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Introduction

Wood utilization is closely linked to un-
derstanding and identifying wood defects,
which are defined differently in the litera-
ture. According to Coté (1968), a wood de-
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Knowledge of the quantity and quality of forest wood assortments obtainable
from trees is crucial for their economical utilization. In Bosnia and Herzegov-
ina, the quality assessment and classification of forest wood assortments are
carried out according to Yugoslav standards (JUS), which base the grading
process on the dimensional characteristics of assortments (diameter and
length), as well as the presence, size, and frequency of wood defects. Consid-
ering the previously emphasized importance of wood defects in the round-
wood classification system, the main aim of this study was to identify wood de-
fects in silver fir (Abies alba Mill.) and to analyze the influence of assortment
characteristics (diameter and position along the stem), and tree attributes (di-
ameter at breast height and position within the stand based on Kraft’s classifi-
cation) on the size of specific defects. The study was conducted in uneven-
aged, mixed silver fir and spruce stands with beech. The length and diameter
of all processed wood assortments, as well as the presence and size of wood
defects, were determined immediately after felling. Analysis of the produced
assortments revealed the following wood defects: knots, wet heart, rot, dam-
age caused by physical and mechanical influences, pith eccentricity, compres-
sion wood, curvature, scars, ingrown bark, split tree stem, ring shake, heart
shake, double heart, brown stain, insect damage, ellipticity, and taper. Smaller
wood defects that significantly affect the quality of wood assortments, primar-
ily knots and taper, were generally observed in the lower sections of the stem.
The only notable exception is the wet heart defect, whose size tends to de-
crease from the base of the stem toward the crown. These findings confirm
that the lower part of the stem is the most valuable, not only due to its larger
diameter but also because of its superior wood quality. Continued research is
essential to expand the database of wood defects and to develop reliable mod-
els that can be integrated into modern harvesting technologies.

Keywords: Conifers, Wood Quality, Knots, Wet Heart, Rot, Bosnia and Herze-
govina

fect is any characteristic that reduces its
market value from an economic perspec-
tive. This may include abnormalities that
decrease the wood’s strength or features
that limit its applicability for specific uses.
Therefore, identifying wood defects is a
crucial step in evaluating timber quality be-
fore further processing (Wang et al. 2023).
In Bosnia and Herzegovina, quality assess-
ment and classification of forest wood as-
sortments are conducted in accordance
with Yugoslav (JUS) standards. The Insti-
tute for Standardization of Bosnia and
Herzegovina, as a state scientific and pro-
fessional institution, has adopted Euro-
pean Standards for roundwod as BAS EN
standards, whose use is voluntary. Yu-
goslav standards (JUS 1969) were, and in
Bosnia and Herzegovina have remained,
mandatory in commercial relations be-
tween forestry and the wood industry. Im-
plementing BAS EN standards requires
comprehensive preparatory activities, in-
cluding drafting and adopting all relevant
legislation, implementing professional ac-
tivities related to planning (primarily tree
classification and assortment tables), and
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providing adequate employee training
(Musi¢ et al. 2012). The grading process in
JUS standards is based on the dimensional
characteristics of wood assortments (diam-
eter and length), as well as on the pres-
ence, size, and frequency of wood defects
(Lipoglaviek 1996, Musi¢ et al. 2012). A
thorough analysis of JUS and BAS EN stan-
dards reveals that, regarding the measure-
ment methods for most wood defects (in-
cluding curvature, twist, taper, knots,
cracks, etc.), there are no major differ-
ences; in other words, the measurement
procedures are largely harmonized. Never-
theless, certain distinctions remain, primar-
ily concerning the precision of specific
property measurements. For example, EN
standards define ring shake and heart
shake measurements in millimeters, while
JUS standards use centimeters. Moreover,
EN standards provide precise specifications
for the starting points of measurements
for individual properties (such as ovality,
taper, and the number of annual rings),
which is not the case in JUS standards
(Music et al. 2012).

This study focuses on silver fir (Abies alba
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Mill.), one of the most economically signifi-
cant tree species in Bosnia and Herzegov-
ina. It accounts for 23% of the gross volume
across high forests (Us¢upli¢ 1992). Silver
fir is predominantly distributed throughout
the hilly and mountainous regions of
Bosnia and Herzegovina (Sili¢ 2005), and,
more broadly, it occurs in the mountain
ranges of eastern, western, southern, and
central Europe (Wolf 2003). In Bosnia and
Herzegovina, it typically grows at eleva-
tions between 400 and 1300 meters above
sea level (Pintari¢ 2002). Within local forest
communities, silver fir is commonly associ-
ated with beech and spruce, and in many
mountainous habitats, it also coexists with
Scots pine (Ivkov 1964). Silver fir plays a
crucial ecological and silvicultural role in
managing mixed forest stands because of
its deep root system, rapidly decomposing
litter, and high shade tolerance, which con-
tribute to the long-term stability of these
ecosystems (Wolf 2003).

Classification of silver fir wood assort-
ments into quality classes depends on the
occurrence of tree defects (Susnjar et al.
2006). Karahasanovi¢ (1992) identifies the
most common wood defects in silver fir as
reaction (compression) wood, spiral grain,
ring shake, insect damage, rot, and irregu-
lar growth ring patterns. Cufar & Zupanti¢
(2009) emphasize ring shake as a particu-
larly significant defect in silver fir, along-
side other typical conifer defects such as
stem curvature, pith eccentricity, compres-
sion wood, spiral grain, knots, uneven in-
crement, rot, and insect damage. Pintari¢
(2002) further notes that in mature silver
fir trees growing in uneven-aged forests in
Bosnia and Herzegovina, very narrow rings
form initially due to light deficiency, fol-
lowed by rapid diameter growth and ring
shake as light availability increases, which
negatively impacts wood quality. Accord-
ing to Rebula (1996), silver fir wood is gen-
erally of lower value than spruce, mainly
because of the higher frequency of heart-

wood defects such as ring shake and wet
heartwood.

Knots are the most common natural de-
fect, over which foresters have limited con-
trol. The effect of knots on wood grade de-
pends on their size, number, whether they
are encased or intergrown, and whether
they are sound or decayed (Coté 1968).
Natural pruning, caused by limited sun-
light, results in dead knots in the lower sec-
tions of the stem, while sound knots are
typically found in the upper parts (Uusitalo
& Isotalo 2005). The presence of numerous
live branches, along with many dead
branches and encased knots, reduces the
value of silver fir stands (Plavii¢ & Gol-
ubovic¢ 1963).

Despite the negative impacts of wood de-
fects, the value of assortments can be en-
hanced by certain “desirable” defects
(CULS 2011, Bardarov & Marinova 2019).
For example, Sopushynskyy et al. (2020)
emphasize that silver fir stems with wavy
grain represent a unique material for man-
ufacturing high-value products in the wood
industry.

In addition to manual quality control pro-
cesses, X-ray scanning technologies are in-
creasingly used for wood defect detection
(Andreu & Rinnhofer 2003, Fredriksson
2012, Mdkinen et al. 2020). In forest har-
vesting activities, computer-assisted opti-
mal bucking methods increase the eco-
nomic value of harvested trees. Bucking
decisions largely depend on log quality
grades, which are mainly influenced by sur-
face characteristics such as stem defects
and stem form (Akay et al. 2015).

Previous studies have also focused on the
value of silver fir individual trees. Petras et
al. (2017) determined that silver fir and
spruce trees with diameters ranging from
60 to 90 cm possess the highest financial
value, estimated between €80 and €95 per
cubic meter. According to Rebula (1996),
the most valuable silver fir trees have diam-
eters at breast height between 40 and 55

Fig. 1 - Map of the
study area.
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cm. Beljan et al. (2017) modeled the price
trends of beech and silver fir assortments
over a 140-year period, using data from the
Brinje Forestry Administration in Croatia.
Their projections indicate that prices for as-
sortments of these widely utilized tree
species are expected to remain stable in
the near future.

According to the latest statistical data,
the most valuable conifer assortments,
saw and veneer logs, accounted for 35% of
the total forest wood production in Bosnia
and Herzegovina in 2024. From 2020 to
2024, the price of conifer logs has shown a
steady upward trend. In 2021, prices in-
creased by 3.4%, and in 2022 by 22.41%, com-
pared to 2020 levels. In 2023, prices in-
creased by 27.45% relative to 2020, and in
2024, they increased by 27.02% compared
to 2020. The average price of conifer logs
in 2024 was €83.47 per cubic meter, a slight
decrease from €83.75 per cubic meter in
2023 (BHAS 2023, 2024, 20253, 2025b).

This study focuses on identifying wood
defects in silver fir and analyzing how char-
acteristics such as diameter, position along
the stem, and tree attributes like diameter
at breast height and position within stand
affect defect size. Additionally, we aimed
to collect data on these defects to support
the development of automated measure-
ment systems for detecting and classifying
wood assortments during mechanical
felling and processing. Specifically, the fol-
lowing research questions have been ad-
dressed: (i) What are the most common
wood defects in silver fir trees? (ii) How do
tree and assortment characteristics influ-
ence the size of wood defects? (jii) How
can knowledge of wood defects improve
the efficiency of mechanical felling and pro-
cessing?

Material and methods

The study was conducted in two forest
compartments in eastern Bosnia and Her-
zegovina, within an uneven-aged mixed
forest composed of silver fir, spruce, and
beech trees, growing on limestone and
dolomite substrates. Forest compartment 1
is located at 43° 54’ 07” N and 18° 42’ 27" E,
while compartment 2 is situated at 43° 45’
52" N and 18° 16" 24" E (Fig. 1). The average
elevation is 1204 and 1370 m a.s.l. in com-
partment 1 and compartment 2, respec-
tively. Terrain slope in the two compart-
ments ranges from 10% to 30%. In 2023,
trees in both compartments were marked
for felling according to the group selection
system principles. Field activities were con-
ducted in March and May 2024 and in-
volved a total of 45 silver fir trees. To mini-
mize sampling bias, trees were analyzed
consecutively along the felling lines, re-
gardless of their external characteristics.

We measured the diameter at 1.3 m
above ground (DBH) using a caliper. Sam-
pled trees were assigned to one of five cat-
egories according to Kraft’s classification
(Kraft 1884): predominant, dominant, co-
dominant, suppressed, or overtopped.
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Fig. 2 - Felled
trees pro-
cessed into
forest wood
assortments.

The cut-to-length processing method was
used (Fig. 2). We measured the length of all
processed assortments using a measuring
tape immediately after felling. Diameter,
including bark, was measured with a
caliper at designated points: crosswise
(maximum and minimum), with values
rounded down to the nearest centimeter.
Diameters were recorded at three posi-
tions along each wood assortment: the
thicker end, the middle of the length, and
the thinner end. For the first assortment
taken from the base of the tree, two cross-
wise diameters were measured at the root
collar end, located at a maximum distance
of 1 m from the thicker end, rather than at
the thicker end. The volume of forest
wood assortments was determined using
Huber’s formula (Bankovi¢ & Panti¢ 2006).

The presence and size of wood defects in
the assortments were recorded. Defects
were measured according to the national
Yugoslav standard from 1969 (JUS D.A0.101
- Wood Defects: Terminology, Definitions,
and Measurement - JUS 1969). The formu-
las used for calculating the size of individ-
ual defects are presented in Tab. S1in Sup-
plementary material. Knots were classified
according to the following criteria: mutual
position (individual knots; knots in a
whorl), degree of their tightness with the
surrounding wood (tight or intergrown;
partially intergrown; encased or loose
knots), health status (sound; partially rot-
ten; rotten), and size (pin knots: <6 mm;
small knots: 7-20 mm; medium knots: 21-40
mm; large knots: >40 mm). A similar classi-
fication of knots can be found in Barszcz et
al. (20103, 2010b). We recorded the small-
est diameter of individual knots, whereas
for knots in a whorl, we used the smallest
diameter of the largest knot (Fig. 3).

All statistical analyses were conducted us-
ing the software Statgraphics Centurion®
XVII (Statgraphics Technologies, Inc., The
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Plains, VA, USA). After testing for data nor-
mality (Shapiro-Wilk W-test, p<0.05) and
homogeneity of variance (Levene’s test,
p<0.05), the Kruskal-Wallis non-parametric
test was applied to analyze the influence of
forest wood assortment and tree charac-
teristics on the size of wood defects.

Results
The average DBH of the 45 felled trees
from two forest compartments was 40.20

25

Number of trees
= - N
o (4] o (8, o

41-50

Fig. 3 - Mea-
suring the
knot size of
Silver fir
trunks using
| aruler.

* 9.63 cm, with values ranging from 23 to
65 cm (Fig. 4). A total of 199 forest wood
assortments were processed from the se-
lected trees (Tab. 1).

The analysis of the produced wood as-
sortments revealed the following wood de-
fects: double heart (Fig. 5e), pith eccentric-
ity (Fig. 5d), ring shake, heart shake, curva-
ture, split tree stem, compression wood
(Fig. 5d), ingrown bark (Fig. 5e), wet heart
(Fig. 5¢), rot (Fig. 5b), brown stain, insect

Fig. 4 - Structure
of analyzed trees
by diameter
classes.

Diameter class (cm)

Tab. 1- Characteristics of processed wood assortments. (D.,): diameter of assortment
at the middle of length; (D): diameter of assortment at the thicker end; (D,): diameter
of assortment at the root collar end; (d): diameter of assortment at the thinner end.

Characteristics N Min Mean Max SD

Number of assortments per tree 45 2 4.42 6 0.99
Volume of assortments per tree (m°) 45 0.32 1.48 4.67 1.02
Assortment length (m) 199 1 6.02 10.06 1.72
D (cm) 199 10 27.88 65 10.80
D (cm) 154 11 28.24 59 9.57
D, (cm) 45 24 39.96 72 10.81
d (cm) 199 8 24.34 59 11.17
Volume of individual assortment (m?) 199 0.03 0.34 1.83 0.31
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damages, scars, damage caused by physi-
cal and mechanical influences (Fig. 5b),
knots (Fig. 5a), ellipticity (Fig. 5f), and ta-
per.

After knots, the most common defect
was a wet heart, observed in 97.78% of the
analyzed trees. Rot was recorded in 33.33%
of the trees, while damage caused by phys-
ical and mechanical impacts was present in
31.11% of cases. Pith eccentricity and com-
pression wood were found in 20% of the
analyzed trees. Other wood defects (dou-

ble heart, ring shake, heart shake, curva-
ture, split tree stem, ingrown bark, brown
stain, insect damage, and scars) were
present in less than 20% of the analyzed
trees (Fig. 6).

We determined ellipticity and taper for
each timber assortment. The highest aver-
age ellipticity was recorded at the end of
the root collar (up to 1 m from the thicker
end of the assortment), amounting to
3.62%, which is expected due to the irregu-
lar shape of the stem base. Taper ranged

100 97.78 100.00
90 mDH mPE
80 = RS HS
70 uC mSTS
= 60
2 aCW =B
o 50
% ” sWH =R
33.33 3111
30 mBS u|D
20.00 20.00
20 1333 13.33 uS = DPM

11.11

0 | .

I13.33

2.22 2.22
_— - L

Fig. 6 - Proportion of wood defects in the analyzed trees. Double heart (DH); pith
eccentricity (PE); ring shake (RS); heart shake (HS); curvature (C); split tree stem
(STS); compression wood (CW); ingrown bark (IB); wet heart (WH); rot (R); brown
stain (BS); insect damages (ID); scars (S); damages caused by physical and mechanical

influences (DPM); knots (K).
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Fig. 5 - Some of
the recorded
wood defects:
knot (a); dam-
age caused by
mechanical influ-
ences and rot
(b); wet heart
(¢), pith eccen-
tricity and com-
pression wood
(d), double
heart and
ingrown bark

(e); ellipticity (f).

from 0.46% to 21.05%, with an average of
4.89%.

Knots were predominantly in whorls
(83.69%), which is a consequence of the
branch positions in coniferous wood (Fig.
7a). Tight knots (Fig. 7b) were more com-
mon (52.02%) compared to encased knots
(46.40%). The share of partially intergrown
knots, as well as combinations of certain
types (tight/partially intergrown; tight/en-
cased; partially intergrown/encased), is
negligible (0.85%; 0.73%). Knots were most-
ly sound (94.14%). The proportion of par-
tially rotten, rotten, and other categories
of knots (sound/partially rotten; sound/rot-
ten) was 5.86% (Fig. 7¢). Notably, knots
with a diameter smaller than 6 mm were
not observed. Medium-sized knots (21-40
mm) and small knots (7-20 mm) were the
most frequently found. Large knots (>40
mm) were relatively rare, comprising only
5.84% of the total (Fig. 7d). The average
knot diameter was 23.95 mm (7-52 mm).

Wet heartwood was measured at both
the thicker end and thinner end of the logs.
The average proportion of wet heartwood
was 63.06% at the thicker end and 57.44%
at the thinner end. The extent of rot at the
thicker end of the assortments averaged
53.21%, with a range from 1.22% to 89.36%.
At the thinner end, the average extent of
rot was slightly higher (54.09%), ranging
from 13.57% to 85.37%.

The average scar size was 1088.07 cm?,
with most scars (85.71%) observed on the
first and second log assortments, moving

iForest 19: 321-328



upward from the base of the tree toward
the crown. The average size of damage
caused by physical and mechanical impacts
was 989.69 cm>. The highest incidence of
damage caused by physical and mechanical
impacts was recorded in the lower part of
the stem, specifically on the first assort-
ment (66.67%).

Compression wood was found in 9.55% of
forest wood assortments. Pith eccentricity
varied from 4.88% to 28.57% at the thicker
end and from 5.88% to 28.57% at the thin-
ner end. The smaller number of defects
recorded at the thinner end than at the
thicker end supports the hypothesis that
these defects disappear at a certain height
of the tree.

We analyzed the relationship between
wood defect size and the diameter of pro-
cessed forest assortments, as well as their
position along the stem, since these fac-
tors affect assortment quality (Carpenter
et al. 1989). The analysis focused on de-
fects, particularly wet heart and knots, that
occurred more than 30 times in the assort-
ments, which was considered the minimum
sample size for statistical validity. Consider-
ing that ellipticity and taper were deter-
mined for each assortment, the influence
of assortment characteristics on the size of
these defects was also analyzed. The diam-
eter at the middle length of the forest
wood assortment was used. The position

Wood defects in Silver fir from mixed uneven-aged forest stands
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Individual
knots

= Knots in a
whorl
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Sound knots

= Partially rotten
knots

= Rotten knots
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Tight knots

= Partially
52.02  intergrown
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= Encased knots

ﬁ 5 m Other knots

7-20 mm

43.53
=21-40 mm

=>40 mm

Fig. 7 - Distribution of knots by mutual position (a); degree of tightness with the sur-
rounding wood (b); health status (c); size (d).

along the stem was defined by the assort-
ment’s ordinal number (1-6), with assort-
ment 1 corresponding to the lower part of
the stem, closest to the ground. The aver-
age tree height at the thicker end of the
produced assortments is presented in Tab.

S2 in Supplementary material.

Significant differences were found in the
size of taper, wet heart, and knots for dif-
ferent diameter classes of processed forest
wood assortments (p< 0.0001), as well as
for different assortment positions along

Tab. 2 - Dependence of wood defects on the diameter of forest wood assortments. Different letters indicate significant differences
(p<0.05) among diameter classes, according to the Kruskal-Wallis test. (SD): Standard deviation.

. . Wet heart .
Diameter of wood Ellipticity Taper - - Knots size
assortment (cm) (%, +SD) (%, +SD) Thicker end Thinner end (mm, £SD)

(%, £SD) (%, £SD)
0-10 00 473+1.69° 0+0°¢ 0+0° 17.82 +5.42°
11-20 2.52 +3.28 8.52 +3.30° 25.89 + 30.80 ™ 11.03 + 19.65° 24.19 +8.35°
21-30 2.77 £5.10 3.90+1.86° 50.89 + 23.75 ® 35.53+29.03 * 22.71 £ 8.62°
31-40 3.21 £5.69 3.05+2.01° 56.67 + 26.15 52.13 +25.65° 24.89 + 11.72 ®
41-50 1.64 £ 1.92 3.10+1.78° 50.77 + 33.40 56.65 + 29.41° 27.21 + 11.97 ®
51-60 4.91 £5.34 2.26 +0.92° 71.01 £3.49° 65.77 + 6.48 * 24.57 +10.23 2
61-70 3.03 4.40° 66.67 66.10 * 15.00 + 4.69 ®
Total 2.71+4.53 4.89 + 3.28 45.32 + 30.12 35.21 + 30.83 23.95 + 9.63
Kruskal-Wallis p-value 0.6510 <0.0001 <0.0001 <0.0001 <0.0001

Tab. 3 - Dependence of wood defects on the assortment position along the stem. Different letters indicate significant differences

(p<0.05) among positions, according to the Kruskal-Wallis test. (SD): Standard deviation.

- Sl Wet heart .
Position along Ellipticity Taper - - Knots size
the stem (%, :!:SD) (%, :I:SD) Thicker end Thinner end (mm, :I:SD)

(%, £SD) (%, +SD)

1 2.66 +3.36 3.18+1.38 ¢ 52.39 +28.95* 54.59 + 28.70 * 14.81+4.40f

2 3.69 + 6.98 3.19+2.58 ¢ 54.22 + 28.47 49.24 + 28.40 ° 19.65 £ 7.96 ©

3 2.45 +4.13 4.36 +2.39¢ 49.88 + 28.86 ° 33.12+28.41° 24.35+9.61¢

4 2.16 + 3.16 6.44 +2.54° 39.69 +27.08 * 14.06 + 22.65 ¢ 26.81 + 8.88 ¢

5 2.48 +3.09 8.85+4.01° 21.89 +28.17° 15.27 £+ 15.95 ¢ 29.00 + 8.15°

6 1.97 + 3.37 10.42 + 3.70 * 8.90 + 15.34° 5.60 + 9.57 © 33.60 + 8.45*
Total 2.71 £ 4.53 4.89 + 3.28 45.32 + 30.12 35.21 + 30.83 23.95+9.63
Kruskal-Wallis p-value 0.9431 <0.0001 <0.0001 <0.0001 <0.0001

iForest 19: 321-328
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Tab. 4 - Dependence of wood defects on diameter at breast height (DBH). Different letters indicate significant differences (p<0.05)
among DBH classes, according to the Kruskal-Wallis test. (SD): standard deviation.

Ellipticity Taper " Wet heart . Knots size

DBH (cm) (%, +SD) (%, +SD) Thicker end Thinner end (mm, +SD)
(%, +SD) (%, +SD)

21-30 2.93 +4.46 4.74 £ 2.61 65.44 + 11.49 62.59 + 16.18 16.90 + 4.83 ¢
31-50 2.62 + 4.79 4.94 + 3.38 62.69 + 11.53 56.45 + 16.60 23.60 + 8.62 °
51-80 2.87 £3.17 4.82 + 3.64 62.40 + 12.98 58.18 £ 15.50 32.90 £ 10.67 *
Total 2.71 +£4.53 4.89 + 3.28 63.06 + 11.74 57.44 + 16.36 23.95+9.63
Kruskal-Wallis p-value 0.3376 0.8311 0.6344 0.2894 <0.0001

Tab. 5 - Dependence of wood defects on position within the stand. Different letters indicate significant differences (p<0.05) among

positions within the stand, according to the Kruskal-Wallis test. (SD): Standard deviation.

Wet heart

Position within Ellipticity Taper . . Knots size

the stand (%, +SD) (%, +SD) Thicker end Thinner end (mm, £SD)
(%, £SD) (%, +SD)

Predominant 2.89 +4.24 4.89 +3.37 62.99 +9.84 56.78 + 15.42 32.74 £ 10.47 ®

Dominantn 2.48 £ 3.25 4,73 £ 3.41 63.29 + 12.44 57.71 + 16.50 25.10 + 9.69 °

Co-dominant 2.88 + 6.47 5.40 + 3.24 59.40 + 9.03 ° 54.03 + 15.31 19.73+£6.09 ©

Suppressed 3.81 £6.08 4.59 +2.18 70.88 + 10.46 * 66.12 + 18.73 16.13 +4.70 ¢

Overtopped 0+0 00 0+0 00 0x0

Total 2.71+4.53 4.88 + 3.28 63.06 + 11.74 57.44 + 16.36 23.95+9.63

Kruskal-Wallis p-value 0.4158 0.3800 0.0178 0.1447 <0.0001

the stem (p<0.0001 - Tab. 2, Tab. 3).

The relationship between the size of
wood defects and tree characteristics
(DBH and position within the stand) was
also analyzed (Tab. 4, Tab. 5). A significant
difference was detected in the size of the
wet heart at the thicker end of the stem
across different tree positions within the
stand (p=0.0178). Additionally, a significant
difference in knot size was found in rela-
tion to both DBH and tree position within
the stand (p<0.0001).

Discussion

Our study revealed that knots were the
most frequent wood defect in silver fir
trees, consistent with findings from previ-
ous studies in softwood stands (Susnjar et
al. 2005, 2006, Akay et al. 2015). The share
of trees with recorded rot in this study was
lower than the that (63%) reported by
Chomicz-Zegar et al. (2016) for silver fir
plus trees (mother trees) in mountainous
forest districts of Poland, likely because
their study focused exclusively on older
trees, aged 91 to 158 years. The proportion
of bark-injured trees exhibiting rot was
higher than the 27% reported by Kohnle &
Kandler (2007) in experimental plots in
southwestern Germany. Regarding wet
heart, comparable findings were reported
by Martin et al. (2021), who detected wet
heart in 90% of the examined silver fir
trees, despite their healthy appearance
and absence of visible external damage.
The high incidence of this defect found in
this study is consistent with the findings by
Torelli et al. (2009), who identified wet
heart as one of the most critical wood de-
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fects in silver fir. Its presence substantially
decreases the commercial value of silver fir
logs (Vek et al. 2024). Ring shake is often
recognized as a significant defect in silver
fir wood, especially when considered
alongside wet heart, which together con-
tribute to its reduced value compared to
spruce (Rebula 1996, Pintari¢ 2002, Torelli
et al. 2009, Cufar & Zupandi¢ 2009). How-
ever, in this study ring shake was found in
only 6.67% of the analyzed trees and in
2.01% of the processed forest wood assort-
ments.

PoZega (2021) reported the following
wood defects in a study on the assortment
structure of silver fir stands: knots, heart
shake, ring shake, pith eccentricity, and
rot. The most frequently observed defects
were knots, followed by rot. In contrast,
the present study recorded a higher pro-
portion of trees affected by wet heart than
by rot.

According to the national JUS standard, a
cross-section is considered regular when
the ellipticity is less than 10%. Analysis of el-
lipticity measured at the middle of the for-
est wood assortment length showed that
only 3.52% of the assortments exceed this
value. The ellipticity was measured at the
middle of the length because, in practice,
the diameter of a forest wood assortment
is usually measured at this point.

Knot size plays a critical role, as it is a lim-
iting factor in classifying processed forest
wood assortments (Susnjar et al. 2006).
The average knot diameter in this study
was 23.95 mm (range: 7-52 mm ), which is
similar to the average knot size of 20.3 mm
found by Barszcz et al. (2010a) in 150-year-

old Norway spruce (Picea abies Karst.) in
stands situated at an altitude of 1450-1740
m a.s.l. in the Dolomites (Italian Alps).

The highest incidence of scars and dam-
age caused by physical and mechanical im-
pacts was recorded in the lower part of the
stem, specifically in the first and second
wood assortments, which further supports
the well-established fact that the lower
stem section is the most susceptible to in-
juries during timber extraction using cable
skidders, which prevail in forest harvesting
in Bosnia and Herzegovina. The recorded
damaged area slightly exceeds the 790.51
cm? reported by Trestic et al. (2015) for sil-
ver fir trees growing in a site located in
close proximity to the investigated forest
compartment.

Tree injuries provide optimal entry points
for wood-degrading microorganisms, caus-
ing wood decay and decreasing wood qual-
ity. Trestic et al. (2015) investigated the oc-
currence of rot in silver fir trees damaged
during forest harvesting operations in Bos-
nia and Herzegovina and found a signifi-
cant correlation between rot development
and both injury size and its position on the
stem. Indeed, in this study, injuries were
observed in 80% of trees with recorded rot.

The results show significant differences in
taper size, wet heart, and knots among
different diameter classes of processed for-
est wood assortments, as well as among
different positions along the stem. The
highest taper values were recorded in as-
sortments with diameters of 11-20 cm,
while the lowest were observed in the 51-
60 cm diameter class. When analyzing ta-
per along the stem, a gradual increase was
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evident from the stem base toward the
crown, consistent with the well-established
pattern of decreasing stem diameter to-
ward the upper portions of the tree (Su3n-
jar 2003). Notably, the most pronounced
taper occurred in assortments with smaller
diameters (11-20 cm), predominantly in the
upper stem sections. The magnitude of the
wet heart defect generally increased with
increasing assortment diameter, except in
the 61-70 cm diameter class. In contrast,
wet heart size decreased progressively
from the base of the trunk toward the
crown. These trends are consistent with
Torelli et al. (2005), indicating that the fre-
quency and intensity of wet heart forma-
tion in silver fir increase with tree dimen-
sions. We found the smallest knot sizes in
assortments with diameters of 61-70 cm,
originating from the lower part of the
stem; this is consistent with the findings of
Sugnjar et al. (2006), who noted that only
the lower parts of silver fir stems are suit-
able for veneer log processing.

Our results show significant differences in
wet heart size at the thicker end of the
stem across different tree positions within
the stand. Also, a significant difference in
knot size was found in relation to both
DBH and tree position within the stand.
The largest wet heart size at the thicker
end was recorded in suppressed trees. The
largest knots were observed in trees be-
longing to the 51-80 cm DBH class and
those classified as predominant trees. A
trend of increasing knot size from the 21-
30 cm diameter class to the 51- 80 cm diam-
eter class supports a statement reported
by Coté (1968) that branch diameter in-
creases as stem diameter increases.

To complement manual measurements in
the field, wood defects can also be pre-
dicted using the information collected au-
tomatically by the harvester (Uusitalo et al.
2018). Indirect technologies can detect and
estimate wood defects, such as an acoustic
tool assembled in the harvester head
(Walsh et al. 2014) or information inter-
preted from image analyses (Uusitalo et al.
2018, Méakinen et al. 2020). Further, a cam-
era system can be installed on a harvester
head to detect variable information from
the log end face, including annual ring
width, the boundary between sapwood
and heartwood, pith eccentricity, and the
presence of rot (Méakinen et al. 2020). To
improve mechanical felling and processing,
ongoing intensive research focuses on de-
veloping models for automated detection
and measurement of wood defects using a
harvester head. Méakinen et al. (2020) de-
veloped a model system to predict the hor-
izontal diameter of the thickest knot for
each whorl along a Scots pine stem. The
study results showed that the knottiness
of stems of a given size may vary greatly
depending on their early growth rate. In
the study conducted by Raatevaara et al.
(2020), the applicability of electrical imped-
ance spectroscopy and image analysis of a
log end face for pine heartwood measure-
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ments from the harvesting perspective
was evaluated. The results indicated that
both methods can measure heartwood in
processed stems, with an average heart-
wood diameter error of less than two cen-
timeters for both methods.

Conclusions

Wood defects in silver fir were assessed
in accordance with the Yugoslav (JUS)
standard, which is still applied in Bosnia
and Herzegovina, noting that there are no
substantial differences between this stan-
dard and European standards regarding
wood defect measurement procedures.
The effects of diameter and position along
the stem of forest wood assortments, as
well as DBH and tree position within the
stand, on the size of the most prevalent
wood defects were also analyzed. The re-
sults showed that smaller wood defects
that substantially affect the quality of for-
est wood assortments, primarily knots and
taper, were generally observed in the
lower sections of the stem. The only no-
table exception is the wet heart defect,
whose size tends to decrease from the
base of the stem toward the crown. The
correlation between tree damage and rot
occurrence was confirmed. In 80% of trees
exhibiting rot, physical-mechanical damage
or scars were also present, highlightning
the need to enhance protective measures
against mechanical damage during forest
harvesting operations. Harvesters are also
increasingly common in uneven-aged
mixed stands in Bosnia and Herzegovina. In
such cases, processing felled trees into
wood assortments requires detailed
knowledge of the morphology of specific
tree species, as well as the occurrence and
size of the most common wood defects.
The wood defect properties presented in
this study could be used as part of a data-
base essential for developing models that
support logging operations and enable
more profitable bucking decisions during
mechanical felling and processing.

To enable a more comprehensive evalua-
tion, future studies may incorporate addi-
tional tree and stand properties. Further
research is crucial to expand the wood de-
fect database and create reliable models
that can be integrated into modern har-
vesting technologies.

References

Akay AE, Serin H, Pak M (2015). How do stem de-
fects affect the capability of the optimum buck-
ing method? Journal of the Faculty of Forestry
Istanbul University 65 (2): 38-45.

Andreu JP, Rinnhofer A (2003). Modeling knot
geometry in Norway Spruce from Industrial CT
Images. In: Proceedings of the “13th Scandina-
vian Conference, SCIA 2003” (Bigun J, Gustavs-
son T eds). Halmstad (Sweden) 29 June - 2 July
2003. Springer, Berlin, Germany, pp. 786-791. -
doi: 10.1007/3-540-45103-X_104

Bankovi¢ S, Panti¢ D (2006). Dendrometrija
[Dendrometry]. University in Belgrade, Bel-
grade, Serbia, pp. 556. [in Serbian]

Bardarov N, Marinova M (2019). Study of desir-
able defects of wood. Management and Sus-
tainable Development 75 (2): 77-82. [online]
URL: http://www.jmsd.bg/files/volumes/msd_7
5.pdf#page=77

Barszcz A, Sandak A, Sandak J (2010a). Size and
localization of knots in timber from mountain
spruce stands in the Dolomites. Folia Forestalia
Polonica 52 (1): 13-19.

Barszcz A, Sandak A, Sandak J (2010b). Knotti-
ness of spruce stems from the Dolomites as the
basis for distinguishing quality zones in round-
wood. Folia Forestalia Polonica 52 (2): 89-97.
[online] URL: http://bibliotekanauki.pl/articles/
38323.pdf

Beljan K, Posavec S, Orsag S, Teslak K (2017).
Simulation model for prediction of timber as-
sortment price trends in Croatia - A case study
of Brinje Forest Office. Drvna Industrija 68 (2):
145-152. - doi: 10.5552/drind.2017.1643

BHAS (2023). Prices and price indices of forest
assortments in Bosnia and Herzegovina in 2022.
Agency for Statistics, Sarajevo, Bosnia and
Herzegovina, pp. 4. [online] URL: http://bhas.
gov.ba/?lang=en

BHAS (2024). Prices and price indices of forest
assortments in Bosnia and Herzegovina in 2023.
Agency for Statistics, Sarajevo, Bosnia and
Herzegovina, pp. 5. [online] URL: http://bhas.
gov.ba/?lang=en

BHAS (2025a). Prices and price indices of forest
assortments in Bosnia and Herzegovina in
2024. Agency for Statistics, Sarajevo, Bosnia
and Herzegovina, pp. 4. [online] URL: http://
bhas.gov.ba/?lang=en

BHAS (2025b). Production, sales, and stocks of
forest assortments in Bosnia and Herzegovina
by Assortment in 2024. Agency for Statistics,
Sarajevo, Bosnia and Herzegovina, pp. 4. [on-
line] URL: http://bhas.gov.ba/?lang=en

Carpenter RD, Sonderman DL, Rast ED, Jones MJ
(1989). Defects in hardwood timber. Agricul-
tural Handbook, no. 678, USDA, Washington,
DC, USA, pp. 88. [online] URL: http://books.
google.com/books?id=QAAUAAAAYAA)J

Chomicz-Zegar E, Niemtur S, Kapsa M, Ambrozy
S (2016). Butt rot occurrence in plus trees of Sil-
ver fir (Abies alba Mill.) and Norway spruce
(Picea abies (L.)) from the Carpathians. Lesne
Prace Badawcze 77 (3): 212-220. - doi
10.1515/frp-2016-0023

Cufar K, Zupandi¢ M (2009). Les jelke (Abies
alba) kot material in tkivo dreves [Silver fir
(Abies alba) wood as raw material and tree tis-
sue]. Zbornik Gozdarstva in Lesarstva 89: 55-
66. [in Slovenian]

CULS (2011). Lexikon vad dreva [Lexicon of
wood defects]. Czech University of Life Sci-
ences - CULS, Prague, Czech Republic, website.
[online] URL: http://r.fld.czu.cz/vyzkum/multi
media/lexikon_vad/

Coté WA (1968). Defects and abnormalities of
wood. In: “Principles of Wood Science and
Technology” (Kollmann FFP, CAté WA eds).
Springer, Berlin, Heidelberg, Germany, pp. 79-
96. - doi: 10.1007/978-3-642-87928-9 3

Fredriksson M (2012). Reconstruction of Pinus
sylvestris knots using measurable log features
in the Swedish Pine Stem Bank. Scandinavian
Journal of Forest Research 27 (5): 481-491. - doi:
10.1080/02827581.2012.656142

327

>
£ S
)
wv
]
S
o
L.
e
c
(1]
wv
]
|9}
c
AL
194
wv
o
)
o0
2
0
I
)
w
)
S
o
=



https://doi.org/10.1007/3-540-45103-X_104
https://doi.org/10.1080/02827581.2012.656142
https://doi.org/10.1007/978-3-642-87928-9_3
http://r.fld.czu.cz/vyzkum/multimedia/lexikon_vad/
https://doi.org/10.1515/frp-2016-0023
http://books.google.com/books?id=QAAUAAAAYAAJ
http://bhas.gov.ba/?lang=en
http://bhas.gov.ba/?lang=en
http://bhas.gov.ba/?lang=en
http://bhas.gov.ba/?lang=en
http://bhas.gov.ba/?lang=en
http://bhas.gov.ba/?lang=en
http://bhas.gov.ba/?lang=en
https://doi.org/10.5552/drind.2017.1643
http://bibliotekanauki.pl/articles/38323.pdf
http://www.jmsd.bg/files/volumes/msd_75.pdf#page=77
http://r.fld.czu.cz/vyzkum/multi
http://books/
http://bibliotekanauki.pl/articles/
http://www.jmsd.bg/files/volumes/msd_7

>
S
)
wv
]
)
o
L.
o)
c
(4]
wv
]
v
c
A
194
wv
o
9]
°0
2
0
I
)
w
)
S
)
=

KneZevic J et al. - iForest 19: 321-328

Ivkov R (1964). Sumske kulture i plantaze: tehni-
ka podizanja i gajenja [Forest cultures and plan-
tations: raising and growing techniques]. Uni-
versity in Belgrade, Belgrade, Serbia, pp. 126.
[in Serbian]

JUS (1969). Greske drveta: terminologija, defini-
cije i mjerenje (JUS D.Ao.101) [Wood defects:
terminology, definitions, and measurement
(JUS D.Ao.101)]. Yugoslav Institute for Stan-
dardization, Belgrade, Yugoslavia, pp. [in Bos-
nian]

Karahasanovi¢ A (1992). Nauka o drvetu [Wood
science]. Publishing company Svjetlost, Insti-
tute for Textbooks and Teaching Aid, Sarajevo,
Bosnia and Herzegovina, pp. 426. [in Bosnian]

Kohnle U, Kandler G (2007). Is Silver fir (Abies
alba) less vulnerable to extraction damage than
Norway spruce (Picea abies)? European Journal
of Forest Research 126: 121-129. - doi: 10.1007/
$10342-006-0137-3

Kraft G (1884). Beitrége zur Lehre von Durch-
forstungen, Schlagstellungen und Lichtungshi-
eben [About thinnings, cutting systems and
shelterwood cuttings]. Klindworth Verlag, Han-
nover, Germany, pp. 147. [in German]

Lipoglaviek M (1996). Kakovost gozdnih lesnih
proizvodov [The quality of forest timber prod-
ucts]. Zbornik Gozdarstva in Lesarstva 51: 59-
65. [in Slovenian]

Martin L, Cochard H, Mayr S, Badel E (2021). Us-
ing electrical resistivity tomography to detect
wetwood and estimate moisture content in sil-
ver fir (Abies alba Mill.). Annals of Forest Sci-
ence 78 (65): 2-17. - doi: 10.1007/513595-021-010
78-9 3

Musi¢ J, Nordberg M, Hodi¢ I, Obu¢ina M, Cav-
kunovi¢ J (2012). Tranzicija sa JUS na BAS EN
standarde Sumskih drvnih sortimenata u Bosni i
Hercegovini [Transition from JUS to BAS EN
Standards for Forest Wood Assortments in
Bosnia and Herzegovina]. USAID-SIDA FIRMA
Project, Sarajevo, Bosnia and Herzegovina, pp.
63. [in Bosnian]

Mékinen H, Korpunen H, Raatevaara A, Heikki-
nen J, Alatalo J, Uusitalo J (2020). Predicting
knottiness of Scots pine stems for quality buck-
ing. European Journal of Wood and Wood
Products 78: 143-150. - doi: 10.1007/500107-019-
01476-x

Petras R, Mecko J, Kulla L (2017). Economic value
production of trees as a criterion of their matu-
rity in an uneven-aged forest. Central European
Forestry Journal 63: 188-194. - doi: 10.1515/for
j-2017-0019

Pintari¢ K (2002). Sumsko-uzgojna svojstva i
Zivot vaznijih vrsta Sumskog drveca [Silvicul-
ture properties and life of the most important
species of forest trees]. Association of Forestry
Engineers and Technicians of the Federation of
Bosnia and Herzegovina, Sarajevo, Bosnia and

328

Herzegovina, pp. 221. [in Bosnian]

Plavsi¢ M, Golubovi¢ U (1963). IstraZivanje pos-
totnog odnosa sortimenata kod jele (Abies alba
Mill.) [Research on the proportion of wood as-
sortments in Fir (Abies alba Mill.)]. Sumarski
List 9- 10: 367-387. [in Croatian]

PoZega L (2021). Racunalna evidencija drvnih sor-
timenata kao podloga za izradu sortimentnih
tablica [Computer records of timber assort-
ments as a basis for assotment tables]. Under-
graduate thesis, University of Zagreb, Faculty
of Forestry and Wood Technology, Zagreb,
Croatia, pp. 48. [in Croatian]

Raatevaara A, Korpunen H, Tiitta M, Tomppo L,
Kulju S, Antikainen J, Uusitalo J (2020). Electri-
cal impedance and image analysis methods in
detecting and measuring Scots pine heartwood
from a log end during tree harvesting. Comput-
ers and Electronics in Agriculture 177: 1-10. - doi:
10.1016/j.compag.2020.105690

Rebula E (1996). Sortimentne i vrijednosne tab-
lice za deblovinu jele [Assortment and value ta-
bles for fir stems]. Mehanizacija Sumarstva 21
(4): 201-222. [in Croatian]

Sili¢ C (2005). Atlas dendroflore (drvece i grmlje)
Bosne i Hercegovine [Atlas of dendroflora
(trees and shrubs) of Bosnia and Herzegovina].
Matica Hrvatska, Citluk, Bosnia and Herzegov-
ina, pp. 18-19. [in Croatian]

Sopushynskyy |, Maksymchuk R, Kopolovets Y,
Ayan S (2020). Intraspecific structural signs of
curly silver fir (Abies alba Mill.) growing in the
Ukrainian Carpathians. Journal of Forest Sci-
ence 66 (7): 299-308. - doi: 10.17221/79/2020-JFS

Susnjar M (2003). Some quality characteristics of
fir trees (Abies alba Mill.) in the educational-ex-
perimental forest site Zalesina, Management
unit “Belevine”. Glasnik Za Sumske Pokuse 40:
1-57.

Susnjar M, Krpan A, Zeti¢ Z, Porsinsky T (2005).
Quality of fir timber assortments from the for-
est of fir and hardfern (Blechno-Abietetum
Ht.). Nova Mehanizacija Sumarstva, Special is-
sue “Mehanizacija Sumarstva 2001-2004” 26
(2): 211-216.

Susnjar M, Krpan A, Pentek T, Horvat D, Porsin-
sky T (2006). Influence of knots on classifica-
tion of timber assortments of Silver fir into
quality classes. Wood Research 51 (1): 51-58.

Torelli N, Gorisek Z, Primo O, Marela M (2005).
Mokro srce pri jelki (Abies alba Mill.) [Wetheart
in silver fir (Abies alba Mill. ]. Les 57 (1-2): 4-10.
[in Slovenian]

Torelli N, Sinjur I, Pikur M (2009). Lastnosti in
kakvost jelovine (Abies alba Mill.) [Properties
and quality of silver fir wood (Abies alba Mill.)].
In: “Trajnostna Raba Lesa V Kontekstu Sonar-
avnega Gospodarenja Gozdovi [Rational Use of
Wood in the Context of Sustainable Forest
Management]” (Humar M, Kraigher H eds).

Studia Forestalia Slovenica 135, Gozdarski Insti-
tut Slovenije, Ljubljanja, Slovenija, pp. 69-78. [in
Slovenian]

Tresti¢ T, Haskovi¢ A, Cabaravdi¢ A, Mujezinovi¢
O, Zahirovi¢ K (2015). Detection of decay in in-
jured trees of Silver fir using the method of to-
mography. Faculty of Forestry, University of
Sarajevo, Bosnia and Herzegovina, vol. 1, pp. 1-
1.

Uusitalo J, Isotalo J (2005). Predicting knottiness
of Pinus sylvestris for use in tree bucking proce-
dures. Scandinavian Journal of Forest Research
20 (6): 521-533. - doi: 10.1080/0282758050040
7109

Uusitalo J, Ylhéisi O, Rummukainen H, Makkonen
M (2018). Predicting the probability of A-quality
lumber of Scots pine (Pinus sylvestris L.) before
or concurrently with logging operations. Scan-
dinavian Journal of Forest Research 33 (5): 475-
483. - doi: 10.1080/02827581.2018.1461922

Uscupli¢ M (1992). Some quality characteristics
of fir trees (Abies alba Mill.) in the Educational-
experimental forest site Zalesina, Management
unit “Belevine”. Glasnik Za Sumske Pokuse 40:
1-57.

Vek V, Hofmann T, Visiné Rajczi E, Osolnik U, Pol-
jansek I, Primo O (2024). Effect of accelerated
extraction and sonication on the antioxidant
capacity of wood and bark extracts of wet-
hearted Silver fir (Abies alba Mill.). European
Journal of Wood and Wood Products 82: 1479-
1490. - doi: 10.1007/500107-024-02102-1

Walsh D, Strandgard M, Carter P (2014). Evalua-
tion of the Hitman PH330 acoustic assessment
system for harvesters. Scandinavian Journal of
Forest Research 29 (6): 593-602. - doi: 10.1080/
02827581.2014.953198

Wang R, Liang F, Wang B, Mou X (2023). ODCA-
YOLO: an omni-dynamic convolution coordi-
nate attention-based YOLO for wood defect
detection. Forests 14: 1-18. - doi: 10.3390/f1409
1885

Wolf H (2003). EUFORGEN technical guidelines
for genetic conservation and use for silver fir
(Abies alba). International Plant Genetic Re-
sources Institute, Rome, Italy, pp. 6. [online]
URL: http://books.google.com/books?
id=F67444tXuhcC

Supplementary Material

Tab. St - Method for calculating wood
defect sizes.

Tab. S2 - Average tree height at the posi-
tion corresponding to the thicker end of
processed assortments.

Link: Knezevic_4950@supploo1.pdf

iForest 19: 321-328


http://books.google.com/books?id=F67444tXuhcC
http://books.google.com/books?id=F67444tXuhcC
https://doi.org/10.3390/f14091885
https://doi.org/10.3390/f14091885
https://doi.org/10.1080/02827581.2014.953198
https://doi.org/10.1080/02827581.2014.953198
https://doi.org/10.1007/s00107-024-02102-1
https://doi.org/10.1080/02827581.2018.1461922
https://doi.org/10.1080/02827580500407109
https://doi.org/10.1080/02827580500407109
https://doi.org/10.17221/79/2020-JFS
https://doi.org/10.1016/j.compag.2020.105690
https://doi.org/10.1515/forj-2017-0019
https://doi.org/10.1515/forj-2017-0019
https://doi.org/10.1007/s00107-019-01476-x
https://doi.org/10.1007/s00107-019-01476-x
https://doi.org/10.1007/s13595-021-01078-9
https://doi.org/10.1007/s13595-021-01078-9
https://doi.org/10.1007/s10342-006-0137-3
https://doi.org/10.1007/s10342-006-0137-3
http://iforest.sisef.org/pdf/Knezevic_4950@suppl001.pdf

	Wood defects in Silver fir (Abies alba Mill.) from mixed uneven-aged forest stands
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	References
	Supplementary Material


