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Abstract. To select woody fruit species for biomass cropping, a study of the carbon
and nitrogen content of the bark and wood of five wild fruit species in Southwest Ser-
bia was conducted. Compared with common hazel, wild cherry, walnut, and european
pear, the european crab apple has a high potential for carbon and nitrogen storage,
representing a promising fruit species for biomass production.

Serbia is one of the centers of genetic di-
versity of indigenous fruit species in natural
habitats, with more than 100 species. Many
wild relatives of cultivated woody fruit spe-
cies can be used as rootstocks for large-scale
production directed toward various applications
(Mratini�c and Fotiri�c Aksi�c, 2019), including
the production of biomass. As a renewable
source of energy, biomass has to find its proper
place, whereas sustainable land management
must provide a permanent and stable source of
renewable energy (Hadrovi�c et al., 2019).

The element of biomass that largely deter-
mines the energy released during oxidation is
carbon (C) (Hartmann, 2014). The C content
of biomass is usually 45% to 50% (by oven-
dried mass) (Schlesinger, 1991), but this con-
tent may vary depending on the species and
other factors. Given that selection of species
for planting should focus not only on the spe-
cies that favor the given site conditions, but
also on the ones that have greater C storage
capacity, the results of an investigation of the
most suitable species for biomass production
could make a significant contribution to sci-
ence and practice (Hadrovi�c et al., 2019). In
addition, low nitrogen (N) availability is a
major limiting factor for plant growth and de-
velopment. Uptake, assimilation, storage, and

remobilization of N are key processes in the
economy of this essential nutrient, and its ef-
ficient metabolic use largely determines vas-
cular development, plant productivity, and
biomass production (C�anovas et al., 2018).
The content of organically bound N in bio-
mass is also important because it is related to
nitrogen oxide emissions that result after
combustion.

Numerous studies on the amount of C in
forest biomass have been conducted in the
past few decades (e.g., Vachnadze et al.,
2016), including several local investigations
(e.g., Koprivica et al., 2013). However, the
biomass C and N content in woody fruit spe-
cies has remained insufficiently investigated,
although it was studied by others (Bunbury,
1923; Freeman and Peterson, 1941). Hence,
our study aims to develop a strategy for the
selection of woody fruit species based on
their capacity for C and N storage.

Materials and Methods

Biomass samples (branches 10–20 cm
long, >7 cm thick) of five wild woody fruit
species were collected in 2015 at five geo-
graphic points in Southwest Serbia: 1) Pyrus
communis (lat.43.03016�N,long.20.62177�E),
2) Malus sylvestris (lat. 43.17639�N, long.
20.48937�E), 3) Corylus avellana (lat.
43.10083�N, long. 20.36600�E), 4) Prunus
avium (lat. 43.08228�N, long.20.36648�E),and
5) Juglans regia (lat. 43.13555�N, long.
20.44860�E).Eachspecieswas representedbya
sample plot, five individuals, and a biomass
sample per individual, for a total of 25 samples.
The bark and core of the sampleswere analyzed
independently.

All samples were oven-dried to a constant
weight at 105 �C and ground in a suitable
mill. Sample weights of 30 mg were separat-
ed for C and N determination in a CHNS

analyzer (Elementar CHN analyzer vario EL
III, Hanau, Germany) according to standard
procedures (AOAC International, 2006).

Raw data were used to calculate mean
values of all parameters and to determine the
average ± SD for every mean. Comparison
and determination of the difference between
the means were carried out using analysis of
variance (ANOVA) with post hoc Fisher’s
least significant difference (LSD) test. A prin-
cipal component analysis (PCA) was con-
ducted to show the overall variation and
relationships among the samples. Overall dif-
ferences among the compared groups were
defined by squared Euclidean distances used
in the cluster analysis. All statistical analyses
were performed using Statgraphics software
(v. XVI.I.; Statpoint Technologies, Inc., War-
renton, VA).

Results and Discussion

All species studied, except for the europe-
an pear (Pyrus communis L.), had a greater N
content and lesser C/N ratio in their bark than
in wood; in all species, the C content was
greater in wood than in bark (Table 1). In
contrast, in the research of four conifer spe-
cies in Southwest Serbia (douglas fir, norway
spruce, scots pine, austrian pine) (Hadrovi�c
et al., 2019), the N content was mostly low
and the C content was mostly high in bark
compared with wood.

ANOVA and the LSD test revealed signifi-
cant differences (P < 0.05) between the
means of both studied elements and their ra-
tios in bark, forming three homogeneous
groups, whereas in wood, only the C/N ratios
contributed to the differentiation of species
(F = 3.12, P = 0.0381). Comparing the
means, the lowest C and N content in bark
was found in the european pear (C, 35.39%;
N, 1.05%), and the highest in the european
crab apple [Malus sylvestris (L.) Mill.] (C,
42.56%; N, 2.19%). In wood, the lowest C/N
ratio was determined for the european pear
and wild cherry (Prunus avium L.) (29.00%),
and the highest for common hazel (Corylus
avellana L.) (33.60%) (Table 1). However, as
in Hadrovi�c et al. (2019), the values were
generally lower than those stated in the litera-
ture (Schlesinger, 1991). In comparison with
literature data (Freeman and Peterson, 1941),
the obtained mean value of C content in the
wood of wild cherry was less than the value
stated for fire cherry (Prunus pensylvanica
L.f.) (47.70%). The same applies to the mean
value of C content in the bark and wood of
the european pear compared with the data
given by Bunbury (1923) (bark, 48.90%;
wood, 49.90%). Still, the N content in the
bark of the analyzed species was generally
greater than the content determined in the
bark of four conifer species in Southwest Ser-
bia (Hadrovi�c et al., 2019). Also, in wood,
the C content was greater and the N content
was mostly less in the analyzed species than
in the conifers, which makes these species
better candidates for biomass production. The
critical amount of N in biomass is 1% to 2%,
and it can be affected by removing plant parts
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that contain high N concentrations (e.g.,
bark) (Hartmann, 2014).

In the PCA, the first two principal com-
ponents, with eigenvalues >1, explained
74.64% of the total variation. The contents of
C and N and their ratios in bark, with factor
loadings >0.70, influenced the first axis,
which resulted in the separation of species
along the same axis. Corresponding to the ho-
mogeneous groups established by ANOVA,
three groups of species were formed (Fig.
1A). Cluster analysis identified the same

three groups (Table 1, Fig. 1B), indicating
that significant differences exist among these
groups of species in terms of N and C storage
capacity. Specifically, the results suggest that,
at least in the area of Southwest Serbia, the
european crab apple has a high potential for
C and N storage in bark compared with com-
mon hazel, wild cherry, walnut (Juglans re-
gia L.), and the european pear, representing a
promising wild fruit species for biomass pro-
duction. Biomass could also be obtained
from pruning operations that take place in

orchards of the species’ cultivated variants.
On the other hand, common hazel has the
best C/N ratio in wood, but being a small tree
or shrub, it is usually less productive. In addi-
tion to the environmental site conditions,
these data should be considered a significant
factor in selecting wild fruit species for bio-
mass cropping.
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Table 1. Descriptive, univariate, and multivariate statistics on carbon (C) and nitrogen (N) contents in the bark and wood of five wild fruit species in
Southwest Serbia.

PCA ANOVA

Pyrus communis Malus sylvestris Juglans regia Corylus avellana Prunus avium PC1 PC2 F ratio P value
Cluster 1 2 3 3 3
Eigenvalue — — — — — 2.82 1.66 — —
Percentage — — — — — 47.03 27.61 — —
Bark

N (%) 1.05 ± 0.12 cz 2.19 ± 0.14 a 1.52 ± 0.17 b 1.60 ± 0.20 b 1.58 ± 0.17 b 0.76y 0.52 31.63 0.0000
C (%) 35.39 ± 2.31 c 42.56 ± 2.94 a 38.19 ± 2.64 bc 38.05 ± 2.18 bc 40.02 ± 2.24 ab 0.80 0.37 5.74 0.0030
C/N 33.70 ± 2.72 a 19.40 ± 2.88 c 25.10 ± 2.55 b 22.85 ± 2.38 b 25.30 ± 2.10 b –0.84 –0.35 21.57 0.0000

Wood
N (%) 1.48 ± 0.11 a 1.42 ± 0.15 a 1.31 ± 0.16 a 1.27 ± 0.22 a 1.44 ± 0.14 a –0.52 0.67 1.55 0.2272
C (%) 43.11 ± 1.15 a 44.09 ± 2.29 a 42.14 ± 2.85 a 42.64 ± 2.72 a 41.64 ± 2.74 a 0.45 –0.56 0.75 0.5707
C/N 29.00 ± 2.47 b 30.90 ± 2.50 ab 32.20 ± 2.45 ab 33.60 ± 3.01 a 29.00 ± 2.24 b 0.65 –0.60 3.12 0.0381

zMean ± SD. Any two means within a row not followed by the same letter(s) are significantly different at P < 0.05.
yValues in bold type denote variables with factor loadings >0.7 for principal component analysis (PCA), and P < 0.05 for analysis of variance
(ANOVA).

Fig. 1. (A) Principal component (PC) analysis scatterplot and (B) dendrogram of five wild fruit species
based on the carbon and nitrogen content in their bark and wood.
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