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Abstract: The positioning of tree bundles within the forest stand can influence the movement of

;‘;ﬁ;nll;tzeodz 4 machinery during timber harvesting, causing damage to the stumps and reducing sprouting

during stump management. This study aimed to assess the damage caused by timber harvesting
Revised: machinery to the remaining stumps in planted eucalyptus forests based on the angle of tree
02/02/2025 bundle arrangement. The research was conducted at a forestry company in the southern region

of Sdo Paulo state, in a hybrid stand of 9-year-old Eucalyptus grandis x Eucalyptus urophylla, in
Accepted: the first rotation or cutting cycle, using a feller buncher and skidder. Damage to the stumps
20/02/2025 caused by machines based on tree bundle angles of 172 and 452 was assessed through

measurements of the stumps after timber harvesting. The following quality parameters were
evaluated: height, soil and/or forest residue coverage, tearing, peeling, and shearing. The data
were analysed using a completely randomized design, with two treatments and eight repetitions
composed of sub-plots with 20 stumps, compared using Student's t-test at a 5% probability level.
Results showed that, at both tree bundle angles, the stump height was within the reference value
of 10 to 15 cm. Similarities in physical damage to the stumps were observed with tree bundles
arranged at both angles. The highest occurrence of damage was shearing, with 35.1% of stumps
affected at the 172 angle and 19.2% at the 452 angle. The 452 angle of the bundled trees in the
moment of timber harvesting at the flat terrain conditions facilitated the machines movements,
reducing the stump damage and improving the shoot development and sprouting rates for the
stand under the stump management regime.

Keywords: Timber harvesting; physical damage; stump’s quality; operational planning; production.

Abbreviations: cm_centimeter, p_probability level, mm_millimeters, m_meters; mZ? squate meters, m3 cubic meters,
2 degrees, %_percentage, t_student's test.

Introduction

Commercial eucalyptus plantations in Brazil are high traffic intensity within the forests. This situation may

characterized by high productivity, where any reduction
in costs and improvements in quality within the
production process can lead to significant gains and
greater competitiveness for forestry companies
(Gongalves et al., 2014; McEwan et al,, 2020; Santos and
Reichert, 2022). Within the production process of planted
forests, timber harvesting operations are notable,
representing over 50% of the cost of timber delivered to
the industry. Additionally, timber harvesting is influenced
by various variables that impact productivity and the
quality of forestry operations, including terrain slope,
species, diameter and volume of trees, planting spacing,
forest management model, type of equipment, wood
assortments, and aspects of operational planning
(Machado, 2014; Bassoli et al., 2020).

In recent years, the high demand for wood consumed by
forest-based industries has required the adoption of fully
mechanized wood harvesting systems, using heavy
machinery with high production capacity, resulting in
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cause several negative impacts on the physical properties
of the soil and the remaining tree trunks, affecting the
regeneration process and conduction of sprouting, with a
consequent reduction in wood production in the next
forest rotation (Miyajima et al.,, 2019; Rodrigues et al.,
2022). Nowadays, the rise in machinery traffic during
cutting and extraction operations, combined with the
large volumes of wood handled by forest companies,
often results in various types of mechanical damage to the
remaining stumps, such as crushing, shearing, and
abrasion, which can impair shoot development and
reduce timber production (Paya et al.,, 2019).

For this reason, an efficient operational planning of
timber harvesting is crucial for the success of the forest
management, involving aspects related to macro-
planning, such as: dimensioning and allocation of
resources and the sequencing of timber harvesting
operations (Munis et al., 2023), as well as aspects related
to micro-planning, such as: direction of felling and
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stacking of timber, angle in the formation of tree bundles,
distance and direction of timber extraction, and
characteristics of timber storage locations (Machado and
Lopes, 2014; Miyajima et al., 2019).

Several studies have evaluated the productivity and
production costs of feller bunchers and skidders within
the full-tree timber harvesting system concerning
variables extraction distance, terrain slope, types of
machines and wheels, forest characteristics, forest
management regime, etc. (Santos et al., 2013; Lopes et al,,
2014; Simdes et al, 2014; Miyajima et al, 2019).
However, despite the consolidated management process
adopted by many Brazilian forestry companies to
improve the initiation of sprouting, justified by the
reduction of costs for the formation of future forests
(Gongalves et al., 2014), there is still a lack of studies
aimed at identifying the effects of machine operating
procedures in the timber harvesting, especially related to
the angulation of tree bunches, damage to remaining
stumps and on the development of sprouts. Schwegman
et al. (2018) reported that the increase in the
mechanization of timber harvesting operations, along
with other impacts occurring in the forest, must consider
the potential damage to remaining stumps and the
subsequent capacity for regeneration through stump
management. Some authors (Klein et al,, 1997; Stape,
1997) reported that the main aspects influencing the
quality and productivity of eucalyptus stump regrowth
include cutting height, coverage of stumps by soil and/or
forest residues, and physical damage to the stumps such
as peeling, shearing, and cracking. Often, such damage is
caused by heavy machinery movement during forestry
operations.

Additionally, damage to the stumps can be attributed to a
combination of factors associated with timber harvesting
operations, particularly machinery movement and
contact between trees and parts of the stumps during tree
removal. Therefore, identifying potential damage to
remaining stumps caused by machinery will help
managers to adopt the best strategies for planning and
executing operations, leading to improvements in
machinery productivity and sustainability of forest
production. Therefore, the objective of this study was to
evaluate the effect of the angle of tree bundles on damage
to the remaining stumps due to the movement of timber
harvesting machinery in a eucalyptus stand under
coppice management.

Results

Stump height

The average heights of the tree stumps in the forest stand
after felling and stacking the tree bundles by the feller
buncher at angles of 172 and 452 were 10.0 and 9.8 cm,
respectively, with no significant difference between
treatments according to the Student's t-test (p < 0.05).
Most of the stumps were within the reference value
between 10 and 15 cm in height determined by the
forestry company, which is ideal for the formation of a
greater number of buds and, consequently, for an
increase in the sprouting rate (Figure 1). At the 172 angle
of the bundles, 60.6% of the stumps were between 10 and
15 cm in height, while at the 452 angle, this figure totalled
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Figure 1. Average height of stumps caused by timber
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66.3%. The strains below 10 cm in height totalled 39.4%
and 33.7% at angles of 172 and 452 respectively,
highlighting that no strains with heights greater than 15
cm were found, demonstrating the efficient quality of the
operation concerning this requirement.

Physical damage to stumps

The physical damages caused to the stumps after the
traffic of the timber harvesting machines due to the
arrangement of the tree bundles at angles of 172 and 452
are shown in Figure 2. The coverage of the stumps by soil
and/or residues from timber harvesting showed that on
average, 22.3% and 24.0% of the stumps were affected in
situations of tree bundle angles at 172 and 459,
respectively, with a statistical difference by Student's t-
test (p < 0.05) (Figure 2a). It is noted that most stumps
did not have their surface covered by soil or forest
residues from timber harvesting, regardless of the angle
of the tree bundles. At beam angles of 172 and 459, it was
observed that 16.9% and 12.5% of the stumps,
respectively, had their surface completely covered by soil
and/or residues (100%), which can be considered a high
value and cause significant failures in the sprouting rate
of the stumps due to the reduction in light incidence,
compromising the regeneration and future productive
capacity of the forest stand.

Regarding the tearing or crushing of the stumps caused
by the wheels during the traffic of the feller buncher and
skidder in the timber harvesting operations (Figure 2b), it
was observed that, in general, 16.2% and 14.2% of the
stumps were damaged when the tree bundles were
angled at 172 and 459, respectively (Student's t-test; p <
0.05) in the quadrant with 25% of the affected area. It was
possible to verify that, 6.9% and 6.3% of the stumps
presented areas completely damaged by the wheels of the
machines, caused especially by the maneuvers performed
by the skidder when loading the tree bundles arranged at
angles of 172 and 459, respectively.

The detachment of the bark from the tree stumps can be
considered a physical damage caused by the feller
buncher head at the time of felling and by the skidder
wheels when dragging the trees (Figure 2c). In general, it
was found that 8.9% and 6.5% of the stumps were
damaged when the tree bundles were arranged at angles
of 172 and 459, respectively (Student’s t-test; p < 0.05) in
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Figure 2. Physical damage to stumps caused by timber harvesting machines due to the arrangement of tree bundles. (ns) =

not significant; and (*) = significant.

the quadrant with 0 and 50% of the affected areas. When
analyzing both angles of the tree bundles, we observed
that above 80% of the stumps had no occurrence of bark
detachment, with 81.1% at the 172 angle and 84.9% at the
452 angle. The occurrences of bark detachment remained
between 25 and 50% of the area of the strains, totalling
17.6% and 15.1% of the strains affected at angles of 172
and 459, respectively.

A high rate of damaged and shearing vines was observed
by the feller buncher cutting head after felling the trees
(Figure 2d). Overall, 35.1% of the vines were damaged
when the bundles were arranged at an angle of 172, while
19.2% of the vines were damaged at an angle of 452 in all
quadrant situations (Student'’s t-test; p < 0.05). Analysis of
the total affected area of the vines showed a greater
occurrence of damage in the 50% quadrant, with 55.6%
and 33.1% of the vines affected at the 172 and 452 angles
of the bundles, respectively.

Discussion

The height of stumps in eucalyptus plantations is an
important quality parameter to be considered in timber
harvesting operations, as it has a direct relationship with
the capacity for sprout emission when adopting the
stump management regime. Additionally, height is a
factor that should be considered in planning, as it can be
affected by the types of machinery and different
operational procedures used. Therefore, cutting trees at a
lower height can improve wood utilization and reduce
damage to the machinery wheels. On the other hand, it
results in fewer buds on the stumps and a reduction in
sprouting capacity.

The results of this study showed that the height of the
stumps in both treatments was within the quality
standards expected by the company. This can be
attributed to the flat terrain characteristics, which
facilitated machinery movement and improved operator
visibility during the positioning of the head for tree
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cutting. Despite the similarity in stump heights when
felling and stacking the trees at both angles, there was
better quality observed in the stacking operation at the
452 angle. It is important to note that there is no direct
relationship between stump height and the bundle
angles, as the bundling of the trees is an operational
procedure carried out after the felling of the trees.
Reboleto et al. (2016) analyzed the quality of eucalyptus
tree cutting at different terrain slopes and found that in
up to 202 of inclination, stumps remained within the
recommended height, with a maximum stump height of
10 cm. In slopes between 202 and 302, the average stump
height reached 12.5 cm. Luz et al. (2018) stated that taller
stumps are harder to cover with residual biomass from
timber harvesting, contributing to a higher number of
buds and an increased sprouting rate, while survival
decreases for stumps below 10 cm. Berude et al. (2021),
evaluated the quality parameters in cutting with a
harvester and extraction with a forwarder in pine stands
subjected to two thinning models. They observed that
approximately 90% of the stump heights ranged between
10 and 15 cm. It is also important to highlight that stump
height is a controversial factor from the perspective of
sprout management quality. According to some authors
(Baenaetal, 1983; Luz et al., 2018), higher stump heights
promote sprouting. However, a higher number of sprouts
in the initial phase also increases competition among
them, negatively impacting the average diameter. On the
other hand, stumps with heights above the company's
established limit, resulted in wood losses, hindering the
skidding operation, and increase the chances of machine’s
wheel damage and workplace accidents.

The physical damage to stumps showed that these issues
have a direct relationship with timber harvesting
operations, mainly due to the feller buncher head during
tree positioning and cutting, as well as the skidder wheels
and the trees themselves during timber skidding.
Regarding the presence of soil and/or residues on the
stumps, we observed that the number of stumps with



Table 1. [llustration of the timber harvesting system and technical specifications of the machines evaluated in the study.

Timber harvesting
System

Activity and machine studied

Technical specifications

Full Tree (FT)

Felling

Tigercat model 845D:
operational weight of 25,900
kg, engine power of 212 kW,
equipped with tracked
undercarriage and a head
weighing 2,245 kg, cutting
disc of 50 mm, rotation of
1,500 rpm, and a maximum
cutting radius of 8.05 m.

ML Skidder

l Extraction

Tigercat model 635D:
operational weight of 21,430
kg, engine power of 194 kW,
equipped with a wheeled
undercarriage and a front
grapple with a maximum
opening of 3.81 m.

50% or more of their surface covered was similar
between both beam angles, with 21.9% and 23.1% of the
stumps covered in angles of 17° and 45°, respectively. The
presence of soil and/or residues on the stumps in both
angles occurred due to cutting the trees close to ground
level, leading to the accumulation of soil and sawdust. In
studies conducted on Eucalyptus grandis plantations,
Klein et al. (1997) found that the presence of coverage on
stumps by branches, leaves, bark, wood, or soil can impair
sprouting due to reduced lightincidence. The authors also
found that stumps free of harvest residues and soil at a
height of 10 cm had a 95.4% sprouting survival rate.

The occurrence of stump tearing or crushing is a physical
damage that has a direct relationship with machinery
movement, primarily affected by the wheels during tree
cutting and timber extraction operations. The results
revealed a similarity in damaged stumps (25.0% and
24.4%) for the beam angles of 17° and 45°, respectively,
with affected surfaces having areas above 25%. It is
important to highlight that the beams in both angles were
favorably aligned with the planting rows and with the
bases of the trees oriented towards the road, facilitating
stacking by the feller buncher and subsequent loading and
skidding by the skidder. This setup therefore favored
machine maneuverability and reduced wheel passage
over the stumps. This situation contrasts with tree
stacking at a 90° angle to the planting rows and the road,
which occurs in some operational scenarios, where more
maneuvering is required during loading and machine
turning during skidding (Miyajima et al, 2019),
potentially resulting in greater impact from the wheels on
the stumps. Mechanical damage to the stumps caused by
machine wheels should be constantly monitored when
applying new operational procedures in timber
harvesting, as such damage, regardless of the affected
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stump area, may impact the sprouting capacity and
survival rate, which is influenced by the number of
sprouts per stump (Souza et al.,, 2012).

Bark peeling on stumps is physical damage caused by the
feller buncher head during cutting and by the skidder
wheels during tree skidding. The results showed a
similarity in this damage between the tree beam angles,
which can be considered high and detrimental to the
number of buds and stump sprouting, potentially
reducing timber production in the next rotation of the
stand. It is important to note that, among timber
harvesting operations, skidding is the main contributor to
bark peeling, as both the machine wheels and the tree
bundle come into contact with the sides of the stumps,
causing the peeling. However, this physical damage can
be minimized through improvements in planting
alignment or spacing to avoid stump damage and increase
regeneration capacity (Ferrari et al., 2005), as well as
operational planning improvements by concentrating
machine traffic during tree skidding. Klein et al. (1997)
reported that partial or total bark peeling reduces
sprouting possibilities, delaying the bud emergence, and
diminishes the height of dominant sprouts.

Shearing of stumps is typically caused by the cutting head
of the feller buncher during tree felling. When analyzing
the occurrence of this damage across all quadrants of the
stump, the 452 angle of the tree beams favored better
positioning of the machine’s head during wood cutting
compared to the 172 angle, which resulted in 73.8% of the
stumps being partially damaged. It is important to
highlight that the high percentage of damaged stumps can
be attributed to the dullness of the cutting teeth on the
machine’s head, as well as the breakage of the cutting
teeth during operation. Furthermore, difficulties in
achieving a quality cut were observed due to the



Table 2. Variables adopted in the assessment of damage to stumps.

Variables

Description

Reference stump

Stump with standard quality, at the recommended
height and free of physical damage.

Stump height

Soil cover and/or
forest residues

Tearing

Shell detachment

Shearing

Stump with a lower height than recommended.

Partial or total coverage of the stump by soil
and/or wood harvesting residues (leaves, bark
and branches), caused by wood harvesting
operations.

Crushing of the stump, caused by the wheels of the
machines during wood harvesting operations.

Partial or total removal or removal of the bark,
caused by the cutting head and wheels of the
machines during timber harvesting operations.

Wear of the stump caused by the machine's cutting
head when felling the trees.
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accumulation of sawdust and soil inside the cutting head,
which interfered with the rotation of the disc during
cutting and, consequently, negatively impacted stump
quality. In this regard, regular maintenance of the cutting
discs is crucial to keep the equipment in good working
condition, as Reboleto et al. (2016) noted that shearing of
stumps is a physical damage that directly affects sprout
emission, damages logs, and results in losses of high-
value wood at the base of the tree.

Materials and Methods
Study area

The study was conducted in the operational areas of a
forestry company located in the southern region of Sao
Paulo, Brazil. The climate of the region is temperate (cfa),
with an average annual precipitation of 1,313 mm and an
average annual temperature of 19.5°C. The terrain is
classified as flat-to-undulating, and the soil is dark red
latosol with a clayey texture. Data were collected during
timber harvesting operations in a hybrid plantation of
Eucalyptus grandis x Eucalyptus urophylla, managed
under a clear-cutting regime in its first rotation, which
correspond to the first cutting cycle of the forest stand;
age of plantation (9 years); planting space (3.0 x 2.0 m)
and average trees volume (0.37 m3/tree). The timber
harvesting operations aimed to preserve the integrity of
the stumps for the establishment of new stands through
sprout management (stump management), with the
timber destined to produce pulp and paper.

The timber harvesting system evaluated was a full tree
system, consisting of a feller buncher that performed the
felling and bundling of trees into bunches within the
forest. Subsequently, the trees were extracted using a
skidder to the edge of the compartment, where they were
then processed into logs by a harvester processor. The
feller buncher felled trees in a strip consisting of four
planting rows, accumulating an average of seven trees per
felling cycle. The tree bundles stacked on the ground were
formed by two operational cycles, averaging 14 trees for
later extraction. The technical specifications of the
machines evaluated in the study are presented in Table 1.

Sampling treatments and procedures
Two treatments concerning the angle of tree bundle
arrangement within the compartment were evaluated
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(Figure 3). In Treatment I (Figure 3a), the feller buncher
performed felling and bundling with tree bundles
arranged at an angle of 172 relative to the planting
alignment, with the base of the trees facing the road to
facilitate subsequent dragging of the timber. In Treatment
II (Figure 3b), the feller buncher performed felling and
bundling with tree bundles arranged at an angle of 459
relative to the planting alignment, with the base of the
trees also facing the road. Subsequently, in both
treatments, timber was extracted using a skidder over an
average distance of 100 m. The study allocated two
rectangular sample plots of 200 m (width) x 100 m
(length), totalling an area of 4 hectares (40,000 m?) for
each treatment.

After the completion of timber harvesting operations,
eight sub-plots were systematically allocated for
evaluating damage to stumps caused by machinery
movement in both tree bundle angle treatments (Figure
3c). Each sub-plot consisted of 20 stumps, totalling 160
samples. Sub-plot 1 was placed at a minimum distance of
10 m from the edge of the compartment, corresponding
to the first five rows of stumps, and was referred to as the
processing zone. This procedure, known as the "edge
effect,” was adopted to avoid sampling stumps that might
have been damaged by increased machinery movement
during the placement of tree bundles at the edge of the
compartment and the subsequent processing of the trees.

Stump damage

The damage to the tree stumps was assessed
cumulatively, caused by the felling and stacking of trees
by the feller buncher and by the skidder skidding of the
tree bundles. Initially, the assessed tree stumps were
subdivided into quadrants, aiming to determine the
percentage of area affected by the damage, with a value of
25% being assigned to each part, which together
represented the total percentage of the affected area. Five
types of damage to the stumps were evaluated (Table 2).
The height measurement was obtained directly using a
tape measure, measuring from the soil surface and
considering the highest side of the stumps. Stumps were
classified as having a height between 10 and 15 cm. Other
variables, such as soil and/or forest residue coverage,
tearing, bark peeling, and shearing of the stumps, were
assessed visually. The quadrants' areas were used as a
reference to determine the percentage of the stump
surface affected by damage, following the methods



proposed by Klein et al. (1997) and Foelkel (2014). These
studies suggest that these variables can impact the sprout
index in eucalyptus plantations managed through stump
management.

The experiment was evaluated using a completely
randomized design (CRD). The F test (independent
samples) was applied to test the homogeneity of
variances within each angle of arrangement of the tree
bundles. Then, the Student's t test was applied at the 5%
probability level to compare the means of damage to the
stumps between treatments.

Conclusion

After timber harvesting operations, most of the stumps in
the forest stand, regardless of the tree bundle
arrangement angle, had the expected height, which is
favorable for producing a greater number of buds per
stump and, consequently, increasing the sprouting rate. It
is important to note that the angle of beam disposition
does not have a direct relationship with stump height, as
this arrangement is an operational procedure performed
after the trees have been felled.

The angles of the tree beam disposition did not directly
impact physical damage to the remaining stumps in the
stand. Greater issues were observed concerning soil and
forest residue coverage and stump shearing, attributed to
the fact that tree cutting was performed close to ground
level, leading to the accumulation of soil and sawdust, and
the inadequacy of the cutter head's sharpening. The tree
disposition at a 45° angle proved to be the most suitable
procedure for flat terrain conditions, facilitating machine
manoeuvrability during cutting and extraction and
contributing to lower damage rates to stumps.
Consequently, this results in better sprouting rates for the
stand under the coppicing management regime.
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