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Abstract. A new HSM 904Z 6WD skidder of a large size was tested in a 140-year-old
beech stand in northern Poland. The aim of the study was to analyse machine productivity
and impact on the soil (bulk density and cone penetrometer test) and the remaining natural
regeneration caused by skidding. Trees were cut by chainsaw and, if possible, felled into
the direction of the skidroads. After delimbing, logs with a top diameter of a minimum
7 cm over the bark were prepared. The average skidding operational productivity includ-
ing piling was 21.0 m*>-h”'. At the same time, the level of damage in natural regeneration
was: 18% (38% due to both: felling and skidding). An analysis of the soil after skidding
showed that the density had grown by 15-30 g-cm™. Increase of penetration resistance
was up to 2.77 MPa as the biggest.
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INTRODUCTION

The development of skidders dates back to 1949 when a Walters four-wheel drive
truck was tested as a skidder in Orleans, Ontario [Silversides 1988]. This was to replace
animal participation in forest work and to improve productivity in this hard job. Nowa-
days, due to high labour costs, improving productivity and lowering costs is still an
important issue. Limited labour and high economic competition in Central Europe make
manual work expensive which also reflects on the costs of forest operations [Erler
2005]. Such a situation requires the introduction of very productive machines for timber
extraction operated by one person. In a boreal forest zone, forest operations are based on
harvesters and forwarders. In Central Europe, in contrast to North America or Scandi-
navian countries, large areas of forest consist of broadleaved species. These conditions
limit mechanised (harvester-forwarder) operations in mature broadleaved and mixed
stands of older age classes due to the large size of timber being extracted [Bacher-
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-Winterhalter et al. 2006]. In such conditions the long wood system is still carried out.
In order to improve productivity in the long wood system a new skidder was developed
within the Forstlnno project: the HSM 904Z 6WD. The results presented in this paper
are relevant to the current problems regarding the development of forest operations and
studies recognized as important in engineering and operational management in the fu-
ture [Heinimann 2007 a, b].

Sustainable forestry requires operations with the lowest harmful impact on the envi-
ronment [Paschalis 1996]. In order to increase biodiversity, natural regeneration is fos-
tered. The hypothesis was that the new skidder might be helpful in minimizing damage
in natural regeneration with respect to minimal soil disturbances and satisfactory
productivity parameters due to grapple use.

MATERIAL AND METHODS

Study area and forest operation

Research was carried out in March 2007 in northern Poland, the Regional Direc-
torate of the State Forests Gdansk. Three sample plots marked as SP 01, SP 02 and SP
03 were selected in a 140-year-old beech (Fagus sylvatica L.) stand 63b, in which final
felling after natural regeneration was prescribed. Timber harvesting was carried out
within the long wood system: cutting, felling and delimbing was done by two chainsaw
operators in the stand area. Two people also carried out crosscutting of logs after skid-
ding next to the transport road. Logging and all soil measurements were carried out in
temperatures over 0°C, the soil was not frozen and there was no snow. For skidding
a newly constructed HSM 904Z 6WD was used, empowered with 176 kW Iveco engine.
The machine had 6 wheels with Trelleborg 750/65-34 T442 tyres in front and Trelle-
borg 750/50-26.5 T442SB tyres at the rear boogie system. A 7.2 m long crane with lift
power 5 tonnes was mounted in the back, as well as a double drum Adler HY 16 SR
winch with a pulling power of 2 x 16 tonnes. The skidder was 2.7 m wide, 10.7 m long
and 2.7 m high and had a weight of 17 400 kg.

Before felling trees, measurements of the trees were carried: DBH, height of trees
and their crowns were taken with the Haglof Digitech Professional and Vertex III (Ta-
ble 1).

In the analysed forest operation, the skidder drove on marked, 3.5 m wide, parallel
skid roads at 40 m intervals. In three SP 0.25 ha, trees were cut and felled into the direc-
tion of the skid roads. Before skidding the trees were delimbed and the tops of the trees
were cut at a min. 7 cm over bark diameter. When skidding was carried out, single logs
were pulled towards the skid roads and a load of usually three logs was formed before
the second stage of skidding. Afterwards, the whole amount was grabbed and hauled
200-300 m to the centre point for further crosscutting and piling.

Time analysis and productivity
During tree cutting, log preparation, skidding and crosscutting, the timing was

measured (at all stages of the whole operation) using a stop-watch. Each stage of log-
ging was differentiated according to the schedule of work time classification [Mederski
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Table 1. Sample plots characteristics
Tabela 1. Charakterystyka drzewostanu na powierzchniach probnych

Sar{lptle Numb Tree characteristics — Parametry drzewa Harvested
0 umber
I;,O_ of trees BHD max max max max volume
wierzch- Liczba pieréni- _ maks. H maks. g]c( maks. \Y maks. Pozyskana
: ; ; ; 3 ; migzszosé
nia drzew ca min m min m min m min a .
prébna cm min. min. min. min. m
SP 01 35 42.0 61.0 24.1 33.5 11.9 18.4 1.55 5.27 54.12
PP 01 28.0 18.9 5.0 0.39
SP 02 22 45.0 90.0 24.3 32.0 13.8 18.5 2.00 8.44 44.13
PP 02 27.0 15.0 7.5 0.53
SP 03 23 47.0 63.0 23.8 28.0 13.5 21.0 2.16 5.14 49.64
PP 03 33.0 18.0 7.5 0.79

Hc — height of a tree crown base (mean for a sample plot), SP — sample plot.
Hk — wysoko$¢ podstawy korony ($rednia dla powierzchni probnej), PP — powierzchnia probna.

2006]. Finally, the data obtained concerning operational time (Ty,) of felling, skidding,
crosscutting and piling was used in the analysis of operational time of forest operation
productivity (Pgg,), understood as:

0

Toop1 + Too o + Toose + Toner + Tooer + Tiogp

POqu = (D

where:
Q — the volume of extracted wood, m’,
Toot1, Toorr — times of fellers,
Tozses Toasp — times of skidder extraction and skidder piling,
Tooe1, Tooeo — times of crosscutters.

Soil disturbance and damage in regeneration

The bulk density was analysed on all skid roads. Soil samples for dry bulk density
were taken by means of Kopecky soil cores: 5 cm diameter, 100 cm’. Samples were
collected every 10 m from the ruts and beyond the ruts where no evidence of compac-
tion was observed. In the analysis, soil beyond the ruts was considered to have the same
properties as soil from the rut area before harvester driving. Soil samples were collected
from the surface mineral layer, oven dried for 24 h at 105°C and weighted on an accu-
rate (0.01 g) laboratory scale. Additionally, a cone penetrometer test (CPT) was carried
out at depths 5-40 c¢m (at depth intervals of 5 cm) every 5 m along the strip roads: with-
in the left (LR) and right (RR) rut, beyond left (LLR) and beyond right (RRR) rut using
a hand penetrometer (Eijkelkamp Agrisearch Equipment, the Nederlands). A sixty-
degree cone was used with a cone basal area surface 1 cm®.

Damage to the natural regeneration of trees was analysed in 1 m* plots, whose cen-
tres were scattered evenly every 10 m on the sample plots. After final felling and skid-
ding, a classification of trees with damage was carried out with respect to the cause of

Silvarum Colendarum Ratio et Industria Lignaria 10(3) 2011



8 M. Bembenek ...

damage (felling or skidding) and type of damage (broken or bent tree, scratched bark or
wood tissues).

RESULTS

Productivity of thinning operation

The mean operational productivity of the whole forest operation per person (Pyys,)
was 18.0 m*>-h™" (Table 2). This was obtained from 83 trees which gave 147.9 m’ of
merchantable timber (min diameter over bark 7 cm). The average volume of wood ob-
tained from one tree was 1.8 m>.

Table 2. Operational productivity (per person) of whole forest operation (felling, skidding, cross-
cutting, piling) and tree characteristics

Tabela 2. Wydajno$¢ operacyjna (na osobg) catego procesu pozyskiwania i zrywki drewna (w tym
przerzynka i myglowanie) oraz gtéwne parametry drzew

m’h! n m?
SP 01 18.2 10.8 28.6 23.4 10.1 35 54.1 1.5
SP 02 18.3 10.8 33.0 19.8 9.7 22 44.1 2.0
SP 03 17.3 13.8 30.0 19.8 5.6 26 49.6 1.9
Mean 18.0 11.8 30.5 21.0 8.5 28 49.3 1.8

Srednia

V — volume of extracted timber (min 7 cm over bark).
V — migzszos$¢ zrywanego drewna (min. 7 cm z kora).

Soil disturbance and damage in regeneration

The increase in bulk density was from 0.02-0.55 g-cm™. The biggest increase was
observed in plots with the smallest initial density beyond the ruts (SP 02 and 03).
The mean bulk density beyond the ruts ranged from 1.43-1.60 g-cm™and in the ruts
1.71-1.82 g-cm™; this density increase was statistically significant (Table 3). Changes
in bulk density were observed at a mean soil moisture of 25% but changes in moisture
after skidding were not statistically significant.

The smallest changes in bulk density (9%) were on SP 01 (Fig. 1). An increase of
20% on SP 02 and 03 were on skidroads with the lowest bulk density beyond the ruts
(1.43 and 1.52 g-em”™).

The CPT results showed a considerable increase in soil resistance in the ruts (Fig. 2,
Table 4) which was statistically significant. On SP 01 and 02 the changes in penetration
resistance were statistically significant, both, after 26 and 18 skidder passes. These
changes were also significant in SP 01, but only at 5 and 10 cm depths.
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Fig. 1. Number of passes, volume of skidded timber across sample
plot and bulk density increase
Rys. 1. Liczba przejazdow, miazszos$¢ zerwanego drewna oraz wzrost

zaggszczenia gleby

Felling and skidding caused the most intensive damage in natural regeneration on SP
02: 43%. On the same sample plot the biggest amount of damage from felling was
found: 28%. Damage due to skidding was the most significant on SP 03: an amount of
22%. The largest number of broken trees were observed on SP 03, but on SP 02 the
largest number of bent trees were found (Fig. 3).

Table 3. Bulk density as influenced by treatment: test t, p < 0.5000
Tabela 3. Zageszczenie gleby przez skider: test t, p < 0,5000

Standard
Standard deviation
Mean deviation Difference difference ¢
Srednia  Odchylenie Roznica  Odchylenie p
standardowe standardowe,
roznica
SP 01 BR/PK 1.60 0.076334
WR/WK 1.74 0.088075 —-0.15 0.084739 —4.2907 0.007783
SP 02 BR/PK 1.52 0.066298
WR/WK 1.82 0.073570 -0.30 0.107149 —6.9539 0.000945
SP 03 BR/PK 1.43 0.178724
WR/WK 1.71 0.106862 -0.28 0.225615 -3.0781 0.027527

BR - beyond rut, WR — within rut.
PK — poza koleinag, WK — w koleinie.
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Zwieztos¢ gleby, MPa

Penetration resistance, MPa
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Fig. 2. Cone penetrometer test results, mean values of resistance in function of
depth: BR — beyond rut, e.g. 01 — number of the sample plot, SkP — skid-
der passes, e.g. 10 — number of passes

Rys. 2. Zwigzlosc gleby, $rednie wartosci na badanych glebokosciach: PK — poza
koleina, np. 01 — numer powierzchni probnej; PSk — przejazdow skidera,
np. 10 — liczba przejazdéw skidera

Table 4. Cone penetrometer test, resistance
Tabela 4. Zwigztos¢ gleby mierzona penetrometrem

Depth — Glgbokosé 5 10 15 20 25 30 35 40

cm MPa

SP 01 LLR/PLK 0.34 0.46 0.59 0.69 0.96 1.02 1.27 1.63
LR/LK 0.96 1.49 1.80 217 2.30 1.91 222 2.66
RR/PK 0.96 1.32 1.82 224 2.20 2.36 238 2.40
RRR/PPK 0.42 0.52 0.70 0.90 0.89 1.12 1.11 1.43

SP02  LLR/PLK 0.39 0.53 0.52 0.50 0.57 0.56 0.91 1.11
LR/LK 1.20 1.82 2.15 2.14 2.56 2.65 261 2.77
RR/PK 0.96 1.67 2.16 217 1.86 1.88 1.59 1.91
RRR/PPK 0.23 0.30 0.49 0.62 0.52 0.54 0.78 0.89

SP 03 LLR/PLK 0.34 0.58 0.89 1.19 1.09 1.36 1.64 1.35
LR/LK 0.87 131 1.34 1.99 1.83 1.40 1.68 1.69
RR/PK 0.74 1.34 1.78 1.46 1.52 1.81 1.78 1.16
RRR/PPK 0.39 0.53 0.78 0.98 1.22 0.74 1.05 1.21

LLR — beyond (to the left) left rut, LR — on the left rut, RR — on the right rut, RRR — beyond (to the right)
right rut.

PLK — poza lewa koleing (na lewo od koleiny), LK — w lewej koleinie, PK — w prawej koleinie, PPK —
poza prawa koleing (na prawo od koleiny).
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Fig. 3. Proportions of damage in natural regeneration
Rys. 3. Uszkodzenia drzew naturalnego odnowienia

DISCUSSION

Productivity of thinning operation

The mean overall operational productivity of logging Py, was 18.0 m*-h™" in which
pure skidder productivity during extraction was Py, 30.5 m’-h" with an average tree
1.8 m’. These satisfactory results were obtained thanks to the high potentials of the new
skidder as well as good work organization. Cutting of trees was carried out by two
chainsaw operators, only one of which was specialized in cutting trees and the other was
responsible for delimbing. However, some help was exchanged from time to time. This
cooperation lead to a very high mean 11.8 m’-h" productivity of felling. The lowest
productivity was observed at the crosscutting point and it was due to waiting for skidder
transport. This suggests that possibly one person with a chainsaw could be enough at the
crosscutting point, which would eventually increase the whole forest operation. On SP
01 the biggest number of trees were felled, but at the same time mean volume was the
smallest. This did not influence overall T, productivity and suggests that 1.5 m® of
single skidded tree volume guarantees a high level of performance.

The obtained productivity seems to be very good when compared with e.g. 11.6
m’-h™" achieved by the Timberjack 240C in a mountainous fir stand skidding very large
trees up to 3.9 m’ [Sabo and Proginsky 2005]. Using a rope skidder Ecotrac 120V,
productivity can reach 6 m*>-h"' [Horvat et al. 2007], or using LKT-81 Turbo: 7.15 m*-h”!
in the mountains in an 82-year-old fir stand [Porter and Strawa 2006].

Overall, skidder productivity can be influenced by various factors, skidding distance
and terrain conditions — mountainous or flat terrain — playing a major role. The HSM
904Z 6WD skidder is a powerful machine for large timber extraction. Due to its very
good traction potentials it is also designed for skidding in hilly areas.
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Soil disturbance and remaining stand damage

The increased bulk density due to HSM 904Z 6WD skidder in the analysed beech
stand is similar to the four-wheel-drive LKT skidder, which caused compaction ranging
from 0.20-0.25 g-cm™ [Giefing et al. 1995, Giefing and Mana 1995, Holota 1998].
As similar changes were observed after the use of the LKT skidder, which is at least
three times lighter, pressure on the ground could be similar due to the narrower wheels
and tyres. In the analysed beech stand, the bulk compaction increase to 1.82 g-cm™
might be influential on further stand growth [Wojtkowiak and Siwinski 2002]. Changes
in bulk density were also observed between the ruts [Ampoorter et al. 2007, Weise
2007]. The recorded soil compaction suggests the design of permanent skidroads which
would limit harmful changes to skidroad areas. Further limitation of soil damage could
be obtained from a thinner net of skidroads [Suwata 1995, 2003]. However, Erler’s
research [2002, 2005] outcome was that the optimal distance between skidroads is 40 m.

The results of CPT are similar to those obtained by Moskalik [2002]. As this author
analysed the changes after skidding with a much lighter LKT-81 skidder — the conclu-
sion can be similar to the one above: narrower tyres cause higher pressure.

More damage in natural regeneration on SP 02 may be due to felled trees. On this
plot, trees had the longest crowns and the mean volume of timber per tree was the big-
gest: 2 m’. Moreover, one of the felled trees had a volume 8.44 m’. Logically, felled
trees with bigger crown sizes can result in bigger damage and scientific evidence of
such a correlation is also available in Sowa and Szewczyk research [2000 a, b].

The felled trees in most cases broke young trees — the skidding of logs usually bent
them. A lower level of damage due to skidding was achieved due to grapple manoeu-
vres helping to avoid places with natural regeneration.

CONCLUSIONS

1. The mean operational productivity of the whole forest operation per person (Poar,)
was 18.0 m’-h™' with the average volume of 1.8 m’ of wood obtained from one tree.

2. The increase in bulk density was from 0.02-0.55 g-cm™. The biggest increase was
observed in plots with the smallest initial density beyond the ruts (SP 02 and 03).

3. The mean bulk density beyond the ruts ranged from 1.43-1.60 g-cmand in the
ruts 1.71-1.82 g-cm™; this density increase was statistically significant.

4. Changes in bulk density were observed at a mean soil moisture of 25% but chang-
es in moisture after skidding were not statistically significant.

5. The cone penetrometer test (CPT) results showed a considerable increase in soil
resistance in the ruts which was statistically significant. On SP 01 and 02 the changes in
penetration resistance were statistically significant, both, after 26 and 18 skidder passes.
These changes were also significant in SP 01, but only at 5 and 10 cm depths.

6. Felling and skidding caused damage in natural regeneration on average to 38% of
trees (only 18% due to skidding).
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EFEKTY ZRYWKI DREWNA ZNACZNYCH ROZMIAROW
SKIDEREM CHWYTAKOWYM

Streszczenie. Zrywka drewna znacznych rozmiaréw w negatywny sposob oddziatuje na
srodowisko glebowe i drzewostan. Zastosowanie skidera chwytakowego moze prowadzié
do zmniejszenia negatywnych skutkéw zrywki drewna przy jednoczesnym zachowaniu
zadowalajacych parametrow wydajnosciowych i ekonomicznych. Celem badania bylo
okreslenie wydajnosci skidera chwytakowego HSM 904Z 6WD oraz jego wplywu na gle-
be (zageszczenie i zwigzlo$¢) oraz naturalne odnowienie. Badania przeprowadzono
w 140-letnim drzewostanie bukowym w potnocnej Polsce. Scicte i obalone drzewa
(w kierunku szlakow) po okrzesaniu i odcigciu wierzchotkéw (min. 7 cm z kora) byly
zrywane na stot manipulacyjny. Srednia wydajno$é¢ operacyjna skidera (wraz z myglowa-
niem) wyniosta 21,0 m*-h”', uszkodzenia odnowienia naturalnego dotyczyly 38% drzew
(tylko 18% od zrywki), a zageszczenie gleby zwigkszyto si¢ 0 15-30 g-cm™. Zwiezlo$¢
gleby wzrosta maksymalnie do 2,77 MPa.

Stowa kluczowe: skider chwytakowy, wydajnos¢, uszkodzenia gleby, uszkodzenia od-
nowienia naturalnego
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