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Abstract. To investigate and compare hardwood species based on their carbon (C)
and nitrogen (N) storage capacity, a study of the C and N content of the bark and
wood of nine common hardwood broadleaves in Novi Pazar, southwestern Serbia,
was conducted. Compared with sycamore maple, Norway maple, common ash, com-
mon hornbeam, black locust, European beech, Turkey oak, and sessile oak, field ma-
ple has the highest C/N ratio in wood (37.05 = 3.23), representing the best hardwood

species for biomass production.

Hardwoods grow more slowly than soft-
wood trees, which results in the timber har-
vested from them being more dense, heavy,
and hard-wearing. Besides being ornamental
trees, they are used for construction, flooring,
furniture making, and other purposes, such as
biomass production. In Serbia, hardwoods
make up 79% of forest resources, from which
the vast majority of biomass is produced
(98%) (State Enterprize “SrbijaSume” 2024).

The biomass element that determines the
energy released during oxidation is C. The
biomass C content may vary depending on
many factors, including species. The organi-
cally bound N content is also important be-
cause it is related to NOx emissions that
result after combustion (Hadrovi¢ et al. 2021,
2022).

The biomass C and N content of hard-
wood broadleaves has remained insufficiently
investigated, although it was studied by others
(e.g., Filippou et al. 2018). Our study aimed
to compare nine common hardwood species
in the forest area of Novi Pazar, southwestern
Serbia, and to select the best hardwoods for
biomass production based on their C and N
storage capacity. These species make up
96.71% of hardwood forests in the area (Bu-
reau for Planning and Design in Forestry
2018).

Materials and Methods

Biomass samples (branches 10-20 cm long,
>7 cm thick) of nine hardwood broadleaves
were collected at 13 geographic points in
Novi Pazar, southwestern Serbia: 1) sessile
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oak [Quercus petraea (Matt.) Liebl] (lat.
43.13296°N, long. 20.57776°E), 2) Turkey oak
(Quercus cerris L.) (lat. 43.13241°N, long.
20.5806°E; lat. 43.18152°N, long. 20.37785°E),
3) European beech (Fagus sylvatica L.) (lat.
43.11516°N, long. 20.59585°E; lat. 43.16261°N,
long. 20.38278°E), 4) common ash (Fraxinus ex-
celsior L.) (lat. 43.11509°N, long. 20.6002°E),
5) sycamore maple (Acer pseudoplatanus L.)
(lat. 43.0664°N, long. 20.59239°E), 6) Norway
maple (Acer platanoides L.) (lat. 43.05571°N,
long. 20.57673°E), 7) field maple (Acer cam-
pestre L.) (lat. 43.11693°N, long. 20.5967°E;
lat. 43.1441°N, long. 20.37809°E), 8) com-
mon hornbeam (Carpinus betulus L.) (lat.
43.12976°N, long. 20.58175°E; lat. 43.16233°N,
long. 20.39197°E), 9) black locust (Robinia
pseudoacacia L.) (lat. 43.12709°N, long.
20.57662°E). Sample plots were established in
similar environmental and forest stand conditions
(Bureau for Planning and Design in Forestry
2018) to enable comparison between the spe-
cies. Each species was represented by one or
two sample plots, five individuals, and a sam-
ple per individual (total of 45 samples). The
bark and core of the samples were analyzed
independently.

All samples were oven-dried to constant
weight, at 105 °C, and ground in a mill. Sam-
ple weights of 30 mg were separated for C
and N determination in a CHN analyzer
(CHN analyzer Vario EL III; Elementar, Ha-
nau, Germany) according to standard proce-
dure (AOAC International 2006).

The obtained data were used to calculate
mean values of all variables and to determine
standard deviation for each mean. The sig-
nificance of differences between the means
was determined by analysis of variance
(ANOVA) with the post hoc Fisher's least
significant difference test. A canonical dis-
criminant analysis (CDA) was conducted to
extract a set of linear combinations of varia-
bles that best reveal the differences among
the analyzed species. Differences among the
compared groups were defined by squared
Euclidean distances used in the cluster anal-
ysis. All statistical analyses were performed

using statistical software (Statgraphics ver.
XVLL; Statpoint Technologies, Inc., Warrenton,
VA, USA).

Results and Discussion

All species studied, excluding sessile oak,
had a greater N content and lesser C/N ratio
in bark than in wood; in most species (except
in European beech, common ash, and syca-
more maple), the C content was greater in
wood than in bark (Table 1) similar to the re-
sults of the investigations of fruit and soft-
wood broadleaved species in southwestern
Serbia (Hadrovi¢ et al. 2021, 2022). In con-
trast, in the research of conifer species in the
same area (Hadrovié et al. 2019), the N con-
tent was mostly low and the C content was
mostly high in bark compared with wood.

ANOVA revealed significant differences
(P < 0.05) between the means of N content
and C/N ratios in bark and wood, forming
four homogeneous groups in most cases.
Comparing the means, the lowest N content
and the highest C/N ratio in bark were found
in sycamore maple, and the highest N content
and the lowest C/N ratio in field maple. In
wood, the lowest N content and the highest
C/N ratio were determined for field maple,
and the highest N content and the lowest C/N
ratio for sessile oak (Table 1). Literature data
for the C and N content of hardwoods pre-
dominantly refers to trunk or mixed tree
parts, whereas relevant data for branches and
twigs is limited. The C content is usually
lower in branches compared with trunks
(Thomas and Martin 2012), and the opposite
is true for the N content (Zhao et al. 2019). In
comparison with available literature data, the
obtained mean value of C content in the bark
and wood of European beech was less than
that given by Filippou et al. (2018). The ob-
tained C values for all analyzed species were
also less than those reported in ISO 17225-1
for broadleaved species (Institute for Stan-
dardization of Serbia 2021). On the other
hand, the N content in the bark and wood of
European beech was greater than that stated
by Filippou et al. (2018). The N values of the
analyzed species were also greater than the
typical values in ISO 17225-1 (Institute for
Standardization of Serbia 2021). Still, com-
paring the results with those obtained for co-
nifer, fruit, and softwood broadleaved species
in southwestern Serbia (Hadrovic¢ et al. 2019,
2021, 2022), the C content in the bark of the
analyzed species was generally greater than
the content determined in the bark of fruit
species, and the N content was less in these
species than in the softwoods. Also, in wood,
the C content was mostly greater in the ana-
lyzed species than in the conifers, and the N
content was mostly less in these species than
in the conifers and fruits, which makes them
better candidates for biomass production than
conifers, but less suitable than fruits and soft-
woods. The critical N amount in biomass is
1% to 2%, and it can be affected by removing
bark, which in hardwoods participates with
8% to 12% (Dauber and Zenke 1978).
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ANOVA

CDA2 F-ratio P value

CDA

CDALl

Table 1. Descriptive, univariate and multivariate statistics on carbon (C) and nitrogen (N) contents and their ratios (C/N) in the bark and wood of nine hardwood broadleaves in Novi Pazar, southwestern Serbia.
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Fagus Fraxinus Acer Acer Acer Carpinus Robinia
sylvatica pseudoplatanus platanoides campestre pseudoacacia

Quercus

Quercus

betulus

excelsior

cerris

petraea

Cluster

2.05
25.42

5.42
67.34

Eigenvalue

Percentage

Bark

1.65+0.11 cd'
39.34 + 3.08 ab

0.0000
0.0628
0.0001

9.89
2.09
5.58

0.30
023
—0.83"

0.54
—0.09

1.54 £ 0.11 cd

1.76 + 0.20 be

259+0.72a
40.64 £3.00 ab 4091 £3.02ab 37.69 +2.93 b

2.10+£0.19b
18.10 £ 4.50 d

1.40 £0.16 d
40.24 £2.88 ab 4297 +287 a

1.68 + 0.15 cd
4226 +£290a

2.11+£0.13b
4240 £3.03 a

1.49 £0.10 cd
3739 +£3.11b

N(%)
C(%)
/N

Wood

0.10

24.60 + 3.14 ab

23.30 £ 2.99 be

2695 +£3.21ab 20.05+285cd 2520+3.16ab 28.70+292a 20.40 £ 3.01 cd

23.90 + 3.10 be

0.0000
0.8946
0.0000

9.27
0.43
10.33

0.49
0.22
—0.13

—0.66
—0.09

1.52+0.12 b
41.67 +£3.13 a

1.36 + 0.09 be
42.02+3.03a

1.14 £0.15d
42.01 £3.09 a

127 £0.17 cd
4299 +£291 a

1.11 £0.16 d
3995+289a

1.42 £ 0.17 be
41.02+275a

1.25+0.14 cd
40.88 £2.89 a

146 £0.14 b
4133 +288a

1.72£0.10 a
41.10 £ 284 a

N(%)
C(%)

C/N

" Mean + SD. Means within a row not followed by the same letter(s) are significantly different at P < 0.05.

0.64

31.05 +£3.04 cd 27.40 +2.73 de

37.05+323a

36.10 £ 3.06 ab  33.90 + 3.09 abc

28.80 £2.93d 32.75+284bc 28.80 +2.96d

2390 £+ 294 ¢

i Bold values denote variables with discriminant function coefficients >0.60 for canonical discriminant analysis (CDA), and P < 0.05 for analysis of variance (ANOVA).
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CDA1

B 1. Quercus petraea; 2. Quercus cerris; 3. Fagus sylvatica; 4. Fraxinus excelsior; 5. Acer pseudoplatanus;
6. Acer platanoides; 7. Acer campestre; 8. Carpinus betulus; 9. Robinia pseudoacacia.
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Fig. 1. (A) Canonical discriminant analysis (CDA) scatterplot, and (B) dendrogram of nine hardwood
broadleaves based on the carbon and nitrogen content in their bark and wood.

In the CDA, the first function accounted
for 67.34% of the discrimination and the sec-
ond one discriminated another 25.42%. The
N content and C/N ratio, with discriminant
function coefficients >0.60, are responsible
for the differentiation along both axes, which
resulted in the differentiation of species. Sim-
ilar to the results of ANOVA, four groups of
species were formed (Fig. 1A). Cluster analysis
identified the same groups (Table 1, Fig. 1B),
indicating that significant differences exist
among these groups of species in terms of N
and C storage capacity, which should be con-
sidered an important factor in using hard-
woods for biomass production.

Based on the obtained results, it can be
concluded that field maple has the highest
C/N ratio in wood compared with sycamore
maple, Norway maple, common ash, common
hornbeam, black locust, European beech, Tur-
key oak, and sessile oak, representing the best
hardwood species for biomass production.

References Cited

AOAC International. 2006. Method 972.43: Micro-
chemical determination of carbon, hydrogen,
and nitrogen, automated method, p 5-6. In: Of-
ficial methods of analysis of AOAC Interna-
tional (18th ed). Gaithersburg, MD, USA.

Bureau for Planning and Design in Forestry. 2018.
Forest management plan for the administration
Novi Pazar 2018-2027 [in Serbian]. State En-
terprize “Srbijasume”, Belgrade, Serbia.

Dauber E, Zenke B. 1978. Potenziale forstlicher
Reststoffe (Waldabfalle) (Vol. 1) [in German].
Fachbereich Forstwissenschaften der Ludwig-

Maximilians-Universitat Miinchen, Selbstver-
lag, Miinchen, Deutschland.

Filippou V, Philippou I, Symeonidis N, Eleftheria-
dis I, Tsiotas K. 2018. Analysis of logging for-
est residues as an energy source. J Agric
Inform. 9(1):14-25. https://doi.org/10.17700/
jai2018.9.1.431.

Hadrovi¢ S, Eremija S, Cirkovi¢ Mitrovi¢ T, Bra-
Sanac Bosanac Lj. 2019. Varijabilnost sadrzaja
azota i ugljenika u kori i drvetu razlicitih vrsta
Cetinara u jugozapadnoj Srbiji [in Serbian].
Forestry. 1-2:133-141. i

Hadrovi¢ S, Jovanovi¢ F, Braunovié¢ S, Cirkovié-
Mitrovi¢ T, Rakonjac Lj, Jandri¢ M, Hadrovi¢
D. 2022. Biomass carbon and nitrogen content
of softwood broadleaves in southwestern Ser-
bia. HortScience. 57(6):684—685. https://doi.org/
10.21273/HORTSCI16457-21.

Hadrovi¢ S, Jovanovi¢ F, Braunovi¢ S, Eremija S,
Stajic¢ S, Mileti¢ Z, Goli¢ 1. 2021. Biomass car-
bon and nitrogen content of wild fruit species
in Southwest Serbia. HortScience. 56(6):657-658.
https://doi.org/10.21273/HORTSCI15804-21.

Institute for Standardization of Serbia. 2021. SRPS
EN ISO 17225-1:2021: Solid biofuels — Fuel
specifications and classes — Part 1: General
requirements. https://iss.rs/en/project/show/
iss:proj:72073. [accessed 8 Mar 2024].

State Enterprize “Srbijasume”. 2024. Forest man-
agement. https:/stbijasume.rs/en/. [accessed 8
Mar 2024].

Thomas SC, Martin AR. 2012. Carbon content of
tree tissues: A synthesis. Forests. 3:332-352.
https://doi.org/10.3390/£3020332.

Zhao H, He N, Xu L, Zhang X, Wang Q, Wang
B, Yu G. 2019. Variation in the nitrogen con-
centration of the leaf, branch, trunk, and root in
vegetation in China. Ecol Indic. 96(1):496—
504. https://doi.org/10.1016/j.ecolind.2018.09.
031.

HorTSciENcE VoL. 59(8) Aucust 2024

/0 y7/PuU-ou-Aq/sasua9l|/610 suowwodaAeaId//:sdny (/0 /Pu-ou-Agq/sasual|/Bi0° suowwodaAleald//:sdiy) asual|
AN-DN-AgG DD 8y} Jepun pajnguisip ajoie ssaooe uado ue si siy] "ssao0y uadQ BIA 6Z-1 L-GZ0Z 1e /woo Alojoeiqnd pold-awiid-yJewliayem-jpd-swnid//:sdiy wouy papeojumoq


https://doi.org/10.17700/jai.2018.9.1.431
https://doi.org/10.17700/jai.2018.9.1.431
https://doi.org/10.21273/HORTSCI16457-21
https://doi.org/10.21273/HORTSCI16457-21
https://doi.org/10.21273/HORTSCI15804-21
https://iss.rs/en/project/show/iss:proj:72073
https://iss.rs/en/project/show/iss:proj:72073
https://srbijasume.rs/en/
https://doi.org/10.3390/f3020332
https://doi.org/10.1016/j.ecolind.2018.09.031
https://doi.org/10.1016/j.ecolind.2018.09.031

