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Milburn, P. and Higgins. J.K. 1992. Comparison of land clearing
techniques in Atlantic Canada: A case study. Can. Agric. Eng.
34:219-225. A field-scale evaluation of four land clearing methods
currently employed in Atlantic Canada, namely: 1) all operations
performed with a bulldozer; 2) all operations performed with an
excavator; 3) uprooting of stumps with a bulldozer, and piling and
burning of debris with an excavator; and 4) as 3) but with machine
functions reversed, was conducted at a heavily wooded site in Cen
tral Nova Scotia. The methods were evaluated according to treatment
cost, soil loss incurred, and mass of debris remaining after land
clearing was complete. Soil loss was negligible in all treatments.
There was no advantage to dividing land clearing operations into two
distinct functions as in methods 3 and 4. The unit area cost was least

for the bulldozer only method. There was approximately 50% less
debris with the excavator only method. We speculate that, with
increasing experience in the use of excavators for land clearing, the
unit area costs of land clearing by bulldozer and excavator will
become approximately equal.

Les quatre methodes de defrichement actuellement employees
dans les provinces de l'Atlantique ont fait l'objet d'une evaluation
dans une region densement boisee du centre de la Nouvelle-Ecosse.
Ces methodes sont les suivantes : 1) tous les travaux sont faits al'aide
d'un bouteur; 2) tous les travaux sont executes a l'aide d'une ex-
cavatrice; 3) un bouteur sert a l'essouchement et une excavatrice
empile les debris pour leur brulage; 4) I'excavatrice sert a
l'essouchement, alors que le bouteur est employe pour les autres
travaux indiques en 3. Ces methodes ont ete evaluees en fonction de
leur cout, des pertes de sol et de la masse de debris qui restaient une
fois le defrichement termine. Les pertes de sol etaient negligeables,
quelle que soit la methode employee. II n'y avait aucun avantage a
faire executer le travail par deux engins differents, comme dans les
methodes 3 et 4. Le prix unitaire pour une superficie donnee etait
moindre si on n'employait que le bouteur. En revanche, l'emploi de
I'excavatrice seule laissait environ 50% moins de debris. Nous

supposons qu'avec plus d'experience dans l'emploi d'excavatrices, le
prix unitaire de defrichement d'une superficie donnee sera a peu pres le
meme qu'elle soit defrichee avec cet engin ou avec un bouteur.

INTRODUCTION

Land clearing has historically been an operation of necessity
for settlers moving into forested areas. Early literature on the
subject (Bird 1945; McGuire 1913; Thompson 1925) reveals
interesting insights into the rigours and risks of past land
clearing technology.

"The only practical methods of clearing land of stumps in
use by farmers in northern Minnesota are the use of explo
sives and the horse-power stump puller."

"The number of stumps that can be blown out in a day will

depend upon the man, the soil, and the size of the stumps.
Fifty stumps of medium size is a good day's work for one
man if he makes the holes."

"An explosive, known as viritc.is somewhat cheaper than
dynamite, does not produce headache, and does not freeze."

"If the charge fails to go off, don't go back to see what the
matter is. Leave the stump alone until the next day."
(McGuire 1913)

Forest cover is still the dominant land use in Atlantic

Canada. Data from Table I show that the proportion of
cleared land, expressed as a percentage of total Provincial
land area, varies from less than one percent in Newfoundland
(Nfld) to a maximum of 35 percent in Prince Edward Island
(PEI). Despite this relatively small area of cleared agricul
tural land, Nowland (1975) indicated that there are
substantial soil reserves currently under forest that are poten
tially productive for agricultural crops.

Because of the limited cleared land base and the agricul
tural potential of the forest soils, the practice of land clearing
for agricultural production has been and continues to be an
ongoing activity in Atlantic Canada; approximately 2450 ha
annually (Higgins et al. 1985). Though alternatives to land
clearing as a means of increasing farm output are recognized
and recommended (e.g. improved crop management, pur
chase of cleared land, or drainage improvements to
marginally productive land), land clearing is often the only

Table I. Cleared land for agriculture as a percent of
provincial land area

Cleared

Total land agricultural %

area landt total area

Province Mha

New Brunswick 7.157 0.225 3.1

Nova Scotia 5.284 0.216 4.1

Prince Edward Island 0.566 0.211 37.3

Newfoundland 37.164 0.032 <0.1

tSource: Statistics Canada 1986, Catalogue 96-102, Agriculture
Canada. Cleared agricultural land equals total reported provincial
area in farms minus woodland area on farms.
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option available to some farmers. For this reason, costs and
quality of land clearing operations are topics of continued
interest and ongoing debate.

Harvesting of merchantable timber prior to land clearing
is encouraged in Atlantic Canada. Therefore, most of the
"clearing" work consists of uprooting stumps and gathering
the slash and stumps into piles or windrows for subsequent
disposal. Depending on how soon
the land owner wants the entire

cleared area brought into produc
tion, the debris piles are either
burned immediately as a part of
the clearing operation, or the piles
are allowed to remain in the field

for a year and are subsequently
burned or trucked from the field.

Minimization of topsoil loss dur
ing all clearing operations is
stressed as a primary objective of
good land clearing technique
(Higgins etal. 1985). Conversely,
evidence of excessive topsoil loss
in debris piles or windrows is an
overt sign of poor job quality.

Most land clearing in Atlantic
Canada is accomplished by bull
dozers equipped with brush or
"piling" blades (Fig. la). How
ever, there has been an increasing
interest over the past three years
in the use of hydraulic excavators
equipped with land clearing rakes
for stump uprooting and debris
piling (Fig. lb). Everts (1981)
noted a similar trend in New Zea

land. In 1990, approximately 30
percent of the land clearing com
pleted in Nova Scotia was
performed by excavators.

To compare the average clear
ing costs and associated job
quality of bulldozers equipped
with piling blades versus excava
tors, a case study was conducted
on contiguous, 2 ha plots near
Truro, Nova Scotia. Four equip
ment combinations were

evaluated: 1) uprooting, piling,
and burning of debris by bull
dozer; 2) uprooting, piling, and
burning by an excavator; 3) a
bulldozer/excavator combination

with the bulldozer uprooting and
the excavator piling and burning;
and 4) same as 3, but with opera
tions reversed. Parameters

monitored were hours of machine

operation and associated cost,
mass of debris remaining after
clearing operations were com

plete, and loss of topsoil.

MATERIALS AND METHODS

Site conditions

The plot layout and topography of the study site is shown in
Fig. 2. Timber was harvested from the entire area in 1988.
The land clearing study was conducted in August 1990. The

(a)

(b)

Fig. 1. Machinery employed in the land clearing study: a) bulldozer equipped
with a piling blade; b) excavator equipped with a land clearing rake.
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Fig. 2. Topography and plot layout at the land clearing site.

plots were of identical area, 2 ha each; plotwidth was 61 m.
The soil was observed at seven independent sites throughout
the site by a pedologist and classified as an imperfect to
poorly drained sandy loam till, with approximately 300 mm
of friable material over firm sandy loam till (personal com
munication: D. Holstrum, Atlantic Soil Survey Unit, Land
Resource Research Centre, Truro, NS). The poorly drained
conditions occurred mostly on the flatter land on the eastern
end of the plots.

The density of original tree cover was estimated by a
stump count and stump diameter measurement, similar in
principle to a method recommended by the Caterpillar Trac
tor Co. (1974). Measurements were performed at four
equispaced subplots located along a longitudinal transect
within each plot. Subplot area was 50 m . The number of
stems per hectare in each plot was estimated by dividing the
total number of stems in the four subplots by the total area of
the four subplots (200 m2). Similarly, the mean stump diam
eter was the average of the diameters measured in the four
subplots. The results, together with soil type and drainage
condition information are presented in Table II. A profes
sional forester described the pre-harvest tree growth as
heavy, with 100 percent canopy cover. Stem counts per ha
were similar to those of handplanted or reforested sites. Tree

o

height was 12 to 15 m, and approximate yield was 317
m3«ha_1 (35 cords«ac~l). Softwood cover predominated, with
scattered poplar and red maple hardwoods. Within the soft
wood category, white spruce with scattered fir and black
spruce with scattered fir predominated on the higher and
lower elevations, respectively (personal communication:
Vernon McCully, Provincial Forester, Nova Scotia Depart
ment of Lands and Forests, Truro, NS).

Clearing operations

Clearing of all four plots occurred over a two-week period,
August 13 to August 24, 1990. Plots 1 to 4 were cleared
sequentially. Once the equipment was delivered to the site, it
did not leave until work was completed. Rainfall and subse
quent wet soil conditions delayed field operations for three
days. To avoid excessive soil compaction, work did not
resume until, in the opinion of the authors, soil moisture
conditions were as dry as could reasonably be expected given
the drainage conditions at the site.

Equipment

Equipment employed in the land clearing study was of a size
and horsepower rating common to most land clearing jobs in
Atlantic Canada. The bulldozer was a Caterpillar D7E Trac
tor rated at 134 kW, with a piling blade as shown in Fig. la.

1Tradenames used for clarity only; does not imply endorsement by Agriculture Canadaor the Nova Scotia Department of
Agriculture and Marketing.
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Table II. Land clearing treatment and conditions at the study site

Treatmentf

Soil*

type

Area

(ha)

Tree cover density

Plot# Stems ha"1
Mean stump

dia. (mm) Drainage condition

1

2

3

4

Es/Bp

Bs/Ep

Bt

Et

SL

SL

SL

SL

2

2

2

2

3200

2950

2650

3000

163

140

124

175

imperfect to poor
imperfect to poor
imperfect to poor§
imperfect to poor§

tE =excavator; B=bulldozer; S=stumping operation; P=piling and burning operation;
T = all clearing operations, that is,stumping, piling, and burning. Letter abbreviations are combined todescribe the treatments

i.e. Es/Bp =excavator uprooting stumps and bulldozer piling debris and tending the burning debris piles.
tSL = Sandy loam.

§ One extensive wetspot, approximately 20 m x 70 m, within theplot.

The excavator was a Caterpillar 215C-LC rated at 85 kW,
equipped witha landclearing rake (Fig. lb) designed by the
Extension Engineering Section, Nova Scotia Department of
Agriculture andbuiltby a localfabricator. Additional equip
ment specifications are given in Table III.

Parameter measurement

Accurate recording of machine operating hours was accom
plished with machine-mounted time clocks. These
vibration-activated devices provide a graphical output of
machine operating times, with an accuracy of ±1 min per
hour. Job progress was checkedat least once a day and time
charts were readandverified at theendof every working day
by landclearinginspectors of the NovaScotiaDepartment of
Agriculture. The total land clearing cost per treatment was
simply the product of the total machine operating hours
multiplied by the appropriate hourly rental rate. Hourly rental
rates were established by the Nova Scotia Department of
Agriculture and Marketing, and were $89.50 and $86.50 for
the bulldozer and excavator (with attachments and operator),
respectively. There were no charges for downtime due to
mechanical breakdown, inclement weather, or untrafficable
site conditions.

The amount of debris remaining on site after land clearing
operations were complete was quantified on plots 3 and 4
only, that is those plots where either the bulldozer or excava
tor performed all operations. Both plots received one pass
with an S-tine harrow pulled with a farm tractor to bring to
the surface any material that had been pressed into the topsoil
during clearing operations. Three random locations (7 x 7 m)
within each treatment, remote from debris piles, were then
selected and all woody material greater than 50 mm diameter
and 300 mm in length was counted and weighed (field mois
ture content basis). A one-tailed t-test (independent samples;
equal variances) was used to test for significant differences
(Steele and Torrie 1980).

A visual assessment of the soil loss incurred by each
clearing treatment was conducted. Three separate indicators
were considered: 1) observation of the debris piles during
clearing operations, prior to burning, to check for soil accu
mulation on roots and at the base of the pile; 2) observation
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beneath ash piles, following the burn, to check for mounds of
topsoil (if any) transported into the piles during clearing
operations, and; 3) apparent completeness and vigour of
burningoperations (topsoil in the debris pile greatly reduces
both the vigour and completeness of the burn).

Machine operators

To minimize variability due to operator error, both between
and within treatments, only two machines, each with their
own operator, were used for the entire study. Therefore,
though the skill levels of the two operators were not the same,
theireffectson the operational efficiencyof their equipment
(i.e. time) were constant on all treatments in which they
participated. The bulldozer operator had approximately 20
years experience in land clearing for agriculture. The exca
vator operator had two months experience in general
excavator operation, but only approximately two weeks in
actual land clearing work.

RESULTS

The results of the field study are summarized in Table IV.
Cost per hectare was least for the bulldozer only treatment
(Bt; plot 3). The average cost per hectare of the remaining
three treatments differed only slightly, from one to four
percent, and were approximately 25 percent higher than the
bulldozer (Bt) treatment. More debris was left in the field in
the Bt treatment than in the excavator (Et) treatment (P =
0.025; one-tailed t-test). Soil loss did not visually vary with
treatment and was assessed as negligible in all cases; burning
of debris was 100 percent complete.

DISCUSSION

Experience has shown that there is no single best method to
clear land (Colla and Southwick 1987; Higgins et al. 1985).
The two primary treatments investigated in this study, that is
a bulldozer with piling blade and an excavator with grub
rake, together with their tandem operations (plots 1 and 2),
are equipment combinations that have either provided satis
factory service over several years, or appear to be potentially
appropriate under Atlantic Canada conditions.

Several factors influence the cost and quality of a land
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clearing project. These include weather conditions, density
and size of tree growth, topography, soil type and drainage
condition, rockiness, type of equipment used, and operator
skill (Everts 1983; Colla and Southwick 1987; Province of
British Columbia 1982). Many of these factors are beyond
the control of the land owner, land clearing contractor, or
researcher. For this reason, it is often argued that each land
clearing project isunique, and that direct comparisons ofunit
area clearing cost among individual projects are misleading
and invalid. We acknowledge this criticism. However, we
have attempted to minimize the "uniqueness" of conditions
among treatments inthis study bythefollowing experimental
procedures: careful selection of a single siteto provide field-
scale contiguous plots with relatively uniform soil, climate,
topography, tree cover, drainage and rockiness conditions
(Table II; Fig. 2); use of the same equipment by the same
operators for the duration of the experiment; machine work
ing hours mechanically recorded rather than verbally
reported; daily field inspection of work progress. However,
all sources of error were not eliminated. The study was not
replicated and there were minor variations in plot conditions
and between operator skill levels that could influence results.
Within this context, the following discussion will address
what we consider to be the major conclusions of the study.

As an indicator of field scale, commercial costs, the aver
age 1990 unit area costs of land clearing in Nova Scotia by
bulldozer alone and excavator alone, similar to the Bt and Et
treatments of our study, were $2 290 and $2 570 ha' , respec
tively. These average costs reflect conditions at several job
sites and operating skills of several contractors; stump densi
ties were similar to those of our study sites. Total cleared
areas contributing to these costs were 130 and 78 ha for the
bulldozer only and excavator only methods, respectively (re
cords of the Engineering Section, Extension Services
Branch, Nova Scotia Department, Truro, NS). These costs
are lower than the unit cost of our Bt and Et treatments,

which were $2 669 and $3 336 ha" , respectively (Table IV).
The unit cost of all study treatments was probably high due

to the following influences: 1) the plots were sufficiently
large to permit unobstructed machine operation, but the care
and attention required of machine operators to remain within
the long plot boundaries may have increased the total time
required to completely clear each plot; 2) the drainage condi
tions were poor on a large portion of all plots, as indicated in
Table II, thus hindering machine operation. In addition, there
were very wet areas of limited extent in plots 3 and 4 that
further slowed machine operations.

Original tree cover was approximately 15 per cent less
dense, with smaller stumps, on plot 3 (Bt) compared to the
average tree density of the other plots (Table II). This ac
counts in part for the lower unit cost of the Bt treatment,
despite the drainage limitation of plot 3 previously men
tioned. The highest treatment cost, Es/Bp (plot 1), occurred
on the plot with the most dense tree cover.

It is apparent from Table IV that most of the machine time
is spent in piling and burning operations. The bulldozer spent
51 hours piling and burning in plot 1, and only 13 hours in
uprooting the stumps in plot 2; only 60 bulldozer hours were
required to perform both functions in plot 3. Similarly, the
excavator required 75 hours to pile and burn in plot 2, only

25 hours to uproot in plot 2, and 77 hours to perform both
functions in plot 4. Both the Bt and the Et treatments per
formed all clearing functions within a maximum of nine
additional hours of the total time required of each machine
for piling and burning only in plots 1and 2. This observation
indicates that tandem operations (plots 1 and 2) would not
produce any appreciable gains in land clearing efficiency.
The results of Table IV show this to be the case.

Apparently each machine, as configured for this study, is
underutilized when the clearing operation is divided into
these two distinct functions. Further investigation into cre
ative pairing of these machine types is required before the
concept of working in tandem is rejected. For example, use
of a similarly sized excavator as in this study for uprooting,
and a smaller, lighter, less costly bulldozer for piling and
burning, or vice versa, might prove quite cost effective in
some conditions. The experience gained in this study pro
vides a valuable starting point for future investigations.

The time required for all land clearing functions (clearing,
piling and burning, or both) was consistently greater for the
excavator compared to the bulldozer (Table IV). It is reason
able to assume that some of this difference can be attributed
to the recent introduction of the excavator technique into the
region and the lack of experience of the excavator operator.
Use of excavators for land clearing did not begin in Nova
Scotia until 1988. The first drawings for a land clearing rake
attachment for excavators was released to local fabricators

by the Engineering Section, NS Department of Agriculture
and Marketing in 1989. The contracting sector is, therefore,
still gaining experience and adjusting to this particular tech
nique. However, the study results do not provide any insight
into the probable productivity gains achievable through fa
miliarity with the technique or greater operator experience.
Based on our field observations during the study, we specu
late that a five to ten percent increase in productivity would
be a reasonable estimate.

There was a statistically significant difference between the
measured amount of debris remaining on site following the
Bt treatment compared to the Et treatment. The Et treatment
left approximately 50 percent less debris. The Bt treatment
caused a considerable volume of material to be compressed
into the surface layer of the soil, due to the back and forth
motion of the bulldozer during clearing operations. This
material was not obvious to the casual observer prior to
harrowing, but was identified during debris measurement
procedures.

It should be noted that less debris associated with the Et
treatment may not necessarily be an attractive feature to all
land owners. If newly-cleared land is to be used for annual
crop production, it is desirable that the soil be free from
sticks, roots and large rocks that interfere with seed bed
preparation, planting, and harvesting equipment. Con
versely, if the land is seeded to a perennial crop such as grass,
a certain amount of debris is usually tolerated since the field
will not be subject to seed bed preparation and planting
activities again for several years. In the former case, a debris-
picker as pictured in Fig. 3 is often used prior to cultivation,
or the site is hand picked of debris. We doubt that the Et
treatment would negate the need for subsequent hand or
machine debris picking, but it would reduce debris picking
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Fig. 3. Mechanical debris picker used to remove roots, rocks, and sticks remaining
on site following land clearing operations.

Table III. Equipment specificationst

Power Track Ground

Mass rating length x width pressure

Type Model (tonne) (kW) (mm) (kPa)

Bulldozer Caterpillar

D7-E

20 134@

2000 rpm

2700 x 500 72.6

Excavator Caterpillar

215C-LC

20 85 @

2000 rpm

4000 x 700 35.0

tManufacturer's specifications.

costs and/or reduce field delays when seeding directly to a
perennial crop.

Soil compaction induced by mechanical land clearing op
erations and its effect on crop growth has been the subject of
several studies (e.g., Hulugalle et al. 1984; Alegre et al. 1986;
Goldin and Lavkulich 1988). Our study did not investigate
clearing effects on soil compaction. It should be noted in
Table III, however, that the ground pressure of the excavator
was approximately one-half that of the bulldozer. We ac
knowledge that a large proportion of land clearing in Atlantic
Canada occurs on poorly drained soils, as was the case in our
study. Conditions conducive to soil compaction likely occur
during the course of most land clearing projects. Currently
there is little data to suggest that subsequent crop yields in
Atlantic Canada are reduced due to recommended land clear

ing techniques. Future research on this topic could stimulate
further innovation in land clearing technology.
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SUMMARY AND
CONCLUSIONS

1. The Bt treatment, that is
the bulldozer equipped with pil
ing blade performing all land
clearing operations (uprooting
stumps, piling stumps and slash,
and burning of debris), had the
lowest unit area cost. The unit
area costs of the remaining three
treatments were approximately
25 percent higher, but density of
tree cover on these plots was 17
percent higher than on the Bt
plot.

2. All land clearing functions
performed with the excavator re
quired more time than with a
bulldozer. We speculate that
some of this difference is due to

the combined influence of oper
ator inexperience and the recent
introduction of the excavator to

land clearing operations in At
lantic Canada, resulting in a
lack of familiarity with opti
mum operating procedures.

3. Following from (1) and (2)
and considering the Bt and Et
treatments only, we speculate
that, with increasing experience
with the Et method, unit area
cost of these treatments will be

come approximately equal.

4. The unit area cost of all

treatments was somewhat ele

vated due to poorly drained
conditions and operator atten
tion required to keep their
machines within plot bound
aries. The magnitude of the

unit area cost increase due to these constraints was not deter

mined.

5. Dividing land clearing operations into two distinct func
tions, namely; a) uprooting, and; b) piling and burning, and
performing these functions concurrently with the bulldozer
or excavator, in either combination of function and machine,
did not produce a reduction in land clearing costs. However,
varying the sizes of these machines so that manoeuvrability,
power, and weight were optimized according to the function
performed may produce different results.

6. Upon completion of land clearing operations, there was
approximately 50 percent less debris remaining on site with
the Et treatment compared to the Bt treatment. The impact
of this difference on the cost of debris picking operations that
often precedes planting of newly cleared land was not deter
mined.

7. Soil loss due to clearing operations was minimal in all
treatments.
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Table IV. Cost, debris remaining after clearing, and observed soil loss per land clearing treatment.

Treatment!

Machine time and costs

Debris$

remaining

(kg ha"1)
Plot

Bulldozer

@ $89.50

Excavator

@ 86.50 Total Cost

Cost

ha"1

Soil

loss

1

2

3

4

Es/Bp

Bs/Ep

Bt

Et

51.2h

13.5h

59.5h

25.0 h

75.0h

77.0h

$6760

6488

5337

6661

$3380

3244

2669

3336

9812

4524

negligible

negligible

negligible

negligible

tE =excavator; B= bulldozer; S = stumping operation; P = piling and burning operation;
T = all clearing operations, that is, stumping, piling, and burning. Letter abbreviations are combined to describe the

treatments i.e. Es/Bp =excavator uprooting stumps and bulldozer piling debris and tending the burning debris piles.
^Treatment differences are significant (p =0.025). Individual sampling area =49m2; n=3. For the Btand Ettreatments, x=48.1 kg,

SD = 13.0 kg; and x = 22.2, SD = 6.6, respectively.
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