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The objectives of this study was to record residual stand damage during harvesting
operations and evaluate the influence of factors such as distance of the tree from the strip
road, machine parts, operational phase, on the occurrence of tree wounds. The machine
was a farm tractor equipped with a crane mounted on the front axle and a single grip
harvester head. The study was carried out in two stands located in Southeast Sweden.
Stand 1 was a 30-year-old Norway spruce (Picea abies L.) plantation on an afforested
pasture while stand 2 was a 90-year-old mixed stand of Norway spruce, Scots pine
(Pinus sylvestris L.), birch (Betula pendula Roth) and aspen (Populus tremula L.). The
mean damage percentage was 6.3 % for the first stand and 6.5 % for the second stand.
Sixty-five percent of the wounds were less than 50 cm2, with 91 % of the damage
occurring on the stem and 9 % of the damage on or below the root collar. Sixty-six
percent of the wounds produced by the stem under processing or by the harvesting head
while only 10 % of the wounds were produced by the tractor wheel. Damaged trees were
distributed evenly in the crane reach zone. Significant differences were found between
rut depths after one, two, four and six passes of the tractor in stand 1.
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1 Introduction

Mechanisation of forest operations in Sweden
started during the late 1950s as a response to
increasing labour costs, cheap energy supply,

and the demands for an improved production
economy with the introduction of farm tractors
for hauling of manually felled trees (Andersson
1992). Introduction of tractors into the forest
stand had an adverse impact on the state and
productivity of the remaining stand due to soil
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compaction and residual tree damage. Reduced
tree growth and deteriorated timber quality are
often results of damage occurring during the harvesting operation (Fröding 1992). During the
1960s, farm tractors were replaced in large scale
forest operations by specialised forest machines
(forwarders) adapted to the hard forest work and
environment. In small scale forest operations,
though, farm tractors are still of great importance since they, after minor or major changes,
can become an adequate base machine for a
number of implements like grapple-loader trailers and tree processing units facilitating work in
the forest (Gullberg 1995, A better agricultural
tractor... 1990).
The development of the single-grip harvester
in the middle of 1980s was a significant step
towards the mechanisation of the thinning operations. These machines required less space and
caused less damage to the remaining stand, compared with two-grip harvesters, but were expensive to afford for small scale operations. Improvements in crane technology and the decrease
of the weight of the harvesting head allowed
them to be placed on lighter and smaller machines like the farm tractor. In large-scale forest
operations, where larger wood volumes are available, specialised machines are faster and more
economical than farm tractors with forestry attachments (Heinrich 1993). Farm tractors
equipped with single-grip harvesters have been
studied concerning time consumption and productivity in thinning operations (Gullberg and
Johansson 1992, Johansson 1996, Ryynänen 1992
and 1994). They were found to be appropriate
for first thinning operations where the trees have
small dimensions. In these studies the amount of
damage after the felling operations is also assessed but the factors causing the damage are not
identified since the results are based on damage
inventories after the thinning operation.
Several studies have examined stand damage
with a variety of logging systems using a variety
of experimental designs. Most studies estimate
extent of damage, on sample plots randomly located in the stand (Bettinger and Kellogg 1993),
on sample plots located on transects running
through the stand (Sidle and Laurent 1986) or on
sample plots located along major skid trails (Cline
et al. 1991) after that the harvesting operation is
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complete. The above studies offer uncertainties
concerning the cause of damage and at the same
time the extent of damage may be underestimated since small dimension wounds or wounds
situated high on the stem may not be recorded.
The objectives of this study were:
(i) to record residual stand damage during actual harvesting conditions with an agricultural tractor
equipped with a single-grip harvester head and,
(ii) to evaluate the influencing factors such as distance of the tree from the strip road, machine
parts, operational phase, on the occurrence of tree
wounds.

2 Materials and Methods
2.1 The Stands
The study was carried out in two stands located
in Southeast Sweden near Skövde (58°30' N,
13°25' E). The operations took place during a
two weeks period in early autumn 1995 on snowfree ground. Soils in both stands were well graded podzols. Terrain conditions were assessed according to a scale of five levels (Terrain classification... 1992), from very good (very good ground
condition, very even ground surface, slope less
than 7°) to very poor (very poor ground condition, very uneven ground surface, slope more
than 26°).
Stand 1 was a 30-year-old Norway spruce (Picea abies) plantation on an afforested pasture
(Table 1). The strip road system (net of roads in
the thinning area along which the machine moves)
was planned in advance by a forester. The distance between the strip roads was 19.2 m while
strip road width was 3.4 m.
Stand 2 was a 90-year-old mixed stand of Scots
pine {Pinus sylvestris), Norway spruce {Picea
abies), birch (Betula pendula) and aspen (Populus tremula). This stand was a clear-cut stand,
but only the smallest trees (< 28 cm diameter in
breast height) were harvested in this study. Stand
data are shown in Table 1.
Before the start of the study the diameters of
all trees in both stands were measured and marked
on the stems.
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Table 1. Stand data.

Basal area (m/ha)
Species mix (pine,
spruce, deciduous),
in tenths
No of trees per
hectare prior to
(after) thinning
Mean cut tree
diameter (cm)
Mean cut tree
volume (m3)
Ground conditions
Surface structure

Slope

Stand 1

Stand 2

23.25

24.3

0, 10, 0

3,6,1

2120(1179)

940 (374)

12.9±3.8 (SD) 16.5±5.4 (SD)
0.096
Very good
Very even

Less than 7°

0.194
Very good
Medium class.
Some area
of the stand
worse than
medium class
Less than 7°

2.2 The Harvester
The harvester was a CASE 5120 tractor with a
crane (Mowi EGS 465) attached to the front.
The crane reach was 5.9 m. The harvester head
(GM 728R PAN) was able of handling stems up
to 28 cm dbh (diameter at breast height). The
tractor was 225 cm wide and had a mass of 7750
kg. The operator had one month experience with
this machine, but he had operated forwarders for
six years, a Logma processor for three years, and
an FMG single-grip harvester for one year. Further information on the machine, a detailed production study and an ergonomic assessment is
reported by Johansson (1997).

2.3 Harvesting Systems
In stand 1 the harvester operator selected trees to
thin within crane reach as he progressed through
the stand on strip roads (crane zone). Trees that
could not be reached by the harvester (middle
zone-trees) were manually felled towards the
nearest strip road. After harvesting the crane
zone-trees the machine was driven along the strip
roads again to process the middle zone-trees.
These trees were taken from the top, and then

adjusted so they could be processed from the
butt. In the crane zone 574 trees were harvested
and in the middle zone 219 trees were harvested.
In stand 2 no strip road network was used. The
machine operated in the stand winding between
remaining trees. The smaller trees were harvested by the harvester while the larger trees were to
be harvested manually at a later date (two stage
felling).

2.4 Damaged Trees
Damage to the remaining trees was recorded during the harvesting operation. Only wounds that
occurred in connection to the tractors work were
noted. Wounds that occurred during manual felling were not recorded. Trees that had ripped-off
bark and exposed sapwood were regarded as damaged and several characteristics concerning the
wounds and the trees were collected; size of the
wound (maximum length and maximum width
were measured), location of the wound, distance
of the damaged tree from the strip road edge, and
diameter of the damaged tree.
The wound sizes were grouped in six classes:
0-20 cm2, 20-50 cm2, 50-100 cm2, 100-200
cm2, 200-300 cm2, and 300- cm2. Location of
the wounds was identified for three regions:
1. root collar and roots within horizontal distance of
0.7 m from stem surface at root collar height
2. from root collar up to 1.5 m above root collar and,
3. rest of the stem.
The wounds were also categorised according to
the part of the machine causing the wound (crane,
felling head, chassis, tree under processing,
wheels), and the operational phase during which
damage occurred (move to the next location,
select and cut the tree, process the tree). "Move
to the next location" begins when the harvester
starts to move and ends when the harvester stops
moving to perform a task. "Select and cut the
tree" begins when the boom starts to move and
ends when the tree has been felled. "Processing"
begins when the tree has been felled and ends
when the felling head has dropped the tree top
and the boom starts to move to the next tree or
the harvester moves to a new location.
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