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Abstract: This paper deals with the use of debarking modifications of the conventional harvester head
in the conditions of felling due to bark beetle calamity. For this purpose, a time study was established,
in which the conventional heads were compared with the heads with debarking modifications on
four research plots and two harvesters. The measurements were taken from August to September
2018. Harvester efficiency with the use of the head with the debarking configuration ranged from
41.2% to 41.8% from the efficiency of a machine with the conventional head, depending on the felling
type. It was also demonstrated that the quality of debarking does not depend on the trunk moisture
content in the growing season. In terms of diameter, it was found that the best debarked parts of the
stem were those occurring in its middle. Specifically, in the central part of the stem with a diameter
of 13 to 23 cm, 91.0% of the stem area was debarked in the main felling and 76.6% in the thinning. In
contrast, the top parts of the stem (trunk diameter up to 13 cm) were the least debarked. In the main
felling, it was 74.2% of the stem area and in the thinning, only 52.2%.

Keywords: harvester; efficiency; harvesting head; debarking; Norway spruce; damaged logs;
bark beetle

1. Introduction

Central Europe currently faces a bark beetle calamity. Between 2017 and 2019, 270 mil-
lion m3 of timber was harvested in this part of Europe due to windstorms and bark
beetles [1]. The most affected countries are Germany, the Czech Republic, and Austria [2].
For example, in the Czech Republic, 32.58 mio m3 of timber were felled in 2019, of which
the share of incidental felling was 95% [3]. In 2016, the share of incidental felling in the
Czech Republic before the bark beetle calamity was 53% from a total amount of 17.61 mio
m3 of felled timber [4]. Most widely attacked by the insects was Norway spruce (Picea
abies L.), which is popular in Europe for economic reasons [5]. In the past, economic
reasons led to its growing in monocultures [6]. However, with the global climate change,
these monocultures are exposed to drought and high temperatures [7,8], which increase
the stress burden on these stands and reduce their resilience to insect pests [9]. This is why
further bark beetle calamities can be expected in the near future [10,11]. Currently, up to
27.4 billion m3 of spruce forests in Europe are potentially endangered [12].

The facts indicate that a method should be quickly found for the sanitation of the
infested wood. There are currently many sanitation methods that can be divided into three
categories, according to Zahradník et al. [13]. The first of them is a biological category,
which makes use of natural predators such as birds or Beauveria bassiana [14,15]. The
second category of sanitation methods uses the manual or mechanized application of
chemicals onto the surface of the cut stem. An example of the mechanized application
of chemical substances can be harvester head modification for spraying the processed
stem [16]. The third method is mechanical sanitation, which is implemented either by stem
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debarking or by scraping the bark (removal of bark only in strips parallel to the stem axis).
Debarking is conducted in the forest or at the roadside landing with the use of simple
hand tools or a power saw with a debarking adapter [17]. Fully mechanized debarkers are
mostly used at timber yards. A new opportunity to improve debarking efficiency directly
in forests is the possibility of deploying harvesters with the debarking configuration of
conventional heads. These types of heads can be used, for example, in localities with
increased protection of water sources where the application of chemicals is prohibited [18].

The use of debarking heads has so far been limited only to eucalyptus plantations due
to the problematic bark bond strength, which is extremely sensitive to moisture content [19].
Logs are best debarked right after felling and the consumption of energy is lower [20,21].
Today, conventional harvester heads are available on the market with modifications of
individual components, which can be purchased and mounted on the already owned
head. The reason for the modifications of conventional heads is the increased flexibility in
their use and lower purchasing costs compared with the debarking heads developed on
eucalyptus [22].

Conventional heads for debarking can be divided into three categories, according to
the number of their modified parts. The first category includes only modified feed rollers.
Bennemann et al. [23] claim that a representative of this category is the Log Max 7000C
model manufactured by Log Max AB. The modification of feed rollers is represented by the
replacement of spikes or horizontal roller ribs with spiralized ribs [22,24]. Thanks to this
improvement, the stem rotates around its longitudinal axis while being processed, thus
helping the debarking knives remove bark more perfectly from the entire stem surface [25].
Furthermore, if these modified feed rollers have an added wider and less aggressive length
measuring wheel, we can describe another category whose representative is John Deere
with the H480C head [23]. The new measuring wheel has the task of maintaining or
enhancing the accuracy of the measurement [22]. The third category of conventional heads
intended for debarking features identical modifications such as in categories 1 and 2 as
well as an additional modification of upper delimbing knives and fixed lower delimbing
blade [25].

In addition to all the above-mentioned technical modifications, it is also necessary to
reduce the pressure of feed rollers and delimbing knives, and feed rate as well as to calibrate
the length measuring system [23]. For their correct function, the pressure of delimbing
knives has to be reduced by 30% compared to the normal pressure [26]. The work procedure
with conventional heads modified for debarking also differs from the standard procedure.
When the stem is processed by the head, the tree has to be pulled through several times to
achieve the correct debarking quality [18]. Good debarking requires the trunk to be pulled
through three times as a minimum with the first two operations for trunk debarking and
the third for stem processing [27].

Thanks to this technology, it is possible to predict a lower harvester efficiency, as
mentioned by Zahradník et al. [13]. The first studies showed a decrease in efficiency by
48% [22] or by 1/3 [23], but so far, these statements have not been verified in the thinning.
Furthermore, global climate change affects the amount of precipitation in the growing
season [7,28], and thus the water content in tree trunks. It can be assumed that changes in
the moisture content of the trunks during the growing season affect the quality of debarking.
Verification of the above topics is the main goal of this article.

2. Materials and Methods
2.1. Research Plots

Research plots were selected based on the following criteria. The first criterion was
the occurrence of Norway spruce (Picea abies (L.) Karsten). The following condition was
that of approximately the same mean tree volume for the species and the identical terrain
inclination. In total, four plots were selected on two sites in the Czech Republic. The
measurements were taken from August to September 2018. Prior to the measurement,
the highest daily temperatures during the entire growing season were recorded. At the
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beginning of August, the daily air temperature was marked as a record high in 5 consecutive
cases. Specifically, it ranged from 35.3 ◦C to 36.1 ◦C. The measurements were preceded by
47 days with a daily air temperature of 30 ◦C, whereas extreme drought in Central Europe
took place during the growing season, especially in August and July [29].

The first two plots were situated in central Bohemia (Figure 1) close to the town of
Benešov. The plots were subjected to the main planned felling, namely clear cutting. On
the first plot in this locality, the mean tree volume under bark (u.b.) was 1.19 m3 (Table 1)
and a harvester with the conventional head was deployed. The plot was designated as MF
(main felling). The mean tree volume of Norway spruce on the second plot was 0.98 m3

u.b. (Table 1). There, a harvester with the debarking modification of the conventional head
was deployed, and this is why the plot was designated as MFD (main felling debarking).
The terrain gradient of both plots was 0%. In both plots, the first phase of the bark beetle
attack took place in 80% of the trees.
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Table 1. Basic information on the research plots.

Research Plots GPS Coordinates Type of Head Abbreviation Mean Tree
Volume (m3 u.b.)

Terrain
Gradient

(%)

Number of
Processed

Trees

Main Felling 49◦48′45.366′′ N,
14◦54′11.205′′ E

Conventional MF 1.19 0 170

Debarking MFD 0.98 0 100

Thinning 50◦8′23.214′′ N,
17◦24′17.370′′ E

Conventional T 0.66 14 190

Debarking TD 0.60 14 110

The other two plots on which improvement felling measures in over 40 years of
stand age were carried out were situated in northern Moravia (Figure 1), near the town
of Albrechtice. In the first plot, the mean tree volume was 0.60 m3 u.b. (Table 1). This
stand was designated as TD (thinning debarking) because a harvester with the debarking
modification of the conventional head was used to implement the measure. The mean
Norway spruce tree volume on the other plot where a harvester with the conventional head
was used was 0.66 m3 u.b. (Table 1). This is why the plot was designated as T (thinning)
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for the purposes of this study. The terrain gradient of the two plots was 14%. In both areas,
the first phase of the bark beetle attack took place in 50% of the trees.

2.2. Harvesters

The harvesters were operated by two persons, one in the main felling at the first
location, and the other in the improvement felling at the second location. Both operators
used the same technological procedure at work. In the main felling, the operator worked
with the harvester Ponsse Ergo 8 W. In the improvement felling over 40 years, the operator
worked with the Ponsse Scorpion King harvester. Both of these machines (Figure 2) were
equipped with the harvester head H7 made by Ponsse Plc. (Vieremä, Finland), which also
manufactured the harvesters. Each head was further equipped with a debarking set with
delimbing knives modified for barking, feed rollers with ribs in a spiral, and a wider length
measuring wheel. Thus, the harvester head fell in the third category and its modifications
are shown in Figure 2A–C.
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After the modification of the harvester head, the technology of stem processing is
different to the standard procedure [18,19]. The cut tree is pulled through the harvester
head for delimbing and the first debarking throughout its full length without cross-cutting.
Then, it is released from the head and once again gripped by the harvester head at the
small end so that the upper delimbing knives are turned toward the stem base and the
second debarking is carried out. Then, a change in harvester head position on the stem
base follows, and the third debarking is made along with the cross-cutting. The lengths of
the logs were 2, 3, and 4 m.

2.3. Time Study

The work of harvesters was evaluated using the method of time study. A camera
recording was made at HD resolution. A total length of the record was 120 min for each
research plot. The obtained recording of the manufacturing process was then analyzed by
the respective work operations:

• Searching—Time section from the first movement of hydraulic crane toward a tree
chosen for felling up to the head attachment onto the trunk and subsequent start of
the cutting mechanism.
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• Felling—Time that elapsed from the start of the cutting mechanism to the return of
cutting bar back to the initial position.

• Tree fall—Time section from the return of the cutting mechanism back to the initial
position to the fall of tree crown onto the ground.

• Handling—Time required to place the trunk in a position suitable for further process-
ing. Time from the crown tree fall to the start of the feeding mechanism.

• Delimbing—Time section during which the tree trunk in the harvester head is in
motion thanks to the feeding mechanism. This time section is always interrupted by
stopping the stem for cross-cutting, and started again when the stem begins to move.
The cycle is repeated until the last stop of the stem in the head. For the debarking
head, this work operation can be divided as follows:

# Phase 1—From the start of the feeding mechanism on the stem base to the
release of the trunk small end from the head and trunk falling onto the ground.
Time when the trunk shifting stopped due to its placement into a more favor-
able work position by the hydraulic crane was included into the operation of
handling.

# Grip change 1—From the moment when the trunk hits the ground to the
repeated gripping of the trunk small end by the turned head.

# Phase 2—From the start of the feeding mechanism on the trunk small end to
the release of the trunk base from the head and trunk falling onto the ground.
Similarly, as in Phase 1, the same rule applies to the head stop.

# Grip change 2—Time section from the trunk falling onto the ground to the
trunk base being caught in the head and cutting mechanism aligned with the
butt end of the trunk (and its start). The following alignment cut was included
into the operation of handling.

# Phase 3—This operation was measured in the same manner as delimbing in
the conventional harvester head.

• Cross-cutting—Time section in the course of delimbing when the trunk stops moving
in the head and is handled by the hydraulic crane to the place where the particular
assortment is going to be stored, which is produced by the subsequent cross cutting
also included in this part. The operation ends with the repeated start of the feeding
mechanism of the head. The cross-cutting is terminated when the last assortment is
placed and the stem top part is released.

• Machine movement—Time section in the course of which the machine was moving
after the end of cross-cutting to a new position where searching was to be started.

Trunks meant for debarking were subjected to the recording of current moisture
content and debarking quality.

2.4. Moisture Content

The moisture content was measured by using the WHT 860 tip wood hygrometer
(Elbez s.r.o., Velké Meziříčí, Czech Republic). The measurement accuracy was 0.2%. Mea-
suring points were set out at a repeated distance of 1.5 from each other, beginning from
the butt end of the stem. Thus, in each defined point, five values of moisture content were
measured on the stem perimeter, which were recorded in the field book for the respective
assortment. It is important to mention that the distance was given by the length of pro-
duced assortments (2, 3, and 4 m) and by the condition that the point of measurement must
not be situated less than 50 cm from the log edge. The location of the moisture measuring
points on the trunk is shown in Figure 3. A total of 424 logs were measured.
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2.5. Debarking Quality

The quality of debarking was evaluated by the ocular estimate of one person for three
diameter sections in the main felling (up to 13 cm, 13–23 cm inclusive, and over 23 cm)
and for two diameter sections in the improvement felling (up to 13 cm and over 13 cm
inclusive). Logs were classified in the sections according to the value of small end diameter
detected by the calibrated caliper. Debarking quality was determined as a percentage of
the share of log surface under bark on a scale divided by five percentage points. Prior to
the evaluation, the person tried to estimate the quality of debarking on six logs in which
the percentage of debarked surface was ascertained by a 3D scanner. For the measurement,
we used static panoramic scanner “Phase-shift” Faro Focus 3D (Faro, Lake Mary, Florida,
US). Prior to proper measurement, we had to set resolution, quality, and spatial range.
From one measuring position, one image was made at a resolution of 1/4. Scanning quality
was adjusted to the mean value 4×, which guarantees sufficient quality of measurement
at relatively fast scanning. Spatial range was set to 0–180◦ in horizontal direction and to
−60–90◦ in the vertical direction. Before the measurement was started, black-and-white
targets were placed on the measuring face, which served to connect all scanned positions
in the subsequent processing. All logs were scanned from four sides. The share of the bark
was then determined on a digital model of the log.

The produced logs were also inspected for damage to their surface by feed rollers or
delimbing knives. Damaged logs were those whose shape was altered by more than 30%
compared with the initial shape before processing or when wood fibers were torn from
them. After the assortment had been allocated to the stem, mean damage was calculated
for the whole stem. If the share of damaged assortments exceeded 30% from the total
amount of assortments produced from one stem, the stem was considered as damaged.

2.6. Statistical Analyses

The field records were entered as SI system timecodes in the following format:
hh:minmin:ss. The records modified in this manner were then added as data on the
duration of the respective work operations and undesirable extremes (non-standard work
operations in the record) were removed. A box plot was used for this purpose. Then, the
Shapiro–Wilk test of data normality was used with a p-value of 0.05.

In one locality (main felling or improvement felling), two plots were compared on
which the felling was made with and without barking. A t-test was used in the case of data
normality, and the Mann-Whitney test was used if the data had not been divided normally.
Both tests were performed at a significance level of 0.05.

Data obtained from the measurement of moisture content in heads with the debarking
modification in the defined points on the individual assortments were processed similarly at
the beginning as the previous data (i.e., using a box plot to remove undesirable extremes in
each measuring point). Data from debarking were processed similarly to those of moisture
content, but without a box plot because the log was evaluated by only one value. Then, a
multiple regression was performed with a p-value of 0.05 to find out whether the quality
of debarking depends on the stem moisture content. After the statistical analysis, the
individual assortments and data (moisture content and quality of barking) were allocated
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to the stem from which they were produced. The classification of assortments was followed
by the calculation of mean value for the given stem.

After this analysis, the processed data on the quality of debarking in the individual
stem sections were subjected to the Shapiro-Wilk test of normality with the same p level of
significance as in data from the time study. Further tests were one-way ANOVA in the case
of data normality, and the Kruskal-Wallis test in the opposite case. These tests were used
only in the case where the machine worked in the main felling as there were three sections
to compare. In the improvement felling, only tests for the comparison of two samples were
used as the third section was not recorded there. If the data were normally divided, a
t-test was used. A Mann-Whitney test was used in the opposite case. All these tests were
performed at the same p-value of 0.05. The two last tests with the same p-value were used
in the further phase of data processing, which included a comparison of the same sections
between the MFD plots, etc.

3. Results

The results of the time study were based on a camera recording of 120 min. The tree
fall parameter exhibited differences only on the plots with the main felling. On average,
the tree was falling faster on the MF plot, but only by 0.1 s. The reason for the trees falling
faster than on the MFD plot was a lower concentration of the crowns of trees standing in
the tree fall line.

On the other hand, the statistical analyses demonstrated differences of data in the two
localities in the parameter of delimbing. Stems were at all times delimbed faster with the
use of the conventional harvester head without the debarking modification. The machine
operator in the main felling could delimb the stem using the head with the debarking set
on average within 36.3 s, which was 28.4 s more than with the use of the conventional head.
Responsibility for this high time consumption fell to Phase 1 (19.2%), Phase 2 (16.8%), and
Phase 3 (22.1%). The rest can be accounted for by Grip change 1 (19.9%) and Grip change
2 (22.0%). The results were similar compared with the improvement felling plots. In the
improvement felling with the harvester head equipped with the debarking set, a trunk was
delimbed on average within 32.0 s, which was by 26.3 s slower than with the conventional
head. Time consumption for trunk processing was 18.1% (Phase 1), 16.9% (Phase 2), and
21.6% (Phase 3). Grip change 1 consumed 20.9% and Grip change 2 consumed 22.5%
of time. A work operation with statistically significant differences was found only in
the improvement felling was cross-cutting. A difference between them was on average
1.1 s in favor of T, which resulted from the lower concentration of movement before the
cross-cutting within the work technology. More values from the time study are presented
in Table 2. Results of statistical analyses are shown in Table 3. Regarding the working
operations searching, felling, handling and machine movement, no statistically significant
differences were found between the compared plots.

Table 2. Results of the time study.

Research
Plots

Searching
(s) Felling (s) Tree Fall (s) Handling

(s)
Delimbing

(s)

Cross
Cutting

(s)

Machine
Travel

(s)

Total Time
per Tree (s)

µ σ µ σ µ σ µ σ µ σ µ σ µ σ µ σ

MF 5.0 1.2 2.2 0.3 5.7 1.1 4.0 2.1 7.9 1.1 11.1 1.9 6.1 1.5 42.0 4.5

MFD 5.1 1.1 2.2 0.3 5.8 0.7 4.4 2.5 36.6 4.2 11.7 1.6 6.0 1.2 71.4 5.9

T 4.9 1.1 1.1 0.2 6.2 2.2 1.6 1.3 5.7 0.8 12.6 1.8 5.7 1.1 37.7 3.7

TD 5.7 2.0 1.2 0.3 6.8 3.2 2.7 2.4 32.0 4.2 10.9 2.2 5.6 1.4 64.8 8.4

µ—mean value, σ—standard deviation.
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Table 3. Results of the statistical analysis of the time study.

Research Plots

Operations
Total Time

per TreeSearching Felling Tree Fall Handling Delimbing Cross
Cutting

Machine
Travel

p-Value p-Value p-Value p-Value p-Value p-Value p-Value p-Value

MF vs. MFD >0.10 0.78001 0.03416 0.637695 0.000000 0.262064 0.167021 0.000000
T vs. TD 0.12407 0.13524 0.52545 >0.10 0.000000 0.012612 0.286232 0.000000

Marked number = research plots are different.

In general, a higher time consumption was demonstrated for the processing of one
trunk with the use of a harvester head with the debarking set. A trunk in the main felling
was processed by the operator using the conventional head, on average, in 42.0 s (Table 2).
In the case of using the debarking set, the time consumption increased to 71.4 s. This
indicates that the time difference for the processing of one trunk in the main felling and in
the improvement felling was 41.2% and 41.8%, respectively.

Regarding the quality of stem debarking, it was found that in the main felling, the
bark was removed from the stem surface at 84.5% on average. In the improvement felling,
the average was 64.5%. A closer look at the values of debarking in the respective sections
revealed a statistically significant difference between the sections in both localities, with an
exception of the second and third sections in the main felling (Table 4). The best results of
debarking in both localities were achieved in the section from 13 to 23 cm, and the worst
results were recorded in the section of up to 13 cm (Figure 4), which was given by the
geometry of delimbing knives and technology of the grip of the harvester head on the
stem base. In the main felling, section 1 was debarked on average at 74.2% (Figure 4),
which was 16.8% less than section 2 and 13.7% less than section 3. The improvement felling
provided similar results. Section 1 was debarked on average at 52.2% and section 2 at
76.6%. When sections 1 and 2 in the two localities were compared, statistically significant
differences were found (section 1: p-value 0.000799, section 2: p-value < 0.005). Better
results of debarking were achieved in the main felling. Section 1 differed by an area surface
of 22.0%, and section 2 by an area surface of 14.4%.

Table 4. Statistical results of the comparison of the debarked stem sections.

MFD Diameter Section 1 Diameter Section 2 Diameter Section 3

Diameter Section 1 0.000043 0.006638
Diameter Section 2 0.000043 0.600496
Diameter Section 3 0.006638 0.600496

TD p-value
Diameter Sections 1 vs. 2 0.000371

Marked value = diameter sections are different.

Damage to trunks at delimbing and debarking was recorded only in the improvement
felling where 50% of produced logs were affected (Figure 5). Thus, the quality of debarking
sections 1 and 2 was worse compared with the main felling. Our measurements did not
demonstrate any dependence of debarking quality on the trunk moisture content (p-value
for the main felling of 0.608194888 and for the improvement felling it was 0.522094905).
The average trunk moisture content in the main felling was 75.9% (standard deviation was
6.5), and in the improvement felling, it was 58.0% (standard deviation was 18.7).
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4. Discussion

It was found that the efficiency of a harvester with the head equipped with the debark-
ing set was 41.2–41.8% lower (depending on the type of felling) than the efficiency of a har-
vester with the head without the debarking set. In similar research, Heppelmman et al. [22]
recorded a difference in the efficiency by 48%. Bennemann et al. [23] observed the har-
vester output reduced by a third. This result is in line with the statement that the use of
debarking heads reduced the machine efficiency [13,24]. The increased time consumption
in harvester heads with the debarking set resulted from a different work procedure, namely
in the delimbing/debarking work operation, which lasted nearly as long as the total time
required for the processing of one trunk in heads with the debarking set. An average
difference between delimbing/debarking in the head with the debarking set and a total
time consumption for processing a trunk using the conventional head was only 5.7 s in the
improvement felling and 3.7 s in the main felling.

The authors are aware of differences in the average stem volume of cut trunks be-
tween the compared plots at both locations. Time consumption for processing a trunk
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increases with its increasing stem volume [26,27] and because its length is also increasing,
the time consumption for delimbing grows [30]. Time consumption is also higher due
to a higher number of cross-cuts at processing longer stems and a higher number of as-
sortments [31–33]. Produced assortments have to be stacked, which again increases the
time consumption [32]. Nevertheless, the harvester efficiency increases with the increasing
stem volume [34–38]. If we compare the differences in time required for the processing of
trees of different stem volumes on the experimental plots in the main felling and in the
improvement felling (on average 9.7%), it can be stated that an error caused by the different
stem volume within one type of felling is minimal and shows a possible slight increase in
time needed for the work of the harvester head with the debarking set.

Apart from the above factors, the work efficiency of a harvester can also be affected
by the different experience of the operators and the selected work procedure [38,39]. In
this sense, Purfüst [40] points to the level of an operators’ skill in the machine control and
their capability of learning by which their work is accelerated. To be able to eliminate
the possibility of the data gained being affected by the operator as much as possible, the
harvester deployed in one type of logging was at all times operated by one person.

Theoretical differences in the daily output of a harvester in the main felling and
improvement felling with the classic harvester head and harvester head equipped with
the debarking set can be illustrated on a model example. If an output of the harvester
with the conventional head is 200 m3 u.b., it will be reduced to ca. 82 m3 u.b. with the
use of a harvester head with the debarking set. Similarly, in the improvement felling, a
standard daily output can be reduced from 50 m3 u.b. to ca. 21 m3 u.b. The debarking head
is therefore appropriate to use when a smaller number of trees are attacked by the bark
beetles or if fast transport of felled trees from forest stands is not ensured. It is also possible
to use a debarking head in places for the protection of water resources or also before the
start of a bark beetle outbreak. However, it is necessary to take into account the additional
costs of about 6.0 € per m3, which can be problematic due to the amount of infested wood
in the forest stand and its damage by the debarking head, as found in this article.

According to our results, the quality of spruce stem debarking in the main felling
was on average 84.5%, which almost precisely corresponds with the research made by
Heppelmman et al. [21], who recorded values ranging from 83 to 84%. In the improvement
felling, the area under bark was 64.5% in the average spruce stem. Damage to the stem
surface was recorded in 50% of produced logs. Labelle et al. [19] identified the damage as
damage II, which was localized on 18–23% of stem area with a depth up to 18.9 mm. In
our measurements, we recorded a damage depth in the order of centimeters. The reason
for such extensive damage was the inappropriate adjustment of the pressure of delimbing
knives on the harvester head, which made it impossible for a smooth start of feed rollers.
In practice, the fact showed a need to slightly open the delimbing knives in order to
facilitate the stem movement in the head. Our findings are in line with the statement of
Heppelmman et al. [22] regarding the possibility of eliminating the risk of damage to the
stem by reducing the pressure of delimbing knives.

Based on the data recorded in our research, the dependence of debarking quality on
the moisture content was not demonstrated, as noted in previous research [18,22]. However,
as our measurements were taken at the end of the growing season, they do not represent
a general trend. Therefore, the independence of debarking quality on the stem moisture
content can be stated only within short-term fluctuations.

5. Conclusions

In summary, it can be stated that harvester heads with the debarking set cannot com-
pete in efficiency with the conventional harvester heads (their efficiency was 41.2% lower
in the main felling and 41.8% lower in the improvement felling). Delimbing/debarking
operations contributed the most to the reduction in the harvester’s efficiency (50.8% in the
main felling and 49.4% in thinning).
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The highest quality of debarking was recorded in the middle part of the trunk with
a diameter of 13 to 23 cm (main felling 91.0%, thinning 76.6%). The lowest quality of
debarking was recorded in the top parts of the stem with a diameter of up to 13 cm (main
felling 74.2%, thinning 52.2%). The measurement took place at the end of the growing
season and during this period, no dependence of the debarking quality on the stem
moisture was found. The relationship between debarking quality and the log diameter
was demonstrated.

Nevertheless, further development and an increasing need for the application of
harvest heads with debarking modifications are expected.

In today’s situation of obvious climate change and more and more frequent damage
to forest stands due to weather conditions (drought, windbreaks, etc.), the vitality of forest
ecosystems is decreasing and the danger of bark beetle calamities is increasing.

Due to the need for rapid work in damaged forest stands in order to maintain forest
ecosystems as well as obtain a certain economic benefit of logs from sanitary felling, it
provide advantages to harvesting heads with debarking modifications despite the expected
lower efficiency and efficiency compared to conventional harvester heads. This reduced
efficiency will result in additional costs of around 6 € per m3.
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