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Introduction

In northern British Columbia, boreal
and sub-boreal forests dominate the
landscape. Significant portions of
these forests comprise mixed stands
of conifer and deciduous species, or
“mixedwoods.” Historically, manage-
ment prescriptions for boreal mixed-
woods emphasized the creation of
conifer or deciduous monocultures
and pure stands. However, this prac-
tice of “unmixing” boreal mixed-
woods is neither ecologically desirable
nor biologically successful (Grover
and Greenway ).

Single-species, even-aged conifer
management of boreal forests often
relies on broadcast herbicide applica-
tions to control deciduous species,
such as aspen, cottonwood, and birch,
and thereby enhance the growing
space surrounding desired crop trees,
such as spruce. Aerial or ground
spraying, primarily with glyphosate,
removes the competing vegetation as
an initial stand component. This pro-
motes conifer seedling survival and
early growth and facilitates the estab-
lishment of free-growing conifer

plantations. However, such practices
have raised issues over possible effects
to natural successional patterns, long-
term species diversity, ecosystem sta-
bility, and degradation of cultural
values and wildlife habitat. Potential
economic losses are also associated
with reductions in the supply of
aspen for processing facilities.

Mixedwood management, on the
other hand, is more likely to sustain
the diversity of non-timber values
and has the potential to increase site-
and landscape-level productivity.
Nevertheless, managing for sustain-
able timber production and all other
resources is a daunting challenge,
given the complexity of the boreal
forest ecology, the overlap of timber
tenures, and the lack of long-term
growth and yield information. Effec-
tive mixedwood management prac-
tices depend on the accurate
prediction of boreal forest inventory
and the simulation of natural forest
dynamics, which in turn will require
advances in boreal forest knowledge
and the development of unique
mixedwood growth and yield tools,
particularly for spruce-aspen mixtures.
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Project Background and 
Objectives

Current experience and information
relating to vegetation management
for deliberately growing spruce-aspen
mixtures is very limited. Although
there exists considerable information
on chemical and manual brushing to
control deciduous competition
(Harper et al. ; Biring et al. ;
Boateng et al. ; Comeau et al.
), there is a need to test and
demonstrate cost-effective, environ-
mentally sound, and socially accept-
able alternatives to the broadcast
herbicide applications. Some key
questions that require addressing
include:
• How do brushing treatments influ-

ence competition dynamics, rela-
tionships between conifer growth
and competition, and the growth
of aspen? 

• What are the long-term conse-
quences of these selected treatment
options? 

• Can manual and chemical brush-
ing treatments be used to promote
the establishment of boreal mixed-
wood stands?

In order to address these ques-
tions, Experimental Project .

was established in the Fort Nelson
Forest District in  to examine
a number of operational brushing
alternatives for boreal mixedwood
forests. This brushing trial explores
complete removal of aspen, and
small-radius treatments involving
both circular brushing and spot
applications of herbicides as tools
for managing aspen densities and
for promoting spruce growth with-
in a mixedwood management pre-
scription. The study is designed to
allow assessment of the long-term
effects of brushing alternatives on
stand dynamics, stand growth and
yield, vegetation competition, and
treatment efficacy.
The objectives of this study are:

• to evaluate the effectiveness of spot
control of aspen around white
spruce seedlings in comparison to
broadcast treatment;

• to compare the effectiveness of
basal bark application of triclopyr
ester and manual spot treatments;
and 

• to establish a permanent installa-
tion for long-term studies of com-
petition dynamics that will be used
to demonstrate and evaluate the
consequences of alternative man-
agement regimes.

Study Area

The study area is situated in the Prince
George Forest Region’s Fort Nelson
District ( corner of British Colum-
bia: °’, °’), approximately
 km northwest of Fort Nelson. The
installation is located in flat terrain to
the west of the Liard Highway (Hwy.
)  km north of its junction with
the Alaska Highway (Hwy. ).

The aspen mixedwood experimen-
tal site is classified as the Fort Nelson
variant, Moist Warm subzone of the
Boreal White and Black Spruce bio-
geoclimatic zone (mw). Fine-
textured silty loams overlay clay, with

What are “Mixedwoods”?
Mixedwood stands of white
spruce (Picea glauca) and
trembling aspen (Populus
tremuloides) are a widespread
feature in northeastern British
Columbia. These distinctive
boreal forests can occur as ver-
tical multicanopied mixtures in
which a  spruce component
grows underneath a taller
aspen component, or as hori-
zontal mosaics of aspen and
spruce. 
Unmanaged mixedwood
forests are ecologically dynam-
ic, with a structure that
changes over time. Wildfires
often initiate a process of
regeneration that transforms
the stand structure and species
mix. 
Following natural disturbances
such as wildfires, deciduous
broadleaf species will usually
dominate the site and exhibit
rapid initial height growth,
reaching maturity at a young
age. Most mixedwood stands
will consequently have a domi-
nant broadleaf overstorey with
a coniferous, shade-tolerant
understorey. As stands mature,
longer-lived conifers grow into
the main canopy and eventu-
ally overtop the deciduous
component. This process is
repeated in any gaps that may
form in the mixedwood stand.

Sources: Kabzems 1998;
Comeau 1996. 





BWBSmw2 “…covers the
undulating terrain and low-
lands from near Beatton River
in the south, to the Northwest
Territories and Yukon borders in
the north.” 

Source: DeLong et al. 1990.

  Plant species found on-site, July 2001

an underlying -cm Bt horizon (clay
accumulation and blocky structure).
The site has good productivity ( =
 m), a fresh soil moisture regime, a
medium soil nutrient regime, an ele-
vation of  m, and an average slope
of less than %. The site association is
White spruce – Trembling aspen –
Step moss (site series ).

In , the area was winter-logged
and planted with white spruce
seedlings (+). An initial vegetation
assessment revealed a total of 

species on the site  years after plant-
ing (Table ). Experimental plots were
established in .

Experimental Design

The experiment was laid out as a
completely randomized design (Bir-
ing et al. ), with six treatments
replicated three times for a total of 

plots (see Figure ). Treatment plots

are  ×  m (. ha). Plot corners
and centres are clearly flagged. To
ensure correct treatment application,
and for extension and demonstration
purposes, signs are installed at the
centre of each treatment plot.

The Treatments
The six treatments were:
•  Complete aspen removal –

manual (Figure )
•  Complete aspen removal –

glyphosate (Vision®) (Figure )
•  .-m radius of aspen removal

– manual (Figure )
•  .-m radius of aspen removal

– triclopyr ester (Release®)
•  Aspen spacing ( ×  m) – 

years after planting
•  Untreated control
These treatments were applied
according to the methods outlined in
Table .

Scientific name Common name

Trees: Conifers
Picea glauca white spruce
Trees: Broadleaf
Betula papyrifera paper birch
Populus balsamifera balsam poplar
Populus tremuloides trembling aspen
Shrubs
Alnus incana ssp. tenuifolia mountain alder
Alnus viridis ssp. crispa Sitka or green alder
Amelanchier alnifolia saskatoon
Cornus stolonifera red-osier dogwood
Ledum groenlandicum Labrador tea
Lonicera dioica red honeysuckle
Lonicera involucrata black twinberry
Ribes lacustre black gooseberry
Ribes oxyacanthoides northern gooseberry
Ribes triste red swamp currant
Rosa acicularis prickly rose
Rubus idaeus red raspberry
Salix discolor pussy willow
Salix scouleriana Scouler's willow
Shepherdia canadensis soopolallie
Viburnum edule highbush-cranberry
Dwarf Shrubs, Herbs, and Ferns
Achillea millefolium yarrow
Actaea rubra baneberry
Aralia nudicaulis wild sarsaparilla
Aster conspicuus showy aster
Cornus canadensis bunchberry

Scientific name Common name

Epilobium angustifolium fireweed
Epilobium ciliatum purple-leaved willowherb
Equisetum arvense common horsetail
Equisetum pratense meadow horsetail
Equisetum sylvaticum wood horsetail
Fragaria virginiana wild strawberry
Galium boreale northern bedstraw
Galium triflorum sweet-scented bedstraw
Lathyrus ochroleucus creamy peavine
Linnaea borealis twinflower
Lycopodium annotinum stiff clubmoss
Maianthemum canadense wild lily-of-the-valley
Mertensia paniculata tall bluebells
Mitella nuda common mitrewort
Petasites palmatus palmate coltsfoot
Rubus pubescens trailing raspberry
Taraxacum officinale common dandelion
Vicia americana american vetch
Viola canadensis Canada violet
Grasses and Sedges
Calamagrostis canadensis bluejoint grass
Carex spp. sedges
Leymus innovatus fuzzy-spiked wild rye
Mosses, Liverworts, and Lichens
Hylocomium splendens step moss
Pleurozium schreberi red-stemmed feathermoss
Polytrichum juniperinum juniper haircap moss
Pylaisiella polyantha Pylaisiella moss





  View of boreal mixedwood research site located northwest of Fort Nelson, approximately km 47, Hwy. 77. General plot 
locations indicated. Not drawn to scale. (individual plot size 50 x 50 m)
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Treatments
T1 Complete aspen removal – manual
T2 Complete aspen removal – Vision®
T3 1.25-m radius aspen removal – manual
T4 1.25-m radius aspen removal – Release®

T5 Aspen spacing (year 7) 
T6 Untreated control

Note: P=Plot; T=Treatment; R=Replication

  Information on treatment location and application

Treatment Plots no. Timing Method

T1 Complete aspen removal (manual) 6, 7, 14 August 2001 Brush saws
T2 Complete aspen removal (glyphosate) 1, 12, 18 August 2001 Foliar treatment with Vision® herbicide (glyphosate) 

applied by backpack sprayer (2% solution) at 1.6 kg a.i.
per hectare

T3 1.25-m radius aspen removal (manual) 2, 5, 10 August 2001 Brush saws
T4 1.25-m radius aspen removal (triclopyr ester) 3, 11, 16 October 2001 Basal treatment with Release® herbicide (triclopyr ester) 

(after leaf drop) mixed with mineral oil at 20% concentration applied to 
each stem by backpack sprayer fitted with narrow-angle,
flat-fan nozzle

T5 Aspen spacing (3 × 3 m) 8, 9, 15 Summer 2006 Chain saws
T6 Untreated control 4, 13, 17 No treatment
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  Treatment 1: Complete aspen removal with 
manual cutting, 1-year post-treatment in plot 
no. 7, October 2002 (note untreated control plot
no. 8 in the background). Residual mature 
boreal mixedwood stand visible in the distance.  

  Treatment 2: Complete aspen removal with 
broadcast glyphosate 1-year post-treatment 
in plot no. 1, October 2002.

  Treatment 3: 1.25-m radius aspen removal with 
manual cutting 1-year post-treatment in plot no. 
5, October 2002. Blue triangles indicate planted
spruce. 



Nine Reasons to Maintain
the “Mix” in Mixedwoods 
Here are nine compelling rea-
sons why mixedwood boreal
forests should be managed to
maintain the “mix”:
1. Natural feature: Mixed-

woods occur naturally in 
British Columbia.

2. Visual resource: Mixed-
woods provide valuable 
visual variety through the 
seasons.

3. Biodiversity: Mixedwoods 
are more diverse and sup-
port a greater diversity of 
other organisms.

4. Forest health: Mixed-
woods may suffer reduced 
impacts from insect and 
disease problems and 
reduced risk of loss.

5. Nurse crop: Deciduous 
canopies reduce vigour of 
competing vegetation and 
protect conifer seedlings 
against frost.

6. Nutritional role: Decidu-
ous species can improve 
nutrient availability in 
mixed stands.

7. Yield: Mixedwoods can 
provide greater total yields 
and a diversity of end prod-
ucts.

8. Long-term sustainability:
Mixedwoods can result in 
stable and sustainable 
yields over successive 
rotations.

9. Economics: Mixedwoods 
can provide better economic
returns than pure stands.

Source: Comeau 1996. 
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Establishment of Measurement
Plots

Tree Measurements 
At the centre of each treatment plot, a
.-ha (9-m radius) permanent
measurement plot () was estab-
lished for stand-level measurements.
Tree measurements include total
height, height to base of live crown,
basal diameter, diameter at breast
height, crown width, and leader
height.

Vegetation Assessments  
For regeneration and vegetation
assessments, one .-ha (.-m
radius) regeneration measurement
plot was established at the centre of
each treatment plot to record percent
cover (%) and height of all vascular
plants (trees, shrubs, herbs, ferns and
grasses).

The regeneration measurement
plots are used to record the total den-
sity of all commercial crop tree species
(predominantly aspen and spruce), as
well as the number of well-spaced
trees. Measurements include basal
diameter, height and location (dis-
tance and direction from plot centre)
of every spruce. To provide informa-
tion on aspen resprouting and on
changes in aspen density over time,
these plots will also record total num-
bers of residual and resprouting
aspen, and measure their basal diame-
ter, height, and height to crown base.

Data collected will provide baseline
information on the “free-growing”
status of the planted stock. Since free-
growing standards are likely to change
over time, the objective is to obtain
basic measurements that can serve to
evaluate and test a broad range of
standards.

Light Measurements 
Li-Cor - Plant Canopy Ana-
lyzers ( Inc., Lincoln, Neb.) will
be used to provide leaf area index
() estimates. By using paired 

readings taken at the top and mid-
crown (half-way between top and
crown base) of each seedling, meas-
ures of the fraction of full sunlight
reaching each of the tagged spruce
seedlings can be determined. This
information will provide an objective
and quantitative index of competition
by overtopping vegetation and pro-
vide baseline information for future
growth and yield modelling of mixed-
wood boreal forests.

Results and Discussion

Treatment summaries of  vegeta-
tion data including aspen and spruce
baseline measurements are found in
Table . These summaries document
the establishment of a healthy and
diverse plant community dominated
by a dense canopy of sucker-regener-
ated aspen. Vegetation assessments
documented the presence of over 

plant species (Table ).
The spruce seedlings planted in 

are continuing to grow, albeit slowly,
under the reduced light conditions and
competition experienced from the
aspen, other broadleaves, shrubs, and
herbaceous vegetation. It is expected
that the application of the various
aspen removal treatments will promote
a range of spruce and aspen growing
conditions, influence vegetation com-
munity dynamics, and modify spatial
diversity. The presence of an aspen
overstorey will determine available
understorey light and influence other
environmental parameters such as
temperature and moisture, which in
turn will dictate in large part the sur-
vival and growth of the understorey
spruce and other plant species.
It is too early to offer conclusions or
interpretations based on the results
presented here; however, experience
with similar brushing prescriptions has
shown that to maintain healthy, vigor-
ous spruce growth some level of early
vegetation management is required
(Comeau et al. ).



The Use of Herbicides in
the North
The use of aerial-and ground-
applied herbicides (primarily
glyphosate) in the North has
been significant in the last 10
years. For instance, in 2001,
the Prince George Forest
Region was responsible for
94% of the provincial total for
aerial applications of herbicide.
Approximately 19 150 ha
were treated by aerial spraying
and 4900 ha by ground spray-
ing. By comparison, all other
forest regions combined treat-
ed approximately 1200 ha by
aerial spraying and 3800 ha
by ground applications of her-
bicide. 

Source: B.C. Ministry of
Forests 2002. 



This study explores not only the
spatial and temporal interaction of
aspen and spruce, but also the impact
of a variety of operational brushing
tools designed to manipulate and
promote the early establishment of
mixedwood growing space. The long-
term implications of these treatments
are not all immediately apparent. Will
the planted spruce survive and grow
under aspen? How will the various
aspen removal treatments affect long-
term as well as short-term spruce and
aspen growth and yield, the plant
community, and wildlife habitat? Will
there be a need for future treatments?
How many aspen should be retained,
where, and at what age? Will aspen or
spruce quality suffer from the spacing
and removal treatments? Continued

research efforts will help answer these
long-term questions as well as pro-
vide opportunities to demonstrate the
present shorter-term impacts.

Present-day mixedwood prescrip-
tions are exploring treatment combi-
nations that reduce aspen competition
while providing shelter to improve
white spruce establishment and
growth. Future prescriptions may sug-
gest alternative regimes or treatment
adaptations as our understanding of
mixedwood forest dynamics improves.
This research trial with its large plot
size and replicated design will help
provide both short- and long-term
information needs supporting the
continuing evolution of boreal mixed-
wood management.



White spruce Aspen Vegetation grouping percent cover

T1 Complete aspen 
removal (manual)
(Plots 6, 7, 14)

T2 Complete aspen 
removal (glyphosate)
(Plots 1, 12, 18)

T3 1.25-m radius aspen 
removal (manual)
(Plots 2, 5, 10)

T4 1.25-m radius aspen 
removal (triclopyr ester)
(Plots 3, 11, 16)

T5 Aspen spacing 
(summer 2006) 
(Plots 8, 9, 15)

T6 Untreated control
(Plots 4, 13, 17)

  Treatment means and standard errors for tagged white spruce and aspen total height, root collar diameter, diameter at breast height, 
and crown diameter measured September 2001 and vegetation grouping percent cover

Treatment

Height
(cm)

dbh
(mm)

Crown
diameter

(cm)

na

na

287.9±9.0

255.6±5.9

282.9±7.5

271.7±6.0

na

na

19.34±0.8

16.57±0.6

20.26±0.9

18.11±0.9

na

na

63.35±2.7

63.34±2.3

66.41±3.3

65.68±3.0

Diameter
(mm)

Height
(cm)

Leader
growth

(cm)

Crown
diameter

(cm)

8.6±0.2

8.1±0.2

8.7±0.1

8.0±0.1

8.5±0.2

8.9±0.1

57.16±1.5

54.43±1.2

54.57±1.2

51.12±1.3

58.55±1.

56.02±1.2

10.6±0.5

10.8±0.5

9.9±0.5

9.1±0.5

11.4±0.6

11.5±0.6

21.69±0.6

23.06±0.7

22.0±0.5

20.39±0.7

21.33±0.6

22.30±0.5

All 
groups

Broad-
leaves Shrubs

Herbs,
ferns,

grasses

83±1.7

75±7.6

82±1.7

72±7.3

85±5.0

68±9.3

27±3.3

23±7.3

40±2.9

30±10.4

27±7.3

27±10.9

25±7.6

29±10.4

22±9.3

32±14.8

32±4.4

23±1.7

45±13.2

47±8.8

30±5.8

35±2.9

38±4.4

35±5.0
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