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Abstract
Of the 110 000 to 180 000 hectares per year on
which prescribed burning has recently been
conducted in Canada, 70 000 to 150 000 hectares
per year (mostly in British Columbia) has been
burned for vegetation management purposes. Such
purposes include silviculture, control of plant
parasites, promotion of desirable plant species, and
conservation of natural ecosystems. The emphasis
of prescribed burning is shifting from burning slash
to burning living vegetation. As a result, forest
managers should be aware of our current knowledge
of all types of prescribed burning for vegetation
management purposes. This knowledge is discussed
in this paper, emphasizing British Columbian
examples where possible. Before fire can be used
for vegetation management purposes, one must
understand how vegetation responds to fire, and
determine whether or not prescribed fire is the most
desirable treatment.

The response of vegetation to fire depends
primarily on fire severity, the ecosystem, and plant
morphology and condition. The procedure for
determining whether or not prescribed fire should

be used for vegetation management purposes
involves five steps:

1. Evaluation of the pretreatment vegetation
and ecosystem.

2. Determination of the management
objective and the target species.

3. Evaluation of the fire environment of the
proposed treatment area.

4. Prediction of the occurrence, abundance,
and growth rates of plants following fire,
and alternative vegetation management
treatments.

5. Choice of the appropriate treatment.

Once this procedure has been followed and fire is
selected as the appropriate treatment, a prescription
for the fire must be developed. Such prescription
development for slashburning depends strongly on
determining the appropriate fire severity, then using
the Canadian Forest Fire Weather Index System,
taking into account many constraints. In British
Columbia, prescription development for burning
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living vegetation is less advanced than for slashburning,
but can be facilitated by applying results found elsewhere.
Several studies and operational practices in British
Columbia are discussed and their prescriptions described.
Although there are problems in accurately predicting fire
severity, we have sufficient knowledge to develop
scientifically defensible prescribed burning plans for a
variety of situations, both for living vegetation and for
slash, from a vegetation managment perspective.

Introduction
Prescribed fire has been used by forest managers for a variety
of purposes. Some uses are oriented primarily towards
suppression and control of forest fires. However, from a
vegetation management perspective, silvicultural use of fire
can include as objectives: a) physical removal of vegetation
to increase the number of plantable spots; b) retarding the
regrowth of vegetation that can compete with crop-tree
seedlings; and c) changing the species composition of the
plant community to favour the desired crop-tree seedlings
(Haeussler 1991). The major unwanted plant organism that
prescribed fire can be used to control is dwarf mistletoe
(Alexander and Hawksworth 1975; Thies 1990). Prescribed
fire is used extensively to enhance forage for large ungulates
and domestic animals (e.g., Baumgartner et al. 1989;
Biswell 1989; Feller and Thomson 1988; Walstad et al.
1990), and to a lesser extent to suppress plant species
considered as weeds, particularly in grasslands and
shrublands, (e.g.,␣ Biswell 1989; Skinner and Wakimoto
1989). In British Columbia, experimental work has been
initiated to determine whether or not prescribed fire can
be used to control knapweed in grasslands (Nicholson
1992). Prescribed fire is also extensively used in the manage-
ment of parks and wilderness areas to maintain biodi-versity
and natural ecological processes (e.g.,␣ Christensen 1988;
Day et al. 1990; Lotan et al. 1985).

In Canada, the total annual prescribed-burn area in recent
years has fluctuated between 110 000 ha and 180␣ 000 ha,
averaging approximately 140 000 ha (Figure␣ 1). In Figure
1, prescribed burning for vegetation management purposes
comprises the categories silviculture, range, wildlife, or
nature burning. These types of prescribed burning have
recently occurred on 70␣ 000–150 000 ha per year, averaging
120 000 ha per year (Figure 1). Since 1987 there has been
a substantial decline in the area burned annually for

silvicultural purposes (from 99 000 ha in 1987 to 13 000
ha in 1992); much fluctuation, but no obvious trend in the
area burned for range or wildlife purposes; and a substantial
increase in the area burned for natural ecosystem
conservation purposes (from 300 to 3200 ha in 1991, and
1000 ha in 1992).

Most (90% during the 1984–1992 period) of Canada’s
prescribed burning is conducted in British Columbia with
99% being conducted within British Columbia, Alberta,
and Ontario. For those types of prescribed burning that
involve vegetation management, British Columbia accounts
for 83% of the silvicultural, 99% of the range, 96% of the
wildlife, but none of the ecosystem conservation burning.
Thus, trends in British Columbia largely account for the
trends in Canada in the use of prescribed fire for vegetation
management purposes in all instances except that of natural
ecosystem conservation, where Parks Canada accounts for
86% of all such burning, and Ontario accounts for the
remainder.
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Figure 1. The area prescribed burned annually in
Canada (1984–1991), by type of burn. See
text for explanation of burn types. Data were
extracted from the Canadian Committee of
Forest Fire Management annual meeting
reports and personal communications from
P.␣ Taudin-Chabot (B.C. Min. For.) and
J.D.␣ McAskill (P. E. I. Dept. Energy and
Forestry).
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This situation is likely to change if the provincial
government’s Protected Area Strategy achieves its goal of
protecting 12% of the province in various parks and
wilderness-type reserves. Management of such areas will
involve the use of prescribed fire, if the precedents set in
other jurisdictions are a guide (e.g., Day et al. 1990; Lotan
et al. 1985).

Smoke-management and financial-liability constraints and
the increasing availability of machines for mechanical site
preparation may explain the recent decline in silvicultural
prescribed burning in British Columbia. This decline is
likely to be offset in the near future by the expansion of
prescribed burning programs to include natural ecosystem
conservation, as is presently the case for some national parks
in British Columbia.

Prescribed burning will continue to be an important tool
for vegetation management purposes. Since the emphasis
of such burning seems to be shifting from burning slash
(most of the silvicultural burning) to burning living
vegetation (range, wildlife, and ecosystem conservation
burning), forest managers need to be aware of the current
status of our knowledge of all types of prescribed burning
for vegetation management purposes. This, then, is the
focus of the following discussion.

Response of Vegetation to Fire:
General Principles

Regardless of the type of fire, the response of vegetation to
fire depends on certain key factors. These factors have been
well described in the literature (e.g., Feller 1982; Haeussler
1991; Walstad et al. 1990; Wein and MacLean 1983;
Wright and Bailey 1982) and they will only be briefly
discussed here, using some local examples.

1. Fire Severity
This is probably the single most important factor affecting
vegetation response to fire because it is a measure of the
amount of heat that penetrates the soil and the degree to
which vegetation is heated or consumed by fire.

The general consensus from fire-severity studies is that,
firstly, the more severe the fire the more easily are different
plant species killed, with the exception of a few species
that are highly resistant to fire as a result of deeply buried
roots or rhizomes. Severe fires may kill the above-ground

portions of such plants but stimulate growth from the
underground portions of the plants. British Columbia
examples include aspen and bracken fern. Haeussler,
Coates, and Mather (Coates et al. 1991; Haeussler 1991;
Haeussler and Coates 1986; Haeussler et al. 1991) have
summarized the effects of fire severity on a wide variety of
B.C. plant species. Other information is available from the
many fire ecology reports emanating from the U.S. Forest
Service’s Intermountain Research Station, the most recent
being those of Bradley et al. (1992a; 1992b).

A second generalization from fire severity studies is that
fire severity can strongly influence plant successional
pathways (e.g., Bigley and Henderson 1989). The
Intermountain Research Station studies provide numerous
examples of this (e.g., Bradley et al. 1992a; 1992b), as
illustrated in Figure 2. In forests of eastern Idaho where
lodgepole pine (PICO) or aspen (POTR) are the major
dominant seral tree species, and Engelmann spruce (PIEN)
and subalpine fir (ABLA) are the dominant climax tree
species, the influence of fires of different severity (low, mod.,
severe) is clearly seen (Figure 2). Other examples are
Halpern (1987), who found that the duration of herb or
shrub dominance after fire in Douglas-fir forests in western
Oregon depended on burn severity, and Viereck (1983),
who found for black spruce forests in Alaska and northern
Canada, that low-severity fires encouraged the development
of shrubs that reproduced from underground rhizomes,
while high-severity fires encouraged development of herbs
and mosses. Morgan and Neuenschwander (1988) found
that fire severity influenced species composition and growth
of early successional shrub communities in northern Idaho.

A third generalization from fire severity studies is that the
more severe the fire, the greater is likely to be the reduction
in plant propagules stored in the forest floor. Studies of
forest floor seed and bud banks in British Columbia and
elsewhere indicate that most buried seeds occur close to
the surface of the forest floor where they are vulnerable to
destruction from fires (e.g., Kellman 1970; McGee and
Feller 1993; Yearsley 1993). The influence of fire severity
(depth of burn) on the forest floor seed bank can be seen
from data collected by Yearsley (1993). She found that if
heat sufficient to kill seeds penetrated 1 cm into the forest
floor, then loss of 29% and 74% of the seeds in some
Engelmann Spruce-Subalpine Fir (ESSF) and Interior
Cedar-Hemlock (ICH) forest floor seedbanks, respectively,
would occur. If the depth of penetration were 2 cm, then
57% and 92% of the seeds in the ESSF and ICH seedbanks,
respectively, would be lost.
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Following from the three previous generalizations about
the effects of fire severity on vegetation, a fourth
generalization is that the more severe the fire, the less likely
are preburn plant species, and the more likely are colonizer
plant species, to be present in the post-burn plant
community (e.g., Stickney 1982). This will be most clearly
seen if the fire is severe enough to remove most or all of
the forest floor (and hence the plant propagules it contains)
and/or if the preburn plant community is composed mostly
of shade-tolerant climatic climax species.

One major exception to this generalization involves
grassland and shrubland communities with relatively
shallow soil surface organic layers and significant storage
of propagules in the mineral soil. Such propagules are often
relatively resistant to fire and may be stimulated by the
greater amounts of heat emitted from more severe fires.
Thus, seeds in the Heath, Pea, Buckthorn, and Saxifrage
families, as well as seeds from leguminous plants and
Ceanothus shrubs are known to require fire or some other
scarification treatment for germination (e.g., Kauffman
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1990; Noste 1985). However, there is an optimum level of
heat stimulation for such seeds. The most severe fires will
reduce the number of propagules of these and all preburn
plant species (e.g., Kauffman 1990; Noste 1985).

The net result of the effects of fire severity on vegetation is
that, in general, the greater the severity of a fire, the less
will be the biomass of the regenerating vegetation and the
extent of competition presented to planted tree seedlings
(e.g.,␣ Haeussler 1991). Thus, in the Coastal Western
Hemlock (CWH) biogeoclimatic zone in southwestern
British Columbia, five years after slash-burning three
adjacent identical areas, non-crop tree biomass varied from
240 g/m2 for the highest severity burn (average forest floor
depth of burn = 4.8 cm), through 410 g/m2 for the
intermediate severity burn (average forest floor depth of
burn = 3.2. cm), to 650␣ g/m2 for the lowest severity burn
(average forest floor depth of burn = 0.8 cm) (M. Feller
unpublished data).

Peterson (1989) and Beese (1992), also working in the
CWH zone, found that shrub cover was lower after higher
severity slashburns than after lower severity burns. Biomass
was not reported but, as it is related to cover, it can be
assumed that shrub biomass trends were similar to cover
trends.

Because there are no rigorous quantitative definitions of
fire severity, it has been measured or assessed in many
different ways. Feller (1991), based on work on slashburns

in the Coastal Western Hemlock and Engelmann Spruce–
Subalpine Fir biogeoclimatic zones and Trowbridge et al.
(1989), based on work in the Sub-Boreal Spruce (SBS)
zone, have defined fire severity quantitatively based on
forest floor (Feller) and duff and slash (Trowbridge et al.)
consumption. The depth-of-burn severity classes of Feller
closely correspond to those of Trowbridge et al. although
there are some differences (Table 1). Fire severity has also
been defined qualitatively, based on the visual appearance
of a site, both for slashburns (e.g., Morgan and
Neuenschwander 1988) and prescribed burns in forests
(e.g., Habitat Monitoring Committee 1990).

Of these various fire severity classification schemes, the
quantitative slashburning schemes are useful for accurately
quantifying burn severity effects in slashburns, but their
applicability to all slash types, to areas with shallow forest
floors, and to non-logging slash fuel complexes is uncertain.
The applicability of the qualitative schemes to different
fuel complexes is also uncertain. The Habitat Monitoring
Committee (HMC) scheme is particularly limited since it
considers shrubs and forest floor only. Its applicability to
fuel complexes dominated by grass or by coarse woody
debris over shallow forest floors is questionable. A more
comprehensive qualitative scheme was put forward by Ryan
and Noste (1985). This scheme, based on a wide range of
studies, has been adopted by fire ecology workers in the
U.S. (e.g., Bradley et al. 1992b), and would be a suitable
replacement for the HMC scheme.

Table 1. Quantitative definitions of fire severity developed for slashburns in B.C.

Feller (1991) Trowbridge et al. (1989)

Forest floora Duffb Slash consumption (%)

Severity class depth of burn (cm) Severity class depth of burn (cm) <7 cm >7 cm

very low <1 1 0 40 15

low 1–2 2 1–2 50 20

moderate 2–6 3 2–5 60–70 30

high 6–10 4 5–8 80 40

very high >10 5 8–15 90 50

a Forest floor refers to the L, F, and H soil horizons. The severity classification is only valid for situations
where forest floor consumption is <100%.

b Duff refers to the F and H soil horizons only.
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2. Ecosystem
The type of ecosystem present influences the response of
vegetation to fire in several ways. Firstly, the ecosystem
present will determine which plant species are present and
which plant species are capable of growing in an area. If
the ecosystem is a relatively dry and warm one that has
been exposed to relatively frequent fires in the past, then
the plant species it contains are likely to exhibit adaptations
to fire and be relatively resistant to destruction by fire
(e.g.,␣ Rowe 1983). Prescribed fires in such ecosystems are
unlikely to cause dramatic changes in vegetation. This
contrasts with ecosystems that have been relatively
infrequently burned. In these latter ecosystems, prescribed
fires are more likely to cause changes in plant communities,
both in species composition and relative dominance. This
is not to suggest that prescribed fires in frequently burned
ecosystems will not cause changes in plant communities,
but simply that more pronounced changes are likely in less
frequently burned communities. There are many examples
of prescribed-fire-induced changes in vegetation in
frequently burned grassland and shrubland ecosystems
(e.g.,␣ Baumgartner et al. 1989; Walstad et al. 1990; Wright
and Bailey 1982).

Within British Columbia, more frequently burned
ecosystems are found in the Bunchgrass (BG), Ponderosa
Pine (PP), and Interior Douglas-fir (IDF) biogeoclimatic
zones, while less frequently burned ecosystems are found
in the other zones, with the lowest fire frequencies in the
Alpine Tundra (AT) and Mountain Hemlock (MH) zones
(Parminter 1992).

Another influence of ecosystem on vegetation response to
fire is an indirect one, in that ecosystem influences fire
severity. As a general rule, fire severity will be less in moister
than in drier ecosystems. Thus, Taylor (1987) working in
the Sub-Boreal Spruce zone, found greater forest floor
depths of burn in mesic than in subhygric/hygric
ecosystems. The Engelmann Spruce–Subalpine Fir zone
has produced similar results (Figure 3). Noste (1985) found
that to establish Ceanothus velutinus, more severe fires were
needed in cooler, moister ecosystems than in drier, warmer
ones. Severity may be less on moister sites as a result of
capillary flow of moisture from the mineral soil up into
the forest floor, reducing the consumption of forest floor
and overlying woody fuels (e.g., Rothwell et al. 1991).

Perhaps as a result of the influence of ecosystem on fire
severity, another effect that is becoming apparent from
studies of slashburning in British Columbia is that
regrowth of vegetation after fire is slower in drier than in
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Figure 3. Forest floor depths of burn for subhygric and
mesic ecosystems present within each of
seven slashburns conducted in the ESSF zone
in the Clearwater Forest District. Unpub-
lished data of M. Feller.

moister ecosystems. Thus, Hamilton and Yearsley (1988)
found that vegetation regrowth after slashburning in the
Sub-Boreal Spruce zone was slower in a drier ecosystem,
intermediate in a mesic one, and faster in a wetter one.
Very similar results have been found by Feller in the Coastal
Western Hemlock (Feller 1990) and Engelmann Spruce–
Subalpine Fir (M. C. Feller, unpublished data) zones. In
both areas vegetation regrowth was found to be greater on
the moister sites, and less on the drier sites. The same trend
was apparent on a shrubby area that was sprayed with
glyphosate herbicide before burning (Feller 1990),
suggesting that the above generalization holds for a variety
of burning situations.

3. Plant Morphology and Condition
The response of plants to fire also depends on their
morphological characteristics, primarily on the nature and
location of critical parts such as roots and buds, and on the
general health or vigour of the plants and their phenological
state at the time of burning (e.g.,␣ Christensen 1985;
Haeussler 1991; Rowe 1983).

In general, plants that root in forest floor materials are
more easily killed by fire than plants that root deeper in
the mineral soil, and the greater the depth of plant roots
or rhizomes, the less easily will a plant be killed by fire.
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Thus, shallow-rooted herbs, such as Linnaea borealis, and
shrubs, such as Vaccinium ovalifolium, are more easily killed
than deeper rooted herbs, such as Veratrum viride, and
shrubs, such as Rubus spectabilis. It follows from this that
plants growing in sites with very thin and discontinuous
forest floors (shrublands, grasslands, forests with thin mull
forest floors) are likely to be less easily killed by fire.

Ecosystem will influence the location of plant roots and
rhizomes, as ecosystem influences forest floor depth, with
productive and/or relatively warm ecosystems having
shallow forest floors (e.g., some ecosystems within the CDF,
CWH, IDF, ICH, PP, and BG biogeoclimatic zones). Low
soil temperatures, shallow soils, and nutrient-poor mineral
soil can all cause plants to root in the surface forest floor
materials, enhancing their susceptibility to fire.

With regard to health and vigour, the healthier a plant,
the less easily it is killed by fire and the more rapidly it
recovers from fire. Plants that are stressed (for example
shade-intolerant plants growing in shaded forest
environments, or plants subjected to moisture stress or
insect or disease attack) are more easily killed by fire and
regrow less rapidly than plants of the same species that are
not stressed.

Age often influences the ability of plants to sprout following
fire, and the method by which they regrow following fire
(e.g., Bunting et al. 1985; Haeussler 1991; Morgan and
Neuenschwander 1985). Zasada et al. (1992) indicate that
in boreal forests, young aspen reproduce primarily by basal
sprouting while older aspen reproduce primarily by root
suckering following fire. Young birch trees also reproduce
primarily by basal sprouting following fire. However,
following death of old trees, reproduction by seed is
important.

With respect to phenology, plants are most susceptible to
fire when their moisture contents are low
(i.e.,␣ flammability is high) or when their carbohydrate
reserves in roots and other protected parts are low (late
spring to early summer). This is well illustrated by
Haeussler’s diagram (Figure 4).

The crowns of conifer trees are most susceptible to fire
during the spring around the time of bud flushing, as at
this time the moisture content of their old foliage is at a
minimum, and hence foliage flammability is at a maximum
(e.g., Van Wagner 1983). Although trees and lesser plants
tend to be more susceptible to being killed by fire during
the bud-flushing period, if the surface fuels are moist and/
or the weather is wet at this time, then mortality due to

fire is unlikely. Dry weather during the bud-flushing period
will generally increase the likelihood of plant mortality as
a result of fire.

Using Fire to Manipulate Vegetation:
Developing Prescriptions

To determine whether or not prescribed fire should be used
to manipulate vegetation—and certainly before a
prescription for a fire can be developed—it is necessary to
go through a series of planning steps. Such steps have been
described by Bunting et al. (1987), Haeussler (1991),
Kilgore and Curtis (1987), Morgan (1989), and Presslee
and Bedford (1992). The following sequence of planning
steps is based on recommendations provided in these
reports.

1. Evaluate the Pretreatment Existing and
Potential Vegetation and Ecosystem

Through inspection of the proposed treatment area and
adjacent areas one must determine the species that exist or
could exist there. Characteristics of these species, such as
their abundance, vigour, rooting substrate, and degree of
shade tolerance, should be noted. Potential seed banks
(berry-producing plants tend to have seed banks) and bud
banks (an occasional aspen or fireweed plant would, for
example, suggest that aspen roots and fireweed rhizomes
are present) should be estimated.

Determination of the ecosystem(s) present using site
characteristics will provide information about site sensitivity
to fire, fire severity necessary to achieve management
objectives, and plant succession following fire or other
vegetation management treatment.

2. Determine the Management Objective(s)
and the Target Species

The objective(s) should be as specific and quantitative as
possible. Thus one needs to a) specify which plant species
are to be encouraged; b) specify which species are to be
removed, reduced, or prevented from establishing;
c)␣ quantify the extent to which species are to be mani-
pulated (in terms of stems per hectare, percent cover, size,
etc.), giving maximum and minimum desirable levels; and
d)␣ specify when the targets should be met or evaluated.
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3. Evaluate the Fire Environment
of the Proposed Treatment Area

The fire environment consists of the weather, topography,
and fuel factors that influence fire behaviour. If fire is a
potential treatment, it may not be feasible to use if there is
insufficient fuel or if there is a very low probability, based
on past weather, of applying a higher severity prescribed
fire which might be necessary to achieve management
objectives. For example, in an area of the ESSFwc2 variant
in the Clearwater Forest District, during the last five years
there have only been eight burning days in which a
slashburn of impact rank 5 or greater (according to the
Prescribed Fire Predictor of Muraro [1975]) could have
occurred. These days all occurred consecutively in August
of one year and only on one of them could a slashburn of
impact rank 6 have occurred. Impact rank 5 slashburns
would be considered as only moderate to high severity, while
an impact rank 6 slashburn could be of high severity. Thus,
unless one wishes to wait for periods of up to several years,
it does not appear feasible to prescribe high severity
slashburns in this biogeoclimatic variant.

Lack of fuel is a major constraint to the use of fire. The
influence of fuel quantity on the feasibility of burning

grassland/shrubland vegetation, with or without trees
present, has been discussed by Gruell et al. (1986). Thus,
grazed grasslands are not considered able to support fire
spread unless accompanied by at least 15–20% shrub
(sagebrush) cover.

4. Predict Occurrence, Abundance, and
Growth Rates of Plants Following Fire
and Alternative Vegetation
Management Treatments

One must determine how alternative treatments would
influence the plant community with respect to the
management objectives and the target species. This deter-
mination should take into account the impact of the
treatment on the site and the likely response of vegetation
to that treatment. Inspection of areas that have already been
treated, and that are similar to the proposed treatment area,
can provide information that will facilitate the prediction
of vegetation response. The results of scientific studies are
particularly useful in this respect. Increasing numbers of
studies have compared the effects on vegetation of
alternative vegetation management treatments, particularly
fire and mechanical treatments in clearcuts (e.g., Comeau

Figure 4. The influence of plant phenological condition on plant flammability and sprouting capacity. Reproduced from
Haeussler (1991).

highFlammabilitya low

high

high

highlow medium

medium

Sprouting
capacityb

Season Spring Summer Summer

Phenological
condition

dormant – sapflow – flushing – leaf expansion – leaf senescence – leaf drop – dormant

a Based on plant moisture content; assumes favourable weather conditions for burning.
b Based on below-ground carbohydrate reserves.
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et al. 1989; Haeussler and Coates 1986; Lavender et al.
1990; Oswald and Brown 1992; Skinner and Wakimoto
1989).

Morgan (1989) has presented some information that will
assist the evaluation of treatment alternatives with respect
to their impact on shrubs. This information, on the likely
response of shrubs to different treatments of different
severity, is given in Table 2.

5. Choose the Appropriate
Treatment␣ Alternative

The choice of treatment should take into account not only
the above biological considerations, but also the dollar costs
of the alternatives and their expected returns, both short-
and long-term, the availability of resources to conduct the
different treatments, and any other special management
concerns, such as smoke dispersal in the atmosphere from
a prescribed burn, or biodiversity maintenance or
enhancement (e.g., maintenance of snags or woody debris
to provide habitat for species not favoured by the early
successional environments that follow some burning,
mechanical, or herbicide treatments).

Once the above procedure has been followed and prescribed
fire is selected as the appropriate treatment, then a
prescription must be developed. The prescription will
usually involve achieving a particular burn severity, but will
vary depending on the type of prescribed fire.

Prescriptions for Burning Slash
with No Living Trees (Slashburning)

Fire severity can theoretically be predicted using the
Canadian Fire Weather Index (FWI) System. Thus, forest
floor consumption has been found to be related to the Duff
Moisture Code (DMC) and the Build up Index (BUI) of
the FWI System (e.g., Feller 1989). However, the
relationships found in the literature have usually not been
very close and more recent work in B.C. has found poor
correlations between forest floor consumption and the
moisture codes and the BUI of the FWI System (e.g., Feller
1989; Katuski 1989; Lawson and Taylor 1986). These poor
correlations are probably a result of the confounding
influences of variations in ecosystem (severity decreases as
soil moisture content increases), the slash fuel complex
(forest floor consumption depends on the duration of the
surface fire and the heat emitted from it—which in turn
depend on the slash load and particle size distribution),
and the extent of ground fire (ground fires consume the
greatest amount of forest floor and many occur
independently of forest floor moisture content once it drops
below a critical level) (e.g., Feller 1989). As a result, we
can currently predict fire severity only crudely. Such
prediction requires a knowledge of the FWI System codes
and indices, as well as the slash complex present, particularly
the slash load.

Considerable work has been done in B.C. to develop
guidelines, guides, and keys to assist development of

Table 2. Expected response of shrubs, by growth form, to clearcutting and low- and high-severity site preparation by
fire or mechanical treatment. Taken from Morgan (1989)

Regeneration Typical height Mechanical Fire
mode and growth rates Low High Low High

Rhizomatous sprouts short, fast + + + + + + + +

Non-rhizomatous
sprouts tall, fast 0 – 0 0

Seedlings variable, slow + + + – + +

Off-site (wind) variable, variable V V to + V V to +

+ increase
++ greater increase
+++ greatest increase
0 little change
 – decrease
V variable
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slashburning prescriptions aimed at producing fires of
predetermined severitiy. The Prescribed Fire Predictor
(Muraro 1975) is the most important and widely used tool
for developing prescriptions based on the FWI System.
However, its predictions are not always accurate (e.g.,
Lawson and Taylor 1986). There may also be problems in
applying the FWI System to different slash situations, such
as to fresh slash in the spring and early summer (e.g.,
Trowbridge and Feller 1988). Thus, local knowledge is often
used to adjust the Predictor’s prescriptions to local
conditions.

In B.C., guidelines have been developed to determine the
appropriate fire severity to use for a slashburn based on
site characteristics (Vancouver and Southern Interior
regions) or ecosystem unit (Prince Rupert Region). The
Prince Rupert guidelines (Trowbridge et al. 1989) (Table␣ 3)
are the most comprehensive, but they have been developed
for only one biogeoclimatic subzone (the␣ SBSmc) and they
yield a severity class without providing a prescription to
achieve that severity. The Vancouver Region guidelines
(Klinka et al. 1984) do not take into account the range of
silvicultural considerations included in the Prince Rupert
Region guidelines; they only take into account the potential
site degradation caused by fire. However, the Vancouver
Region guidelines yield a site-sensitivity class which is then
linked to an impact rank from the Prescribed Fire Predictor,
allowing a prescription to be developed using the Predictor.

The Southern Interior guidelines (Lloyd et al. 1990) yield
a site-sensitivity class. Some comments are made about
the appropriate fire severity but, as with the Prince Rupert
Region, no guidelines for developing prescriptions are
given. The Southern Interior and Vancouver Region
guidelines can produce somewhat different site sensitivities
to fire for a given set of site conditions. The Southern
Interior guidelines do not take soil erosion into account,
so their utility is currently uncertain.

As the Prince Rupert Region guidelines indicate, different
fire severities are appropriate for different goals. When all
the goals of a slashburn are taken into account, as well as
the constraints imposed by resources available to conduct
the burn, the fire environment, economic considerations,
and smoke management and biodiversity concerns, the
ability to apply a prescription primarily for vegetation
management purposes is greatly restricted. Nevertheless,
certain steps can be taken to facilitate the use of
slashburning for vegetation management purposes.
Haeussler (1991) describes these as:

• Treatment block scheduling: When the desired
conditions for burning occur, blocks to be burned for
vegetation management purposes could be given
priority over blocks that could be burned under a
wider range of conditions.

• Length of burning season: Burning should be
considered throughout the year where possible.
Burning in spring and summer gives greater control
over burn severity and plant regeneration response.

• Cutblock layout: Cutblocks should be designed to
minimize constraints caused by site variability. Thus,
areas with soils sensitive to fire should not be included
with areas containing soil insensitive to fire and
exhibiting a high brush hazard, if a high severity burn
is required for the latter areas.

• Cutblock preparation: Extra effort put into preparing
a cutblock for burning can increase the likelihood of
realizing vegetation management objectives. Thus,
fuel loads can be increased through chemical or
mechanical means to increase burn severity. Guards
can also be placed around a portion of the cutblock
where fire is undesirable.

• Accommodate biodiversity concerns: This can be
done by burning only a portion of a cutblock using
guards, by a patchy burn if fuels are discontinuous,
by removing slash from around snags or trees that
are to be retained, and by utilizing ignition techniques
that keep fire away from certain areas that are not to
be burned.

Prescriptions for Burning Living Vegetation

Vegetation with trees present (underburning)

If trees are present in an area to be burned, then a major
part of the burn objective is the extent to which tree
mortality is to occur. Reinhardt and Ryan (1988) have
developed a series of nomograms that use tree
characteristics and types of fire damage to estimate
mortality of some conifer trees after prescribed
underburning. Tree scorch height can be predicted from
air temperature, wind speed, and frontal fire intensity (Van
Wagner 1973). The Fire Weather Index of the FWI System
can be used to indicate frontal fire intensity and flame
length. Consequently, knowledge of local fuel conditions
and weather conditions and the FWI at the time of burning
can be used to develop a means of predicting scorch height
and tree mortality.
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Ponderosa pine is a tree species that may be present in
proposed underburning areas. Saveland and
Neuenschwander (1989) have suggested that because of
its relatively high foliar moisture content, ponderosa pine
exhibits lower scorch heights than do other conifers in the
northwestern United States. Saveland and
Neuenschwander (1989) also provide additional predictions
of mortality as a function of crown scorch height and dbh.

Taylor and Armitage (SCORCH: A fire-induced tree
mortality prediction model for Canadian Forests. Poster
presention, this volume) are currently developing a
computer program that will be used to predict tree mortality
based on FWI System codes and indices, the Canadian
Fire Behaviour Prediction System equations, and forest
type. However, many of British Columbia’s forest and fuel
types are not represented in the Canadian Fire Behaviour
Prediction System, so it is likely to be a considerable time
before the computer model can be applied confidently to
all British Columbia’s forests.

Actual prescriptions for burns that kill most regenerating
trees (<5 cm dbh) but cause very low mortality to overstorey
trees in Douglas-fir, ponderosa pine, and western larch
stands, have been given by several workers. Although it is
recognized that variability in fuels can affect the prescription,

generalized prescriptions are given. They are summarized
in Table 4 where Canadian FWI System codes are given
where possible. These codes were calculated from the data
given in the original publications.

Prescriptions have also been discussed by Kilgore and Curtis
(1987) for underburning of ponderosa pine–larch–Douglas-
fir forests in the western United States. Ignition techniques
have also been described by those workers giving
prescriptions. Such techniques usually involve strip
headfires or backfires using aerial or ground ignition.
Kilgore and Curtis (1987), Martin (1990), and Wright and
Bailey (1982) discuss such techniques in detail.
Weatherspoon et al. (1989) have proposed a modification
of the strip headfire technique to reduce damage to trees
desired to be kept in a treatment area. Wright and Bailey
(1982) consider that headfires are most effective for killing
shrubs and trees and in burning low quantities of fine fuel.
Backfires are more suitable when fuel loads are high,
weather is more dangerous, and when heat damage to
overstorey conifers (flame lengths and fire intensities) is to
be minimized. Strip headfires can be used when headfires
are undesirable and backfires move too slowly.

Prescribed burning of forests for natural ecosystem
conservation is done in Canada primarily by the Canadian

Table 3. Recommended fire severity for achieving perceived goals in the Sub-Boreal Spruce zone, moist cold subzone
(taken from Trowbridge et al. 1989). Fire severity classes (1 to 5) are defined by Trowbridge et al. in Table 2.
Ecosystem units are described in Trowbridge et al. (1989)

Fire severity by ecosystem unit

Goal 1 2 3 4 5 6 7 8 9a 9b 10

Brush control 2–3 – – – – 3–5 3–5 4–5 3–5 4–5 3–5

Planter access 2–3 – – – – 2–3 2–3 3–5 2–4 3–4 3–4

Plantable spots 2–4 – – – – 2–3 2–4 3–4 1–3 4–5 4–5

(3–5) (4–5)

Nutrient conservation 1–3 1 1 1–2 – – – – – – –

Increased soil 2–3 – – – 3-4 3 3-4 3-4 – 4-5 4-5
temperature (4–5) (4–5)

Recommended 2–3 nr nr 1–2 3–4 3–4 3–4 4–5 3–4 4–5 4–5
severity (4–5)

– not a perceived problem or goal
nr burning not recommended
( ) where duff >15 cm thick.
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Table 4. Generalized prescriptions for underburning of Douglas-fir, ponderosa pine, and western larch forests in the
western U.S. and southwestern B.C. which will kill most trees <5 cm dbh, but few overstorey trees

a) Douglas-fir and ponderosa pine forests

Kalabokidis and Wakimoto (1992) Kilgore and Curtis (1987)

air temperature 10–21°C 12–25°C
RH 30–50% 25–35%
midflame windspeed 0–15 km/hr 5–15 km/hr
FFMC 86–92 85–92
DMC 60–75 –
ignition pattern strip head fires at 5 m intervals backing or strip head fires

b) Ponderosa pine

Wright and Bailey (1982)

Heavy fuels Light fuels Kilgore and Curtis (1987) King (1988)

air temperature 4–16°C 16–21°C 15–21°C 15–28°C
RH 20–40% 25–40 % 25–35% 10–25%
windspeed in stand 3–11 km/hr 6–8 km/hr 8–16 km/hr 5–15 km/hr
FFMC 85+ 90–93 84–92 78–85
time of ignition 1–3 days after after 1 cm of – DMC  20–25

5–8 cm of rain in the fall DC 100–400
early fall rain

ignition pattern backing fires backing fires backing or strip headfires
down slopes or down slopes or
strip headfires strip headfires

c) Douglas-fir–western larch

Wright and Bailey (1982)

air temperature 13–24°C
RH 40–55%
windspeed in stand 3–6 km/hr
FFMC 83–91
time of ignition 3–5 days after last rain
ignition pattern strip headfires in fall

d) Douglas-fir

King (1988)

air temperature 15–25°C
RH 15–35%
windspeed 15–15 km/hr
FFMC 78–85
DMC 20–25
DC 100–400
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Parks Service. The best developed program of such burning
is probably in Banff National Park. Burning objectives have
evolved from evaluation of burning techniques, to fuel
reduction in key areas, to maintenance of stand age
distributions over the park as a whole (White and Pengelly
1992). Species-specific vegetation management objectives
have yet to be developed although work has begun on
developing specific fire management objectives related to
ecosystem indicator species. Thus, Banff National Park
recently stopped burning in aspen-dominated plant
communities where human use levels have altered wolf and
elk distributions to the extent that high elk herbivory has
resulted in the fire-induced decline of aspen. Aspen, elk,
wolves, and people are the ecosystem indicator species in
this situation (White and Pengelly 1992).

The inquisitive, experimental-type approach to the
prescribed burning of forests in Banff park has provided
invaluable experience and enhanced knowledge. Prescribed
fire has been used in all months from April through
October, except for July. The FWI System codes and indices
under which the burns have been conducted are:
FFMC = 88–95 (usually 90–95), DMC = 23–63 (usually
30–63), DC = 160–480 (usually 300–480), ISI = 4–17,
BUI = 33–95 (usually 50–95), and FWI = 10–39 (usually
20–39) (C. White, Banff National Park, personal
communication).

Underburning of aspen forests has been conducted with a
variety of objectives as discussed by Bailey (1988), Quintilio
et al. (1991), Weber (1990; 1991), and Wright and Bailey
(1982). More severe fires in aspen forests favour forbs over
grasses and aspen suckering (Brown and DeByle 1989).
Weber (1990; 1991) and Brown and Simmerman (1986)
found that suckering increased with frontal fire intensity.
Quintilio et al. (1991) discussed prescriptions for burning
aspen forests which, based on Bailey’s work in Alberta,
generally require relative humidities <35–40%. Burning
leafless stands is desirable 8–10 drying days after snowmelt
when air temperature is at least 18°C, RH is less than 30%,
and 10 m open windspeeds are 9–35 km/hr. Quintilio et
al. consider that the Initial Spread Index (ISI) of the FWI
System could integrate these factors but, at the moment,
ISI-based prescriptions are unavailable. B. Churchill (B.C.
Ministry of Environment, Fort St. John, pers. comm.)
working in the Boreal White and Black Spruce (BWBS
and Spruce–Willow–Birch (SWB) biogeoclimatic zones
considers that burning aspen stands on south-facing slopes
can be done in the spring when soils are still frozen, air
temperatures are greater than 10°C, relative humidities are
10–40%, windspeeds are 5–15 km/hr, and the FFMC is

greater than 94. Such burning will reduce aspen canopies
and allow a buildup of ground vegetation. Brown and
Simmerman (1986) have provided the most comprehensive
guidelines for developing prescriptions for burning aspen
forests, based on understorey, fuels, desired mortality, and
fire control objectives. Wright and Bailey (1982) considered
that, due to infrequent burning windows for aspen and the
fact that risky weather conditions are required, it might be
desirable to burn an aspen forest about two years after first
killing it, since then the fire could be conducted under less
risky weather conditions. The environmental acceptability
of such an approach might be questioned, however.

Fires in shrublands and grasslands

Prescribed burning of grasslands and shrublands has been
carried out extensively in B.C. and elsewhere
(e.g.,␣ Baumgartner et al. 1989; Feller and Thomson 1988;
Walstad et al. 1990; Wright and Bailey 1982), although
the success of such burns is not always well known. Burning
objectives have not always been precisely identified, burning
has sometimes adversely affected plant species desired to
be promoted, forage has not always been the limiting factor
for animal populations, burning may have adversely affected
the non-food components of animal habitat, monitoring
of burn results has sometimes been poor or non-existent,
and escaped burns have sometimes been costly (e.g., Pitt
1988; Seip 1988, Thomson 1990).

Prescriptions for burning of shrublands and grasslands are
available primarily from U.S. literature (e.g., Bunting et al.
1987; Gruell et al. 1986; Roberts et al. 1989; Skinner and
Wakimoto 1989; Wright and Bailey 1982). This literature
contains detailed discussions about the influence on burning
prescriptions of animal grazing, season (usually spring
versus fall), frequency of fire, fuels, plant species present,
management objectives, and other relevant factors. The
general consensus of these studies is that either spring
or fall burning may occur, depending on the situation and
management objectives, and that optimum weather
conditions are air temperatures of 15–30°C, rela-
tive␣ humidities of 15–50% and midflame windspeeds of
5–15␣ km/hr. G. Tipper (B.C. Ministry of Environment,
Cranbrook, pers. comm.) considers that burning of
shrubland and grassland mixtures can be accomplished in
spring with air temperatures close to 20°C, relative
humidities less than 30%, and windspeeds of 5 km/hr.

Gruell et al. (1986) provide a range of prescriptions for
different stages of Douglas-fir invasion of shrubland/
grassland complexes, aimed at killing the Douglas-fir trees.
These prescriptions generally involve air temperatures of
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10–27°C, relative humidities of 15–60%, average
windspeeds of 5–20 km/hr, and FFMC values (calculated
from their data) of 83–92.

Conclusion
It has been the intention of this review to demonstrate
that we have sufficient knowledge to develop scientifically
defensible prescribed burning plans for a variety of
situations, both for living vegetation and for slash, from a
vegetation management perspective. This involves follow-
ing the accepted planning procedure and developing
appropriate prescriptions based on local and other exper-
ience. Lack of familiarity with a particular type of prescribed
burning should not be an insurmountable obstacle to the
use of prescribed fire, as there are several tools and much
prior experience that can be utilized to facilitate the use of
fire for vegetation management purposes. Some of these
tools and experience are discussed above.

This is not to suggest that we know all we need to know
about the use of prescribed fire for vegetation management
purposes. Certain major problem areas need to be
addressed, including: more accurate methods of measuring
fire severity; more accurate methods of predicting fire
severity (i.e., development of prescriptions for fires of
different severities); quantification of the influence of fire
severity on vegetation; and a better understanding of the
effects of range, wildlife habitat, and ecosystem
conservation prescribed burning on vegetation, soils, and
wildlife. Prescribed fire must play a role in vegetation
management, and correct and knowledgeable execution is
mandatory to ensure that it continues to play this role.
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Abstract
The results of a large vegetation control trial
established in 1987, using mechanical and other
site preparation treatments, are reported. The trial
is located at Inga Lake, near Fort St. John, British
Columbia, in the Boreal White and Black Spruce
biogeoclimatic zone. Vegetation responses are
discussed as they relate to three variables: plant
community establishment, successional pathways,
and phenology. It is concluded that ecosystem/
treatment combinations lead to somewhat
predictable results for each of these three variables.
Each variable will affect seedling survival and
growth and should be carefully considered when
developing management strategies.

Introduction
Site preparation plays a vital role in British Columbia’s
regeneration program. In the 1993/94 field season,
over 166 000 hectares of forest land were site prepared
in the province (B.C. Ministry of Forests 1995).
Mechanical site preparation (MSP) accounted for
60%, or approximately 100␣ 000 hectares.

Mechanical site preparation can have a significant
effect on vegetation complexes ( Jobidon 1990).
Consideration of these effects should be an integral
part of all site preparation prescriptions.

Under the auspices of the Canada–British Columbia
Forest Resource Development Agreement (FRDA
1985–1990), six large MSP trials were established in
the Prince George Forest Region under FRDA
Project 1.10. Four of the trials were established in
1986, two were established in 1987. The progressive
development of seral vegetation was monitored on
all sites.
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This paper is limited to a detailed description of vegetation
development on five treatments at one location, Inga Lake.
Vegetation responses are discussed as they relate to three
variables: plant community establishment, successional
pathways, and phenology. Other treatments from the Inga
Lake trial and general observations from the other FRDA
1.10 trials will be drawn upon in the final discussion and
conclusions.

Methods

Site Description
The Inga Lake trial is located in the Peace moist warm
variant of the Boreal White and Black Spruce biogeocli-
matic zone (BWBS mw1). Soils are fine-textured and gen-
erally well drained. Trembling aspen (Populus tremuloides),
Sitka alder (Alnus crispa ssp. sinuata), and various willows
(Salix spp.), originating from wildfire in the mid-1950s,
were sheared and windrowed in winter 1986/87.

Experimental Treatments
Site treatments, listed below, were undertaken in 1987 and
the area was planted with white spruce (Picea glauca) in
spring and summer 1988 (McMinn and Bedford␣ 1988).

The following five treatments will be discussed in this paper.

Control

Winter sheared and piled in 1986/87; spring planted with
boot screefing in 1988.

Burned Windrows

The windrows formed by shearing and piling were burned
in October 1987. The planting spots chosen were in well-
burned areas with no residual slash present. The windrows
were completely consumed and the forest floor under the
windrows was significantly reduced.

Madge

The Madge Rotoclear formed a well-mixed layer of surface
organic matter and mineral soil, about 15 cm deep
(Figure␣ 1). The 225-cm-wide drum turns at approximately
300 rpm, sufficiently fast to comminute the roots and
above-ground stems of the aspen and willow that had
resprouted by the time the site was prepared on July 17,
1987. The entire area of the plot was prepared.

Figure 1. Mixing with use of the Madge Rotoclear in
preparing the Inga Lake site.

Breaking Plow

A three-bottom breaking plow, pulled by a D7 crawler
tractor, created berms that were laid side by side. Generally,
furrow slices were inverted so that the “upside-down” forest
floor was directly on top of the mineral soil exposed by
removal of the previous furrow slice (Figure 2). The entire
area of the plot was prepared on September 23, 1987.

Figure 2. Berms laid side by side by breaking plow at
the Inga Lake site.

Disc Trencher

A TTS Delta powered trencher created furrows and berms
on September 23, 1987.  Penetration was sufficient to give
an appreciable mineral soil covering to the inverted LFH
layers for most of the length of the berm. Seedlings were
planted on the hinge (Figure 3).

Figure 3. Furrow and berm prepared by disc trencher.
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Study Design and Statistical Analysis

Design
The Inga Lake study area was set up as a randomized block
design with five blocks. Each block consisted of one
25␣ ×␣ 30␣ m rectangular plot or “mini stand” for each of the
five treatments noted above. Forty-eight seedlings were
planted in each plot for a total of 240␣ seedlings per
treatment. Each tree was measured in the fall for height
and diameter.

Vegetation was assessed in July/August using seedling-
centred 1.0 m radius circles established on ten seedlings
per plot for a total of 50 samples per treatment. Vegetative
cover (visually estimated), average height, and dominant
species were recorded for each sample. In addition, the
distance from the seedling to the nearest vegetation was
recorded.

Statistical Analysis
Analysis of variance (ANOVA) was used to analyze
seedling height and diameter measurements using
Statistical Analysis Systems (SAS). Differences among
treatment means were evaluated with Duncan’s Multiple
Range Test.

A competition index (CI) was calculated for each treatment
using the following formula:

mean vegetation height × mean vegetation percent cover

mean distance to nearest seedling

Results and Discussion

Plant Community Establishment and
Successional Pathways

Control

Vegetation development on the control was rapid and
extensive. By the end of 1988, the average height of
vegetation was 38 cm and 70% of the ground was covered
by vegetation. After five growing seasons (1992), the
average vegetation height was 144 cm and the ground cover
was 85%.

The competitive index (Figure 4) decreased somewhat in
1990 due to a leaf miner attack on the willows (Scouler’s
willow [Salix scouleriana], Bebb’s willow [S. bebbiana] and
pussy willow [S. discolor]), then increased significantly in
1991 and 1992.

One year after shearing, aspen, willow, and alder were well
established on the site. The grasses, fuzzy-spiked wildrye
(Elymus innovatus), blue wildrye (E. glaucus), and bluejoint
(Calamagrostis canadensis) were also quite common. Over
time, willow, alder and aspen became more dominant at
the expense of grass. By year five, the dominant species on
site were similar to those present prior to treatment.
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Figure 4. Control treatment, competitive index, and
dominant species, Inga Lake, 1988 to␣ 1992.

Burned – Windrows

The fire was sufficiently intense to eliminate the three
dominant pre-treatment species: willow, aspen, and alder.
The competitive index remained low throughout the term
of the trial (Figure 5). By 1992, the average vegetation
height was 42 cm and the ground cover was only 31%.

In 1988, the fire-treated site was dominated by Bicknell’s
geranium (Geranium bicknellii) and fireweed (Epilobium
angustifolium). The geranium proved to be ephemeral and
was almost completely absent by 1989. The decrease in
geranium accounts for the lower competitive index in 1990
(Figure 5).
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By year five, the vegetation complex included a broader
mix of dominant species but early seral species such as
fireweed, horsetail (Equisetum spp.), and bluejoint still
dominated.

In 1988, the Madge treatment was dominated by fireweed,
herbs, and forbs. Shrubs were only evident on small
untreated strips where passes made by the Madge had not
overlapped. By 1992, bluejoint had replaced fireweed as
the most dominant species. Shrubs were increasing but were
still relatively insignificant.
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Figure 5. Burned/windrow treatment, competitive
index, and dominant species, Inga Lake, 1988
to 1992.

Breaking Plow

Vegetation development on the breaking plow site was
relatively low from 1988 to 1990, but increased significantly
in 1991 (Figure 6). By 1992, the average vegetation height
was 69 cm and the ground cover was 60%. The spruce
seedlings were well established and thrifty. Vegetation was
not visibly affecting seedling performance. However, if
shrub development continues at the present rate, seedling
performance may be compromised in the future.

In 1988, the breaking-plow–treated site was dominated by
fireweed. Over time, the number of dominant species
increased (e.g., species such as rose [Rosa acicularis], willow,
and alder). By year five there was a broad range of dominant
species.

Madge

Vegetation development on the Madge-treated site was
minimal in 1988 and remained relatively low throughout
the duration of the trial (Figure 7). While ground cover
increased to 74% after five growing seasons (1992), average
vegetation height was only 38 cm. It is not anticipated that
vegetation will seriously compromise future seedling
performance.
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Figure 6. Breaking plow treatment, competitive index,
and dominant species, Inga Lake, 1988
to␣ 1992.

Figure 7. Madge Rotoclear treatment, competitive
index, and dominant species, Inga Lake, 1988
to␣ 1992.
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Disc Trencher

Vegetation development on the disc trencher was similar
to the control (i.e., by year five it was dominated by dense
willow, alder, and aspen). For simplicity, specific information
is not included in this paper.

The four detailed examples given above illustrate how
vegetation complexes changed when an ecosystem was
constant but treatment types varied. Results showed that
if the treatment type, treatment intensity, and ecosystem
were consistent, the type of plant community that
developed approximately one year after site preparation was
quite predictable. It was also found that the development
of seral vegetation to the end of the fifth growing season
(1992) was also reasonably predictable (Figures 4 to 8).

Preliminary observations also indicate that if the treatment
is constant and the ecosystem is varied, the resulting vegeta-
tion complex will vary in a reasonably predictable manner.
For example, five years after treatment, is was generally
observed that for drier areas (submesic to mesic) treated
with the Madge, there was less total vegetation on the␣ site
but a greater number of dominant species (e.g.␣ bluejoint,
rose, fireweed, and clover). In contrast, on wetter sites,
vegetation was more dense and dominated by bluejoint.

Phenology
It is important for forest managers to understand which
vegetation complex will develop on a site following MSP
and how this complex will progress over several years. It is
also important to understand how the different vegetation
complexes develop during the course of a season and how
this development affects seedling performance.

A pilot study in which vegetation and seedling development
were monitored biweekly was initiated in 1991. More
intensive monitoring occurred in 1992 and in 1993. This
report introduces the preliminary data collected in 1991.
A subsequent report will deal with vegetation dynamics
over the three-year period.

Different vegetation communities develop differently over
a growing season and consequently their effects on seedling
growth also differ (DeLong 1991). For example, on this
site seedlings growing in the willow-aspen-alder complex
(control) were overtopped prior to the growing season.
Early development of foliage in the spring led to immediate
and dense overtopping. In contrast, the grass-dominated
complex (Madge) developed from the ground up and did
not overtop seedlings until later in the season (Figure 9a).

A similar observation was noted in New Brunswick
(Salonius et al. 1991), where it was found that woody com-
petitors were more detrimental to seedling growth than
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Figure 8. The competitive index and dominant species
at Inga Lake with different mechanical site
preparation treatments, 1988 to 1992.

In summary, we found that for plant community
establishment and successional pathways, a common
ecosystem treated with different types of MSP leads to
very different, but reasonably predictable, vegetative
complexes.
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Figure 9a. Percent average vegetation cover overtopping
seedlings between May 15 and June 25, 1991,
at Inga Lake under varied site-preparation
treatments.
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herbaceous competitors; the herbaceous competitors
allowed more direct sunlight early in the growing season,
when they were developing from the ground up.

It is interesting to note that, at Inga Lake, seedling height
increment was lower for the control and peaked earlier in
the season than with the other treatments (Figure 9b).

Figure 10. Frost damage was inversely related to
vegetation cover at Inga Lake between
May␣ 29 and June 12, 1991.

Predicting Vegetation Response
As noted above, mechanical site preparation treatments lead
to somewhat predictable vegetation responses. These
vegetation responses have important management
implications. Some of these implications are noted below:

• Vegetation affects seedlings directly and indirectly
and can significantly affect overall seedling
performance (Figure 11). While not all of the
variation in seedling performance illustrated in
Figure␣ 11 can be directly attributed to vegetation, on
this site vegetation plays a leading role in determining
seedling performance.

• Vegetation cover may significantly affect the degree
of seedling damage caused by rodents (Figure 12).
At Inga Lake, treatment areas with a high vegetation
index provided cover for rabbits, and in turn suffered
increased rabbit damage. It is interesting to note that
the highest level of damage occurred on the disc
trencher treatments. The vegetation on this treatment
was sufficient to provide shelter for the rabbits and
the furrows provided passageways that directed the
rabbits to the seedlings.

• Knowledge of vegetation phenology is useful in
determining the most appropriate time to treat a site.
For example, if an MSP treatment that exposes
mineral soil is used and fireweed is seen to be a major
competitor on the site, treating the site in late summer
(when fireweed is casting its seed) could lead to
increased vegetative competition. Under these cir-
cumstances, a late summer treatment would have the
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Figure 9b. Progressive seedling height growth between
May 15 and July 22, 1991, at Inga Lake
under varied site preparation treatments.

As vegetation communities develop, seedlings may be
exposed to various forms of stress that relate directly to the
stage of development of the vegetation on site. For example,
Sutton (1984) has shown that tall vegetation may act as a
nurse crop, protecting seedlings from frost damage. In
contrast, it has been shown that short grass, where the top
of the seedling is near the upper surface of the grass, may
lead to increased frost damage (Stathers 1989; Örlander
et␣ al. 1990). It must be noted that a grass species such as
bluejoint grows from the ground up each year, so will affect
a seedling differently at different times in the growing
season. In 1991, at Inga Lake, bluejoint approached the
average seedling height relatively early in the season, hence
the risk of spring frost damage increased. As noted earlier,
percent cover of bluejoint increased significantly on areas
treated by the Madge, with the result that seedlings planted
on the Madge-treated areas were susceptible to spring frost
damage in 1991 (Figure 10).
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seed being cast into a very receptive seedbed and pro-
bably germinating aggressively the following spring.

• An understanding of seral development is also
important for determining follow-up treatments. For
example, it was noted earlier that the first year after a
site similar to Inga Lake is treated with the breaking

plow, it will be invaded quickly by fireweed. Over
time, however, the vegetation complex will change
to include bluejoint and a number of other species.
However, if the plowed area is treated with herbicide
when it is in an early seral state (i.e., dominated by
fireweed), the fireweed will be virtually eliminated
from the site and the vegetation will shift directly to
a complex dominated by bluejoint (Bedford and
McMinn 1992).

• Knowledge of vegetation succession may be used to
develop treatments that provide forage for animal
species (e.g., moose move into the Inga Lake site in
the fall and heavily browse the willow). In the
southern United States, vegetation following MSP
has been carefully monitored to see which treatment
type provides the most favourable vegetation complex
for a range of wildlife species (Locasio et al. 1991).

• Different seral pathways may affect long-term site
productivity. For example, what are the long-term
implications for a site that includes a grass complex
as part of its development (for example, a site treated
with a Madge Rotoclear rather than burned
windrows)? More information is required before this
question can be properly answered.

Conclusion
In this study we found that specific mechanical site
preparation treatments on specific ecosystems lead to
somewhat predictable vegetation responses. Understanding
and predicting these responses has important implications
for management and should be considered in determining
site preparation prescriptions. Further research is required
on a broader range of ecosystems, to allow accurate
prediction of seral vegetation sequences on a wide range of
sites. Continued research is also required to determine the
role different seral pathways play in determining long-term
site productivity.
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Figure 11. On the Inga Lake site, vegetation plays a
leading role in determining seedling
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Figure 12. At Inga Lake, treatment areas with a high
vegetation index provided cover for rabbits
and suffered increased rabbit damage.



42

Integrated Forest Vegetation Management: Options and Applications

References
B.C. Ministry of Forests. (1996.) 1993–1994 Annual

Report. B.C. Ministry of Forests, Victoria, B.C.
In␣ prep.

Bedford, L. and R.G. McMinn. 1992. Stewart Lake:
Testing the biological effectiveness of mechanical
site preparation equipment (preliminary results).
MSP Tour October 6, 1992. Forestry Canada and
B.C. Ministry of Forests, Victoria, B.C.

DeLong, S. 1991. The light interception index: A
potential tool for assisting in vegetation
management decisions. Can. Jour. For. Res.
21:1037–1042.

Jobidon, R. 1990. Short-term effect of three mechanical
site preparation methods on species diversity. Tree
Planter Notes 41(4): 39–42.

Locasio, C.G., B.G. Lockaby, J.P. Caulfield,
M.B.␣ Edwards, and M.K. Causey. 1991.
Mechanical site preparation effects on understorey
plant diversity in the piedmont of the southern
USA. New Forests 4(4):261–269.

McMinn, R.G. and L. Bedford. 1988. Establishment
report for Inga Lake. Forestry Canada and B.C.
Ministry of Forests, Victoria, B.C. Unpubl.
Establishment Report.

Örlander, G., P. Gemmel, and J. Hunt. 1990. Site
preparation: A Swedish overview. Forestry Canada
and B.C. Ministry of Forests, Victoria, B.C. FRDA
Report No. 105.

Salonius, T.O., K.P. Beaton, and T.G. Murray. 1991.
How to estimate future competitive stress to better
spend herbicide dollars. For. Can. Maritime
Region, Fredericton, N.B. Note 251.

Stathers, R.J. 1989. Summer frost in young forest
plantations. Forestry Canada and B.C. Ministry of
Forests, Victoria, B.C. FRDA Report 073.

Sutton, R.F. 1984. Plantation establishment in the boreal
forest: Glyphosate, hexazinone, and manual weed
control. For. Chron. 60(5):283–287.



43

Cover Crops for
Forest Vegetation Management

Chris Thompson
B.C. Ministry of Forests

Nelson Region

Ordell Steen
B.C. Ministry of Forests

Cariboo Region

Abstract
Seeding grass and legumes to replace invading
native species is a method of vegetation control
that is being tried in a number of places in British
Columbia. Limited control of herbaceous species
has been achieved, but most trials have reported
short term reductions in the growth of planted
seedlings. Cover crops can also improve forage
values if the right species are included in the seeding
mix. They can accelerate organic matter
accumulation on mechanically prepared sites and
can also increase soil nitrogen fixation if legumes
are included in the seeding mix. Choice of species
for inclusion in a mix involves balancing species
characteristics against the objectives of the seeding.
Seeding should be timed to maximize seedbed
qualities without compromising seedling
performance. However, cover crops may not be
necessary in a properly planned and implemented
reforestation program. Cover crops are probably
most effective against species that invade the site
in the seed rain. They are probably least effective
against invader species of root origin.

Introduction
Competing shrub and herbaceous vegetation are
principal obstacles to successful reforestation of many
forest sites in British Columbia. Methods commonly
used to reduce this competition include broadcast
burning, mechanical site preparation, herbicides, and
manual cutting. Recently, seeding of agronomic
species has been used as an alternative to herbicides
and as a means to enhance the effectiveness of burn-
ing, mechanical, and manual methods for vegetation
control. The use of agronomic species, or cover crops,
for controlling vegetation is based on the premise that
the seeded species, if established quickly after
disturbance, will replace or delay the development of
the native vegetation. Since composition of the seeded
vegetation can be largely controlled by selecting the
appropriate species for seeding, the seeded vegetation
may have less detri-mental effects on crop tree
establishment and growth than would the native
vegetation. In addition, species may be selected for
other objectives such as forage.
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Operational Use of Cover Crops
for␣ Vegetation Control

In the late 1970s a program of seeding freshly burnt
clearcuts in the Coast Range of Oregon was initiated by
the Oregon Fish and Wildlife Service for the purpose of
enhancing ungulate (primarily elk) habitat (Steve Smith,
Oregon F. & W. Service. pers. comm. 1993). It was soon
noted that the forage improvements were accompanied by
a reduction in the abundance of native species. This
prompted silvicultural use of the agronomic species for
controlling native vegetation and improving tree seedling
establishment. The program was initiated largely as
individual initiatives rather than as a coordinated program,
and ranged in size from about 1000 ha per year (Gene
Klingler, U.S. Forest Service, pers. comm. 1993) to about
50 ha per year (Walt Kastner, Oregon, Bureau of Land
Management, pers. comm. 1993) in individual ranger
districts. Usually, improved grazing (domestic sheep or elk)
was also a stated objective, but in some cases, there was no
grazing objective (Noel Wolff, Washington State, D.N.R.
pers. comm. 1993). The seeding mix was then modified to
include less palatable species. In all but the Oregon Fish
and Wildlife program, there was a significant reduction in
the scale of the program in the mid-1980s as the use of
broadcast burning decreased. Seeding without a prepared
seedbed was tried, and was found to be ineffective (Noel
Wolff, Washington State, D.N.R. pers. comm. 1993).

In British Columbia, seeding of agronomic species for
vegetation control has been used intermittently since the
early 1980s. The method has been used by silviculturists
in every forest region, but with few exceptions, in only one
or two forest districts within any region. The scale of the
program has generally been small with programs ranging
from about 50 to 1000␣ ha per year. As in Oregon, the
method has been used as an individual initiative, rather
than in a coordinated regional or provincial program. Unlike
in the U.S., seeding for vegetation management has been
separate from seeding for forage enhancement. Seeding
clearcuts for temporary cattle forage has been practiced
extensively for many years in British Columbia, (Clark and
McLean 1974, 1978, 1979; McLean et al. 1986) but since
the seeding rates and species used for vegetation control
are different from those used for forage enhancement, this
application of seeding forest lands is not considered in this
paper.

In most studies (Trowbridge and Tromp 1990; Drinkwater
and Erickson 1993; Negrave and Kabzems 1993) and
operational treatments in northern B.C. (Bob Drinkwater,
B.C. Forest Service, Smithers. pers. comm. 1993), the
emphasis has been on the use of fescues and legumes. In
central and southern B.C., the emphasis of trials (Dennis
Lloyd, B.C. Forest Service, Kamloops, pers. comm. 1993;
Paul Courtin, B.C. Forest Service, Vancouver, pers. comm.
1993) (Hanlon and Ketcheson 1990; Ketcheson 1991 and
1993; Steen and Smith 1991; Bauer and Ketcheson 1993)
and operational treatments  (Dave Salayka, B.C. Forest
Service, McBride, pers. comm. 1993; Geoff Ellen, B.C.
Forest Service, Clearwater. pers. comm. 1993; Terry
Hammond, Pope and Talbot, Nakusp. pers. comm. 1993)
has been on a wider range of grass species, but the legumes
tested have mostly been limited to white and alsike clover
(Trifolium repens L. and T. hybridum L.).

Effectiveness of Cover Crops

Effects on Vegetation
Most trials and operational treatments have demonstrated
that seeding of agronomic species can significantly reduce
the abundance of native species. Seeding fescues (Festuca
ovina L. and F. rubra var. commutata L.) gave significant
reductions in the cover of both fireweed (Epilobium
angustifolium L.) and thimbleberry (Rubus parviflorus
Nutt.) in northern British Columbia (Drinkwater and
Erickson 1993). On a coastal alluvial site in northwestern
British Columbia, reinvasion of thimbleberry was reduced
by a combination of blading and seeding grasses, while
legumes produced a reduction in density and height of
regenerating red alder (Coates et al. 1993). Seeding with
grass-clover mixes gave effective control over annual species
but not shrubs in Idaho (Eissenstat and Mitchell 1983), in
northeastern British Columbia (Negrave and Kabzems
1993) and in central British Columbia (Steen and
Smith␣ 1991).

The reduction in cover of native species after seeding
agronomic species is usually accompanied by an increase
in the total vegetation (seeded plus native) cover (Figure␣ 1).
Kidd (1982) also reported a reduction in native vegetation
cover, but a 60% increase in total vegetation biomass
following heavy seeding.
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Effects on Crop Tree Seedlings

Survival

Seeding of agronomic species can depress survival of
planted trees on dry sites due to competition for moisture
by the seeded species. Seeding on dry sites reduced the
survival of planted yellow pine (Pinus ponderosa Laws.)
(Baron 1962) and lodgepole pine (Pinus contorta Dougl.)
(Powell et al. 1993) with the magnitude of the effect
depending both on the seeded species and seeding rate.
On moister sites in the Coast Range of Oregon, Klingler
(1986) found that colonial bentgrass (Agrostis tenuis Sibth.)
and creeping red fescue (Festuca rubra L.) caused more
Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco var.
menziesii) seedling mortality than the other species tested.

In contrast, other studies found no impact of seeding on
the survival of Douglas-fir (Eissenstat and Mitchell, 1983;
Kastner and Monthey 1992), yellow pine, or grand fir (Abies
grandis (Dougl.) Lindl.) (Seidel et al. 1990), lodgepole pine
or Engelmann spruce (Picea Engelmannii Parry) (Steen and
Smith 1991).

Growth

In most studies, early growth of planted trees has been
reduced by seeding with grasses and legumes. Steen and
Smith (1991) and Thompson and Ketcheson (1993) both
report diameter and height growth reductions in planted
spruce that were proportional to the resultant cover of the
seeded vegetation (Figure 2).

Seeding grasses and legumes is reported to reduce both
height and diameter growth of Douglas-fir (Kidd 1982;
Eissenstat and Mitchell 1983; Kastner and Monthey 1992),
with the amount of the reductions depending on both the
seeded species and seeding rate (Klingler 1986).

On an alluvial site in northwestern B.C., Sitka spruce (Picea
sitchensis (Bong.) Carr.) diameter growth was reduced by
25% by seeded sod-forming grasses, while height growth
was reduced by 10% (Coates et al. 1993)

Reductions of lodgepole pine growth are less frequently
reported. Although Powell et al. (1993) report both height
and diameter growth reductions that are related to both
seeded species and seeding rate, Trowbridge and Holl
(1992) suggest that these reductions become insignificant
after about five years.
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Figure 1. Impact of seeding on vegetation cover on a
burnt site in the ICH biogeoclimatic zone,
north of Revelstoke in southern B.C. Seeding
with the most effective mix (Mix 3) reduced
the cover of bracken (Pteridium aquilinum
(L.) Kuhn.), fireweed (Epilobium
angustifolium L.), and red raspberry (Rubus
idaeus L.), but not that of low herbs. Total
cover was increased by about 15% by seeding.

The effects of agronomic species on native vegetation
depend very much on the mode of regeneration of the native
species. If revegetation is primarily by sprouting from
rootstocks and rhizomes, seeded species will have relatively
little effect compared to sites where revegetation is primarily
by seed rain. As a result, the effectiveness of agronomic
species is very dependent on the effectiveness of site
preparation in reducing the number of root stocks,
rhizomes, and banked seed on the site prior to seeding.
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Figure 2. Engelmann spruce diameter growth after
seeding on a burnt site in the ICH
biogeoclimatic zone north of Revelstoke in
southern British Columbia. Diameter growth
reductions were also recorded after seeding
the same mixes on a mechanically prepared
site in the ESSF zone. Height growth
responded similarly, though to a lesser extent.

Anecdotal information suggests that the growth reductions
may disappear in other species after five to seven years,
and may even turn into growth gains after that period (Noel
Wolff, Washington State, D.N.R. pers. comm. 1993).

The causes of the growth reduction after seeding are
unclear. Most grasses are inefficient in their use of soil
moisture. On drought-prone sites or in drought years,
competition for soil water is probably a significant cause
of increased mortality and possibly also of growth reduction.
But growth reductions occur on sites and in years in which
soil water is not limiting. Kidd (1982) was unable to detect
plant moisture stress differences between Douglas-fir
seedlings growing on seeded areas and those growing on
unseeded areas. Eissenstat and Mitchell (1983) could only
detect significant water potential differences in drought
periods. Both concluded that while some of the differences
in performance may be due to moisture stress, there are

other factors contributing to the difference in performance.
Messenger (1976) discussed competition between grass and
trees, and concluded that competition for other resources
contributed to an induced nitrogen deficiency that resulted
in reduced growth. He noted that there were probably other
factors involved, and suggested that allelopathy might be
one.

Rodent Damage

Baron (1962) noted that grass seeding increased mouse
and rabbit populations that resulted in increased tree
damage. Increased vole populations have been noted in
association with other seeding operations (Shane Berg, B.C.
Forest Service, Grand Forks, pers. comm. 1993; Walt
Kastner, Oregon, Bureau of Land Management, pers.
comm. 1993) but this can be countered by permitting sheep
grazing and leaving perching habitat for raptors (Gene
Klingler, U.S. Forest Service, pers. comm. 1993). The
majority of seeding operations surveyed in the course of
preparing this paper reported no problems with rodents
after seeding.

Grass Press

Grass species are notorious for their smothering effect on
small trees. However, species for seeding are usually selected
for their short stature to reduce this probability. In spite of
this, seedling smothering has been recorded in several
studies. Steen and Smith (1991) reported up to 5% of the
planted Engelmann spruce smothered by creeping red
fescue. Negrave and Kabzems (1993) report a similar
problem with alfalfa (Medicago sativa ␣ L.), birds-foot trefoil
(Lotus corniculatus L.) and alsike clover seeded on rich sites,
and Ketcheson (1991) reported the same problem with
seeding a mixture of white and alsike clover, creeping red
fescue, and redtop (Agrostis alba L.) at high rates.

Other Effects

Legumes are incorporated into seeding mixes for two
reasons. One is to improve the forage values of the seeded
mix, and the second is to exploit the nitrogen-fixing
properties of legumes. The improved forage has resulted
in increased elk calving rates (Steve Smith, Oregon Fish
and Wildlife Service, pers. comm. 1993), but increased first-
year browse damage to the seedlings has also been reported
(Walt Kastner, Oregon Bureau of Land Management, pers.
comm. 1993). In contrast, Baron (1962) reported reduced
ungulate damage as a result of seeding.
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The nitrogen-fixing properties of alsike clover have been
documented by Trowbridge and Holl (1992), who report
increased foliar mass and increased foliar nitrogen in
lodgepole pine, four years after seeding and planting. To
maximize legume effectiveness, legume seed inoculation
with Rhizobium is essential. Trowbridge and Holl (1988)
and Trowbridge and Tromp (1990) document procedures
for inoculation and legume testing.

Other results of the use of cover crops include reduced
surface erosion (Ketcheson 1991), and accelerated organic
matter replacement on mechanically prepared sites (Geoff
Ellen, B.C. Forest Service, Clearwater, pers. comm. 1993).
Neither has been documented extensively, but either would
be important justification for the use of cover crops (Steen
and Smith 1991).

A final potential benefit of seeding site prepared areas that
is difficult to document is the accelerated visual green-up
of highly visible disturbed sites.

Cover Crop Establishment
As with the regeneration from seed of any plant species
there are three factors that have to be considered. These
are seed source, seedbed, and seedling environment.

Seed Source: Species, Rate, and Timing
Hughes et al. (1973) list over 170 species of grass and over
90 species of legumes that could be used for cover crops.
Most of the commonly used species in sub-boreal
environments are summarized in the Alberta Forage
Manual (Alberta Agriculture 1990). Drinkwater (1993)
provides a summary of the characteristics of the more
frequently used species in British Columbia, and a step-
by-step procedure for developing a seeding prescription.

Cover crops are usually created by seeding a mix of species,
and only rarely by seeding single species. A species is
selected for use in a mix after consideration of factors such
as the purpose of the cover crop. If forage is one of the
objectives, at least some of the species will be selected for
palatability. An objective of augmenting site nitrogen will
lead to the selection of one or more legumes. If site stability
or surface erosion is a concern, then one of more sod-
forming species should be selected. Species used as a cover
crop for vegetation management for seedling establishment
should be aggressive colonizers, short in stature, and
relatively short lived. In that way, the site can be effectively

claimed, the seedlings will not be overtopped, and the native
vegetation invasion will be delayed. Trying to achieve too
many objectives will result in mixes that have too little of
any species and thus will probably not achieve any of the
objectives.

For example, orchardgrass (Dactylis glomerata L.) is highly
palatable, and has rapid regrowth from grazing. It is also
an aggressive species, colonizing sites rapidly. These,
together with its non-rhizomatous habit might make it a
good species for vegetation control, if it were not for its
persistence on the site, and relatively tall stature (although
dwarf varieties are available). It also tends to dominate a
site early in the season such that it is not uncommon to see
orchardgrass in flower before conifer seedling elongation
has occurred in spring. Perennial ryegrass is also very
aggressive and non-rhizomatous. It is relatively short, has
a fine bladed leaf and a small flower head, and tends to
decrease on a site after three to four years. It is also less
palatable than orchardgrass. Perennial ryegrass is probably
a better choice than orchardgrass for a cover crop species,
unless forage enhancement is also an objective. Creeping
red fescue is also a relatively short growing species, with a
very fine leaf blade. It takes a little longer to establish, but
once established, will continue to increase for several years.
This together with its rhizomatous habit make for very
effective site occupancy. On some sites it can make a very
good cover crop, but on sites where slower tree growth is
expected, creeping red fescue may be too aggressive. Some
tree mortality has been associated with creeping red fescue
(Klingler 1986). Of the three species it is the least palatable,
but if erosion control is a concern, its rhizomatous habit is
potentially very useful. It could also have a role against
aggressive tall grass species such as bluejoint reed grass
(Calamagrostis canadensis (Michx.) Beauv.)(Negrave and
Kabzems 1993).

Of the legumes, white clover is probably the most frequently
used. It is low growing, colonizing a site fairly rapidly, but
has a fairly shallow root system. It also tends to decrease in
cover after two to three years, especially if sown in
combination with grasses. Another legume that is being
increasingly used is birds-foot trefoil. Like clover it provides
most benefits if correctly inoculated before seeding
(Trowbridge and Holl 1988). It tends to develop more
slowly on a site than white clover, but persists longer on a
site after establishment. It also has a much deeper tap root
than white clover and is thus probably a better species for
site rehabilitation than white clover. However, on rich sites
it can grow quite tall, and smothering of seedlings has been
reported (Negrave and Kabzems 1993).
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In short, there is no substitute for local experience and
clearly defined objectives when selecting species for seeding.

Seeding mixes are developed after consideration of the
seeding objectives and the characteristics of the species
being considered. For example, it is common to see both
white clover and birds-foot trefoil in a mix, with the
expectation that the clover will claim the site relatively
quickly, and as it declines be replaced by the trefoil. A
rapidly colonizing grass species may also be combined with
a species that takes longer to get established, but persists
longer than the colonizer. In many cases, since there are
many unpredictable factors such as post seeding weather,
and variations in the seedbed, several species are included
in the mix for “insurance” purposes. There is no opportunity
to re-do a seeding that fails.

The rate at which seed is applied to the site is, for practical
purposes, described in kg/ha, and the components of the
mix are defined as percent by weight. This is an unfortunate
reality. Seed sizes vary considerably. One species commonly
prescribed in B.C. is redtop, which has 11 003 000 seeds
per kg. At the other extreme is fall rye (Secale cereale L.)
with 39 690 seeds per kg (Hughes et al. 1973). Seeding
redtop at 10 kg/ha results in 110 seeds per 100␣ cm2, while
seeding fall rye at 10 kg/ha results in 0.4 seeds per 100␣ cm2.
Drinkwater (1993) developed a spreadsheet to balance
species, seeding objectives and seeding rates to achieve
specified seed density objectives. Operational rates have
ranged from about 15 seeds/100␣ cm2 to as high as
110␣ seeds/100␣ cm2. The current trend is for rates between
15 and 25 seeds/100␣ cm2.

Seed is most often applied in mid- to late-summer or fall.
If seeded in summer, germination and initial growth will
take place before fall dormancy. Fall seeding must be
sufficiently late, usually just prior to initial snow
accumulation, that germination does not occur until the
following spring. Spring seeding is less common due
primarily to logistical limitations. Some evidence
(Drinkwater 1993) suggests that clover seeded in the spring
establishes better than that seeded in the fall. However,
differences between spring- and fall-seeded clover at a high
elevation site in central British Columbia had disappeared
by the second year after seeding (Steen and Smith 1991)

Seeding and crop tree planting must be contemporary
(Baron 1962; Seidel et al. 1990). Planting into a cover crop
that has been established even only a portion of one growing
season prior to planting will result in higher tree seeding
mortality and greater growth reductions than if planting
and seeding are contemporary.

Seedbed
There is unanimity on the importance of a fresh seedbed
for seeding (e.g., Wolff 1987; Kastner and Monthey 1992).
Site preparation, either by broadcast burning or mechanical
scarification, is required to reliably establish a cover crop.
Seeding domestic grasses onto undisturbed duff generally
produces poor results. Even spring seeding on a seedbed
created the previous fall will probably be less successful
than seeding immediately after site preparation.

The nature of site preparation will influence the quality of
the cover crop. The great variety of seedbed environments
produced by mechanical site preparation will result in great
variations in cover, due largely to the variations in the quality
of the seedbed (Steen and Smith 1991). Broadcast burns
typically vary considerably in intensity within the burn.
The higher-intensity burns offer the most effective seedbed,
while the lower-intensity burns often have many residual
native plants that are able to redevelop after the burn, faster
than the seeded species can germinate and grow. In those
portions, any cover crop will be far less effective.

Environment
Soil moisture is essential for germination. If the weather
turns dry and warm immediately after seeding, much of
the newly disseminated seed will not germinate until soil
moisture again becomes adequate. If this occurs with a
summer seeding, that seeding could effectively become a
fall seeding. With a spring seeding, regrowth of native
species will proceed unaffected, making the cover crop less
effective (Thompson and Ketcheson 1993).

Elevation has a major impact on the growing environment.
The relationship of day length to the growing season, and
the duration of the winter snow pack both can have a
significant effect on the relative performance of seeded
species. Clover in particular appears to do very poorly in
the ESSF (Steen and Smith 1991). It is unclear why this is
so. One possible explanation may be the inability of the
species to survive a long snow-covered period. Observation
suggests that some grass species may follow different
growth strategies at upper elevations, possibly due to the
need to grow vegetatively, when reducing day lengths are
driving the species into reproductive mode. Orchardgrass
appears to be one such species.

The effectiveness of a seeding mix is very site-specific. A
mix that works well on a burnt seedbed, may behave
differently on a mineral soil seedbed; and one that works
at valley bottom, may not work high on the ridge.
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Application Methods for Cover Crops
The methods of applying seeds to a site are discussed in
detail by Drinkwater (1993).

With the exception of hydroseeding, which is probably
applicable only to cutbanks and areas close to roads, the
technology of all methods is the same except for scale.
Hand, machine, and aerial applications all involve spreading
dry seed by impelling it off a spinning plate. A common
problem results from the very different seed sizes in mixes.
The larger, more uniformly shaped seeds travel further and
are distributed more uniformly, while the lighter, more
irregularly shaped seeds are slowed by air resistance and
drift somewhat unpredictably to the surface. The end result
is a banded effect, with different species dominating
different bands. Wind can be more of a problem in seeding
than it is in herbicide application. Prilled seed can help
minimise this problem, but it has not been used extensively
in British Columbia. The technology is becoming more
available and more operational use is being considered (Phil
Youwe, B.C. Forest Service, Kamloops, pers. comm. 1993).
The use of coated seed will add additional complexity to
seed mix preparation, since legume seed inoculation is best
done just before application.

There is considerable potential for improvement in the
technology of delivering seed to a site.

Conclusions
Seeding of cover crops for vegetation management is always
done in conjunction with site preparation in order to
establish a suitable seedbed. The effectiveness of cover crops
thus depends on the effectiveness of the site preparation.
Irregularly implemented site preparation will result in an
irregular cover crop. Since establishment of cover crops
requires effective  site preparation, cover crops may not be
required for silvicultural purposes in a properly planned
and implemented reforestation program.

Cover crops can be useful in specific cases, where the major
vegetation problem comes from species of seed rain origin.
Examples would be fireweed (Epilobium angustifolium L.),
alder (Alnus sp.), cottonwood (Populus trichocarpa Torr. &
Gray), or tall grasses and herbs on rich sites. Cover crops
are less likely to be effective against species with seed bank
or root origins, since cover crops work through competition
for seedbed (Steen and Smith 1991).

The use of cover crops can be best justified if objectives in
addition to reducing vegetation competition can be
identified. Cover crops have produced marginal benefits
in terms of reducing vegetation competition and improving
early crop tree performance. However, other benefits may
include added forage values, accelerated organic matter
replacement, and addition of nutrients to nutrient-depleted
sites. Together with vegetation control, these additional
benefits can justify the use of cover crops on forest lands.
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Abstract
An increasing amount of evidence shows that the
most effective weed manipulation techniques are
those that persist for a desired period of time—in
northern California and southwestern Oregon (the
setting for this paper), this is just after planting
through at least the next three years. Mulching is
one such technique.

Mulching in the western United States is a
relatively new tool in the silviculturist’s repertory
for enhancing the establishment of young conifer
seedlings in plantations. Traditionally, it has had
rather limited application—to enhance seedling
survival in mostly herbaceous plant communities.
Our research program was designed to test
mulching as a means of enhancing conifer seedling
growth and to extend its application to sprouting
plant communities. In this paper, we trace our

efforts to accomplish this goal by portraying the
results of four trials. We first tested several sheet
mulches and found the most effective one. Then
we applied large (3 m by 3␣ m) square mulches over
the burned stubs of an aggressive sprouting species.
They were effective. We were able to keep the
mulches in place and kill the sprouts, but the cost
was high. We next applied large and small mulches
in a very harsh environment and found that they
made the difference between success and failure of
the plantation. Our fourth trial showed that large
mulches significantly improved diameter and
height growth of conifer seedlings.

Improvements in mulching, however, still are
needed, and we show some new developments in
mulching materials and application techniques. We
end with some ideas on mulching in the future.
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Introduction
Seedlings in young conifer plantations become “at risk”
almost as soon as they are planted. Even with a good job of
site preparation, competing vegetation from wind-blown
seeds, sprouts, dormant seeds in the soil, and below-ground
structures like rhizomes and root sprouts tends to become
present quickly and in large numbers (McDonald and
Radosevich 1992; Tappeiner  et al. 1992). This vegetation
uses site resources, particularly soil moisture and nutrients.
Roots of competing vegetation often become active earlier
in the spring, are more numerous, and grow faster than
roots of planted conifer seedlings (McDonald and Fiddler
1989). Soil moisture often is the factor that limits seedling
growth, particularly in California and elsewhere where
spring and early summer months can be hot and dry.
Consequently, minimizing the loss of soil moisture is a
primary goal of vegetation management.

Treating competing vegetation in new plantations when it
is small, not yet fully established, and still recovering from
damage incurred in site preparation is fundamental to a
successful vegetation control program (McDonald and
Fiddler 1986). When performed early, treatment is usually
more cost-effective as well. However, one treatment per
year is about all that most budgets can stand. Competing
plants can take advantage of once-a-year control measures,
which usually are carried out in midsummer or early fall.
Such a treatment intensity and timing allows plants to
complete a full growing season and extract site resources
to the detriment of conifer seedlings. Silviculturists have
been shocked at the large amount of vegetation in their
young plantations and its effect on their seedlings one year
after treatment.

Competing plants can effectively use spacial and seasonal
gaps in weed control programs, and cause a loss of conifer
seedling growth. For example, in a northern California trial,
part of a ponderosa pine (Pinus ponderosa Dougl. ex Laws.
var. ponderosa) plantation was maintained in a vegetation-
free condition, and part was hand grubbed to a 1.2 m radius
after the second and third growing seasons, and to a 1.6 m
radius after the fourth season (M. Teberg, U.S.D.A. Forest
Service, Plumas National Forests, pers. comm. June 1985).
The principal competing vegetation was deerbrush
(Ceanothus integerrimus H. & A.), which became present
year after year from dormant seeds in the soil. After four
growing seasons, stem diameter at 15 cm above mean
groundline was 47% greater if free to grow; height was
17% greater. Allowing four consecutive populations of

shrubs to grow for a single season constituted enough
competition to cause the difference in pine diameter and
height.

Mulching—the spreading of material around the base of a
plant to mitigate adverse temperatures or moisture loss,
control weeds, or enhance soil moisture and fertility—is
one method for eliminating the loss of soil moisture by
being in place all the time. Although mulching has been
performed in the West for forestry purposes for only about
30 years, it has been in use in Europe as a horticultural
tool for at least 300 years. The word derives from the
German vernacular molsch, meaning soft and rotten
(Waggoner et al. 1960). Hence an ancient mulch probably
was loose grass or straw that was spread around the plant
to keep the soil cool and moist—a practice that was repeated
year after year.

In their quest to find a material that would effectively
exclude weeds, favourably affect the micro-environment,
and not cost too much, western foresters have tried many
materials to enhance conifer seedling survival. Sheets of
plastic, newspaper, and plywood; various thicknesses of
bark, sawdust, sand, straw, and pine needles; sprayed-on
petroleum emulsions; and even large plastic buckets have
been tested. Most have proven to be costly or ineffective
or both (McDonald and Helgerson 1990).

With few exceptions, mulches ranged from a few inches to
1 m square and were too small to keep roots of weeds from
growing under the mulch and capturing site resources.
Mulches also were made of materials that had a short
lifespan, usually one or two years, after which they broke
up or decomposed. The small, short-lived mulches were
neither large enough nor durable long enough to affect
conifer seedling growth. Increased survival for one or two
years was the most that could be expected from them.

The plant community in which they were effective was
limited also. Communities of mostly grasses and forbs were
the only ones where mulches were tried.

This paper reports key studies in the authors’ research
program on mulching. Our goal was to “raise the stakes”
for mulching by expanding the technique into the
heretofore untested area of enhancing conifer seedling
growth (not survival), and by applying it in sprouting shrub
and hardwood communities. In addition to reporting results
from four different studies, the paper notes some new
developments in mulching, highlights some research needs,
and shows the progress that is being made toward
development of an ideal silvicultural mulch.
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Methods

Physical and Biological Environment
Overall climate of the study areas is typically Mediterranean
with long, hot, dry summers and cool, moist winters. Daily
summer temperatures range from 16°C to 32°C and winter
temperatures from -10°C to 10°C. Average annual
precipitation ranges from 890 to 3175 mm with 40 to 80%
falling as snow. No precipitation from mid-May through
mid-September is common. Soil moisture is the factor most
limiting to growth. Elevations range from 915 m to 1950
m, and slopes from 5 to 35%. Site quality of study areas
ranges from average to above average. An above-average
site, for example, would support ponderosa pines that
average 21 m tall in 50 years.

Ponderosa pine and Douglas-fir (Pseudotsuga menziesii
[Mirb.] Franco) seedlings were the conifer species most
often studied, with Jeffrey pine (Pinus jeffreyi Grev. & Balf.),
red fir (Abies magnifica A. Murr. ), and California white fir
(A. concolor var. lowiana [Gord.] Lemm.) occasionally
examined.

Because site quality and climate are conducive to
colonization and rapid growth of myriad competing plant
species, the logged site almost always had to be prepared
before planting. Mechanical clearing, usually with a
bulldozer, created piles or windrows of slash and other
vegetation, which usually were burned. Broadcast burning,
sometimes in conjunction with chemical “browning,” is
another site-preparation method that is commonly used.
It tends to leave a rougher surface than mechanical clearing
because burned-off stubs of hardwoods, shrubs, and slash
often are present.

Principal hardwood, shrub, and herbaceous species are those
that become present soon after the soil is bared. Hardwoods,
all from sprouts, include California black oak (Quercus
kelloggi Newb.), tanoak, (Lithocarpus densiflorus [H. & A.]
Rehd.), and Pacific madrone (Arbutus menziesii Pursh).
Principal shrubs, from both sprouts and seeds, are from
the genera Arctostaphylos, Ceanothus, Rhamnus, Ribes, and
Castanopsis. Forbs and grasses, commonly present, are from
the genera Cirsium, Hypochoeris, Madia, Epilobium, Vicia,
Galium, and Bromus, Festuca, and Stipa. Bracken fern
(Pteridium aquilinum [L.] Kuhn var. pubescens Underw.) is
seldom absent.

Experimental Design and Sampling
In the studies that follow, conifer seedlings and competing
plant species are evaluated by growth performance relative
to an untreated control. Each treatment, including the
control, was replicated three to six times. The experimental
design was completely random, or randomized block with
analysis of variance and Tukey tests as the analytical tools.
Each replicate of each treatment (plot) consisted of about
0.06 hectare on which 30 to 35 conifer seedlings were
surrounded by two or three rows of buffer (seedlings
receiving similar treatment). In all treatments, the
equivalent of 490 to 600 “crop trees” per hectare were
flagged. These were thrifty seedlings that had good
potential of becoming merchantable trees. Small,
misshapen, and discoloured seedlings were not part of the
study—their chance of being alive after 10 years was remote,
given the usual large amount of competing vegetation.

Sampling of shrubs, forbs, and grasses took place on five
randomly selected, seedling-centred 4 m2 subplots in each
plot. Sampling intensity for conifer seedlings was 15 to 25
seedlings in each plot in each study area. Sample size
depended on seedling spacing and amount of suitable area.
Sampling usually was done in the fall. The parameters
measured on conifer seedlings were stem height and
diameter (measured at 30 cm above mean ground line),
with additional checking for damage by insects or browsing.
Parameters quantified on woody and herbaceous vegetation
included density, foliar cover, and height. We also recorded
the time it took to perform a given treatment as a basis for
determining cost. We identified all plant species in each
study area and compiled a list of them. Study areas were
measured annually for the first two years after treatment,
with some areas being measured the third through fifth,
seventh, and tenth years.

Results and Discussion
Several case histories on mulching are presented. They
begin by examining different materials and progress
through evaluating successively larger and longer-lasting
mulches in environments made harsh by sprouting shrubs
and severe climate.
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Trial I: Different Mulch Materials
In 1986 when this study began, silviculturists were
becoming aware of several existing materials that had
potential for mulching in forestry. We tested six of them,
at a standard size of 1.2 m by 1.2 m. The study site was
located at an elevation of 1950 m, with an average annual
precipitation of 890 mm, falling mostly as snow. The area
was planted with 1-0 Jeffrey pine.

One of the mulches we tested is called Hortopaper,1 which
is used in Hawaii for propagating pineapple plants. It is
made of pressed peatmoss and other materials. It breaks
up easily, and deer seem to love its taste. It disappeared or
broke up and was judged ineffective after the first year.
Another tested mulch material was standard black
polyethylene. It cracked and broke in the strong sunlight
and did not last long. A standard paper sandwich with outer
layers of kraft paper and inner material of fiberglass strands
and tar also was evaluated. It tended to shrink and the outer
layers to disintegrate. Within two years it was gone. The
fourth material, Terra-Mat “E,”1 is a heavy fabric
manufactured from light grey polyester. It was advertised
as being resistant to ultraviolet light and effective for at
least four years. Some surface deterioration and shrinkage
was noted for this mulch. Pacific Weave, or “Pac-weave,”1

is a material manufactured from polyethylene that we found
to be relatively lightweight and easy to install. It proved to
be durable, did not shrink, and was effective. The sixth
material, Duon,1 marketed by Phillips Petroleum, forms a
tough, heavy, fiberous mat. It has an “x” cut in the centre for
installation over the conifer seedlings. We found that this
material rubbed the bark off tender stems in the “x”, and
killed a number of seedlings.

Of the mulches tested, Pacific Weave seemed best. Its cost,
which included material, hold-down pins, installation, and
maintenance, was U.S. $808 per hectare.

Trial II: Mulches and Shrubs
This study involved the use of an early version of Terra-
Mat1 polyester, which was compared to manual release.
The research site, on the Plumas National Forest in
California, had a deep soil, a 40% slope, and a northeast
aspect. Annual precipitation averaged 1651 mm. Site
preparation was by broadcast burning. Healthy 2-0

Douglas-fir seedlings were planted in augured holes. The
principal competing vegetation was abundant shrub tanoak
(Lithocarpus densiflorus [H. & A.] Rehd. var. echinoides R.Br.
Campst.), which is a sprouting species. We applied 1.5 m
and 3.0 m squares of Terra-Mat and compared vegetative
responses to two manual releases with a chainsaw. We also
had two unreplicated controls: relatively free to grow
(maximum growth for Douglas-fir seedlings), and natural
vegetation (minimum growth).

After four years, 2842 clumps of shrub tanoak per hectare
were present in the control with an average of 32 stems per
clump. These clumps occupied 58% of the ground surface
and were about 1.5 m tall. They constituted heavy
competition. After four years, no statistically significant
difference among treatments for Douglas-fir stem diameter
or height was found. However, the shrub tanoak sprouts
under the mulches had died.

The cost was high: a 3 m square of Terra-Mat cost U.S.
$6.39, the 1.5 m square was U.S. $1.65; installation was
U.S. $1.74; maintenance, including repinning the mulches
or throwing logs and other debris on to hold them down,
was U.S. $0.90 per year for four years, or U.S. $3.60. The
total cost of material, installation, and maintenance was
U.S. $11.73 per large mulch over the four-year period. At
a stocking rate of 550 seedlings per hectare, the large mulch
would have cost U.S. $6,425 per hectare, and the small one
U.S. $3,830 per hectare. The cost of manual release over
the four-year period (we grubbed only twice but we would
have had to grub a third time) would have been U.S. $2,595
per hectare.

Findings were both positive and negative. Both sizes of
this polyester mulch were ineffective for stimulating
Douglas-fir seedling growth. Soil moisture data indicated
a miniature desert beneath the large mulches. Apparently,
water traveled through the mulches internally and then
wicked off at the lower end—never reaching the ground
beneath. Had the mulches been able to mat to the ground,
instead of being suspended by the stubs of burned tanoak
sprouts, this might not have happened. The most important
finding was that for the first time, we were able to
demonstrate that a vigorously sprouting shrub species could
be killed with a sheet-type mulch.

Trial III: Mulching in a Harsh Environment
This study involved large (3 m by 3 m) and small (0.3 m by
0.3 m) mulches on a site with adequate soil moisture, but
tough to regenerate because of its steep slope, west exposure,

1 Trade names and commercial products are mentioned solely for
information. No endorsement by the U.S. Department of
Agriculture is implied.
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incessant wind, and complex herbaceous plant and fern
community. The study was located on Bureau of Land
Management land in California’s central coast. The study
area received about 3175 mm of precipitation annually but
summers were dry. The mulch material that we tested
consisted of polypropylene with a thin layer of polyester
underneath. The latter helps transfer water from the mulch
surface to the soil. We examined the permeability of this
mulch in late July one year by pulling up one of the mulches
(secured by nine 23 cm pins) and noted the amount of soil
moisture beneath. We also noticed something important:
the layer of dead vegetation beneath the mulch. The mats
had been placed over a fully developed plant community
that had died and formed a thick layer of organic material
on top of the soil. This layer soaked up moisture that had
passed through the mulch and in effect formed a second
mulch. In mid-summer, the soil beneath was dark and
moist, whereas that away from the mulches was dry.

The small mulches were ineffective and many dead
Douglas-fir seedlings were present. Of importance is that,
on a site as harsh as this, a fairly drastic treatment—large
mulches—was effective for achieving conifer seedling
establishment.

Trial IV: Large Mulches for Growth
This trial involved the use of polyester and paper mulches
on the Sequoia National Forest in central California. This
was a good site; the soil was about 1.5 m deep, the slope
was 30%, the aspect was southwest, and annual
precipitation, mostly as snow, averaged about 900 mm. Site
preparation was by pile and burn with little soil placed in
the piles. Competing vegetation consisted of eight shrubs
including gooseberry (Ribes roezlii Regel), Sierra currant
(Ribes nevadense Kell.), greenleaf manzanita (Arctostaphylos
patula E. Greene), and mountain whitethorn (Ceanothus
cordulatus Kell.); about twenty forbs; four grasses; and
bracken fern. All told, this was a plant community that
rated as medium competition to ponderosa pine seedlings.

Treatments were: 3 m squares of two thicknesses of 100%
polyester made by Foss Manufacturing Company of
Hampton, New Hampshire—a material used primarily for
controlling soil moisture beneath railroad tracks; 1.2 m
squares of kraft paper sandwich with tar and fiberglass
between outer paper layers; manual release over the whole
plot (one time); and a control.

The kraft paper sandwiches were found to be short-lived
and ineffective. Because of the size and weight of the heavy

polyester “blankets” and the steepness of the slope, special
care had to be taken to keep the mulches in place. Shallow
trenches were dug where the upper edge of each mulch
would be, a few centimeters of the mulch was placed in the
trench, and the trench was then backfilled and packed.

After five years, pine height and stem diameter in the large-
square mulch treatment were significantly larger than for
seedlings with the smaller-square kraft paper mulches, or
in the control. This finding demonstrated for the first time
that big heavy mulches could significantly enhance conifer
seedling growth, thus providing silviculturists with another
effective treatment alternative. The large heavy mulches
cost U.S. $9.90 per seedling, which included maintenance
for five years.

Seedlings with either the polyester mulches or the 100%
grubbing grew at the potential of the site. If the big mulches
last ten years (as the heavy ones were supposed to), will
they be considered cost-effective? That, of course, is a
management decision, but it may be decided in the
affirmative.

Combined material, installation, and maintenance costs
(each year for five years) were U.S. $4,900 per hectare for
the big mulches and U.S. $760 per hectare for the
sandwiches; cost of the 100% grubbing was U.S. $1,020
per hectare. Results of the latter method were as statistically
certain as those for the big, heavy mulch, and the cost was
much less. Nevertheless, this trial provided an important
finding: large mulches can significantly improve conifer
seedling growth.

Conclusions and Future
A persistent suppression technique has the advantage of
controlling undesirable vegetation continuously for a
desired timespan. When the mats were lifted in two of the
foregoing studies, dead shrub tanoak sprouts and dead ferns
demonstrated that these areas would soon have become
occupied with competing vegetation. Indeed, in one study,
after five years, new ferns were pushing against the mulches.
A less persistent treatment like manual grubbing would
have been ineffective and the dollars expended to carry it
out, misspent.

Our studies have demonstrated that mulching shows
promise for application in nearly all plant communities,
including those with plants that originate from sprouts and
rhizomes. If growth at the potential of the site is the goal,
forest managers can use mulching to attain it. The cost of
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mulching remains a drawback. However, we are optimistic
that the cost can be lowered. Certainly, an economy of scale
will apply as the number of acres treated with this method
increases. Another reason for wider application concerns
the growth/cost interaction. Results from our work, and
from others worldwide, suggest that mulches significantly
modify the environment for the better. There is some
evidence, for example, that mulching causes water to remain
in the soil longer. Surely, this moisture extends the growing
season a little, and in turn, increases growth. When the
increased growth is matched with cost, mulching should
be more cost-effective.

Increased and new uses for mulches and more efficient
methods of application are being reported. In California,
conifer seedlings from genetically superior trees are being
outplanted in rows insulated from competing vegetation
by strips of polypropylene mulch. The mulch is held in
place by 15 and 20 cm pins held in a belt-attached dispenser
and driven in the ground by a light-weight, hand-held
driver nicknamed a “pogo stick.” In the midwest, hundreds
of miles of conifer and hardwood seedlings in shelterbelts
also are being protected by mulches of polypropylene. These
are installed from tractor-mounted rolls with edges tucked
into the ground by colters. In central Oregon, mulches are
taking the place of herbicides. In 1992, the Roseburg
District of the Bureau of Land Management purchased
1.75 million mulches and over 4.7 million hold-down
staples and will use them to aid conifer seedling
establishment (Craig Kintop, District Silviculturist, Bureau
of Land Management, Roseburg District, pers. comm. Feb.
1992). On drier areas in California, an owner of forest land
is installing “tree shelters” (actually seedling shelters)
simultaneously with mulches for protection from browsing
animals and weeds. The tree shelter is pushed down over
the mulch, causing a small centrally located depression in
the mulch into which moisture in channeled. The increased
moisture presumably aids the seedling.

The need for a durable mulch that persists for several years
has obvious benefits to seedling growth. And in areas having
a high density of widely spaced seedlings surrounded by
dense tall competition, having an easily seen mulch is
beneficial for evaluating seedling survival and growth. This
contrasts to mulches in visually sensitive areas where their
presence needs to be camouflaged to blend into the
landscape.

A related issue is the length of time that a mulch is needed
and, hence, visible. When seedling growth and costs are
considered, three to five years seems prudent. However, in

herbaceous and seedling-shrub (not sprouting) plant
communities, the time the mulch is needed might be
shortened if it was installed over an existing community in
the spring and the vegetation subsequently killed. Organic
matter from dead plants has been observed to retard the
germination of dormant shrub seeds in the soil for at least
one year.

More work on pores in sheet mulches is needed. Ideally,
pore structure should be such that the mulch breathes: water
should readily permeate downward through the mulch, but
be restricted when moving upward through it. Above all,
the size of pores should allow permeability of water from
dew and gentle showers—such moisture is needed and may
be critical to conifer seedling survival. The pores should
allow the water to permeate to the soil directly below them,
not drop off at the lower edge of the mulch. Matting of
the mulch to the soil helps in this regard. Installing the
mulch on prepared ground in the fall and having snow
weigh it down is another consideration. However, this
counters the general rule of maximizing the amount of
moisture trapped beneath the mulch by installing mulches
in the spring when the soil is at field capacity.

A contrast to porous mulches is use of nonporous mulch
materials. These seem to have little applicability in forest
regeneration with one possible exception. On steep slopes
with certain soils, soil moisture could move downslope
beneath the mulches and not need to pass through pores.
More work is needed here.

Another area needing more research is how to anchor
mulches when at least part of them is suspended above the
ground by sprout stubs, upright branches, or other debris.
Pins with adjustable flanges may be a solution.

Creating a mulch that is anathema to browsing animals
has great appeal. There must be some way of incorporating
chemicals or other materials into mulches to make them
smell bad or sound dangerous, and hence keep animals away
from valuable seedlings. One rancher in central California
noted, for example, that deer avoided old burlap sacks on
the ground that once contained pepper corns. More work
on incorporating animal repellents in mulches is needed.

The hope in the minds of many vegetation managers is
that a mulch will soon be developed specifically for
silvicultural purposes. Most mulch material in use today
has been borrowed from various industries: from pineapple
growers, horticultural applications, greenhouse work, and
from railbed construction. Because of a need to find
alternatives to herbicides, a new national working group
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on mulches has been formed. It is headquartered in
Mississippi. Some of its members are from Oregon and
California. Several researchers at the equipment
development centre at Missoula, Montana, and at the Forest
Products Laboratory at Madison, Wisconsin, also are
involved. A certainty is that mulching as a regeneration-
enhancement tool will be examined and critically evaluated
like never before.

Looking ahead, the mulch of the near future most likely
will be a thin sheet or film, probably manufactured from
some form of plastic. Within this category, two classes of
silvicultural mulches will likely become available. One will
be a general mulch, which will be relatively inexpensive,
probably of a fixed size and colour, and have a
predetermined durability of at least five years. The second
class of mulch will be special, perhaps “tailor-made” to
specific situations. It will be more expensive but variable
in size, thickness, and biodegradability. It might even be
manufactured from recycled milk cartons and plastic bags
and hence contribute to a cleaner environment.

Looking farther ahead, the future mulch could be made of
almost anything, altered to fit the situation. Sprayed-on
substances and emulsions seem worthy of increased effort.
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Chemical and Manual Treatments –
Coastal B.C.

Brian D’Anjou
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Vancouver Region

Beginning in the early 1980s, a series of trials was
established throughout the Vancouver Forest Region
to document the response of both non-crop
vegetation and conifers to a variety of treatments.
Treatments tested included herbicides (registered and
unregistered) and manual treatments. Vegetation and
conifer growth (survival, height, and diameter) were
measured periodically.

Results five and ten years after treatments revealed a
large variability in conifer growth response to
vegetation management treatments. Variability in
conifer growth response can be attributed to several
factors including:

• Conifer species: Species responded differently,
partly due to differences in shade tolerance.

• Level of vegetation competition at treatment:
The degree and type of competition varied
between sites.

• Timing of treatment: Treatments applied
sooner after planting rather than later in stand
development provided greater potential growth
response.

Conifer plantations growing beneath uniformly high
levels of overstorey competition for extended periods
were the only ones to demonstrate significant
mortality. Treatments in other plantations where
vegetation competition was less had an impact mainly
on conifer height and diameter growth.

Summaries of manual and chemical brushing costs
reveal a large variation between districts. On average,
manual brushing costs are $598 per hectare compared
to $381 per hectare for chemical brushing.
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Abstract
In the northern interior of British Columbia, eight
major vegetation complexes are commonly found
following harvesting of forest lands. These
complexes are: aspen/balsam poplar, mixed
hardwood, wet alder, mixed shrub, fireweed,
subalpine herb, reedgrass, and pinegrass.
Treatments being used for vegetation management
in the northern interior include herbicides, girdling,
cutting, and sheep browsing. Treatment costs range
from $200 per hectare for aerial herbicide
applications to $1500 per hectare for manual
cutting. This paper provides a discussion of the
costs and effectiveness of each of the treatment
options commonly used in each of these complexes.

Introduction
In this paper I will summarize the main vegetation
complexes found and the chemical and manual
control options used in the northern interior. These
options will be evaluated for silvicultural efficacy and
costs from an operational point of view. When
considering treatment options for a vegetation
complex, it is important to recognize that each
complex can be found on a variety of sites and, more

often than not, harvesting and site preparation
techniques and timing will have affected the resulting
complex as much as site factors. A plan to prevent
brush problems at pre-harvest can often be effective
in avoiding the problem complexes I am about to
discuss.

The Sub-Boreal Spruce (SBS) biogeoclimatic zone
dominates the central interior. In this zone, vegetation
management activities occur in the aspen, mixed
shrub, fireweed, and wet alder complexes. Mixed
hardwoods are found throughout and seem to
dominate vegetation management concerns in the
Cariboo Region on each side of the Fraser River and
west of Smithers in the Prince Rupert Region. The
pinegrass complex can be found throughout the dry
warm subzones of the SBS; very little is done in the
form of post-planting vegetation control as
mechanical site preparation is the primary treatment
for these sites.

The Interior Cedar–Hemlock (ICH) zone represents
the wettest areas in the interior and the associated
vegetation competition is high, with mixed shrub,
fireweed, and wet alder complexes dominating. This
zone is found in the Cariboo mountains, the Rocky
Mountain Trench, and the Skeena and Nass river
areas. The use of chemical options has declined in
these areas due to public pressure. Silviculturists have
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had to be creative with using both manual and sheep
grazing options in these areas. Fortunately for silviculturists
the cold soil problems found in the SBS zone are not as
extreme in the ICH zone and therefore seedling
establishment is not as high a risk.

The Englemann Spruce–Subalpine Fir (ESSF) zone is
characterized by four troublesome complexes; the mixed
shrub and fireweed complexes at lower elevations, the
subalpine herb complex at higher elevations, and wet alder
on the seepage slopes. Generally this zone experiences both
the high brush hazard of the ICH and cold soils of the SBS.

Finally the Boreal White and Black Spruce (BWBS) zone
is dominated by aspen/boreal poplar, and reedgrass
complexes. These complexes leave little opportunity for
plantation success without post-harvest treatments.
Vegetation management treatments are required on the
majority of sites within this zone (up to 80% of the
logged␣ area).

Major Vegetation Complexes

Aspen/Boreal Poplar
This complex represents pure aspen and aspen/balsam
poplar stands, which are a major concern in the Prince
George Forest Region.

A substantial percentage of these areas are being treated
using aerial herbicide treatments. “Aspen Highlighting”
techniques have become the norm for treatments targeted
solely for poplar control. The appropriate timing for such
treatments is when dense aspen clones have reached about
2 m in height. At this time the coniferous crop trees will
be approximately 50 cm tall. The aspen are tall enough for
helicopter pilots to identify from the air, while the crop
trees have yet to be adversely affected. Delaying treatment
a few years longer will result in the death of shade-intolerant
species such as pine. (The most likely result of letting aspen
reach over 3 m is an aspen stand with a little bit of a pine
problem.) For more shade-tolerant species such as white
spruce the timing is less critical. Although losses to growth
will occur, survival is usually not a problem for a few extra
years. This has definite management implications in cases
where spruce is a suitable species and chemical options may
not be available. The extra time before aspen reach effective
girdling size is important.

Herbicide application rates have become an issue in the
Prince George Region. The reduction of conventional rates
for using VISION® (from 6.0 L/ha to 4.0 L/ha) has proven
effective for species such as aspen. An added benefit is that
understorey non-target species are little affected during
such operations. (This assumes that the manager is not
depending on the added crop tree growth benefits of
controlling all or most of the vegetation.) When used
effectively, aspen highlighting control techniques can be
very selective. There is however an increased risk of poor
coverage and missed strips as overlapping of swaths is less
probable during highlighting operations. When chemical
application rates are decreased, the potential for striping is
that much higher. To date, operational evaluations of
reduced rates have been looked at only one year after
treatment. We must continue to monitor the effects of
reduced rates on treatment efficacy and longer-term
silvicultural efficacy before conclusions of success or failure
are made.

Girdling treatments have proven very effective on poplars.
Aspen suckering after girdling tends to be of low vigour
when compared to the regrowth that occurs following
cutting. Effective girdling requires that the stem be girdled,
not broken. New tools, designed to achieve effective
girdling in stands with highly variable stem size, are being
tried and developed with almost every new contract. The
most suitable time to girdle is in the spring to mid-summer
when the bark is easily peeled; although not as efficient,
late-summer and fall treatments have also worked. Costs
and effectiveness depend on the number of stems per
hectare and stem size. Generally any stem larger than finger
size can be effectively girdled.

Brush cutting treatments are costly. Because of rapid
regrowth, retreatment is required. The rapid regrowth and
high costs of treatment again make timing crucial; crop
trees must be in a proper physiological state to respond to
treatments. Techniques that break or bend the stem rather
than sever it seem to have potential during the critical
seedling-establishment phase where dense clonal clumps
are too small to girdle.

Pre-harvest treatments of aspen have seen variable success.
These types of treatments mainly with stem injection,
received a lot of attention in the Prince George area five to
ten years ago. Although aspen suckering occurs on
cutblocks having pre-harvest treatments, these treatments
are effective in reducing the amount and vigour of aspen
suckering, thereby reducing the area requiring post-harvest
treatments. The value of reducing suckering vigour should
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not be underestimated, especially when considering that
many areas are being planted with fast-growing pine or
somewhat shade-tolerant white spruce that would then be
in better condition to compete.

Underplanting of mature aspen has been tried both
operationally and experimentally in the north. While recent
trials show that planted white spruce will survive, I have
not seen positive results operationally and remain skeptical.
Light is not the only issue. Mature aspen clones also have
extensive root systems, and intense below-ground
competition for moisture during the growing season is a
concern. Certainly growth performance is a big issue in
these mixedwood regimes, and (depending on management
objectives) I question why we would spend money on
planting trees that will not maintain suitable growth rates
(harvestable volume in 80–100 years).

Costs and silvicultural efficacy have been summarized for
the variety of aspen treatments in Table 1. These costs have
been derived from the Northern Interior Vegetation
Management Association questionnaire of 1992/93.

Mixed Hardwood Complex
The mixed hardwood complex consists of trembling aspen,
cottonwood, paper birch, willow, mountain alder, and Sitka
alder. This complex is usually a concern in relation to
achieving free growing. Much of what was discussed for
aspen/poplar stands applies to the mixed hardwoods,
although, because of the differences in sizes and resprouting
strategies, manual treatments can be more difficult to
undertake. Herbicides have proven effective in this complex,
but control is variable with both willow and alder species
showing variability in treatment efficacy. Due to the
benefits of having these species in plantations for browse
(willow) and nitrogen fixing (alder) this can be considered
beneficial. Control of the more troublesome birch and
aspen, coupled with reduced vigour of willow and alder,
can produce high silvicultural efficacy, while allowing for
species diversity. Manual treatments have been tried and
proven effective in the Cariboo Region.

Table 1. Costs and silvicultural efficacy of aspen treatments

Treatments Cost ($/ha) Silvicultural efficacy and comments

Aerial herbicide
Aspen highlighting 250 High degree of success under a wide variety of stand

(150–400) conditions. Most effective with proactive treatments.
Coverage still a concern.

Ground-based herbicide
Backpack 450 Coverage generally not as good as aerial. If aspen >2.0 m tall,

effectiveness is diminished.

Cut stump 1,000 Very effective on stems >2.0 m height. Cost is high, but
(650–1300) treatment is highly selective.

Stem injection: 150 Variable results. Effective for reducing intensity of aspen
Pre-harvest competition, but retreatment may still be required.

Stem injection: 700 Only effective when stems exceed 5 cm dbh, but this is often
Post-harvest (375–650) too late for effective release of understorey conifers.

Manual
Girdling 750 Effective; suckering is far less than with cutting. Stems take

(500–1000) 1–3 years to die, thereby reducing thinning shock. Stems must
be finger size or larger. New tools are introduced with almost
every contract.

Manual cutting 800 Sprouts and suckers grow 1.5–3.0 m in one season. Cutting
(500–1100) usually results in a 5-fold increase in the number of shoots.

Retreatment is required.
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Table 2. Costs per treatment and silvicultural efficacy
of treatments in mixed shrub and herbaceous
complexes

Costs/ha Silvicultural
Treaments ($)  efficacy

Aerial 200 High degree of success,
herbicide (150–350) especially when done early

(one season after planting
or even as site preparation).

Backpack 500 Coverage generally not as
herbicide (400–700) good as aerial.
(VISION®)

Manual 1500 Can be as effective as a
cutting (900–1800) herbicide treatment for
(2 entries survival. Risks of crop tree
one year) damage. Growth impacts yet

to be determined.

Wet Alder Complex
The wet alder complex occurs on moist to wet flats and
slopes, usually associated with seepage. These can be
troublesome sites. Often, vegetation management
treatments are made on these sites with the assumption
that brush is the main problem. The cold, wet, fine-textured
soils found on these sites are less than ideal for root growth.
Without root growth, competing vegetation or not,
seedlings will eventually die. Excavator mounding
treatments have worked on wet flats, but attention must
be paid to soil textures, as more often than not clay textures
will inhibit growth on both mounded and unmounded
areas.

Alder swales on slopes can be found on a range of sites,
but often occur on seepage areas with abundant soil
moisture and the resulting poor aeration can limit tree
growth. Intensive site preparation techniques (brown and
burn, slash and burn, or excavator treatments) have been
successful in establishing trees on this type of site.

On wet alder sites, chemical treatments should be
undertaken cautiously; not only do herbicide treatments
not deal with the major site limitations, but species not
controlled by herbicides, such as hellebore, cow-parsnip,
and some grasses, often proliferate. The potential for
species-shifts and the fact that vigorous alder are poorly
controlled make success a low probability. Considering the
riparian values associated with these sites, our expectation
of achieving free growing needs to be questioned, especially
if an inordinate number of silviculture dollars are being
spent on high-risk ventures.

Mixed Shrub Complex
The mixed shrub complex is commonly found in SBS, ICH,
and ESSF zones throughout the north. This complex is a
threat to the establishment phase of plantations on the
wetter ecosystems of dry subzones, and all ecosystems in
the wet subzones of the above-mentioned zones. Coupled
with cold soil conditions that limit root growth in the SBS
and ESSF, competition from this vegetation complex can
be deadly. On many of the rich subhygric sites, this complex
can overtop plantations in the year of planting. Vegetation
development varies with the type of site preparation and
yearly variations in growing season climate. Because the
threat of plantation loss remains very high, monitoring is
required to ensure appropriate treatment timing. For both
chemical and manual treatments to be effective they must

be undertaken before the vegetation has had an adverse
effect on seedlings; this is especially true in manual
treatments where control is of shorter duration than
chemical treatments. Table 2 lists the cost and silvicultural
efficacy of treatments in this complex.

Fireweed Complex
The fireweed complex can become a problem to plantation
establishment on the same sites as the mixed-shrub
complex. A fireweed complex on richer sites is usually a
result of a high intensity burn that has reduced vigour of
species such as thimbleberry. It is not unusual for these
sites to have 2 m tall fireweed three to four years after site
preparation. If vigorous white spruce seedlings of good
diameter are planted a year after site preparation, it is not
uncommon to see seedlings perform well in this intense
competition because there usually is a one to two-year time
lag before the fireweed become a serious competitor. If this
window is missed by delaying planting or planting poor
stock, then the requirement for vegetation management
will be inevitable. Both chemical and manual treatments
have been effective (see Table 2 for costs and silvicultural
efficacy).
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Subalpine Herb Complex
The subalpine herb complex is an extreme problem for
plantation establishment. It is found on the upper elevations
in the ESSF zone. Low soil temperature is one problem
on these sites as dense patches of Sitka valerian often shade
everything below 50 cm in height. Both chemical and
manual treatments have had variable results. For manual
treatments, resprouting of vegetation is a problem, coupled
with the slow response of seedlings that occurs at these
higher elevations. Chemical treatments often meet with
the same fate. Proper microsite and obstacle planting
contribute more to plantation success on these sites than
does vegetation control; where both are done in conjunction
with appropriate timing, success is achievable. Although
such a statement can be made for any site, it is more critical
in the high elevations where plantation establishment
problems are multiplied.

Reedgrass Complex
The reedgrass complex is a serious concern for those
establishing plantations in the BWBS zone. Again, timing
of treatments is critical due to the intense below- and above-
ground competition. The most success is seen where site
preparation has created a favourable microsite and
treatments are undertaken before seedlings have been
adversely affected. Manual treatments are not effective in
this complex. Promising non-chemical controls lean more
towards grass/clover seeding and sheep grazing than
manual treatments.

Pinegrass Complex
The pinegrass complex is found in the dry warm subzones
of the SBS. Competing vegetation has not been seen as a
concern by many forest managers on these sites and very
few if any post-planting treatments are undertaken. Growth
losses to the below-ground moisture competition are often
overlooked and poorly understood. When below-ground
competition is high, threshold vegetation cover can be
deceptively low. Poor survival of interior Douglas-fir
planted on these sites can be a direct result of moisture
stress and frost damage. There is evidence from research
done in Oregon that site preparation using herbicides alone,
or in combination with mechanical treatments, is effective
in increasing survival and growth of newly planted trees.

Conclusion
When practicing operational silviculture we have to
consider risk management. The more risks we take the more
likely we are to see failures, and although failures can be a
great learning experience, they are generally looked upon
unfavourably. At present, the use of herbicides to reduce
risks of plantation failure is being questioned, although
stocking standards require a success rate that can only be
achieved by aggressive management. Aggressive manage-
ment does not accept the risks of plantation failure
associated with vegetation competition.

The problem many foresters encounter is the policy of using
herbicides only when and where needed. This is a poorly
defined statement and inappropriate for use in a business
where timing and professional judgement are crucial.
Practicing successful integrated vegetation management
requires monitoring of the brush so that appropriate
treatments are undertaken before brush problems occur.
Professional judgement is further complicated when
consideration is given to wildlife habitat values. For some,
attaining free-growing standards and managing for wildlife
habitat are mutually exclusive. Short-term evaluations of
recently herbicided blocks often infer longer-term impacts
for wildlife habitat without data to support such claims.
Rather than “backing off ” on the use of vegetation
management techniques for crop tree growth in an effort
to achieve assumed habitat values, we should be managing
for the optimum benefits of both resources.

Our goal is to grow crop trees, not to eliminate brush. The
results of the majority of vegetation management
treatments (both chemical and non-chemical) that I have
seen are crop trees healthy enough to live with a wide variety
of brush species, including hardwoods at low densities.
Being successful requires a commitment to monitoring both
formally, as offered by the Northern Interior Vegetation
Management Association (NIVMA), and informally by
periodic walkthroughs. Data from the more formal
monitoring system provided by NIVMA can help us get
closer to competition threshold values and provide both a
probability of success and a measure of growth performance
for various treatment alternatives. Without operational
monitoring we will continue to argue over whose judgement
is best, and continue to act or not act in our management
of the forest based on assumptions, whether they be agreed
upon or dictated.
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