND HERZEGOVINA
Assoc. prof. Bratislav Matović, PhD 
e-mail: bratislav.matovic@gmail.com 
Prof. Saša Orlović, PhD 
e-mail: sasao@uns.ac.rs  
Assoc. prof. Zoran Galić, PhD 
e-mail: galicz@uns.ac.rs 
University of Novi Sad 
Institute of Lowland Forestry and Environment 
Antona Čehova 13 d 
21 102 Novi Sad 
SERBIA
Branislav Filipović, Msc 
e-mail: branislavfilipic@gmail.com 
Assoc. prof. Jelena Čukanović, PhD 
e-mail: jelena.cukanovic@polj.uns.ac.rs 
University of Novi Sad 
Faculty of Agriculture 
Trg Dositeja Obradovića 8 
21 101 Novi Sad 
SERBIA
* Corresponding author


