
81

Silva Balcanica, 15(2)/2014

COLLECTING HARVESTING RESIDUES IN PINE PLANTATIONS 
USING A MOBILE CHIPPER IN VICTORIA (AUSTRALIA)

Mohammad Reza Ghaffariyan*1, John Sessions2, Mark Brown3

1University of the Sunshine Coast, Locked Bag 4, Maroochydore – Queensland
2Department of Forest Engineering, Resources and Management, Oregon State 

University – Corvallis
3University of the Sunshine Coast, Locked Bag 4, Maroochydore – Queensland

Abstract

Bruks mobile chipper was tested collecting harvesting residues in a clear-
felled area of pine plantations in Victoria, Australia. The study was carried out within 
four study treatments. The treatments were: (a) collecting stem wood with minimum 
branches distributed over the site; (b) collecting only stem wood distributed over 
the site; (c) stem wood concentrated by excavator; (d) collection of all residues 
distributed over the site. The productivity-cost of operation, biomass yield, slash 
remaining after biomass recovery, and fuel consumption for each treatment were 
documented. The highest productivity rate occurred for collecting stem woods 
concentrated by an excavator. The lowest cost was recorded for collecting all stem 
wood distributed over the site. Collecting all residues resulted in highest yield and 
largest biomass recovery. The largest quantity of remaining slash occurred with the 
stem wood with minimum branches treatment. The results of this study provide the 
basic information for biomass harvesting management in pine plantations.

Key words: mobile chipper, biomass, productivity, cost, harvest residues, 
biomass yield

INTRODUCTION

There are various forest biomass harvesting systems. These harvesting systems 
differ in machinery applied in the supply chain, the material used as a source of 
biomass, and the applicability of the systems in various forest stands and terrains. 
Biomass use has become an increasingly important part of the global effort to mitigate 
the effects of climate change and forest biomass has been used extensively for 
renewable energy generation (DPI, 2009). Europe produces 696 million cubic metres 
of woody biomass each year (Hetsch, 2008) using several harvesting technologies. 
Biofuels are a growing source of electricity generation in European Union (EU) and 
more than 50% of that comes from wood and wood waste. For example, in Sweden 
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up to 90% of bioenergy comes from wood and wood waste.  There are three major 
sources of biomass: harvesting residues, short-rotation plantations (poplars, willows 
and eucalypts), and wood harvested for use as fuel for heat or electricity generation 
(‘energy wood’) from purpose-grown plantations or from native stands (Kärhä, 
Vartiamäki, 2006; Hakkila, 2004). Residues and energy wood can be harvested using 
whole tree (WT) or cut-to-length (CTL) systems. Chipping operations can occur at 
various points in the biomass supply chain: in the forest stand, at the roadside, at 
a terminal or directly at the user plant (Spinelli, Hartsough, 2001;, Kuehmaier et 
al., 2007). Chipping residues in the forest stand (cutover) using forwarder-mounted 
chippers once was the main system for fuel chip production. Today it is not common 
since it is not cost-effective way of producing chips. It may occur to a certain extend 
during the low season in the summer to provide the chipping contractor with work 
or in other special circumstances (Eliasson, 2011). Slash can be chipped using a 
mobile chipper where harvesting has taken place. Chips are collected in a small 
container, and brought to the roadside where they are transferred to a truck (Bradley, 
2007).  Spinelli et al. (2011) tested the mobile industrial chipper under different study 
treatments in Italy which found that machine performance is controlled primarily by 
piece size, which also mediates the effect of tree part. Tree part and moisture content 
may have a strong effect on the particle size distribution of the chips.

Bruks mobile chipper is a horizontal drum biomass harvesting machine 
developed in Sweden. This machine can be used to collect and chip harvest residues 
in thinning and clear-cut operations, or in roadside chipping of concentrated residues 
and/or logs at the landing (Desrochers et al., 1993).

Since biomass harvesting has only recently started to develop in Australia, 
there is no information about the efficiency of mobile chipper in Australian pine 
plantations. Thus the study aimed to evaluate: 1) the productivity and cost of a Bruks 
mobile chipper; 2) the energy biomass yield of pine plantations, and 3) left-slash 
mass under different harvest treatments. 

MATERIALS AND METHODS

Study area and design
The study site was flat and located in a clear-felled area of Pinus radiata near 

Mount Gambier (HVP Plantations) in Victoria. The site was harvested using a cut-
to-length system with a harvester and forwarder in July 2010. At the time of harvest, 
the trees were 31 years old with an average DBH of 44 cm. From the site, 449.75 
t/ha of logs were extracted. Bruks chipper was used to chip and extract residues in 
October 2010. 

The study treatments are presented in Table 1. Hancock Victorian Plantations 
(HVP) was interested in the difference between machine efficiency and chip quality 
under the described treatments in Table 1.  The four work methods were defined to 
examine the impact on chip quality, unit cost as a function of the impact each proposed 
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method had on machine productivity and the site impact with regards to retained 
biomass. The first method, focussed on stem wood allowing for some branches was 
seen as the most practical approach that would still retain significant nutrient rich 
biomass on the site. The second option of only collection stem wood was seen as 
the strictest for biomass retention. The third method introduces the pre-raking of 
the material to increase stem wood concentration and improve chipper productivity. 
Finally the forth method seeks to identify the maximum level of recovery that can 
be achieved. Fig. 1 illustrates the map of the study area. Each block was used to 
replicate the work treatments through collecting and chipping the residues per each 
work cycle of the mobile chipper (Table 1, 2). 

Table 1
Study treatment description

Treatment name Description Area of block 
(ha)

Stem wood with minimum 
branches  distributed over the 

site

The operator collected stem woods which 
had lower branches. This stem wood was 

not collected by the forwarder during 
industrial wood recovery because it did not 

meet specification requirements for logs 
or were missed by the forwarder operator. 
Bruks chipper operator did not collect the 

tops with many branches.

1.95

All stem wood distributed over 
the site

The operator made an effort to collect 
and chip any stem wood with or without 

branches. 
2.15

Stem wood concentrated by 
excavator

An excavator piled the stem wood into 
small piles before chipping. Then the 

mobile chipper chipped the residue piles 
1.99

All residues distributed over 
the site

The operator made an effort to collect and 
chip all residues including stem wood, 

branches and small broken logs.
0.53

In the clear-felled area where the residues were distributed over the site, logs 
and pulpwood had been cut to 7.5 cm SED (small end diameter) in 4.0-6.0 m lengths 
all of which were extracted and transported from the site before the biomass recov-
ery in this case study. The stem wood recovered for biomass was material that did 
not meet required log specs (length, diameter and/or quality). The research plots 
were located within the coupe, and there was no edge tree material included in the 
study plots. Biomass was harvested by with a Bruks chipper mounted on a forwarder 
and chip trucks for transport (Fig. 2). For one of the study blocks (concentrated stem 
wood in the forest) a tracked excavator raked the residue into piles before chipping 
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with the Bruks. The excavator was a 20 t Samsung SE 210 LC3, equipped with ECH 
Demolition Grab (2 top fingers, 3 lower fingers). The driver of the mobile chipper 
was an experienced Scandinavian operator who has previously worked with biomass 
harvesters in Northern Europe.

Bruks mobile chipper
Bruks mobile chipper 805.2 STC was mounted on an Ecolog 594 C forwarder. 

The 805.2 STC is multi-function version based on Bruks concept featuring in-feed 
from the side, a horizontal drum chipper, and a high-dumping chip bin (estimated 
chip bin capacity of 20 m3). During the study the average bin load mass was 5.74 
GMt of chips per each work cycle for all the treatments. The machine can be in-

Fig. 1. Map of study area

Plot A: Stem wood with minimum 
branches distributed over the site 
Plot B: All stem wood distributed 
over the site
Plot C: Stem wood concentrated 
by excavator
Plot D: All residues distributed 
over the site

Fig. 2. Bruks chipper for collecting harvest residues
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stalled on a forwarder, agricultural trailer, truck or other type of vehicle. A 335.7 
kW (450 HP) Scania diesel engine powers the chipper. Slash, parts of trees and 
roundwood up to diameter of 50 cm can be chipped. Ecolog forwarder has a 223.8 
kW (300 HP) engine and a payload of about 19 500 kg. For collecting distributed 
slash over the site, the mobile chipper drove over the site collecting the residue and 
feeding the chipper with the grapple boom. The chips were blown into the integrated 
bin and when it was full, the mobile chipper travelled to the road side to empty the 
chips into the waiting trucks. 

Productivity
An elemental time study method was used to evaluate productivity. For collect-

ing residue in the clear-felled area, the work cycle included travel empty, chipping, 
travel loaded and unloading. Work delays were also recorded in three categories: 
personal, operational and mechanical ones.  Productivity was calculated based on 
an as-received tonne and productive machine hours excluding all delays PMH0. The 
number of replications per treatment (number of work cycles) is included in Table 
2. The replications were systematically planned to be collected after each other for 
each treatment. Regression analysis was used to develop the travelling time predict-
ing model depending on the travelling distance. One-way analysis of variance (one-
way ANOVA) was applied to see if there is a significant difference between machine 
productivity under different study treatments. Student-Newman-Keuls test (SNK), a 
multiple range test, was used to identify if there was a significant difference between 
the productivity means of our study treatments which seems to be more powerful test 
than other methods such as least significant difference (LSD) or Duncan (Zar, 1974) 
(Table 2). For LSD method, in independent comparison within pairwise comparison 
of the treatments, for some of them the probability level (α) would be larger than 
determined probability. With larger number of treatments the error will be higher. 
Duncan and Tukey methods do not have this disadvantage of the LSD but the dis-
advantage of Tukey method is that it shows less significant differences as it applies 
largest range for the multiple range tests. However SNK method does not have such 
disadvantages (Yazdi Samadi et al., 1998). 

The net productivity and cost of the operation were calculated on Green Met-
ric Tonnes and Bone Dry Tonnes per productive machine hour (GMt/PMH0

 and BDt/
PMH0) (Table 4). To evaluate the operation cost, the hourly machine cost was cal-
culated using fixed cost, variable cost and labour cost from the machine owner in-
formation. Using a utilization rate of 75% the scheduled machine was converted to 
the productive machine hours to calculate the machine cost per productive machine 
hours (Murphy, Acuna, 2009).

The hourly machine cost (without fuel consumption) was 176.8 Euro/h based 
on the machine owner’s record. The fuel consumption was recorded for Bruks chip-
per and Ecolog forwarder during this study. The machine cost was calculated by 
adding fuel costs to 176.8 Euro/h (Table 3). 
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Slash recovery assessment
After collecting residues by the mobile chipper, the remaining slash in the 

site for each study treatment was measured. For the remaining slash assessment 
from each study block, 42 samples of one-square meter were laid out along transects 
within a systematic-random grid. All residues within the plots were weighed. The 
analysis of variance and SNK test were used to verify the significance of difference 
of means of remaining slash for the study treatments. From 42 samples five plots 
were used to determine the proportions of needles, branches, stem wood, cones and 
bark by mass. 

The remaining slash in GMt per ha in each study block was added to the col-
lected biomass by the mobile chipper (GMt/ha) to determine the total available bio-
mass in the cut over area. The collected biomass (biomass yield) by the chipper was 
divided to total available biomass to compute the biomass recovery in each study 
treatment (Table 8).

Biomass yield and Moisture content of chips
The total biomass yield was calculated by recording the green mass of chips 

delivered for each study block. The total biomass yield was then divided by the area of 
the block to determine the yield per ha. However we clarify that the study replications 
in Table 2 is only adequate to differentiate the machine productivity for the study treat-
ment (main objective of the study) although it was impossible to replicate the treat-
ments for very larger area (about 20 ha) due to limited time of machine availability for 
this case study. To assess chip moisture content from each treatment, one chip sample 
(20 Lt) (accumulated of three samples randomly taken from the load) was collected for 
each treatment. To prepare the samples for the analysis, the whole samples were placed 
on stainless steel trays and weighed, then dried in a fan-forced oven at a maximum 
temperature of 40°C overnight. Then the samples were dried in a 105°C oven. The 
total moisture content of each sample was calculated on a wet basis. 

Table 2
Number of chipping cycles per each treatment

Treatment Number of work 
cycles

Stem wood with minimum branches distributed over the site 3

All stem wood distributed over the site 4

Stem wood concentrated by excavator 4

All residues distributed over the site 3



87

RESULTS

Productivity 
Table 3 presents the fuel consumption and machine costs calculated for each 

study treatment. The highest productivity rate occurred for collecting stem woods 
concentrated by an excavator (9.63 BDt/PMH0) while the lowest cost was recorded 
for collecting all stem wood distributed over the site (42.7 Euro/BDt) (Table 4).

The proportions of time for working elements and delays in each work cycle 
for all treatments are illustrated in Fig. 3-6. The treatment for chipping piles concen-
trated by excavator had the highest proportion of delays because the chipping time 
per cycle was the shortest time among the treatments (Fig. 5, Table 5). The unload-
ing time for stem wood with minimum branches was higher than other treatments 
because the trucks used for this treatment had a higher bin which caused longer un-
loading time for the chipper unit, for the other treatments the truck with suitable bin 
height were used. The net machine productivity for collecting the concentrated stem 
wood is higher than the other treatments due to the shorter chipping time per cycle 
facilitated by the concentration of material to be chipped (Table 5).  

The significance level of 0.02 in the table analysis of variance (Table 6) indi-
cated that there was a significant difference between the mean of machine productiv-
ity for each treatment at α=0.05. 

SNK test showed that the mean productivity of Bruks chipper when collecting 
stem wood raked with the excavator was significantly higher than other treatments. 

Table 3
Fuel consumption and machine cost for Bruks chipper

Treatment
Fuel con-
sumption 
(L/h)

Fuel cost 
(Euro/h)

Hourly ma-
chine cost 
without 
fuel cost 
(Euro/h)

Machine cost 
- scheduled 
hours (Euro/h)

Machine cost 
- productive 
hours (Euro/h)

Stem wood with 
minimum branches  
distributed over 
the site

30 14.7 176.8 191.5 255.3

All stem wood 
distributed over 
the site

41.6 20.4 176.8 197.2 262.9

Stem wood concen-
trated by excavator 46.3 22.7 176.8 199.5 266.0

All residues distrib-
uted over the site 22.2 10.9 176.8 187.7 250.2
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Also there was no significant difference between machine productivity for other 
study treatments at significance level of 0.05 (Table 7).

The productivity of chipping element (excluding travelling and unloading 

Table 4
Productivity and cost of biomass harvesting using a Bruks mobile chipper based on green metric 

tonne (GMt) and bone dry tonne (BDt)

Treatment

Average 
Productiv-
ity (GMt/

PMH0)

Standard 
deviation  

(GMt/
PMH0)

Average 
Productivity
(BDt/PMH0)

Cost 
(Euro/
GMt)

Cost 
(Euro/
BDt)

Stem wood with minimum 
branches distributed over 
the site

10.6 1.8 5.2 24.4 48.9

All stem wood distributed 
over the site 11.7 1.0 6.2 22.6 42.7

Stem wood concentrated 
by an excavator (includ-
ing excavator raking cost 
of 10.5 Euro/GMt=19.1 
Euro/BDt)

16.3 4.5 9.6 25.6 46.8

All residues distributed 
over the site 8.3 0.5 4.7 30.0 53.2

Table 5
Average time and distance per cycle for each treatment

Chipping 
time (min/

cycle)

Traveling 
time (min/

cycle)

Unloading 
time (min/

cycle)

Moving dis-
tance during 

chipping
(m)

Travel 
distance

(m)

Stem wood 
with minimum 
branches  dis-
tributed over 
the site

26.17 3.20 4.23 754 223

All stem wood 
distributed 
over the site

24.83 2.66 1.60 428 164

Stem wood 
concentrated 
by excavator

11.03 2.93 1.65 154 191

All residues 
distributed 
over the site

29.04 3.33 1.07 163 220
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Table 6
Analysis of variance to differentiate productivity of Bruks chipper

Sum of Squares df Mean Square F Sig.

Between Groups 120.60 3 40.20 5.69 0.02

Within Groups 70.68 10 7.07

Total 191.28 13

Table 7
Result of SNK test

1. Stem wood with minium branches distributed over 
the site, 2. All stem wood distributed over the site, 3. 
Stem wood concentrated by excavator, 4. All residues 

distributed over the site

N

Subset for alpha = 0.05

1 2

4 3 8.35

1 3 10.61

2 4 11.69

3 4 16.32

Significance 0.27 1.00

Fig. 3. Time element for collecting stem wood 
with minimum branches distributed 

over the site 

Fig. 4. Time elements for collecting all stem 
woods distributed over the site

time) was also tested for the study treatments. Using analysis of variance, it was 
confirmed that the productivity of chipping element for stem wood concentrated by 
excavator was significantly different of the other study treatments. This result was 
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similar to testing the difference between productivity of the machine under study 
treatments (Table 7).

The travelling distance from chipping site to unloading place at roadside was 
recorded for each turn (Fig. 7). The average speeds of travelling empty and loaded 

Fig. 5. Time element for stem wood concentrated 
by excavator

Fig. 6. Time element for all residues 
distributed over the site

were 57 m/min and 72 m/min respectively in this case study. There was a significant 
relationship between the travelling time of Bruks chipper (for all treatments) ver-
sus extraction distance. The average extraction distance was 196 m (minimum and 
maximum of 84 m and 313 m). The statistical traveling model can be expressed as 
following:

Travelling time (min/cycle) = 0.0235× forwarding distance (m) + 1.3984
R2= 0.93, n=11

Biomass yield and moisture content of chips
The green mass of chips delivered was recorded for each study block. Collect-

ing all residues resulted in a higher yield and biomass recovery (collected biomass/
total available biomass) (Table 8). 

Moisture content varied between the samples. No statistical test was applied 
to differentiate the average moisture content for the study treatments due to sampling 
limitations. The chip sample from treatment of collecting stem wood with minimum 
branches had the highest moisture content (Table 9). 

Remaining slash after biomass recovery
The largest quantity of remaining slash on sample plots after biomass recov-

ery by Bruks chipper occurred with the stem wood with minimum branches treat-
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ment, where remaining slash averaged 55.3 GMt/ha. Collecting all residues resulted 
in the lowest quantity of remaining slash with an average of 23.7 GMt/ha. Within 
the five harvest residue samples from each treatment, the percentage by mass of the 
following elements was evaluated: needles, bark, branches, cones and stem wood 

Fig. 7. Bruks chipper travelling time vs extraction distance

Table 8
Biomass yield and biomass recovery from each treatment based on green metric tonnes 

per hectare (GMt/ha) 

Treatment Biomass yield Total available 
biomass

Biomass 
recovery (%)

Stem wood with minimum branches  
distributed over the site 9.89 65.19 15.2

All stem wood distributed over the site 11.48 58.78 19.5
Stem wood concentrated by excavator 10.92 42.66 25.5
All residues distributed over the site 28.93 52.63 55.0

Table 9
Moisture content of chips for each treatment

Treatment Total moisture (%)
All stem wood distributed over the site 47.2
Stem wood concentrated by excavator 45.2
All residues distributed over the site 43.7
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(Table 10). Branches, stem wood and needles made up the largest proportion of the 
remaining slash.  

The analysis of variance (Table 11) confirmed that the means of slash remain-
ing are different for the study treatments. SNK test showed that remaining slash from 
collecting stem wood with minimum branches (treatment 1) and all residues distrib-
uted (treatment 4) are different from each other. The remaining slash of other treat-
ments (2 and 3) have no significant difference which means the average remaining 
slash after collecting all stem wood distributed over the site and stem wood concen-
trated by excavator are not different at the significance level of α=0.05. The average 
remaining slash of these two treatments is also not different of two other treatments 
(number 1; Stem wood with minimum branches distributed over the site and number 
4; All residues distributed over the site).

Table 10
Remaining slash assessment for different treatments

Treat-
ment

Re-
maining 

slash 
(GMt/

ha)

Depth 
of 

slash 
(cm)

Needles Bark Branches Cones Stem 
wood

(%) GMt/
ha (%) GMt/

ha (%) GMt/
ha (%) GMt/

ha  (%) GMt/
ha

Stem 
wood with 
minimum 
branches  
distributed 
over the 
site

55.3 17.4 18.8 10.4 2.9 1.6 31.0 17.1 2.0 1.1 45.4 25.1

All stem 
wood 
distributed 
over the 
site

47.3 21.4 12.3 5.8 2.0 0.9 33.0 15.6 3.9 1.8 48.8 23.1

Stem 
wood 
concen-
trated by 
excavator

31.7 13 20.8 6.6 3.5 1.1 23.7 7.5 4.3 1.4 47.8 15.2

All 
residues 
distributed 
over the 
site

23.7 10 22.2 5.3 4.1 1.0 51.5 12.2 10.3 2.4 11.8 2.8
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Table 11
Analysis of variance to differentiate mean of remaining slash

Sum of Squares df Mean Square F Sig.
Between Groups 26 482.50 3 8827.50 3.43 0.02
Within Groups 424 187.34 165 2570.83
Total 450 669.85 168

Table 12
Result of SNK test for remaining slash

1. Stem wood with minimum branches  distributed 
over the site, 2. All stem wood distributed over the 
site, 3. Stem wood concentrated by excavator, 4. All 
residues distributed over the site 

N

Subset for alpha = 0.05

1 2 3

4.00 42 23.7

3.00 41 31.7 31.7

2.00 42 47.3 47.3

1.00 44 55.3

Significance 0.08 0.09

DISCUSSION 
Collecting all stem wood distributed over the site had the lowest cost because 

the chipper operator picked up stem wood without spending time to decide if the 
stem wood has branches or not. Also the chipper can work more effectively than 
collecting all residues. This reduced the total work time per tonne (Table 4, 5). Col-
lecting all residues from the clear-felled area had the highest cost due to having the 
lowest productivity which was as a result of spending more time to pick up the resi-
dues resulting in longer working time per unit which reduced the productivity rate 
of the machine.

Concentrating the stem wood using an excavator did not reduce the total bio-
mass harvest cost. This method increased the productivity of Bruks chipper by re-
ducing the chipping time (Table 5) but the inclusion of the high hourly cost of the 
excavator (82.9 Euro/h) increased the total harvesting cost compared with collecting 
dispersed stem wood with Bruks chipper (Table 4). The percentage of delay oc-
curred in this treatment was higher than other treatments due to a shorter cycle time 
in chipping the concentrated (Table 5, Fig. 5). Using the excavator also resulted in a 
lower biomass yield per ha (10.9 GMt/ha) compared to collecting all stem wood with 
Bruks chipper (11.5 GMt/ha) (Table 8). Although the difference is not large, Bruks 
mobile chipper probably had a better collection ability than the excavator in this case 
study. Because the excavator had a non-pivoting grapple its efficiency to pick-up the 
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scattered small material was reduced. Previous experience in windrowing harvest 
residue for site preparation suggests productivity could be doubled by using a more 
appropriate excavator, with a pivoting grapple. However, care should be taken that 
contaminants are not introduced into piles when raking slashes using this method 
(Ghaffariyan, Andorovski, 2010). It must also be noted that Bruks chipper’s operator 
in this study was experienced while the excavator operator did not have extensive ex-
perience in collecting residues. Further studies to compare the collectability of these 
two machine types are strongly recommended. Desrochers et al. (1993) reported a 
productivity of 14 GMt/PMH0 for Bruks 1001 CT chipper mounted on a Timber jack 
skidder for road-side piles chipping in Canada. The productivity of Bruks chipper in 
the concentrated slash by excavator in this study is higher than Bruks 1001 CT which 
may be an indicator of higher efficiency of Bruks 805.2 STC. 

The moisture content of chip samples between treatments did not have a high 
difference for the study treatments (Table 9). Higher moisture content will result in 
lower energy content (net wet calorific value). Continued transpiration after harvest, 
branch frequency, piece size and piling may affect moisture content, but this could 
not be determined in this study.

The remaining amount of slash was highest with the treatment that collected 
stem wood with minimum branches and lowest with the treatment that collected all 
residues distributed over the site (Table 11). Although not tested for significance, 
the treatments that collected stem wood with minimum branches and collected stem 
wood distributed over the site left the highest GMt/ha of branches behind. These two 
treatments also left the highest GMt/ha of stem wood behind. Cuchet et al. (2004) 
used 1 m×1 m sample square plot distributed at 10 m intervals along transects. They 
reported the remaining slash varying from 12.3 GMt/ha (in Maritime pine stand) to 
81.5 GMT/ha (for the spruce stands) after residue recovery by a slash-bundler in 
France. The measured remaining slash in our case study is within the range reported 
by Cuchet et al. (2004).

CONCLUSIONS

The results of this study indicated that biomass recovery from harvesting resi-
dues in pine plantations can be done but is costly. Remaining key issues are finding 
working methods resulting in lower harvesting and comminution costs and establish-
ing standards for residual slash for ensuring site sustainability. Future investigations 
can study the mobile chipper at a road side chipping operation and compare it with 
the results of this trial. Also more productive and less costly machines could be tested 
for concentrating the slash, potentially integrated with log harvesting operations. The 
effect of different treatment methods on truck transport efficiency, such as the effect 
of moisture content and differences in trailer load compaction efficiency (dumping 
versus blowing chips into vans) offer further directions for future research. 
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