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This section presents and discusses results for
glyphosate application on a single site in each of
the Willow and Pinegrass complexes. These treat-
ments were insufficiently replicated for 
because of lack of opportunity and funding to
install more replicate  sites. Nevertheless,

these site-specific trends are presented so that the
Willow and Pinegrass complexes, which are impor-
tant vegetation communities for forest management
in the southern interior of British Columbia, are
represented in this report.

  

 

Appendix 

Trends in Conifer and
Vegetation Response in the

Willow and Pinegrass Complexes



Introduction

This Appendix describes five-year responses of
Douglas-fir and the Willow Complex to glyphosate
spray on a single  site in the IDF zone.
Because there is only one site, statistical analysis
cannot be carried out, and conclusions cannot be
drawn regarding treatment effectiveness. However,
we discuss trends in our results, and compare them
with other studies reported in the literature. This
Appendix is formatted similarly to sections in the
main body of the report, but less emphasis is
placed on  results than on other, fully ana-
lyzed studies.

Description of the Willow Complex
A variety of willow species occur in the Willow
Complex, but upland species such as Scouler’s
willow (Salix scouleriana), Sitka willow (Salix
sitchensis), and Bebb’s willow (Salix bebbiana) are
the most common. In southern interior British
Columbia, the Willow Complex occurs in the IDF,
ICH, MS, and ESSF biogeoclimatic zones.

Of the upland willows that commonly occur in
the southern interior Willow Complex, Bebb’s wil-
low and Sitka willow grow best on wetter sites, and
Scouler’s willow on somewhat drier sites. Soil tex-
ture, aspect, slope, elevation, and topography
apparently do not affect the distribution or abun-
dance of willow, except as they relate to soil mois-
ture regime (Porter ). In southern interior
British Columbia, the Willow Complex develops
abundantly mainly on sites that are moist to wet
(Kimmins and Comeau ). Although willow tol-
erates a wide variety of nutrient conditions, it gen-
erally grows best on medium to rich sites (Rawson
; Haeussler et al. ).

Development of the Willow Complex
The Willow Complex develops following major dis-
turbances that remove or reduce the forest canopy,
such as harvesting or wildfire. Willows are very
shade-intolerant and do not grow well under low
light conditions; however, in full sunlight they can
dominate other vegetation (Rawson ). Even
where willow occurs at low density under the forest
canopy, it potentially can develop into a robust
shrub community following harvest. The Willow

Complex can develop from seed or through rapid
sprouting from relatively few seed-origin stems,
depending on the nature of the disturbance.

Willow produces abundant seed that germinates
readily on exposed mineral soil (Grime , cited
by Haeussler et al. ), especially in full sunlight
(Brinkman ). Therefore, treatments that expose
mineral soil (e.g., severe wildfires, brushblading,
V-plowing) promote development of the Willow
Complex, particularly when they occur near willow
seed sources and immediately before seed dispersal
(Boateng and Comeau d). However, it can take
several years for seed-origin willow to become
dense enough to impede conifer regeneration (Eis
). Spread of the Willow Complex can be much
more rapid where harvesting or site preparation
treatments have cut existing willow stems and stim-
ulated sprouting, or have mixed stem and root
fragments into the soil causing new plants to
regenerate (Haeussler et al. ; Porter ;
Boateng and Comeau d).

Fire generally stimulates vigorous sprouting of
willow (Haeussler et al. ; Porter ), and is
used as a wildlife management tool to rejuvenate
older willow stands (Haeussler et al. ). In the
SBS and BWBS zones of northern British Colum-
bia, the Willow Complex is particularly prevalent
on sites with a history of repeated fires (Haeussler
et al. ). However, prescribed burning has also
been observed to reduce willow abundance in
southern interior clearcuts (Haeussler et al. ).

Interactions with conifer seedlings
Many species of willow occur in southern interior
British Columbia, but it is mainly the juvenile
growth of tall shrubs and low trees that compete
with conifer seedlings. When mature, these willows
do not form dense canopies, but in their juvenile
form they produce numerous sprouts with large
leaves, and can reduce the amount of light reaching
seedlings (Haeussler et al. ). Willow grows best
on wet, nutrient-rich sites, where it likely has little
effect on soil water or nutrients, but may reduce
the amount of light reaching conifers. Willow sheds
its foliage every fall, and decomposition of the
nutrient-rich litter likely improves nutrient avail-
ability to neighbouring conifers, as well as increas-
ing site productivity.



WILLOW COMPLEX



Importance to wildlife and range
Willow is a valuable food for moose, deer, Rocky
Mountain elk, muskrat, beaver, rabbits, hares, and
many species of birds (Kufeld ; Rawson ;
Porter ). Moose and deer browse on willow
year-round, but it is particularly important as a
winter food (Haeussler et al. ; Porter ).
Willow also provides cover for mammals and birds
(Rawson ).

Willow is foraged by domestic livestock as well
as wildlife. It is a preferred forage for sheep (New-
some et al. ) and has medium–high importance
for cattle (McLean ). Cattle will graze on wil-
low foliage in summer months, and in the winter
they will eat twigs up to .-cm diameter in order
to survive. In spring, willow foliage has a fairly
high protein content and a low crude fibre content,
but, as the season progresses, protein content drops
and fibre content increases (McLean ). Given
the importance of willow to wildlife and range,
brushing treatments that reduce its abundance
should be applied prudently.

Common brushing treatments in the
Willow Complex
In southern interior British Columbia, chemical
brushing is considered the most effective method
of controlling the Willow Complex. Manual brush-
ing treatments are also applied, but willow sprouts
so vigorously following cutting that at least two
passes are likely to be required. Young willow is a
preferred forage for sheep, and grazing treatments
have been found to reduce the abundance of willow
less than . m tall (Boateng and Comeau d).
Common brushing treatments are described in
Table A..

Unreplicated Results

Ground foliar glyphosate application
The Willow Complex was brushed on an IDF site
when Douglas-fir seedlings were  years old and
willow was  cm tall and had % cover.

Description of the Study Site and Treatment

The site is located near the Nicoamen River in the
Lillooet District of the Kamloops Forest Region. It
is in the Cascade Dry Cool IDF variant (IDFdk)
at an elevation of  m, and is on an east-facing,
% slope. Soil moisture regime is submesic, and

soils are sandy-loam in texture. The site was clear-
cut in –, broadcast burned in , and
planted with Douglas-fir in  and . Glypho-
sate was applied in mid-August at a rate of . kg
ai/ha as a broadcast spray using backpack sprayers.

Conifer response
Survival and vigour Douglas-fir seedlings were
well established when brushing took place, and no
mortality occurred in either the treatment or
control during the  years following glyphosate
application (Table A.). Most seedlings in both
treatment and control plots improved in vigour,
from moderate in the pre-treatment assessment to
good in the first-year assessment. However, by year
, seedlings in both the treatment and control were
infested with aphids and overall vigour had returned
to moderate. Few seedlings were of poor vigour in
years –, but in year , –% were poor.

Growth There were no obvious growth trends
among Douglas-fir seedlings as a result of brushing
the Willow Complex with glyphosate (Table A.).
Prior to treatment, average seedling stem diameter
was . cm in the control versus . cm in the
treatment, and  years later there continued to be a
similar difference (. cm in the control versus .
cm in the treatment). Seedling height appeared to
be negatively affected by glyphosate application;
after  years, seedlings had grown to  cm in the
control and only  cm in the treatment.

Competitive status Brushing the Willow Com-
plex with glyphosate had an immediate effect on
the competitive status of Douglas-fir seedlings
(Table A.). Prior to treatment, only % of
seedlings were free of surrounding vegetation but,
 year later, % of treated seedlings were free of
vegetation compared to % of control seedlings.
Vegetation gradually recovered, and, by  years
after brushing, % of seedlings were still free of
surrounding vegetation in the glyphosate treat-
ment, compared to only % in the control. The
remaining seedlings were threatened rather than
overtopped.

Vegetation response
It is difficult to evaluate treatment effects on
vegetation abundance on this site because of pre-
treatment differences between the treatment and
control, and because an ant infestation and
droughty site conditions interfered with the effects
of glyphosate on willow. Shrubs and willow were

  






 . Common brushing treatments applied to the Willow Complex in the southern interior of British Columbia

Suggested Average
Optimum number of cost per Potential

Treatment Objectives timing treatments Tools haa disadvantages

Foliar glyphosate 1. Reduce Mid-Octoberb 1 1. Backpack $700 1. Cannot apply near waterways 

spray light competition sprayer  2. Reduces wildlife forage

(1.4–2.1 kg ai/ha) 3. Difficulty in obtaining herbicide

permits

Hexazinone  1. Reduce Unknown 1 1. Spot gun  Unknown 1. Cannot apply near waterways 

spot soil  light competition or on coarse-textured soils

application 2. Reduces wildlife forage 

(10%) 3. Difficulty in obtaining herbicide

permits

Manual cutting 1. Reduce Possible advantage Multiplec 1. Motorized $538 1. Vigorous sprouting of willow 

light competition in late summerc brush saw 2. Treatment damage to seedlings 

2. Power saw 3. Makes planting difficult 

Sheep grazing 1. Reduce As soon as possible after 2–3d 1. Sheep $248 1. Potential for conifer damage if

light competition seedlings harden off d 2. Cattle livestock are not carefully managed

2. Can only be used where willow is

short (<1.5m)

a Based on average costs for the Kamloops and Nelson forest regions (B.C. Ministry of Forests )
b Boyd et al. ()
c Hart and Comeau ()
d Newsome et al. ()



more abundant in the control than in the treat-
ment, beforehand, and height differences tended to
increase following glyphosate application (Table
A.). Cover of shrubs and willow appeared to be
unaffected by glyphosate. Sitka alder was also com-
mon on this site, and both its height and cover
were reduced for at least  years by glyphosate.
Cover of the herb layer was reduced for  year only.

Competition thresholds
A competition threshold for Douglas-fir stem
diameter was not evident using willow cover as an
index of neighbour competition. Douglas-fir diam-
eter varied widely (– cm) across all willow cover
classes (range –%). In contrast, Douglas-fir
diameter declined sharply at  ( = (willow
cover * willow modal height)/Douglas-fir height)

  

 . Average survival and growth responses of Douglas-fir seedlings to glyphosate on an unreplicated site in
the Willow Complex

Competetive status (%)

Survival Stem diameter Height Free of
(%) (cm) (cm) vegetation Threatened Overtopped

Pre-treatment

Glyphosate 100 2.6 84 14 80 6

Control 100 3.0 91 17 66 17

1 yr post-treatment

Glyphosate 100 3.1 132 70 22 8

Control 100 3.5 151 28 50 22

3 yr post-treatment

Glyphosate 100 4.1 173 75 22 3

Control 100 4.3 214 25 64 11

5 yr post-treatment

Glyphosate 100 5.0 201 44 56 0

Control 100 5.5 247 6 88 6

 . Average cover and height of vegetation in the IDF Willow Complex before and after foliar glyphosate
application to an unreplicated Douglas-fir plantation

All vegetation Shrubs Herbs Willow Sitka alder

Cover Height Cover Height Cover Height Cover Height Cover Height
(%) (cm) (%) (cm) (%) (cm) (%) (cm) (%) (cm)

Pre-treatment

Glyphosate 77 84 26 110 57 30 7 232 7 172

Control 74 175 41 181 42 30 13 323 12 163

1 yr post-treatment

Glyphosate 50 74 26 76 23 28 7 261 4 98

Control 76 129 45 200 41 33 11 254 21 188

3 yr post-treatment

Glyphosate 75 42 36 70 42 34 7 92 4 43

Control 81 114 44 188 45 31 11 133 24 159

5 yr post-treatment

Glyphosate 76 73 63 73 26 39 14 140 6 73

Control 82 157 70 157 26 35 17 215 29 157



index of  (range –). However, only % of the
trees were growing in neighbourhoods above the
thresholds, and these trees would therefore benefit
from selective brushing. All three trees above the
threshold were control trees, whereas all treated
trees and most control trees fell below the thresh-
old (n = ). Although brushing reduced willow
below the  threshold, Douglas-fir diameter dis-
tributions remained unchanged from the control.

The linear regression of Douglas-fir diameter
versus willow cover was not significant (p>.)
(Table A.) because of the wide variability in
Douglas-fir diameter across willow cover classes.
In contrast, there was a significant, negative linear
relationship between Douglas-fir diameter and 
(p<.). However, the fit was poor (adjusted r2 =
.) and the slope shallow (β1 = -.), suggest-
ing that the competitive effects of willow were of
low importance and intensity. Fitting a negative
exponential function to the diameter- relation-
ship did not improve the adjusted r2.

Discussion

The following discussion of the Willow Complex is
based mainly on information from published stud-
ies, and trends from our single, unreplicated
 study are included. The responses of
Douglas-fir and the Willow Complex to brushing
with glyphosate have been assessed on one 
site in the IDF zone over a period of  years; how-
ever, statistical analysis cannot be carried out
until at least two more replicate sites have been
established.

Conifer response
Although the Willow Complex has been identified
as a competitor with young conifer seedlings in the
southern interior (Kimmins and Comeau ),
Haeussler et al. () suggest that it is most prob-
lematic in northern SBS and BWBS ecosystems with
a history of repeated fire. Burton’s () work in
the CWHdm variant found that conifer seedlings
grew at an average rate two-thirds of their poten-
tial when competing with Scouler’s willow (Salix
scouleriana). Studies in the southern interior indi-
cate that conifers grow well among moderate
amounts of mature willow, and outgrow its canopy
within the free-growing window (Simard and
Heineman b; Simard, Heineman, and Youwe
). On our single site, survival of the -year-old

Douglas-fir was not threatened by vegetation.
Brushing with glyphosate did not improve seedling
growth; instead it appears to have had a negative
effect on growth during the -year monitoring
period.

Plant community response
On our single  site, glyphosate applied at
. kg ai/ha had little effect on willow. Other
recent studies in the Kamloops Forest Region simi-
larly found glyphosate at .–. kg ai/ha to be in-
effective at injuring willow (Simard and Heineman
b; Simard, Heineman, and Youwe ). These
results contradict other studies, where glyphosate
had been found to severely injure willow (Conard
and Emmingham ; Boyd et al. ; Pollack
et al. ). Boyd et al. () found that willow
was susceptible to glyphosate from May through
October.

Willow may respond inconsistently to herbicides
because of the wide variability that exists within
and between species (Pollack et al. ). In addi-
tion, many types of insects and disease defoliate
willow, which may affect its susceptibility to foliar
herbicides (Haeussler et al. ). For example, wil-
low leaf rust (Melampsora epitea) likely contributed
to low glyphosate efficacy in one southern interior
study (Simard and Heineman b). On our site,
the response of willow to glyphosate was appar-
ently reduced by an infestation of ants that had
caused dieback.

 has not studied manual cutting of the
Willow Complex, but other sources report it to be
ineffective because willow sprouts so vigorously
following cutting (Haeussler et al. ; Hart and
Comeau ). Pollack et al. () found that after
upland willows were manually cut, each stump pro-
duced three to four sprouts that grew to a height
of  cm within two seasons. Likewise, Simard and
Heineman (b) found that manual cutting
reduced willow height for only a single season, and
had no effect on cover. In that study, cutting actually
improved willow vigour by eliminating stems that
were infected with willow leaf rust (Melampsora
epitea). The response of willow to manual cutting can
be variable, however; in another study in southern
interior British Columbia, Simard, Heineman, and
Youwe () found that manual cutting reduced
willow height and cover by approximately % for
at least  years. After  years, abundance continued
to reduced by more than %.












 




 .. Competition thresholds, regression equation parameter estimates, p-values, and adjusted r2 values for predicting Douglas-fir stem diameter from the
competition indices, willow cover, and CRH, in the Willow Complex in the IDF zone

p-value for Linear Adjusted r2 p-value Adjusted r2

linear regression regression for linear for linear Non-linear for non-linear
predicting equation regression regression regression equation regression

Cover diameter from predicting predicting predicting predicting predicting
threshold willow CRH diameter diameter diameter diameter from diameter from

Site (%) covera threshold from CRHb from CRHb from CRHb CRHc CRHc

17 None 0.18 50 y = 5.455 - 0.011 x 0.08 0.01 y = 5.466 e (-0.0023*x) 0.09

a General form of linear equation is: y = a + b x, where y is Douglas-fir stem diameter, x is willow cover, a is the intercept, and b is the slope.
b General form of linear equation is: y = a + b x, where y is Douglas-fir stem diameter, x is , a is the intercept, and b is the slope.  = (willow cover * willow modal height)/Douglas-

fir total height.
c General form of non-linear equation is: y = a e (b x), where y is Douglas-fir stem diameter, x is , a is the intercept, and b is the asymptote at high .



Effects of the community on resource availability
In southern interior British Columbia, mature wil-
low seems to have little effect on resource availabil-
ity to conifers, particularly where it occurs along
with alder in a clumpy distribution on mesic or
drier sites. Young willow sprouts may reduce light
availability to conifer species, but there are no
studies that examine the mechanisms of inter-
specific competition between juvenile willow and
conifers. Willow is not known to directly benefit
conifer seedlings, but decomposition of its nutrient-
rich litter may improve nutrient availability to
neighbouring conifers. Willow is an extremely
important source of food and cover for wildlife,
and also provides forage for cattle and sheep.

Competition thresholds 
A competition threshold for stem diameter of -
year-old Douglas-fir was not evident when willow
cover was used as a competition index, but a
threshold of  was apparent when the  index
was used. Although stem diameter of Douglas-fir
was sharply reduced above the  threshold, only
% of trees were affected, indicating that growth of
the plantation as a whole was unaffected by willow
competition. Regressions relating Douglas-fir stem
diameter to willow competition were either non-
significant (willow cover) or had a very low coeffi-

cient of determination with shallow, negative slope
(). The poor regressions and lack of meaning-
ful competition thresholds suggest that willow
competition was neither an important nor severe
constraint on Douglas-fir plantation performance
(Weldon and Slauson ).

Douglas-fir stem diameter was highly variable
across all willow cover classes and below the 
threshold. The high variability in tree performance
across competition indices suggests that the main
growth constraints were unrelated to competition,
and may include initial seedling size or vigour,
genetics, environment, or biotic factors. This result
suggests that reductions in willow abundance will not
result in predictable responses of the Douglas-fir
plantation. Our -year results showed that manual
cutting reduced willow abundance to <% cover
and < , but neither mean diameter nor diam-
eter distributions of Douglas-fir appeared to improve.

There is no published information on competi-
tion thresholds for conifer seedlings growing among
the Willow Complex. Simard, Heineman, and
Youwe () found that slight vigour reductions

and leaf deformity of willow (% control) (Expert
Committee on Weeds ) resulting from glypho-
sate application improved lodgepole pine diameter
growth. More severe treatments that reduced willow 
height and cover to a greater extent did not result
in greater conifer growth responses. The results of
our study, as well as those of Simard, Heineman,
and Youwe (), suggest that brushing treatments
in the Willow Complex are not necessary for ade-
quate plantation performance. Brushing treatments
that are performed should be light and select for
the few trees growing inside dense willow clumps.

Effectiveness of treatment at meeting
management objectives
In our study, the Willow Complex was brushed
when Douglas-fir seedlings were  years old and
less than  m tall. Surrounding vegetation was –

m tall and not very dense. Brushing was prescribed
primarily to help seedlings meet free-growing
requirements as specified by the Forest Practices
Code (B.C. Ministry of Forests a) and Free
Growing Guidelines (B.C. Ministry of Forests
). Our site is required to have a target of 

( minimum) well-spaced seedlings at least . m
tall and % as tall as surrounding vegetation,
within – years of plantation establishment. Five
years after brushing, when Douglas-fir seedlings
were  years old, seedlings in both the treatment
and control were taller, on average, than other veg-
etation. However, many continued to be threatened
by surrounding vegetation, and their vigour had
declined because of a plantation-wide aphid infes-
tation. In general, seedlings in the treatment had
better competitive status than those in the control,
but that was likely the result of pre-treatment dif-
ferences in vegetation abundance rather than the
effects of brushing.

In two other southern interior studies, Engel-
mann spruce and lodgepole pine seedlings in
untreated controls outgrew willow by ages  and 
years, respectively, and were predicted to meet free-
growing requirements well within the assessment
window (Simard and Heineman b; Simard,
Heineman, and Youwe ).

Conclusions

Research from southern interior British Columbia
suggests that conifer seedlings will outgrow the
mature Willow Complex without brushing. In most





southern interior plantations, willow is not abun-
dant enough to impede survival, growth, or ability
to meet free-growing obligations. On rich, moist
sites, however, dense communities of juvenile
willow may develop and negatively affect the per-
formance of young conifers. Nevertheless, these
site-specific competitive effects have never been
quantified. Willow responds variably to glyphosate
application, particularly when its vigour has been
reduced by insects or disease. On our single 
site, and in two other southern interior studies,
glyphosate had a minimal effect on the Willow
Complex.

Management implications

. Conifer seedlings tend to outgrow the Willow
Complex without brushing intervention on mesic
or drier sites in the southern interior.

. Competition between willow and conifers is nei-
ther important nor severe on mesic or drier sites
in the southern interior, and it does not appear
to constrain conifer plantation performance.

. Glyphosate has variable efficacy for controlling
willow, particularly when it is affected by disease
or insects.

. Willow is extremely important to wildlife, and,
as a result, unnecessary or overly severe brushing
treatments should be avoided.

  



Introduction

This part of the Appendix describes first-year
responses of newly planted lodgepole pine seedlings
and the Pinegrass Complex to glyphosate spray on
a single  site in the MS biogeoclimatic zone.
At present, only one site has been established for
this treatment cell, so statistical analysis cannot be
carried out and conclusions cannot be drawn.
However, we discuss early trends in our results, and
compare them with other studies reported in the
literature. This part of the Appendix is formatted
similarly to sections in the main body of the
report, but less emphasis is placed on  than
on other, fully analyzed studies.

Description of the Pinegrass Complex
The Pinegrass Complex is dominated by pinegrass
(Calamagrostis rubescens), but it may also include
minor amounts of arctic lupine (Lupinus arcticus).
In southern interior British Columbia, the Pinegrass
Complex is most abundant on dry to fresh sites in
the IDF and MS biogeoclimatic zones, and it also
occurs in drier subzones of the ICH, SBS, and
ESSF zones (Boateng and Comeau e). Pinegrass
occurs across a wide range of nutrient regimes
(Haeussler and Coates ), and is common on
sites with nitrogen deficiencies (Haeussler et al.
).

Development of the Pinegrass Complex
Although the shade tolerance of pinegrass is vari-
able, its cover and root development often increase
dramatically in response to harvesting, or in
response to brushing treatments that remove
broadleaves and shrubs from previously logged
sites (Haeussler et al. ; Boateng and Comeau
e). Pinegrass also spreads as a result of the
light to medium soil disturbance associated with
harvesting, low-impact mechanical site preparation
treatments, and low- to medium-intensity fires
(Stickney ; Haeussler et al. ; Boateng
and Comeau e). Most pinegrass roots are
found in the top  cm of soil, so severe distur-
bances to the surface soil horizon, such as those
that occur during high-intensity fires (McLean
), are likely to set pinegrass back (Haeussler
et al. ).

Interactions with conifer seedlings
Pinegrass produces abundant, shallow roots and
rhizomes, and grows quickly in the early spring
when water is most available (Nicholson ).
These characteristics make it a strong competitor
for soil water, particularly with conifer seedlings,
which have their peak growth during mid-summer
when soil water is most limiting (Nicholson ).
Where pinegrass is well established prior to plant-
ing, it can be particularly limiting to seedling
performance (Hauessler et al. ). On pinegrass-
dominated sites, soil water content decreases as
vegetation abundance increases (Petersen and
Maxwell ), and site preparation techniques that
remove pinegrass (scalping, ripping, and herbicide)
can increase the amount of extractable water
(Fleming et al. ).

Dense pinegrass cover can increase the incidence
of summer frost damage to seedlings, particularly
in flat areas or depressions where air mixing is lim-
ited. The grass layer insulates soil against warming
during the day, and at night, traps cold, stagnant
air at seedling height (Stathers ). One study
on a pinegrass-dominated site in the southern inte-
rior showed that summer frost injury to Douglas-
fir and Engelmann spruce seedlings could be
reduced by scalping and ripping treatments. The
exposed mineral soil warmed during the day and
released heat during the night, offsetting the effects
of frost (Black et al. ). Although treatments
that remove forest floor materials can reduce the
incidence of summer frost damage, they can also
exacerbate nutrient deficiencies on sites that are
already low in nitrogen. In the same study as Black
et al. (), Hope () found that scalping
imposed foliar boron and nitrogen deficiencies
on Douglas-fir in the IDF zone. Another study in
the IDFdk showed that lodgepole pine seedlings
performed better as a result of a spot chemical
treatment than a mechanical patch treatment. It
was concluded that retaining the forest floor and
associated ectomycorrhizae was of nutritional
benefit to seedlings in that study (Simard et al.
).

Seedling performance is frequently poor in the
presence of the Pinegrass Complex, but identifying
the primary limiting factor can be difficult. As
Thorpe () points out, when below-ground



PINEGRASS COMPLEX



competition is intense, threshold vegetation cover
can be deceptively low and the effects of soil water
competition are often overlooked. On the other
hand, where grass cover is heavier, it can mistakenly 
be assumed that competition for soil water is the
primary limitation to seedling growth. For exam-
ple, herbicide treatments were applied to relieve
soil water competition on an IDF site near Lillooet,
but growth of lodgepole pine seedlings did not
improve. It was later noticed that seedlings growing
on burned windrows were performing relatively
well, and it was speculated that nutrient availability
had been more limiting than moisture availability
(Simard, Heineman, and Youwe ). Similarly, in
another study on a pinegrass-dominated site in the
MSdk, soil water competition was assumed to be
limiting seedling performance. However, by age 
years, Douglas-fir were exhibiting their best growth
on convex areas of the cutblock that were drier
than average. Those spots had considerable expo-
sure of mineral soil, and it was speculated that low
soil temperature may have been more limiting
to seedlings than soil water competition (L. Bedford,
pers. comm., ).

Importance to range and wildlife
Although pinegrass is not highly preferred by
cattle, nor of particularly high nutritive value, its
abundance in IDF forests makes it extremely valu-
able to the range resource. In the Douglas-fir
zone (now known as the IDF zone), for instance,
pinegrass accounts for over half the cattle forage
production (McLean ). Cattle preference for
pinegrass is low to medium in spring, and it
declines as the grass matures. The crude protein
content of pinegrass is medium in early summer,
after which it declines. In contrast, crude fibre con-
tent is medium in early summer and increases later
in the season (McLean ). In addition to its
importance to cattle, pinegrass also provides year-
round forage for Rocky Mountain elk (Kufeld
), and is an important early spring food for
mule deer (Haeussler et al. ).

Management strategies for the timber and range
resources are often in direct conflict on pinegrass-
dominated sites. For instance, chemical brushing
treatments applied to relieve soil water competition
can decrease forage abundance, and forage enhance-
ment treatments such as fertilization or seeding
can increase competition to conifer seedlings. A
conservative approach, with consultation between

managers, should be taken in prescribing treat-
ments for enhancement of either resource.

Common brushing treatments in the
Pinegrass Complex
Chemical brushing treatments are often prescribed
to reduce grass cover. The Expert Committee on
Weeds () recommends glyphosate application at
. kg ai/ha for site preparation and .–. kg ai/ha
for conifer release. Conard and Emmingham ()
report that perennial grasses sustain –%
injury when glyphosate is applied at . kg ai/ha in
summer and fall and –% injury when it is
applied in spring. Lloyd and Heineman (e)
found that application of glyphosate at . kg ai/ha
from mid-June to mid-July reduced pinegrass cover
by –% for  years, and that glyphosate at .
kg ai/ha reduced cover by % for  years.

Hexazinone applied in spring can cause –%
injury to pinegrass, but results are variable (Conard
and Emmingham ). Dimock et al. () found
that hexazinone applied to various perennial
grasses in mid-May to mid-June resulted in about
% control after  years, and about % control
after  years. In another study, hexazinone applied
at . kg ai/ha, as a ground spot treatment, reduced
pinegrass cover by approximately % for – years.
At . kg ai/ha, it reduced pinegrass cover by more
than % for at least  years, and maintained a
% reduction for  years (Simard, Perry et al.
). Common brushing treatments are described
in Table A..

Unreplicated Results

Ground foliar glyphosate application
Spot application of glyphosate to the Pinegrass
Complex at Meadow Lake took place  month after
lodgepole pine seedlings were planted. Pinegrass
cover was reported to be approximately % at the
time of treatment, but no pre-treatment measure-
ments were carried out. The control plot was left
untreated. The first assessment of vegetation took
place approximately  months after glyphosate
application, and the first assessment of conifers
after approximately  months.

Description of the study site and treatment
The Meadow Lake site is located in the Kootenay
Lake District of the Nelson Forest Region, approxi-
mately  km southeast of Yahk. It is in the Dry

  





 . Common brushing treatments applied to the Pinegrass Complex in the southern interior of British Columbia

Suggested Average
Optimum number of cost per Potential

Treatment Objective timing treatments Tool haa disadvantage

Foliar glyphosate 1. Reduce competition for As soon as possible after 1 1. Backpack sprayer  $700 1. Reduces range forage 

spray soil moisture conifers are hardened off 2. Difficulties in obtaining

herbicide permits

(1.1–2.2 kg ai/ha)b,c

Hexazinone spray 1. Reduce competition for As soon as possible after 1 1. Spot gun  $700 1. Reduces range forage 

(1.1–2.2 kg ai/ha)d soil moisture conifers are hardened off 2. Difficulties in obtaining

herbicide permits 

a Based on average costs for the Kamloops and Nelson forest regions (B.C. Ministry of Forests )
b Expert Committee on Weeds ()
c Lloyd and Heineman (e)
d Simard et al. ()



Cool MS subzone (MSdk), at an elevation of  m.
The installation is located in mid-slope position,
on a southwest-facing, % slope. Soil moisture
regime is submesic (site series ), and soils are
silty clay-loam in texture. The block where 
is installed was clearcut in – and disc-
trenched in . It was planted with western larch
in  and fill-planted with lodgepole pine in .
In June , glyphosate was applied as a spot
treatment around the newly planted pine seedlings.
It was applied with backpack sprayers at a rate of
. kg ai/ha. Each conifer seedling was covered
with a PVC cone while spraying took place in a
.-m radius.

Conifer response
Survival and vigour Lodgepole pine survival was
negatively affected by glyphosate treatment on this
block, even though individual seedlings were cov-
ered during spraying (Table .). Spraying took
place in June, when seedlings were highly suscepti-
ble to damage, and assessors noted curled tops and
herbicide damage on % of seedlings soon after-
ward. One year later, % of seedlings had died in
the treated plot, but there was no mortality in the
untreated control.

Three months after glyphosate application, %
of control seedlings were of moderate vigour,
whereas, in the treated plot, % were moderate,
% were of good vigour, and % were either
poor or moribund. One year later, vigour was
unchanged in the control, but had declined slightly
in the treatment. The moribund seedlings had died
and most seedlings that had been of good vigour
were reduced to moderate vigour.

Growth One year after planting and chemical

brushing, there was a trend towards slightly greater
stem diameter and leader length (data not shown)
among lodgepole pine seedlings in the treatment,
but seedling height was similar in the treatment
and control (Table .). Three months after treat-
ment, mean stem diameter across the treatment
and control was . cm. One year later, it had
increased to . cm in the treatment and . cm in
the control. Seedling leaders were twice as long
in the treatment ( cm) as in the control ( cm)
 year after glyphosate treatment.

Competitive status The purpose of glyphosate
application at the Meadow Lake site was to reduce
competition for soil water, not for light. Overall
vegetation height at the time of treatment was only
about  cm. Glyphosate had little effect on the
competitive status of pine seedlings, and,  year
after brushing, the proportion of overtopped
seedlings had increased similarly in both the treat-
ment and control.

Vegetation response
Glyphosate had a surprisingly short-lived effect on
the Pinegrass Complex at Meadow Lake. Two
months after brushing, it was apparent that
glyphosate had reduced cover, but not height, of all
vegetation, the herb layer, and pinegrass (Table
.). Pinegrass dominated the vegetation at
Meadow Lake, and its cover was reduced from %
in the control to %. One year later, cover values
for all vegetation, the herb layer, and pinegrass had
recovered to within % of the control.

Competition thresholds
The pinegrass cover and  thresholds for lodge-
pole pine diameter were  and %, respectively,

  

 . Average survival and growth responses of lodgepole pine seedlings to spot application of glyphosate on an
unreplicated site in the MS Pinegrass Complex

Competitive status (%)

Survival Stem diameter Height Free of
(%) (cm) (cm) vegetation Threatened Overtopped

Pre-treatment

Glyphosate 100 0.5 22 19 17 64

Control 100 0.5 23 6 61 33

1 yr post-treatment

Glyphosate 89 0.7 30 15 19 66

Control 100 0.6 29 6 11 83



where  = (pinegrass cover * pinegrass modal
height)/lodgepole pine height (Table A.). Lodge-
pole pine diameter was depressed by an average of
. cm at both very high (>%) and low (–%)
pinegrass covers, and varied widely (.–. cm) at
intermediate (–%) covers (cover range –%).
Likewise, pine diameter declined sharply above the
 threshold of , as well as when the  index
dropped below  ( range –). These results
indicate that pine performance was suppressed
both at low and very high levels of pinegrass.

Only –% of trees were growing in pinegrass
neighbourhoods above the thresholds, of which
half were treated. These results suggest that glypho-
sate treatment was ineffective at releasing some of
the suppressed trees. Conversely, all trees that were
performing poorly at low pinegrass competition
levels were treated trees, suggesting that treatment
negatively affected their performance. At intermedi-
ate pinegrass levels, there was a wide distribution
in lodgepole pine diameters in both the treated
area and the control, but the largest trees tended to
be treated trees. The small shift in diameter distri-
bution at intermediate pinegrass covers is reflected
in the tendency for larger average diameter in the
treatment than in the control.

The linear regression of lodgepole pine diameter
versus pinegrass cover was not significant (p>.)
(Table .) because of the wide variability in pine
diameter across pinegrass cover classes. In contrast,
there was a significant, negative linear relationship
between pine diameter and  (p = .). How-
ever, the fit was poor (adjusted r2 = .) and the
slope shallow (β1 = -.), suggesting that the
competitive effects of pinegrass were of low impor-
tance and intensity. Fitting a negative exponential

function to the diameter- relationship did not
improve the adjusted r2.

Discussion

The following discussion of the Pinegrass Complex
is based on information in the literature and first-
year trends from our single, unreplicated 
study. A minimum of three replicate sites is
required before statistical analysis can be carried
out, making it impossible to draw conclusions from
 at this time.

Conifer response
One year after the June application of glyphosate at
. kg ai/ha, survival of lodgepole pine seedlings
was reduced from  to % in the treated plot.
Mortality was attributed to herbicide damage, even
though seedlings were covered at the time of treat-
ment. The application of glyphosate for conifer
release is not recommended until after seedlings
are hardened-off (Lloyd and Heineman e), but
in this case, the objective was to reduce grass
abundance around fill-planted lodgepole pine seed-
lings during the establishment period.

Surviving pine seedlings tended to increase in
stem diameter but not total height in the treatment
relative to the control. However, leaders were some-
what longer among treated seedlings. Seedling stem
diameter commonly responds to release treatments
more quickly than does height (Lanner ; Lanini
and Radosevich ; Simard and Heineman a,
c), and the growth response among these pine
seedlings may not have been fully expressed within
 year of treatment. The trend towards increased
stem diameter suggests that, in spite of herbicide



 . Average cover and height of vegetation in the MS Pinegrass Complex before and after spot application of
glyphosate in an unreplicated lodgepole pine plantation

All vegetation Shrubs Herbs Pinegrass

Cover Height Cover Height Cover Height Cover Height
(%) (cm) (%) (cm) (%) (cm) (%) (cm)

2 months post-treatment

Glyphosate 27 33 6 18 25 36 22 35

Control 42 35 6 20 39 35 38 35

1 yr post-treatment

Glyphosate 32 46 6 20 28 46 25 46

Control 35 45 7 19 30 45 27 45










 



 . Competition thresholds, regression equation parameter estimates, p-values, and adjusted r2 values for predicting lodgepole pine stem diameter from
the competition indices, pinegrass cover, and CRH, in the Pinegrass Complex in the MS zone

p-value for Linear Adjusted r2 p-value Adjusted r2

linear regression regression for linear for linear Non-linear for non-linear
predicting equation regression regression regression equation regression

Cover diameter from predicting predicting predicting predicting predicting
threshold pinegrass CRH diameter diameter diameter diameter from diameter from

Site (%) covera threshold from CRHb from CRHb from CRHb CRHc CRHc

127 40 0.58 68 y = 0.835 - 0.004 x 0.09 0.01 y = 0.864 e (-0.0055*x) 0.10

a General form of linear equation is: y = a + b x, where y is pine stem diameter, x is pinegrass cover, a is the intercept, and b is the slope.
b General form of linear equation is: y = a + b x, where y is pine stem diameter, x is , a is the intercept, and b is the slope.  = (pinegrass cover * pinegrass modal height)/pine total

height.
c General form of non-linear equation is: y = a e (b x), where y is pine stem diameter, x is , a is the intercept, and b is the asymptote at high .



damage, seedling performance was slightly improved
by the reduction in pinegrass competition.

Plant community response
Results from our single  site suggest that
glyphosate had a less severe impact on pinegrass
than is generally described in the literature, even
for such a low application rate (. kg ai/ha).
Pinegrass cover was reduced from  to % within
 months of glyphosate application, but the follow-
ing year it had recovered to within % of the con-
trol value. Similarly low application rates had a
greater impact in other studies; glyphosate at . kg
ai/ha in early July caused a –% reduction in
pinegrass cover over a period of  years (Lloyd and
Heineman e), and Conard and Emmingham
() suggest that glyphosate at . kg ai/ha,
applied in summer, will result in –% injury
to perennial grasses. The lower than expected
efficacy of glyphosate in our study is partly
explained by the treatment radius being smaller
(. m) than the radius in which vegetation was
assessed according to  protocol (. m).

Effects of the community on resource availability
A relatively minor and short-lived reduction in
pinegrass abundance in this study appears to have
slightly improved growth of lodgepole pine seed-
lings, suggesting that even a brief respite from soil
water competition may have helped seedlings
become established. Pinegrass is a well-known
competitor for soil water (e.g., Petersen and
Maxwell ; Nicholson ). One study that
modelled conditions in the IDFdk subzone showed
that, in the presence of pinegrass, the top  cm of
soil rapidly dried to water potentials that were lim-
iting to seedling growth. In comparison, where
pinegrass was absent, the dry surface soil acted as a
mulch, restricting water loss from lower horizons
(Spittlehouse and Goldstein ).

Competition thresholds
The competition threshold for stem diameter of -
year-old lodgepole pine was % pinegrass cover
and   (pinegrass cover * pinegrass modal
height)/lodgepole pine height. Above the thresh-
olds, competition from pinegrass appeared to be
the most important factor limiting tree growth, set-
ting the upper limit for pine diameter. However,
only a small proportion (–%) of trees were
growing in neighbourhoods above the thresholds,

indicating that pinegrass competition was not con-
straining most trees in the population. In addition,
regressions relating lodgepole pine diameter to
pinegrass competition were either non-significant
(pinegrass cover) or had a very low coefficient of
determination with shallow negative slope ().
The poor regressions and high competition thresh-
olds (i.e., trees above the thresholds represented
only –% of the plantation) suggest that pine-
grass competition imposed neither an important
nor severe constraint on lodgepole pine plantation
performance (Weldon and Slauson ).

Below the competition thresholds, pine diameter
was highly variable, suggesting that other factors
were interacting with pinegrass to constrain pine
growth potential. These factors could include
genetic variability, microsite variability, initial size
or vigour, or damage from herbicide, biotic, or
abiotic agents. At the same time, however, the %
largest trees were treated, and their faster growth
rates may have resulted from reductions in pine-
grass cover and increases in soil water availability.
Trees growing among low levels of pinegrass
(<% cover or  ) had all been treated, but
were performing poorly. Their poor performance
may have resulted from herbicide injury or from
negative conditions imposed by pinegrass removal.
Some cover of pinegrass may be beneficial to seed-
lings, for example, by improving nutrient availabil-
ity. This may occur through turnover of pinegrass
litter, contributions to forest floor nutrient capital
(Hope ), support of a healthy soil foodweb
(Amaranthus and Perry ), or direct transfer of
phosphorus through mycorrhizal linkages (Smith et
al. ). Retention of pinegrass is also important
to forage availability for cattle and wildlife.

There is no published information on competi-
tion thresholds for conifer seedlings growing
among the Pinegrass Complex. However, we expect
that competition thresholds vary considerably
according to site conditions. For example, pinegrass
competes for soil resources rather than for light,
and thresholds are therefore likely to be lowest on
the driest sites. Pinegrass develops an extensive root
system, and its above-ground cover can sometimes
be deceptively low on sites where soil water compe-
tition is the primary limitation to seedling growth
(Thorpe ). Competition thresholds are also
likely to vary according to seedling age and stage of
development. A newly planted seedling is able to
exploit only a small volume of soil, and is highly





susceptible to any factor that decreases soil water
availability. The survival and growth of newly
planted seedlings is primarily affected by water
uptake (Örlander et al. ), and good perfor-
mance may require a period of  weeks following
planting where soil water potentials do not drop
below -. MPa (Spittlehouse and Goldstein ).

Effectiveness of treatment at meeting
management objectives
The purpose of spot-application of glyphosate to
pinegrass at the Meadow Lake site was to reduce
soil water competition in the neighbourhood of
fill-planted lodgepole pine seedlings during the
establishment period. Trends in both lodgepole
pine and vegetation response suggest that glypho-
sate at . kg ai/ha met that objective without
having an unnecessarily severe impact on range or
wildlife resource values. Conifers showed signs of

slightly improved growth within  year of treat-
ment, even though pinegrass abundance recovered
to control levels within the same time period.
Brushing treatments are often applied to help meet
free-growing requirements specified by the Forest
Practices Code (B.C. Ministry of Forests a) and
Free Growing Guidelines (B.C. Ministry of Forests
). For the MSdk subzone, the Code specifies
target stocking of  (minimum ) well-spaced
conifers stems/ha. Lodgepole pine must be a
minimum of . m tall and be % as tall as sur-
rounding vegetation within – years of planta-
tion establishment. Fill-planting was carried out on
the Meadow Lake site to fulfill stocking require-
ments within the -year regeneration delay period.
A free-growing assessment was not carried out
because pine seedlings were only one year old at
the time of treatment.

  



Trends from a single, unreplicated  site
appear to support other studies that show that a
reduction in pinegrass abundance can improve
seedling performance. However, on this site, the
growth increases among treated pine were small,
and were offset by an % increase in mortality
due to herbicide damage. Glyphosate is often used
as a site preparation treatment on sites where the

Pinegrass Complex is well established, which elimi-
nates the risk of herbicide damage to seedlings.
However, on our site, glyphosate was applied as a
spot treatment around fill-planted lodgepole pine
seedlings. Mortality caused by the herbicide could
reduce the likelihood of meeting the stocking
requirement for free-growing.



CONCLUSIONS



. Correct identification of limiting factors on dry
sites is difficult because above-ground vegetation
abundance may be very low. However, where soil
water competition is correctly identified as the
primary growth-limiting factor, brushing with
glyphosate may reduce below-ground competi-
tion for this resource, and improve seedling
performance.

. For the purpose of improving soil water avail-
ability to newly planted seedlings, glyphosate is
best applied as a site preparation treatment prior
to planting.

. If glyphosate is applied as a brushing treatment
following planting, there will necessarily be a
trade-off between treatment efficacy and conifer
damage, since pinegrass is most susceptible from
mid-June to mid-July, which is also when
seedlings flush.

. If pinegrass is treated with glyphosate, it is
important to retain cover up to the lower
threshold (% cover) for optimal conifer
growth and to preserve forage.

  

MANAGEMENT IMPLICATIONS



This section summarizes conifer and vegetation
responses to brushing treatments that were repli-
cated only once in a particular vegetation complex.
It includes data from unreplicated treatments in all
complexes that are presented in this report, except
Willow and Pinegrass (see Appendix ). The tables
in this Appendix provide information about site
characteristics (Table .), conifer survival (Table

.), conifer growth (Table .), vegetation cover
(Table .), and vegetation height (Table .).
Brief interpretations of the data are provided in
Table .. The trends presented in this Appendix
are discussed in relation to other fully replicated
treatments in the “Discussion” sections for each
vegetation complex.

  

Appendix 

Summary Statistics for Conifer
and Vegetation Responses to
Brushing Treatments on Single
Replicate Sites





 . Site descriptions for single replicate sites

Brushing MOF Subzone/site Years Elevation
Complex treatment Site Location District series measured (m)

Fireweed

Mulch mats 107 No Name Creek Cranbrook ESSFwm/01 5 1650

Glyphosate 11 Chase Creek Vernon ESSFwk2/01 5 1400

Manual 78 Longridge Salmon Arm ICHmw3 1 1060

Manual 82 McIntyre Vernon ICHmw2 1 1400

Manual 59 Tillis Landing Salmon Arm ICHmw2/04 1(3) 1075

Glyphosate 63 Simard Road Vernon ICHmw2/01 1(3) ?

Glyphosate 35 Kate Creek Vernon ICHmw2/01 5 1400

Fern

Manual 19 Legerwood Creek Salmon Arm ICHwk1/05 5 1125

Subalpine Herb

Grazing 14 Camp Creek Clearwater ESSFwc2/01 5 1650

Mixed Shrub

Manual 16 Mt. McLennan Clearwater ICHmw3/01 5 850

Manual 61 Finn-Tum Tum Clearwater ICHvk1/04 1 760

Glyphosate 103 Smith Creek Golden ICHwk1/01 5 1100

Glyphosate 101 Bigmouth Creek Revelstoke ICHvk1/01 5 760

Ericaceous Shrub

Glyphosate 43 Craigellachie Creek Salmon Arm ESSFwc2/04 5 1480

Glyphosate 120 Glenogle Golden ESSFwm/01 5 ?

Dry Alder

Manual 10 Penticton Creek Penticton ESSFdc/01 5 1400

Manual 85 McKay Creek Lillooet ESSFdv/01 1 1500

Manual 8 Coalmont Merritt MSdm2/01 5 1450

Manual 18 Nicoamen River Lillooet IDFdk2/05-01 5 1200

Glyphosate 31 Crown Bench Lillooet MSxk/01 5 1400

Mixed Broadleaf-Shrub

Cut and spray 62 Mabel Lake Vernon ICHmw2/01 1 800

Cut and spray 46 Burnyeat Creek Vernon ICHmw2/01 1 850

Manual 5 Otter Creek Clearwater ICHmw3/05 5 760

Manual 39 Raft River Clearwater ICHmw3/01 5 1070

Manual; Triclopyr 69 Minnova Road Kamloops ICHmk1/01 1 1000

Cut stump glyph 7 Larch Hills Salmon Arm ICHmw2/01 5 1070

Aspen

Manual 52 Chuck Creek Clearwater ICHmw3/01 3 800

Manual 100 Susan Lake Golden ICHmw1/01 5 980

Manual 77 Boone Creek Salmon Arm IDFdk2/01 1 1080

Girdling 28 Mabel Creek Kamloops ICHmw3/05 5 950

Girdling 74 Road 1221 Clearwater ICHmw3/01 1 ?

Cut and Spray 40 Gollen Creek Clearwater ICHmw3 5 540

Triclopyr 67 Spa Creek Salmon Arm MSdm2/01 1 1040

Triclopyr 64 Dale Creek Penticton MSdm1/01 1 ?



 . Continued

Years since Conifer Conifer stocking
Aspect Soil Site prep

and slope texture Logging Site prep treatment Species Age Total Well spaced

W  50% SiL 4 4 Burn Se 3 1370 1328

NW  28% SiL 13 none n/a Pl 5 3569 1190

W  25% L 5 ? Spot pile Fd 1 2467 992

N  10% SL 6 5 MSP Sx 4 4667 1261

N  30% SiL 3 2 MSP Fd 1 1792 1090

N  30% SL 3 2 Burn Fd 1 1351 1140

W  30% SL 6 5 Burn Pl 3 1573 1136

S  30% organic 17 2 Mech Sx 1 772 742

NW  25% SL 8 6 Burn Se 0 2674 1200

N  30% SL 20 3 MSP Fd 1 1795 1036

NE  20% SiCL 13 4 Burn Cw 1 1681 839

NE  40% SL 18 none n/a Fd 4 2003 450

SW  10% S 2 2 Burn Cw 1 1495 462

NE  40% SL 12 3 MSP Se 3 1781 1109

N  55% SiL 11 none n/a Se 4 6386 1169

NW  30% SL 21 10 MSP Pl 9 5000 1200

N  35% SL 5 none n/a Se 10 7683 1103

E  30% SL 11 4 MSP Pl 1 2406 1172

N  15% SL 14 14 MSP Sx 10 2820 1139

N  30% SL 11 none n/a Pl 8 15709 1200

NW  30% SL 5 4 Burn Fd 2 1464 1200

SW  15% SL 4 4 MSP Pl 3 1540 1200

N  35% SL 18 17 MSP Sx 13 10,100 1194

NW  20% SL 17 16 Burn Sx 12 4703 1200

W  15% SL 13 10 MSP Fd 9 2013 1006

NW  25% SiL 11 9 Burn Cw 8 4775 1200

NW  15% SiL 6 6 Burn Fd 5 1195 703

SE 10-30% SL 21 21 Burn Fd 13 2359 781

E  15% SiL 11 none n/a Pl 8 1761 825

S  30% SL 8 8 Burn Fd 5 888 862

NW  15% SiCL 11 9 Burn Fd 8 1994 978

NE  25% SiL 5 5 Burn Pl 2 1400 1139

SE  25% L 8 8 Burn Pl 6 1736 1064

W  20% SL 11 9 MSP Pl 4 1511 1103

  





 . Mean conifer survival for non-replicated PROBE treatments

1 yr post- 3 yr post- 5 yr post-
Pre-treatment(%) trmt(%) trmt (%) trmt (%)

BGC Brushing Conifer PROBE
Complex Zone treatment species Site C T C T C T C T

Fireweed

ESSF Mulch mats Se 107 100 100 100 100 94 94 89 94

ESSF Glyphosate Pl 11 100 100 100 100 100 97 100 94

ICH Manual Fd 78 100 100 100 97

ICH Manual Sx 82 100 100 100 100

ICH Manual Fd 59 100 100 100 94

ICH Glyphosate Fd 63 100 100 100 97

ICH Glyphosate Pl 35 100 100 97 100

Fern

ICH Manual Sx 19 100 100 83 86 25 44 11 42

Subalpine Herb

ESSF Grazing Se 14 100 100 100 100 100 100 78 69

Mixed Shrub

ICH Manual Fd 16 100 100 100 100 100 100 100 100

ICH Manual Cw 61 100 100 91 94

ICH Glyphosate Fd 103 100 100 100 100 97 97 92 97

ICH Glyphosate Cw 101 100 100 97 89 97 89 94 83

Ericaceous Shrub

ESSF Glyphosate Se 43 100 100 100 89 94 86

ESSF Glyphosate Se 120 100 100 100 100 92 97

Dry Alder

ESSF Manual Pl 10 100 100 100 100 100 100 100 100

ESSF Manual Se 85 100 100 100 72

MS Manual Pl 8 100 100 64 94 61 94

IDF Manual Sx 18 100 100 100 100 100 100 100 100

MS Glyphosate Pl 31 100 100 100 100 100 100 100 100

Mixed Broadleaf-Shrub

ICH Cut and spray glyph Fd 62 100 100 100 94

ICH Cut and spray glyph Pl 46 100 100 97 97

ICH Manual Sx 5 100 100 100 100 97 97 97 97

ICH Manual Sx 39 100 100 100 100 100 100 100 100

ICH Manual Fd 69 100 100 100 94

ICH Triclopyr Fd 69 100 100 100 100

ICH Cut stump–glyph Cw 7 100 100 100 100 100 100 92 97

Aspen

ICH Manual Fd 52 100 100 100 100 97 100

ICH Manual Fd 100 100 100 100 83 100 78 100 78

IDF Manual Pl 77 100 100 94 100

ICH Girdling Fd 28 100 100 100 94 89 92 89 92

ICH Girdling Fd 74 100 100 97 97

ICH Cut and spray glyph Pl 40 100 100 100 100 89 97 89 97

MS Triclopyr Pl 67 100 100 100 100

MS Triclopyr Pl 64 100 100 100 100

C = Control
T = Treated





 . Mean conifer growth measurements for non-replicated PROBE treatments

Stem diameter (cm)

1 yr post- 3 yr post- 5 yr post-
Pre-treatment treatment treatment treatment

BGC Brushing Conifer PROBE
Complex Zone treatment species Site C T C T C T C T

Fireweed

ESSF Mulch mats Se 107 0.63 0.71 0.74 0.71 1.12 1.33 1.93 2.38

ESSF Glyphosate Pl 11 1.40 1.50 1.90 2.00 3.00 3.70 4.80 5.40

ICH Manual Fd 78 0.66 0.63 1.13 1.03

ICH Manual Sx 82 2.30 2.42 2.96 3.19

ICH Manual Fd 59 0.60 0.60 1.20 1.30

ICH Glyphosate Fd 63 0.70 0.70 1.50 1.50

ICH Glyphosate Pl 35 1.00 1.00 1.80 2.30 3.40 3.80

Fern

ICH Manual Sx 19 0.43 0.44 0.59 0.71 0.80 1.47 1.18 3.05

Subalpine Herb

ESSF Grazing Se 14 0.51 0.54 0.57 0.63 0.64 0.71 0.64 0.78

Mixed Shrub

ICH Manual Fd 16 1.07 1.08 1.53 1.61 2.16 2.46 3.10 3.38

ICH Manual Cw 61 0.29 0.30 0.40 0.40

ICH Glyphosate Fd 103 1.04 0.94 1.71 1.47 3.70 2.11 3.93 3.03

ICH Glyphosate Cw 101 0.68 0.82 0.90 0.99 1.40 1.80 1.92 2.53

Ericaceous Shrub

ESSF Glyphosate Se 43 0.55 0.52 0.75 0.61 0.96 0.88

ESSF Glyphosate Se 120 0.68 0.62 0.84 0.74 1.14 1.08

Dry Alder

ESSF Manual Pl 10 3.90 3.90 4.80 4.90 6.58 6.37 6.89 7.58

ESSF Manual Se 85 3.21 3.08 3.85 3.49

MS Manual Pl 8 0.40 0.40 0.50 0.70 0.60 1.60 0.66 2.36

IDF Manual Sx 18 3.12 3.16 3.59 3.64 4.28 4.74 4.96 5.45

MS Glyphosate Pl 31 2.88 2.65 3.44 3.29 4.50 4.36 5.45 5.22

Mixed Broadleaf-Shrub

ICH Cut and spray glyph Fd 62 1.12 0.84 1.59 1.37

ICH Cut and spray glyph Pl 46 1.88 1.85 3.78 4.68

ICH Manual Sx 5 4.75 4.99 5.22 5.66 6.20 7.10 7.12 8.07

ICH Manual Sx 39 5.11 5.24 7.66 6.27 7.59 8.30 8.80 10.3

ICH Manual Fd 69 4.69 3.08 5.69 4.56

ICH Triclopyr Fd 69 4.69 3.58 5.69 4.94

ICH Cut stump–glyph Cw 7 2.38 2.38 2.89 2.87 3.64 4.27 4.29 5.20

Aspen

ICH Manual Fd 52 1.28 1.14 1.51 1.64 1.85 2.17

ICH Manual Fd 100 6.14 4.98 7.48 6.33 8.70 9.30 10.68 9.87

IDF Manual Pl 77 6.43 6.38 7.61 7.63

ICH Girdling Fd 28 2.05 1.78 2.38 2.38 3.63 4.49 3.70 5.41

ICH Girdling Fd 74 2.23 2.80 2.89 4.07

ICH Cut and spray glyph Pl 40 2.52 3.13 5.48 6.97

MS Triclopyr Pl 67 5.60 5.77 6.48 6.69

MS Triclopyr Pl 64 1.18 1.21 1.28 1.53

C = Control
T = Treated



  

 . Continued

Height (cm) Proportion of seedlings free-of-vegetation (%)

1 yr post- 3 yr post- 5 yr post- 1 yr post- 3 yr post- 5 yr post-
Pre-treatment treatment treatment treatment Pre-treatment treatment treatment treatment

C T C T C T C T C T C T C T C T

32 35 38 40 54 60 79 90 0 0 0 47 0 6 16 35

82 85 104 95 150 156 242 240 80 91 43 50 46 88 80 91

44 38 62 53 3 0 11 0

85 91 116 122 75 69 58 86

37 35 61 58 6 8 0 9

43 41 71 61 3 14 3 29

40 42 107 111 159 162 0 0 51 89 86 89

24 26 31 36 48 62 62 106 0 0 17 14 75 56 0 80

27 29 35 38 37 39 40 44 0 14 3 8 0 0 0 0

46 46 87 88 142 156 197 228 3 6 3 11 6 6 3 6

19 18 25 29 0 0 0 0

70 57 97 79 143 113 187 148 6 0 22 0 9 9 30 29

40 39 60 52 86 84 112 116 0 3 6 56 3 38 6 53

30 29 38 32 54 48 0 0 3 0 0 0

43 40 58 51 74 64 0 0 0 19 0 11

273 279 309 305 394 364 465 431 0 6 36 100 86 97 64 92

155 142 169 148 31 19 47 92

18 20 21 33 32 75 45 115 0 0 0 0 0 3 0 3

105 115 142 149 177 186 204 216 25 8 28 58 17 22 11 11

162 149 193 170 268 231 340 308 17 8 25 42 75 69 88 86

70 53 90 64 11 0 42 67

94 99 205 197 0 6 26 100

183 189 281 297 357 385 421 478 3 17 0 33 6 47 6 49

209 214 279 284 350 362 435 437 6 19 3 75 0 44 0 31

224 154 316 201 14 17 14 76

224 162 316 214 14 14 14 86

197 185 207 202 250 265 311 336 0 0 0 39 0 54 0 31

85 69 102 80 126 108 0 0 0 0 0 0

353 292 399 276 507 456 605 559 42 33 47 90 14 61 42 71

421 463 476 514 17 17 26 28

96 97 114 121 169 201 186 224 28 6 19 29 31 64 22 58

119 123 162 183 0 0 0 20

192 209 323 320 25 79 31 60

294 294 361 349 25 33 44 80

73 82 84 102 0 0 0 31





 . Mean vegetation cover measurements for non-replicated PROBE treatments

Variable # 1 — Cover (%)

1 yr post- 3 yr post- 5 yr post-
Pre-treatment treatment treatment treatment

BGC Brushing PROBE Variable
Complex Zone treatment site name C T C T C T C T

Fireweed ESSF Mulch mats 107 All veg 87 89 80 82 74 70 67 70

ESSF Glyphosate 11 All veg 78 78 85 52 85 75 90 79

ICH Manual 78 All veg 63 66 58 67

ICH Manual 82 All veg 67 69 69 61

ICH Manual 59 All veg 54 39 63 45

ICH Glyphosate 63 All veg 63 50 70 31

ICH Glyphosate 35 All veg 69 60 74 52 81 76

Fern

ICH Manual 19 All veg 100 98 100 99 99 84

Subalpine Herb

ESSF Grazing 14 All veg 73 78 89 87 82 80

Mixed Shrub

ICH Manual 16 All veg 93 92 80 78 84 88 88 97

ICH Manual 61 All veg

ICH Glyphosate 103 All veg

ICH Glyphosate 101 All veg

Ericaceous Shrub

ESSF Glyphosate 43 All veg 97 97 98 79 97 94

ESSF Glyphosate 120 All veg 72 78 72 12 72 47

Dry Alder

ESSF Manual 10 Alder 41 44 53 29 55 48 53 52

ESSF Manual 85 Alder 25 31 22 12

MS Manual 8 Alder 47 47 56 23 63 51 63 52

IDF Manual 18 Alder 16 21 33 17 37 37 36 37

MS Glyphosate 31 Alder 21 26 27 12 28 12 32 22

Mixed Broadleaf-Shrub

ICH Cut and spray glyph 62 Birch 8 5 12 3

ICH Cut and spray glyph 46 Cottonwood 21 12 34 1

ICH Manual 5 Birch 15 5 10 3 13 5 15 4

ICH Manual 39 Birch 9 19 12 9 13 9 18 15

ICH Manual 69 Birch 50 36 58 18

ICH Triclopyr 69 Birch 25 18 58 1

ICH Cut stump–glyph 7 Birch 39 39 13 1 37 1 56 3

Aspen

ICH Manual 52 Aspen 28 36 36 26 31 25

ICH Manual 100 Aspen 15 7 13 2 7 1 14 1

IDF Manual 77 Aspen 31 34 22 12

ICH Girdling 28 Aspen 11 16 17 11 36 9 46 13

ICH Girdling 74 Aspen 31 19 44 14

ICH Cut and spray glyph 40 Aspen 17 2 26 4

MS Triclopyr 67 Aspen 15 9 20 5

MS Triclopyr 64 Aspen 44 41 40 10

C = Control
T = Treated



  

 . Continued

Variable # 2 — Cover (%) Variable # 3 — Cover (%)

Pre- 1 yr post- 3 yr post- 5 yr post- Pre- 1 yr post- 3 yr post- 5 yr post-

Variable
treatment treatment treatment treatment

Variable
treatment treatment treatment treatment

name C T C T C T C T name C T C T C T C T

Herbs 72 73 61 54 60 46 57 49 Fireweed 71 68 57 51 50 39 46 35

Herbs 73 72 78 48 75 69 76 74 Fireweed 33 35 45 3 51 11 55 14

Herbs 52 52 44 51 Fireweed 29 26 25 26

Herbs 55 58 56 42 Fireweed 18 29 17 6

Herbs 46 35 50 36 Fireweed 31 28 29 24

Herbs 43 28 43 19 Fireweed 34 27 38 16

Herbs 63 49 69 37 73 60 Fireweed 35 30 31 5 26 7

Herbs 88 93 95 100 95 81 87 74 Bracken 15 44 16 43 26 17 23 12

Herbs 47 59 46 55 49 53 Valerian 9 6 5 7 2 6

Shrubs 32 31 52 59 63 71 79 94 Herbs 66 65 35 26 38 33 24 28

Shrubs 51 42 56 47 Herbs 39 49 52 59

Shrubs 64 42 46 36 59 53 55 57 Herbs 40 63 45 52 36 43 39 41

Shrubs 29 40 31 14 31 34 Herbs 56 30 64 42 60 42 57 41

Shrubs 71 65 66 25 71 35 Herbs 84 87 60 69 63 83

Shrubs 63 68 49 7 54 13 Herbs 29 48 24 6 24 35

Fireweed Herbs 18 11 12 13 11 24 15 11

Fireweed 31 19 20 16 Herbs 31 19 21 16

Fireweed 11 9 21 21 24 23 13 11 Herbs 38 35 36 41 30 35 29 28

Fireweed 7 10 14 13 8 13 8 6 Herbs 41 43 43 37 47 39 33 34

Fireweed 8 9 10 3 8 3 7 5 Herbs 10 11 15 12 14 15 15 18

Thimbleb’ry 5 6 8 1 Herbs 23 12 20 12

Shrubs 37 26 35 10 Herbs 31 32 29 19

Thimbleb’ry 3 5 2 5 2 6 3 10 Herbs 11 16 7 9 5 15 4 19

Shrubs 33 23 30 28 43 36 41 46 Herbs 31 45 31 27 52 46 43 41

Thimbleb’ry 25 13 39 22 Herbs 24 24 19 38

Thimbleb’ry 25 18 39 23 Herbs 24 33 19 39

Thimbleb’ry 28 28 43 36 66 50 49 39 Herbs 3 6 1 2 6 10 9 8

Herbs 32 34 33 40 23 19 Shrubs 46 22 41 26 51 32

Herbs 29 23 26 28 21 20 17 33 Shrubs 57 69 69 47 61 39 65 58

Herbs 63 54 35 38 Shrubs 65 64 53 42

Herbs 6 15 16 39 12 31 no data Shrubs 17 17 32 22 52 58 65 72

Herbs 40 59 21 51 Shrubs 35 33 54 56

Herbs 7 6 9 14 Shrubs 49 42 50 45

Herbs 12 14 12 20 Shrubs 51 53 57 49

Herbs 68 51 57 57 Shrubs 50 51 55 47





 . Mean vegetation height measurements for non-replicated PROBE treatments

Variable # 1—Height (cm)

1 yr post- 3 yr post- 5 yr post-
Pre-treatment treatment treatment treatment

BGC Brushing PROBE Variable
Complex Zone treatment Site name C T C T C T C T

Fireweed ESSF Mulch mats 107 All veg 124 113 63 57 83 66 74 67

ESSF Glyphosate 11 All veg 63 67 103 26 137 57 150 100

ICH Manual 78 All veg 91 94 121 118

ICH Manual 82 All veg 76 85 96 72

ICH Manual 59 All veg 68 62 93 78

ICH Glyphosate 63 All veg 92 87 113 72

ICH Glyphosate 35 All veg 42 46 53 26 83 56

Fern

ICH Manual 19 All veg 147 157 163 147 171 64 200 69

Subalpine Herb

ESSF Grazing 14 All veg 38 35 60 24 42 33 90 81

Ericaceous Shrub

ESSF Glyphosate 43 All veg 126 120 118 70 123 109

ESSF Glyphosate 120 All veg 75 74 97 95 109 47

Dry Alder

ESSF Manual 10 Alder 190 199 193 65 206 147 235 176

ESSF Manual 85 Alder 261 249 264 83

MS Manual 8 Alder 280 280 309 120 331 180 346 219

IDF Manual 18 Alder 190 215 214 92 186 155 198 166

MS Glyphosate 31 Alder 168 184 184 153 223 177 229 188

Aspen

ICH Manual 52 Aspen 301 365 353 115 490 173

ICH Manual 100 Aspen 495 383 462 47 619 93 666 83

IDF Manual 77 Aspen 699 799 848 855

ICH Girdling 28 Aspen 372 401 340 373 700 741 735 600

ICH Girdling 74 Aspen 337 326 323 281

ICH Cut and spray glyph 40 Aspen 334 78 468 121

MS Triclopyr 67 Aspen 310 329 398 310

MS Triclopyr 64 Aspen 677 516 760 310

Mixed Shrub

ICH Manual 16 All veg 111 163 102 74 135 111 188 204

ICH Manual 61 All veg 90 97 124 113

ICH Glyphosate 103 All veg 149 140 109 110 94 117 124 160

ICH Glyphosate 101 All veg 75 80 105 57 115 70 121 94

Mixed Broadleaf-Shrub

ICH Cut and spray glyph 62 Birch 249 299 257 114

ICH Cut and spray glyph 46 Cottonw’d 119 112 164 100

ICH Manual 5 Birch 399 380 488 133 543 286 729 326

ICH Manual 39 Birch 354 407 545 113 462 168 490 245

ICH Manual 69 Birch 281 310 415 173

ICH Triclopyr 69 Birch 281 358 415 246

ICH Cut stump–glyph 7 Birch 478 415 526 104 692 212 816 317

C = Control
T = Treated



  

 . Continued

Variable # 2 — Height (cm) Variable # 3 — Height (cm)

Pre- 1 yr post- 3 yr post- 5 yr post- Pre- 1 yr post- 3 yr post- 5 yr post-

Variable
treatment treatment treatment treatment

Variable
treatment treatment treatment treatment

name C T C T C T C T name C T C T C T C T

Herbs 146 122 63 59 86 71 75 67 Fireweed 153 140 57 51 84 70 79 69

Herbs 63 67 102 18 133 50 149 87 Fireweed 93 97 115 26 135 122 149 138

Herbs 88 89 119 107 Fireweed 99 99 132 135

Herbs 74 85 96 72 Fireweed 81 83 88 62

Herbs 68 61 88 84 Fireweed 82 60 120 92

Herbs 94 87 119 79 Fireweed 95 88 128 79

Herbs 39 46 48 16 78 53 Fireweed 71 70 85 30 88 62

Herbs 147 156 159 149 171 59 168 65 Bracken 133 149 119 138 154 88 144 88

Herbs 37 36 58 13 42 31 90 81 Valerian 36 32 56 12 41 35 91 83

Shrubs 128 119 119 101 123 108 Herbs 57 73 55 45 47 71

Shrubs 78 81 99 102 112 69 Herbs 25 23 67 33 63 33

Herbs 20 19 26 31 31 36 39 32

Fireweed 117 99 115 100 Herbs 117 99 115 101

Fireweed 108 101 113 102 120 96 104 114 Herbs 46 49 77 73 30 35 81 90

Fireweed 94 117 70 76 102 108 81 73 Herbs 35 36 30 34 42 53 41 45

Fireweed 49 56 55 20 73 42 55 46 Herbs 54 55 49 20 65 24 54 29

Herbs 110 109 109 89 76 84 Shrubs 82 62 84 43 96 71

Herbs 50 34 16 10 24 12 18 20 Shrubs 239 300 335 89 194 82 107 68

Herbs 20 24 19 24 Shrubs 122 221 126 118

Herbs 85 72 54 61 64 64 no data Shrubs 49 134 49 52 60 108 60 108

Herbs 40 38 40 36 Shrubs 63 58 71 80

Herbs 78 70 65 42 Shrubs 47 51 49 55

Herbs 53 41 57 56 Shrubs 56 60 59 64

Herbs 55 43 60 59 Shrubs 152 123 159 101

Shrubs 150 163 103 74 126 111 167 197 Herbs 53 66 41 36 36 20 24 16

Shrubs 85 87 116 105 Herbs 101 101 126 114

Shrubs 165 152 104 101 98 118 100 136 Herbs 78 100 56 88 48 86 55 90

Shrubs 61 79 70 47 69 74 81 86 Herbs 75 75 106 48 114 55 132 89

Thimbleb’ry 71 68 58 35 Herbs 70 73 37 51

Shrubs 55 57 57 44 Herbs 99 93 101 43

Thimbleb’ry 28 43 43 54 41 54 53 69 Herbs 86 72 99 84 55 34 61 35

Shrubs 69 67 67 89 109 94 93 122 Herbs 87 94 99 80 77 63 12 21

Thimbleb’ry 55 54 78 58 Herbs 66 51 93 80

Thimbleb’ry 55 60 78 72 Herbs 66 75 93 83

Thimbleb’ry 115 107 124 92 161 136 137 152 Herbs 16 21 23 57 121 165 101 171




  . Summary of responses for non-replicated PROBE treatments

BEC Brushing Conifer 

Complex Zone treatment species Sites Interpretation Memo Citation

Fireweed ESSF Mulch mats Se 107 Arbortec brush blankets were applied to 3-year-old Engelmann spruce seedlings Unpublished

growing among a dense Fireweed Complex. Five years after the blankets were

applied, survival was 94% in the treatment, compared to 89% in the control. The

causes of mortality were not identified. Treated seedlings had larger stem diameters

than control seedlings within 3 years of brush blanket application, and were also

gaining in height by year . The brush blankets freed about half the treated

seedlings from surrounding vegetation in the first-year assessment, but by year 3,

most were again overtopped. However, by year  seedlings were beginning to out-

grow the brush, with 16% of control seedlings and 35% of treated seedlings being

free of vegetation. The brush blankets reduced the cover of both the herb layer and

fireweed during the 5-year assessment period, but had no effect on height (proba-

bly because the brush blankets occupied only a fraction of the plot radius).

Fireweed ESSF Glyphosate Pl 11 Glyphosate at 1.78 kg ai/ha significantly reduced abundance of the Fireweed Mather and Simard 1998b

Complex for 3–5 years, but had no effect on growth or survival of lodgepole pine

seedlings. Seedlings were performing well in both glyphosate treatment and con-

trol, and were well above vegetation in both treatments.

Fireweed ICH Manual Fd 59 Fireweed cover was reduced by 5% in the first year after manual cutting, but Mather and Simard 1998g

otherwise, vegetation was unaffected by treatment. Stem diameter of Douglas-fir

seedlings increased in year 1, but only by 0.1 cm (1.2 versus 1.3 cm). There was no

height response. Survival was high in both treatment and control in year 1, and

vigour improved regardless of treatment.

Fireweed ICH Manual Fd 78 One year after manual treatment of the Fireweed Complex, survival of the Unpublished

3-year-old seedlings was high in both treatment and control. About 85% of

seedlings were of moderate to good vigour at the start of the trial, and this had not

changed one year after treatment. Manual cutting had no effect on Douglas-fir

stem diameter or height, and did not reduce the percentage of overtopped trees.

Manual cutting in late summer did not reduce cover or height of fireweed in the

following season.

Fireweed ICH Manual Sx 82 One year after manual cutting of the Fireweed Complex, spruce seedling survival Unpublished

was 100% in both the treatment and control and there were no differences in

seedling stem diameter or height. Cover and height of all vegetation, the herb layer,

and fireweed had been reduced in comparison to the control, and overtopping was

reduced.










 




 . Continued

BEC Brushing Conifer 

Complex Zone treatment species Sites Interpretation Memo Citation

Fireweed ICH Glyphosate Fd 63 One year after application of glyphosate at 1.78 kg ai/ha, cover of the Fireweed Mather and Simard 1998i

Complex was less than half control levels, and height was reduced by 20–30%.

There were no positive growth responses among Douglas-fir seedlings in year 1,

however. Height was negatively affected by treatment and stem diameter was

unchanged. Survival was high in both treatment and control, but vigour had

dropped slightly in both.

Fireweed ICH Glyphosate Pl 35 Glyphosate at 1.78 kg ai/ha reduced height and cover of the herb layer and Mather and Simard 1997b

fireweed for at least 3 years. Lodgepole pine stem diameter increased substantially

within 1 year of treatment (2.3 versus 1.8 cm), but height was unaffected. However,

most seedlings in both treatment and control were above surrounding vegetation

by year 3. Survival was high in both treatment and control, and vigour was moder-

ate to good in both.

Fern ICH Manual Sx 19 A 25-cm-tall spruce plantation buried under dense, lush vegetation received 14 Mather and Simard 1997f

manual brushing treatments in 5 consecutive years. Each treatment greatly reduced (and unpublished fifth-

vegetation abundance, but the plant community consistently recovered in a short year data)

period of time. After 5 years, survival in the control was only 11%, and half the

remaining seedlings were of poor vigour. Survival was better in the treatment, but

it was still too low (42%) to meet minimum stocking requirements. However, sur-

viving seedlings in the treated area were generally healthy and had much better

growth than those in the control. Vegetation competition caused most mortality in

both plots, but about 15% of seedlings in the brushed area died because they were

cut during treatment.

Subalpine Herb ESSF Grazing Se 14 Five years after sheep grazing, Engelmann spruce stem diameter was larger Mather and Simard 1997d

among treated seedlings, but growth was slow in both treatment and control.

Height of the 5-year-old seedlings averaged 42 cm, and was similar in the treatment

and control. Seedling survival and vigour had declined since grazing. By year , sur-

vival was 78% in the control and 69% in the treatment, and the majority of surviv-

ing seedlings were of poor vigour. Grazing reduced height and cover of all vegeta-

tion, the herb layer, and Sitka valerian for 3–5 years, but had no effect on shrubs.




  . Continued

BEC Brushing Conifer 

Complex Zone treatment species Sites Interpretation Memo Citation

Mixed Shrub ICH Manual Fd 16 A single manual cutting treatment was applied in August in a 1-m radius around Mather and Simard 1997c

4-year-old Douglas-fir seedlings growing under a dense mixture of thimbleberry,

willow, Douglas maple, red osier dogwood, and black twinberry. Five years after

brushing, Douglas-fir height was 16% (31 cm) greater in the brushed area than in

the control, but  diameter remained similar. Survival was 100% in both plots but

there were more poor vigour trees in the control (17%) than in the brushed area

(0%). After 5 years, the competitive status of Douglas-fir was the same in the treat-

ed area and control; only 5% of trees were free of vegetation and 20% were over-

topped. The covers of thimbleberry, red osier dogwood, black twin-berry, and wil-

low  were similar before and 1 year after treatment, but the cover of Douglas maple

was reduced for 2 years. Shrub height fully recovered by the third year after cutting,

and the heights of Douglas maple, red osier dogwood, and black twinberry were

greater in the treated area than in the control after 3 years.

Mixed Shrub ICH Manual Cw 61 A single manual cutting treatment was applied in July in a 1-m radius around Mather and Simard 1998h

cedar that had just been planted under a vegetation community dominated by

thimbleberry, raspberry, lady fern, and fireweed. The vegetation community recov-

ered in 1 year. Height growth was slightly (4 cm) greater in the treated area than in

the control 1 year after brushing, but there was no response in diameter. Cedar

vigour declined in both plots, but slightly more so in the control. However, few

trees in either plot were in poor condition or dead 1 year after brushing, in spite of

the dense vegetation. Survival of cedar was 94% in the brushed area and 91% in

the control; mortality was caused by vegetation competition. All cedar were over-

topped before and 1 year after brushing, but the trees were gradually outgrowing

the vegetation.

Mixed Shrub ICH Glyphosate Fd 103 Broadcast glyphosate spray at 2.1 kg ai/ha in August had very little impact on a Unpublished

vegetation community dominated by fireweed and red raspberry. The plants expe-

rienced some curling of leaves in the year herbicide was applied, but 1 year after

treatment, vegetation abundance had not been reduced. The reason for poor

efficacy of the treatment is unknown. Five years after treatment, growth, vigour,

and survival (93%) were equally good in the brushed area and in the control.

Mortality was caused by a variety of agents including Armillaria ostoyae, snow

breakage, hare browsing, and poor planting quality, but not including vegetation

competition. Five years after treatment, competitive status was the same in both

plots: 30% of the 9-year-old Douglas-fir were free of vegetation, 50% were over-

topped, and trees averaged 75% of the vegetation height. Treated and untreated

trees were gradually outgrowing the vegetation.
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BEC Brushing Conifer 

Complex Zone treatment species Sites Interpretation Memo Citation

Mixed Shrub ICH Glyphosate Cw 101 Spot glyphosate application at 2.1 kg ai/ha in August severely set back a vegeta- Unpublished

tion community dominated by thimbleberry, raspberry, lady fern, and fireweed.

The herbicide severely reduced the cover of total shrubs and each of the dominant

species 1 year after treatment, but the cover of total herbs recovered in 1 year. Red

raspberry and fireweed regained pre-treatment covers within 3 years, but the covers

of lady fern and thimbleberry were severely set back for 5 years. Heights of the four

dominant species nearly recovered in  years. Five years after herbicide treatment,

cedar was 32% (0.6 cm) larger in diameter in the herbicided area than in the con-

trol, but height was similar. Survival was better in the control (94%) than the her-

bicided area (83%); mortality was caused by a variety of agents including drought,

flooding, and rodent browsing. Vegetation competition did not contribute to mor-

tality even though untreated trees were growing in dense vegetation throughout

the measurement period. Five years after treatment, vigour was similar in both

plots and all surviving trees were healthy. Before brushing, all seedlings were over-

topped, but after 5 years, 53% of treated trees were free of vegetation and 27%

were overtopped. In the control, only 6% were free of vegetation and 65% were

overtopped.

Ericaceous Shrub ESSF Glyphosate Se 43 Glyphosate at 2.1 kg ai/ha had a slightly negative effect on survival of Engelmann Mather and Simard 1988o

spruce (94 versus 86%) and no effect on growth. Height and cover of shrubs in the

Ericaceous Shrub Complex were reduced for at least 3 years. Height and cover of

herbs increased during that time, likely in response to increased light.

Ericaceous Shrub ESSF Glyphosate Se 120 Three years after treatment of the Ericaceous Shrub Complex with glyphosate at Unpublished

2.0 kg ai/ha, Engelmann spruce survival was above 90% in both treatment and

control, but there were no positive effects on seedling growth. Seedling stem diame-

ter was unaffected by treatment, but height was reduced in comparison to the con-

trol in both year 1 and year 3. Height and cover of “all vegetation” and of the shrub

layer were reduced by glyphosate for at least 3 years, whereas herb cover was

reduced by treatment for 1 year, but by year 3 it had recovered and surpassed con-

trol levels.

Dry Alder ESSF Manual Pl 10 Pine diameter increased and height decreased slightly following manual cutting, Mather and Simard 1998c

but the treatment was not required to obtain excellent survival and a healthy plan-

tation. After 5 years, most of the treated trees and two-thirds of the untreated trees

were free of vegetation. Alder in the treated area had the same cover (53%) and

three-quarters the height of alder in the control 3 years after manual cutting.




  . Continued

BEC Brushing Conifer 

Complex Zone treatment species Sites Interpretation Memo Citation

Dry Alder ESSF Manual Se 85 Spruce diameter and height did not respond in the first year following manual Unpublished

cutting. Survival was 100% in the control, but only 72% in the brushed area due to

cutting of PROBE crop trees during spacing. One year after brushing, 92% of the

treated seedlings were free of vegetation. Untreated seedlings did not start to out-

grow the alder in the 1-year measurement period.

Dry Alder MS Manual Pl 8 Pine that was planted under a dense alder canopy benefited greatly from a Mather and Simard 1998d

manual cutting treatment. The treatment greatly improved survival and helped

prevent a decline in pine vigour. Height and diameter growth were dramatically

greater in the manually cut area than in the control, and growth rates continually

improved from 1 to 5 years after brushing, in spite of the rapid regrowth of alder.

Alder regrew rapidly in the first 3 years after cutting, but increased little in height

or cover between year 3 and 5. Alder sprouts were 63% as tall and had 80% the

cover of untreated alder 5 years after treatment.

Dry Alder IDF Manual Sx 18 Spruce diameter increased slightly, but height did not respond in the first 5 years Mather and Simard 1997e

after manual cutting of alder and willow. The treatment was not required to obtain

excellent survival and a healthy plantation. Few spruce were free of vegetation 5

years after treatment because vigorous alder sprouts caught up to the relatively

slow-growing conifers. Alder cover was the same (37%) in the brushed area and

control 3 years after brushing and the height of alder sprouts reached the height of

uncut alder after 5 years. Willow cover was not reduced by brushing, but height was

reduced for 3 years.

Dry Alder MS Glyphosate Pl 31 Pine growth and vigour were unaffected by the herbicide treatment, which Mather and Simard 1998m

severely set alder back for the -year measurement period. Beginning 3 years

after glyphosate application, most of the treated and untreated pine were free of

vegetation.

Mixed Broadleaf- ICH Cut, spray Fd 62 Glyphosate application to a light cover of birch killed the hardwoods and Mather and Simard 1998j

Shrub glyphosate resulted in a slight increase in Douglas-fir diameter and a slight decrease in height

growth 1 year after treatment. Douglas-fir vigour decreased in both the treated

area and control, but survival was good (100% in the control and 94% in the treat-

ed area). Mortality was attributed to poor planting. Before treatment, 81% of

Douglas-fir were overtopped and only 5% were free of vegetation. One year after-

ward, two-thirds of treated trees and half the untreated trees were free of vegeta-

tion, and only 12% of treated trees and 30% of control trees were still overtopped.

The untreated trees were quickly outgrowing the vegetation.
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Mixed Broadleaf- ICH Cut, spray Pl 46 Cottonwood and birch were cut in both the treated area and control, then the Mather and Simard 1998k

Shrub glyphosate following year sprouts were sprayed with glyphosate in the treated area only. One

year after herbicide application, average pine diameter was 24% (0.9 cm) greater in

the treated area than in the control, but leader growth of treated trees was reduced

slightly. Pine vigour was not initially affected by the herbicide treatment, and sur-

vival was 97% in both plots. Mortality was caused by Armillaria. The treatment

immediately created a stand that was free of vegetation, but untreated pine were

naturally outgrowing the broadleaves.

Mixed Broadleaf- ICH Manual Sx 5, 39 Three years after brushing, average spruce diameter was 9–14% (0.7–0.9 cm) Mather and Simard 1998f

Shrub greater in the treated areas than in the controls, but height growth was unaffected. (PROBE 5)

One site was monitored for 5 years, and after this longer measurement period, total Mather and Simard 1998p

height was 14% (57 cm) greater in the brushed area than in the control. On one (PROBE 39)

site, survival was 100% in both plots, and on the other site Armillaria caused 3%

mortality in both plots. On one site, vigour was unaffected by treatment, whereas

on the other, weevil damage resulted in greater loss of vigour in the treated area

than in the control. Three to 5 years after brushing, half of the treated spruce (and

3% of the untreated spruce) were free of vegetation. The untreated spruce were not

outgrowing the broadleaves.

Mixed Broadleaf- ICH 1) Manual Fd 69 Triclopyr application killed all treated broadleaf trees, and no resprouting Unpublished

Shrub 2) Triclopyr occurred in the first year after brushing. Manual cutting resulted in vigorous

resprouting. Neither treatment resulted in an increase in Douglas-fir diameter or

height 1 year after brushing, but vigour in both treated plots improved while

vigour in the control remained constant. One year after brushing, most (80–85%)

Douglas-fir in both brushed plots were free of vegetation, while the competitive

status of Douglas-fir in the control remained constant (14% were free of vegetation

and 25–30% were overtopped).
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Mixed Broadleaf- ICH Cut stump- Cw 7 A heavy birch canopy was removed by cutting, and application of glyphosate to Mather and Simard 1998a

Shrub glyphosate the stumps eliminated resprouting. Five years after brushing, average cedar diame-

ter was 21% (0.9 cm) bigger and leader growth was 40% greater in the treated area

than in the control, but there was no difference in total height between the two

plots. Survival after 5 years was 97% in the treated area and 92% in the control;

mortality was due to a variety of factors unrelated to vegetation competition.

Cedar vigour was not affected by the treatment; both treated and untreated stands

were healthy. Five years after brushing, 31% of treated cedar (and 0% of untreated

cedar) were free of vegetation, and 35% of treated trees and 100% of control trees

were overtopped. The untreated cedar was not outgrowing the birch.

Aspen ICH Manual Fd 52, 100 Manual cutting was not required to maintain excellent survival of Douglas-fir, Mather and Simard 1997a

but on one site, treatment damage caused 22% mortality. On one site, vigour was (PROBE 52)

the same in the brushed area and control 5 years after treatment, but in the other Unpublished

site 40% of untreated trees declined from moderate to poor vigour while most (PROBE 100)

treated trees stayed healthy. On both sites, Douglas-fir height and diameter

increased moderately by the third year after brushing. On one site, aspen abun-

dance was greatly reduced for 5 years, but on the other the species rapidly invaded

and reached the same cover as the control after 5 years. At the site where Dougas-

fir was tall (3 m) at the time of brushing, 71% of treated trees and 42% of control

trees was free of vegetation 5 years after brushing. At the other site, where Douglas-

fir was 0.7 m tall at the time of brushing, none of the treated or untreated trees

were free of vegetation 3 years after brushing. At both sites, herb cover increased

slightly after treatment. At one site, the increase in herbs was present only in the

first year after brushing, whereas at the other site, the increase did not appear until

5 years after brushing.
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Aspen           IDF Manual Pl 77 Manual cutting (400 aspen stems/ha retained) had no effect on aspen height, but Unpublished

reduced its cover to 12% (versus 22% in the control) 1 year after brushing. The

reduction in aspen abundance had virtually no effect on competitive status of pine;

1 year after brushing, 27% of pine were free of vegetation and about 60% were

overtopped in both the treatment and control. Brushing resulted in no initial

response in height or diameter growth of pine. Survival was 100% in the brushed

area and 94% in the control; mortality resulted from girdling of stems by rodents.

Average vigour remained relatively constant in both the manually cut area and con-

trol, but the percentage of good-vigour trees increased slightly more in the brushed

area (19%) than in the control (8%), whereas the precentage of poor-vigour trees

increased slightly more in the brushed area than in the control (7 versus 3%). Herb

cover increased slightly and shrub height and cover decreased after treatment.

Aspen ICH Girdling Fd 28 Girdling of aspen (650 aspen stems/ha retained) increased the height and diame- Mather and Simard 1998l

ter growth of Douglas-fir and improved the vigour of the stand. Survival was simi-

lar in the treated area (92%) and control (89%) 5 years after treatment, but one-

third of untreated trees were of poor vigour, while only 6% of treated trees were

poor. There were also more good-vigour trees in the treated area (30%) than in the

control (3%). Armillaria caused 3% mortality in the brushed area and 11% in the

control. Aspen sprouted and suckered weakly after treatment, resulting in a large

reduction in aspen abundance for 5 years. Five years after girdling, 58% of treated

Douglas-fir were free of vegetation (versus 22% in the control) and the percentage

of overtopped trees was 9% in the girdled area versus 47% in the control. Shrub

cover and height decreased after brushing, whereas herb cover and height were

unaffected.

Aspen ICH Girdling Fd 74 Broadcast girdling of aspen increased the height and diameter growth of Unpublished

Douglas-fir and improved the vigour of the stand. Survival was the same (97%) in

the girdled area and control; mortality was caused by Armillaria in the control and

unknown causes in the girdled area. One year after girdling, treated aspen were

starting to die and aspen cover was reduced to 14% (versus 44% in the control),

but aspen height was not affected. Aspen sprouted and suckered weakly after treat-

ment. One year after girdling, only 20% of Douglas-fir in the treated area were free

of vegetation, as most girdled stems had not yet died. Shrub height increased

slightly after treatment; shrub cover and herb height and cover were not affected.
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Aspen ICH Cut, spray Pl 40 Five years after chemical treatment, pine stands were healthy regardless of Mather and Simard 1998c

glyphosate treatment, but survival was lower in the control (89%) than in the treated area

(97%). Armillaria caused 6% mortality in the control and 3% in the treated area;

the other causes of mortality were not determined. Pine diameter growth, but not

height growth, was slightly increased by the treatment. Five years after treatment,

60% of treated pine and 30% of untreated pine were free of vegetation. The per-

centage of untreated pine that were free of vegetation did not change over the mea-

surement period, but the number of overtopped trees decreased slightly, suggesting

that some untreated pine were starting to outgrow the aspen. The height and cover

of aspen was greatly reduced for 5 years after herbicide treatment.

Aspen MS Triclopyr Pl 64, 67 Aspen cover was greatly reduced by triclopyr application with no regrowth Unpublished

basal on treated stems 1 year after treatment. At one site (PROBE 67) where pine were

tall (3 m) at the time of brushing, 80% of pine in the treated area were free of

vegetation 1 year after treatment, and untreated pine were naturally outgrowing

the aspen (the percentage of untreated pine that were free of vegetation increased

from 25% before treatment to 50% 1 year later). At the other site where pine were

0.8 m tall at the time of brushing, 1 year after treatment only 31% of treated pine

were free of vegetation and 58% were overtopped, while all untreated pine were

overtopped both before and 1 year after treatment. At both sites, survival was 100%

in both the chemically treated area and control. At one site, all trees were healthy,

regardless of whether brushing was done, but at the other site there was a large

increase in the percentage of poor-vigour and moribund trees in the untreated but

not the treated area. At one site, pine diameter was 20% greater and leader growth

was slightly greater in the brushed area than in the control 1 year after treatment.

At the other site, leader growth decreased slightly after treatment and there was no

diameter response. At both sites, herb cover increased slightly and shrub cover

decreased after treatment. At one site, herb height increased and shrub height

decreased, whereas at the other site there was no effect on the height of herbs

and shrubs.
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