
Effects of Operational Brushing on Conifers
and Plant Communities in the Southern
Interior of British Columbia

Results from PROBE 1991–2000
PRotocol for Operational Brushing
Evaluations

Suzanne W. Simard, Jean L. Heineman,
W. Jean Mather, Donald L. Sachs, and
Alan Vyse

Ministry of Forests
Research Program

Section Five



Conifer response......................................................................................................................................... 

Plant community response ........................................................................................................................ 

Sheep and Cattle Grazing .............................................................................................................................. 

Conifer response......................................................................................................................................... 

Plant community response ........................................................................................................................ 

Effects of the Community on Resource Availability ................................................................................... 

Competition Thresholds ................................................................................................................................ 

Effectiveness of Treatments at Meeting Management Objectives .............................................................. 

Conclusions ......................................................................................................................................................... 

Management Implications.................................................................................................................................. 

  Fern Complex..................................................................................................................................... 

Abstract ................................................................................................................................................................ 

Introduction ........................................................................................................................................................ 

Description of the Fern Complex ................................................................................................................. 

Development of the Fern Complex .............................................................................................................. 

Interactions with Conifer Seedlings .............................................................................................................. 

Importance to Wildlife and Range ............................................................................................................... 

Common Brushing Treatments in the Fern Complex ................................................................................ 

Results ................................................................................................................................................................. 

Foliar Glyphosate ............................................................................................................................................ 

Engelmann spruce in the ICH zone ......................................................................................................... 

Competition thresholds ............................................................................................................................. 

Discussion............................................................................................................................................................ 

Conifer Responses........................................................................................................................................... 

Plant Community Response .......................................................................................................................... 

Effects of the Community on Resource Availability ................................................................................... 

Competition Thresholds ................................................................................................................................ 

Effectiveness of Treatment at Meeting Management Objectives................................................................ 

Conclusions ......................................................................................................................................................... 

Management Implications.................................................................................................................................. 

  Mixed Shrub Complex ...................................................................................................................... 

Abstract ................................................................................................................................................................ 

Introduction ........................................................................................................................................................ 

Description of the Mixed Shrub Complex ................................................................................................... 

Development of the Mixed Shrub Complex ................................................................................................ 

Interactions with Conifer Seedlings .............................................................................................................. 

Importance to Wildlife and Range ............................................................................................................... 

Common Brushing Treatments in the Mixed Shrub Complex .................................................................. 

Results ................................................................................................................................................................. 

Manual Cutting............................................................................................................................................... 

Hybrid spruce in the ICH and ESSF zones ............................................................................................. 

Sheep Grazing ................................................................................................................................................. 

Hybrid spruce in the ICH and ESSF zones ............................................................................................. 

Competition Thresholds for Hybrid Spruce, Western Redcedar, and Douglas-fir................................... 

Discussion............................................................................................................................................................ 

Manual Cutting............................................................................................................................................... 

Conifer responses ....................................................................................................................................... 

Plant community response ........................................................................................................................ 

viii



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

 Characteristics and history of the three replicate study sites where the ESSF/ICH Fireweed
Complex was treated with foliar glyphosate spray in Engelmann spruce plantations ............................ 

 A description of foliar glyphosate treatments applied to the three replicate study sites to release
Engelmann spruce seedlings growing in the ESSF/ICH Fireweed Complex ............................................. 

 Survival and growth responses of Engelmann spruce seedlings to foliar glyphosate spray in the
ESSF/ICH Fireweed Complex ......................................................................................................................... 

 Cover and height of vegetation in the ESSF/ICH Fireweed Complex before and after glyphosate
treatment in Engelmann spruce plantations ................................................................................................ 

 Richness and diversity of vascular plant species in the ESSF/ICH Fireweed Complex before and
after glyphosate treatment in Engelmann spruce plantations .................................................................... 

 Richness and diversity of structural vegetation groups in the ESSF/ICH Fireweed Complex before
and after glyphosate treatment in Engelmann spruce plantations............................................................. 

 Vascular plant species that exhibited trends of increasing cover, decreasing cover, or no change in
cover following glyphosate treatment of the ESSF/ICH Fireweed Complex in Engelmann spruce
plantations........................................................................................................................................................ 

 Characteristics and history of the three replicate study sites where the ESSF Fireweed Complex
was grazed in Engelmann spruce plantations .............................................................................................. 

 A description of grazing treatments applied to the three replicate study sites to release Engelmann
spruce seedlings growing in the ESSF Fireweed Complex .......................................................................... 

 Survival and growth responses of Engelmann spruce seedlings to grazing in the ESSF Fireweed
Complex ........................................................................................................................................................... 

 Cover and height of vegetation in the ESSF Fireweed Complex before and after grazing in
Engelmann spruce plantations ....................................................................................................................... 

 Richness and diversity of vascular plant species in the ESSF Fireweed Complex before and after
grazing in Engelmann spruce plantations .................................................................................................... 

 Richness and diversity of structural vegetation groups in the ESSF Fireweed Complex before and
after grazing in Engelmann spruce plantations ........................................................................................... 

 Vascular plant species that exhibited trends of increasing cover, decreasing cover, or no change in
cover following grazing in the ESSF Fireweed Complex in Engelmann spruce plantations ................... 

 Common brushing treatments applied to the Fern Complex in the southern interior of B.C. ............. 

 Characteristics and history of the three replicate study sites where the ICH Fern Complex was
treated with glyphosate in hybrid spruce plantations ................................................................................. 

 A description of glyphosate treatments applied to the three replicate study sites to release hybrid
spruce seedlings growing in the ICH Fern Complex .................................................................................. 

 Survival and growth responses of hybrid spruce seedlings to glyphosate treatment in the ICH
Fern Complex .................................................................................................................................................. 

 Cover and height of vegetation in the ICH Fern Complex before and after glyphosate treatment
in hybrid spruce plantations .......................................................................................................................... 

 Richness and diversity of vascular plant species in the ICH Fern Complex before and after
glyphosate treatment in hybrid spruce plantations ..................................................................................... 

 Richness and diversity of structural vegetation groups in the ICH Fern Complex before and after
glyphosate treatment in hybrid spruce plantations ..................................................................................... 

 Vascular plant species that exhibited trends of increasing cover, decreasing cover, or no change
in cover following glyphosate treatment of the ICH Fern Complex in hybrid spruce
plantations........................................................................................................................................................ 

 Competition thresholds, regression equation parameter estimates, p-values, and adjusted r2 values
for predicting hybrid spruce stem diameter from the competition indices, herb cover, and , in
the Fern Complex in the ICH zone .............................................................................................................. 

xiii



 Comparison of Engelmann spruce vigour between the grazing treatment and control before and
 year after treatment of the ESSF Fireweed Complex ................................................................................ 

 Frequency of control and treated trees in standardized diameter classes for Engelmann spruce in
the ESSF Fireweed Complex before and after livestock grazing ................................................................. 

 Frequency of control and treated trees in standardized total height classes for Engelmann spruce in
the ESSF Fireweed Complex before and after livestock grazing ................................................................. 

 Comparison of Engelmann spruce competitive status between the grazing treatment and control
before and  year after treatment of the ESSF Fireweed Complex............................................................. 

 Effect of sheep grazing on the Fireweed Complex (a) immediately, (b) one year, (c)  years, and
(d)  years following treatment ..................................................................................................................... 

 Comparison of average spruce and fireweed height profiles in (a) the brushing treatment and
(b) the control in the years following manual cutting in the ESSF/ICH Fireweed Complex ................. 

 Comparison of average lodgepole pine and fireweed height profiles in (a) the brushing treatment
and (b) the control in the years following manual cutting in the ICH/ESSF Fireweed Complex.......... 

 Comparison of average spruce and fireweed height profiles in (a) the brushing treatment and
(b) the control in the years following foliar glyphosate application in the ESSF/ICH Fireweed
Complex ........................................................................................................................................................... 

 The Fern Complex prior to glyphosate application at Ratchford River (Site ) in the ICHwk

variant in the Salmon Arm Forest District .................................................................................................. 

 Comparison of hybrid spruce vigour between the glyphosate treatment and control before, and , ,
and  years after, treatment of the ICH Fern Complex .............................................................................. 

 Comparison of hybrid spruce stem diameter between the glyphosate treatment and control before,
and , , and  years after, treatment of the ICH Fern Complex ............................................................... 

 Comparison of hybrid spruce height between the glyphosate treatment and control before, and , ,
and  years after, treatment of the ICH Fern Complex .............................................................................. 

 Frequency of control and treated trees in standardized diameter classes for hybrid spruce in the
ICH Fern Complex before and after glyphosate treatment ........................................................................ 

 Frequency of control and treated trees in standardized total height classes for hybrid spruce in the
ICH Fern Complex before and after glyphosate treatment ........................................................................ 

 Comparison of hybrid spruce competitive status between the glyphosate treatment and control
before, and , , and  years after, treatment of the ICH Fern Complex .................................................. 

 Effects of broadcast foliar glyphosate application on the Fern Complex and Engelmann spruce
(a) one year, (b)  years, and (c)  years following treatment ................................................................... 

 Comparison of mean total vegetation cover between the glyphosate treatment and control before,
and , , and  years after, treatment of the ICH Fern Complex ............................................................... 

 Relationship between stem diameter of hybrid spruce growing amongst the ICH Fern Complex
and (a) herb cover or (b) ...................................................................................................................... 

 Comparison of average hybrid spruce and vegetation height profiles in (a) the brushing treatment
and (b) the control in the years following manual cutting in the ICH Fern Complex .......................... 

 The Mixed Shrub Complex prior to manual cutting at Westfall River (Site ) in the ESSFwc

variant in the Kootenay Lake Forest District ............................................................................................... 

 Comparison of hybrid spruce vigour between the manual cutting treatment and control before,
and , and  years after, treatment of the ICH/ESSF Mixed Shrub Complex ........................................... 

 Comparison of hybrid spruce stem diameter between the manual cutting treatment and control
before, and , and  years after, treatment of the ICH/ESSF Mixed Shrub Complex .............................. 

 Frequency of control and treated trees in standardized diameter classes for hybrid spruce in the
ICH Mixed Shrub Complex before and after manual cutting.................................................................... 

 Frequency of control and treated trees in standardized total height classes for hybrid spruce in the
ICH Mixed Shrub Complex before and after manual cutting.................................................................... 

 Comparison of hybrid spruce competitive status between the manual cutting treatment and control
before, and , and  years after, treatment of the ICH/ESSF Mixed Shrub Complex .............................. 

xx



We have fifth-year results demonstrating the effects
of foliar glyphosate application (.–. kg ai/ha)
on hybrid spruce seedlings and the Fern Complex
in the ICH zone. Chemical brushing substantially
reduced abundance of the Fern Complex during
the -year monitoring period and improved spruce
seedling growth (but not survival) within – years.
By year , spruce in the treatment had % greater
stem diameter (. versus . cm), were %
taller (. versus . cm), had % longer
leaders ( versus  cm), and had % lower
height:diameter ratio (. versus .) than those
in the control. Spruce were – years old at the
time of brushing, and the glyphosate treatment was
not necessary to ensure continued good (%) sur-
vival. However, silviculture survey data collected at
the start of the study suggest that considerable
mortality occurred between the time of planting
and brushing. In spite of its severe impact on vege-
tation, chemical treatment did not affect richness
or diversity of the Fern Complex.

A competition threshold for spruce diameter
growth was not evident where herb cover was used

as a competition index, but was  where  was
used. Reducing herb abundance below the 
threshold for most trees over a -year period
improved average spruce diameter growth. Other
studies suggest that shorter-term reductions from
single manual treatments are ineffective at releasing
spruce seedlings from fern competition. The ability
to identify  but not cover thresholds, as well as
results from other studies, suggest that the Fern
Complex affects spruce growth more by reducing
light than by reducing soil resource availability.

In our study, brushing with glyphosate allowed
treated spruce to achieve (on average) the mini-
mum height and conifer:vegetation height ratio
requirements for free-growing (B.C. Ministry of
Forests ) by the time they were – years old.
However, we predict that control seedlings will
need only an additional – years to meet these
requirements. Brushing did not improve the ability
of our sites to meet minimum stocking because
stocking was low at the time brushing treatments
were applied.

    

 

Fern Complex

ABSTRACT



Description of the Fern Complex

The Fern Complex is characterized by the presence
of lady fern (Athyrium filix-femina), bracken
(Pteridium aquilinum), and less abundantly, spiny
wood fern (Drypopteris expansa) (Kimmins and
Comeau ; Figure ). The complex typically
occurs as a mosaic of pure patches of lady fern,
bracken fern, and thimbleberry (Rubus parvi-
florus), with each species occupying its own niche.
Other herbs and shrubs that are often present in
the Fern Complex include fireweed (Epilobium
angustifolium), red raspberry (Rubus idaeus), devil’s
club (Oplopanax horridus), and red elderberry
(Sambucus racemosa). The Fern Complex and
Mixed Shrub Complex (Section ) tend to include
similar species, but ferns are less dominant in the
Mixed Shrub Complex. The Fern Complex is found
on moist to wet sites in wetter subzones of the
ICH zone in the southern interior of British
Columbia. It represents an important vegetation
competition problem in the ICH zone.

Development of the Fern Complex

Bracken occurs in the understorey of mature forests,
but the vigour and size of bracken colonies tend to
increase following harvesting, especially when an
intensive mechanical site preparation or deep

burning treatment is applied subsequently (Haeus-
sler et al. ). Severe disturbance provides a
niche that bracken, but few other species, can toler-
ate. Bracken plants that were present before logging
quickly invade vacant niches through vegetative
reproduction from an extensive, rapidly reproduc-
ing network of underground rhizomes. The rhi-
zomes are deep in the soil, and disturbance does
not kill the plants but rather promotes the produc-
tion of new fronds. The abundant wind-dispersed
spores of bracken also quickly invade severely dis-
turbed areas (Haeussler et al. ). Bracken does
not compete well with other vegetation and so is
usually not abundant on rich microsites where
other species reproduce well, or where native vege-
tation is undisturbed (Hellum and Zahner ;
Watt ; Fletcher and Kirkwood ). Once
established, bracken can severely inhibit or exclude
other plant species, including conifers (Ferguson
and Boyd ), through production of toxic
growth-inhibiting chemicals (allelopathy) (Gliess-
man ). Bracken’s best growth is where moisture
is abundant, but it can tolerate moderately dry
conditions as well (Cody and Crompton ). It
reaches heights of –. m, or taller where condi-
tions are favourable.

Lady fern usually becomes a dominant species
on logged sites only if it was well established in the
original stand (Haeussler et al. ). Growth and
expansion of the plant are stimulated by the
increase in light following canopy removal, but
only where moisture is adequate. The presence of
lady fern diminishes on sites that dry out after log-
ging. Lady fern prefers moist to wet, well-drained
medium to very rich soils (Page ; Pojar et al.
; Klinka et al. ). Plants that were present
before logging reproduce through division of the
rhizome, but unlike bracken fern, they do not
form an extensive underground network of rhi-
zomes (Haeussler et al. ). Lady fern also repro-
duces through spores, which will germinate on
mineral soil or, less commonly, decaying wood.
Spores do not usually germinate on the forest floor,
and germination is reported not to occur under
dry conditions or in the shade (Weinberg and
Voeller ; Page ; Schneller ). Develop-
ment of lady fern colonies is favoured by light to
moderate burns, but tends to be retarded by



INTRODUCTION

  The Fern Complex prior to glyphosate
application at Ratchford River (Site 44) in
the ICHwk1 variant in the Salmon Arm
Forest District. Photo credit: Silver Ring
Forestry Ltd.



mechanical site preparation (Haeussler et al. ).
Lady fern can grow to heights of  m or more
under suitable conditions.

Thimbleberry patches are common in the Fern
Complex. Canopy removal, burning, and mechani-
cal site preparation () all stimulate sprouting
from rhizomes of thimbleberry plants that were
present before logging, and burning and  cre-
ate suitable conditions for germination of new or
banked seed (Haeussler et al. ). Once estab-
lished, thimbleberry plants quickly expand into
colonies through vegetative reproduction of the
rhizomes. Thimbleberry tends to rapidly increase
in cover and height, and often develops a dense
canopy with a very large leaf area within a few
years of disturbance. Thimbleberry will grow under
a wide variety of nutrient conditions, but growth is
best where soils are moist and well-drained
(Haeussler et al. ). Under suitable conditions,
thimbleberry can achieve a height of  m.

In summary, the Fern Complex most commonly
develops on moist ICH sites that were burned and
where lady fern and bracken were present before
logging. Because moist sites are difficult to burn, it
is less widespread than other plant communities
such as the Mixed Shrub Complex. Bracken gener-
ally becomes a significant component of the plant
community only on microsites where disturbance
was severe, and lady fern tends to develop only
where nutrients are medium to rich. Thimbleberry
establishes under a wider range of conditions than
the ferns.

Interactions with Conifer Seedlings

The dominant species of the Fern Complex (lady
fern, bracken, and thimbleberry) are all serious
competitors for light (Haeussler et al. ), and
they can cause physical damage to young conifers
by smothering them with dense foliage in the fall.
Burton () likewise cites bracken fern patches as
one of the most inhibitive environments for conifer
seedling growth. Seedlings likely experience mini-
mal competition for moisture and nutrients from
the Fern Complex because it tends to occur on
moist to wet sites with at least medium nutrient
levels. It is possible, however, that excess moisture
and high humidity under extremely dense vegeta-
tion of this nature can cause seedlings to rot. The

Fern Complex is known to reduce spruce growth
(Comeau et al. ), but there are no published
reports of negative effects on survival. Nevertheless,
high seedling mortality has commonly been
observed immediately following planting in fern-
dominated openings, which has sometimes led to
stocking problems (J. Wright, pers. comm., ).

Importance to Wildlife and Range

The Fern Complex is utilized by ungulates, bears,
and small mammals. Bracken fern is an important
food source for deer (Harvey ) and it can pro-
vide part of the late fall or winter diet of caribou
(Edwards and Ritcey ). Lady fern is an impor-
tant food for mountain goat and a moderately
important food for bighorn sheep, but has low
importance in the southern interior for deer,
moose, and caribou (Blower ). Its fiddleheads
and mature fronds are eaten by black bear, grizzly
bear, and deer in spring and summer (Haeussler et
al. ). Thimbleberry fruit is favoured by many
birds and mammals, but the twigs and leaves have
fairly limited value as a food source (Haeussler et
al. ). The dense patches of vegetation that
commonly occur in Fern complexes provide cover
for many mammals.

Thimbleberry and bracken are browsed mini-
mally or erratically by sheep; bracken tends to be
trampled more than browsed (Newsome et al.
). The value of lady fern as sheep browse has
not been documented in the literature.

Common Brushing Treatments in the
Fern Complex

Manual cutting and foliar glyphosate application
are the only common operational brushing treat-
ments used on the Fern Complex. Details about
these treatments are found in Table . Manual
cutting is used more frequently than herbicides,
sometimes due to difficulties of obtaining herbicide
permits. Manual cutting treatments may be single
or repeated, but glyphosate is generally applied
only once. Manual cutting and herbicide treatments
may be applied as either broadcast or spot applica-
tions. In this study, the only treatment assessed was
glyphosate application.

    





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

Suggested Average
Optimum number of cost per Potential

Treatment Objective timing treatments Tool haa disadvantage

Manual cutting 1. Reduce competition for Spring or spring and Multiple 1. Motorized brush saw $538 1. Treatment damage to 

light and mid-summerb 2. “Hockey stick” seedlings 

2. Reduce snow- and $511 2. Multiple treatments 

vegetation-press are expensive 

Glyphosate 1. Reduce competition for  Mid-July to late Augustc 1 1. Backpack sprayer $700  1. Difficulties obtaining

(1.24–1.78 kg light 2. Fixed-wing plane or $311 herbicide permits 

ai per ha) 2. Reduce snow- and helicopter (aerial) 2. Cannot apply near 

vegetation-press waterways 

a Based on average costs for the Kamloops and Nelson forest regions for single-entry treatments (B.C. Ministry of Forests )
b Comeau et al. ()
c LePage and Pollack ()



Foliar Glyphosate

Engelmann spruce in the ICH zone
This section describes fifth-year hybrid spruce
and vegetation responses to a single foliar glypho-
sate treatment of the Fern Complex (n = ).
Seedlings were – years old at the time of
treatment.

Description of study sites and treatments
The response of spruce and the Fern Complex to
glyphosate application is being studied on three
sites in the Kamloops and Nelson forest regions.
Two of the sites are located near the Ratchford
River,  km northwest of Malakwa in the Salmon
Arm Forest District, and the third site is located
near Bigmouth Creek, south of the Mica Dam in
the Revelstoke District. All of the sites are located
northwest of Revelstoke in wet ICH variants (Wells
Gray Wet Cool ICH variant [ICHwk] and Mica
Very Wet Cool ICH variant [ICHvk]). The two
Ratchford River sites, which are very similar, share
a common control plot because of accidental
destruction of one of the original control plots.
Consequently, analysis for this treatment cell used
an unbalanced design.

The sites are all mesic (site series ) with mod-
erately steep slopes (–%), but aspect is variable
(Table ). Two sites are transitional to the ESSF
zone (– m), whereas the third is in the
heart of the ICH zone at  m elevation. The
higher-elevation sites have sandy loam Podzolic
soils, whereas the lower-elevation site has a sandy
clay loam Brunisolic soil.

The original stands were clearcut in –.
Two sites were burned immediately after logging
and the third was not site-prepared. Spruce were
planted on each site within  year of disturbance.
Herbicide was applied when the seedlings were –

years old (– cm tall), which was – years after
logging. The spruce were one-half to two-thirds the
height of the neighbouring vegetation and most
trees were overtopped at the time of brushing.
Most seedlings were of moderate vigour; only
about % were in poor condition. Total conifer
stocking at the time of brushing ranged from 

to  stems/ha (Table ). Two sites were ade-
quately stocked (– well-spaced stems/ha), but

the third had only  well-spaced conifers/ha
when it was brushed.

Vegetation was lush at the time of glyphosate
application. The plant community was about  m
tall on each site and total vegetation cover was
–%. Lady fern cover was –%, bracken
cover –%, thimbleberry cover –%, and fire-
weed –%.

The sites were treated with glyphosate in the lat-
ter part of August under favourable weather condi-
tions (Table ). The sites near Ratchford River
received broadcast herbicide applications at .–.

kg ai/ha and the Bigmouth Creek site was treated
with spot applications at a rate of . kg ai/ha.

Conifer response
Survival and vigour Five years after the applica-
tion of foliar glyphosate to the Fern Complex, sur-
vival of - to -year-old hybrid spruce seedlings
(– years old at the time of treatment) averaged
% in the chemical treatment and the control
(p = .) (Table ). The main cause of mortality
was vegetation competition. According to the fifth-
year silviculture survey, which was conducted
according to the old free-growing guidelines (B.C.
Ministry of Forests a), there were  and 

free-growing stems/ha in the treatment and control,
respectively (p = .). The survey was conducted
before the early assessment date on some sites.

Spruce vigour improved modestly during the
-year assessment period, and more so in the treat-
ment than the control (Figure ). By year ,
approximately two-thirds of treated trees were of
good vigour, and only % were poor. In compari-
son, % of the control seedlings were of good
vigour in year  and % were poor.

Vegetation competition was the major reason
that vigour of spruce seedlings declined in both the
brushing treatment and control. The most common
defects resulting from competing vegetation were
bent stems and forks, and a small percentage of
seedlings had thin or stunted foliage. Seedlings in
the treatment generally outgrew bent stems within
 years of brushing, whereas control seedlings had
only partially overcome this problem after  years.
The incidence of thin and stunted foliage became
less common over time in both the treatment and
control.

    

RESULTS





  Characteristics and history of the three replicate study sites where the ICH Fern Complex was treated with glyphosate in hybrid spruce plantations

Characteristics of Conifer stocking
Site characteristics and history target conifers at PROBE initiation (stems/ha)

Logging Years Abundance of major
Soil and site Years since Est. vegetation species:

Site BEC Elev. Aspect/ class/ prep. since site delaya Agec Heightd cover (%) Well
location unit (m) slope texture history harvest prep. (years) Originb Stock (yr) (cm) and heightd (cm) Total spaced

Ratchford River ICHwk1 01 1350 S Podzol/ Clearcut  6 6 1 P 1989– PSB 313 4 65 Lady fern cover: 38 (26) 1375 836

PROBE 44 (mesic) 50% sandy loam 1988 1990 (17) Lady fern height: 94 (24) 

Salmon Arm Burned Bracken cover: 10 (16)

District 1988 Bracken height: 50 (52)

Fireweed cover: 18 (19)

Fireweed height: 113 (52)

Thimbleberry cover:

11 (15)

Thimbleberry height:

59 (38)

All veg. cover: 94 (8)

All veg. height: 110 (28)

Ratchford River ICHwk1 01 1400 SW Podzol/ Clearcut 1991  3 n/a 0 P  1991 PSB 415 2 64 Lady fern cover: 29 (26) 1575 858

PROBE 45 (mesic) 40% sandy loam 2+0 (14) Lady fern height: 79 (33)

Salmon Arm Bracken cover: 7 (11)

District Bracken height: 50 (47)

Thimbleberry cover: 19

(20)

Thimbleberry height: 64

(36)

Fireweed cover: 8 (11)

Fireweed height: 79 (56)

All veg. cover: 93 (8)

All veg. height: 96 (21)










 





 












  Continued

Characteristics of Conifer stocking
Site characteristics and history target conifers at PROBE initiation (stems/ha)

Logging Years Abundance of major
Soil and site Years since Est. vegetation species:

Site BEC Elev. Aspect/ class/ prep. since site delaya Agec Heightd cover (%) Well
location unit (m) slope texture history harvest prep. (years) Originb Stock (yr) (cm) and heightd (cm) Total spaced

Bigmouth Creek ICHvk1 01 800 NW Brunisol/ Clearcut 3 2 0 P 1990 Unknown 2 51 Lady fern cover: 17 (18) 978 200

PROBE 102 (mesic) 45% sandy clay 1987–1989 (10) Lady fern height: 64 (33)

Revelstoke loam Burned Thimbleberry cover: 8 (12)

District 1990 Thimbleberry height:

36 (35)

Fireweed cover: 16 (16)

Fireweed height: 103 (36)

Devil’s club cover: 11 (13)

Devil’s club height: 37 (23)

All veg. cover: 70 (19)

All veg. height: 91 (32)

a Establishment delay refers to the number of years between the last disturbance (e.g., harvest or site preparation) and planting
b Origin: P = planted; N = natural regeneration
c Age refers to the number of years since planting
d Values are means and one standard deviation (in parentheses)





  A description of glyphosate treatments applied to the three replicate study sites to release hybrid spruce
seedlings growing in the ICH Fern Complex

Application Weather Precipitation
Initial Application Application rate at after

Site treatment date method tool (kg ai per ha) treatment treatment

Ratchford River August 27, 1994 Broadcast Helicopter 1.6 Dry foliage None

aerial spray 13–15oC 

75–80% RH 

1 km per hr

wind

Ratchford River August 27, 1994 Broadcast Helicopter 1.78 Dry foliage None

aerial spray 13–15oC

75–80% RH

1 km per hr

wind

Bigmouth Creek August 20, 1992 Broadcast ground Backpack 1.24 Unknown None

foliar spray sprayer
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Year 0
(Pre-treatment) 

Year 1 Year 3 Year 5

Control Glyph Control Glyph Control Glyph Control

Good Moderate Poor

Glyph

  Comparison of hybrid spruce vigour between the glyphosate treatment and control before, and 1, 3, and 5
years after, treatment of the ICH Fern Complex. Good-vigour seedlings had vigorous shoot growth, large leaf
area, long and deep green needles, and thick caliper. Poor-vigour seedlings had little or etiolated shoot
growth, few and/or short needles, and small caliper. Moderate-vigour seedlings were intermediate between
the good and poor classifications.



Although survival and vigour were good after
brushing, silviculture survey information collected
at the start of the study suggests that some mortal-
ity and a decline in seedling condition occurred in
the – years between planting and brushing. In
particular, when the Bigmouth Creek site was
brushed, there were a total of  conifer stems/ha,
but only  stems/ha were well spaced. Total

conifer stocking is likely below the density that was
planted, and the very low number of well-spaced
trees suggests that many trees were of unacceptable
condition at the time of brushing. The two sites
near Ratchford River had total conifer stocking of
– stems/ha (– stems/ha well-spaced)
when brushing occurred, suggesting that little mor-
tality had occurred between planting and brushing.

Growth Growth of hybrid spruce seedlings
improved within – years of glyphosate application
(Table ). Height:diameter ratio was significantly
lower in the treatment (.) than the control
(.) within  year of treatment (p = .), and
continued to be lower through year  (. versus
., p = .). Within  years of the chemical
treatment, stem diameter, diameter increment,
height, and leader length had improved significantly
in the treatment relative to the control and these
improvements continued through year  (p<.).
Analysis of covariance was applied to height data
to address pre-treatment differences between the
treatment and control that had been determined by
. After  years, treated seedlings had %
(. cm) larger stem diameters (Figure ) and

    

  Survival and growth responses of hybrid
spruce seedlings to glyphosate treatment in
the ICH Fern Complex

Means Standard
Response variable Glyphosate Control error p-value

Survival (%)

Pre-treatment 100 100 0.000 1.00

1 yr post-treatment 100 100 0.000 1.00

3 yr post-treatment 99 96 1.135 0.23

5 yr post-treatment 97 89 3.928 0.27

Stem diameter (cm)

Pre-treatment 1.08 0.92 0.050 0.15

1 yr post-treatment 1.61 1.18 0.109 0.11

3 yr post-treatment 2.83 1.76 0.210 0.07*

5 yr post-treatment 4.14 2.61 0.296 0.07*

Diameter increment (cm)

1 yr post-treatment 0.53 0.26 0.059 0.08*

3 yr post-treatment 0.63 0.31 0.067 0.08*

5 yr post-treatment 0.64 0.43 0.042 0.07*

Height (cm)

Pre-treatment 63.8 56.0 1.685 0.08*

1 yr post-treatment 77.4 67.1 1.809 0.30

3 yr post-treatment 116.1 94.9 1.830 0.01*

5 yr post-treatment 163.8 130.6 4.793 0.04*

Leader length (cm)

Pre-treatment 13.6 11.1 0.753 0.15

1 yr post-treatment 13.8 11.9 0.553 0.13

3 yr post-treatment 21.1 13.6 1.310 0.06*

5 yr post-treatment 23.1 15.2 1.948 0.10*

Height:diameter ratio

Pre-treatment 60.3 61.5 1.055 0.51

1 yr post-treatment 49.7 57.7 1.520 0.07*

3 yr post-treatment 42.1 54.2 1.824 0.04*

5 yr post-treatment 40.1 50.1 1.609 0.05*

p-values denoted with “*” were significant at p ≤ . according
to analysis of variance; n = . The standard error of the overall
mean (y-) was calculated as Sy- = √MSE/n, where  = Mean
Square Error and n = number of replicates. Analysis of covari-
ance was applied where there were pre-treatment differences
according to analysis of variance.

  Comparison of hybrid spruce stem diameter
between the glyphosate treatment and
control before, and 1, 3, and 5 years
after, treatment of the ICH Fern Complex.
Error bars represent one standard error
of the mean (y-) which was calculated as
Sy- = √MSE/n where MSE = Mean Square
Error and n = number of replicates. Means
with different letters within a single year
are significantly different according to
analysis of variance (∝ = 0.10).
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were % (. cm) taller (Figure ) than those in
the control. At that time, average leader length was
. cm in the treatment compared to . cm in
the control (p = .).

Standardized stem diameter distributions for
spruce (Figure ) are consistent with 
results showing that diameter growth increased in
response to glyphosate treatment. The distributions
show a pronounced trend of increasing stem diam-
eter in the treatment relative to the control. By
year , the majority of control seedlings were in
diameter classes that were -. to - below the
mean, whereas most treated seedlings were in
diameter classes that were up to + above the
mean. Height distributions (Figure ) were
approximately normal, and were similar in the
treatment and control. They changed little from the
pre-treatment assessment to year , which is consis-
tent with the small spruce height response shown
by .

Competitive status Brushing with glyphosate
greatly reduced abundance of the Fern Complex
and decreased the extent of seedling overtopping.
The percentage of overtopped seedlings was
reduced from % before treatment to %  year
afterward and the percentage of seedlings that were
free of vegetation increased from  to % (Figure
). Vegetation partially recovered within  years,
resulting in about three-quarters of treated
seedlings again being threatened or overtopped.
However, seedlings were gaining on the vegetation
canopy, and, by year , % of those in the treat-
ment were free of vegetation, % were threatened,
and only % were overtopped. In comparison at
that time, % of control seedlings were free of
vegetation, % were threatened, and % were
overtopped.

Plant community responses
Abundance Vegetation abundance was greatly
reduced  year after glyphosate application, and
after  years the effects of treatment were still
somewhat apparent (Table , Figure ). Total veg-
etation cover was reduced from . to .% in the
first-year assessment (p = .) (Figure ), and,
likewise, cover of herbs, shrubs, lady fern, and
thimbleberry were also reduced (p<.). Height of
lady fern, shrubs, and thimbleberry was reduced in
the treatment compared to the control in year 
(p<.), but differences in total vegetation and

herb height were not significant due to the wide
variability among sites (p>.). In year , height of
most vegetation components was significantly less
in the treatment than the control.

Five years after treatment, lady fern cover and
height were .% and . cm, respectively, com-
pared to .% and . cm in the control. Overall
vegetation cover and height also continued to be
significantly lower in the treatment than the control,
as were herb cover, shrub height, and thimbleberry
height. Fireweed was not particularly abundant at
the start of the assessment period (average %
cover) and it was not affected by treatment. By year
, its cover had increased to an average of .% in
the treatment and control.

Richness and diversity of individual species and
structural vegetation groups Brushing the Fern
Complex with glyphosate had no effect on either
species richness or diversity (p>.) (Table ).
Species richness remained constant ( species)
between the pre-treatment and fifth-year assess-
ments (no data were available for year ). Neither
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  Frequency of control and treated trees in standardized diameter classes (µ = 0; s.d. = 1; n = 3 for the control
and treatment combined) for hybrid spruce in the ICH Fern Complex before and after glyphosate treatment.
Graphs are for: (a) pre-treatment; (b) 1 year post-treatment; (c) 3 years post-treatment; (d) 5 years
post-treatment.
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  Frequency of control and treated trees in standardized total height classes (µ = 0; s.d. = 1; n = 3 for the
control and treatment combined) for hybrid spruce in the ICH Fern Complex before and after glyphosate
treatment. Graphs are for: (a) pre-treatment; (b) 1 year post-treatment; (c) 3 years post-treatment;
(d) 5 years post-treatment.



were there differences in the number or diversity of
structural vegetation groups (p>.) (Table ).

Although richness and diversity were not affected
by the treatment, there were some changes in the
abundance of individual species (Table ). Glypho-
sate treatment of the Fern Complex reduced the
cover of many low shrub (< m) and herb species
 year after brushing. Thimbleberry was abundant
(approximately % cover) on all three sites at the
time of brushing treatment and its cover was
reduced to around % by the herbicide treatment.
Devil’s club (Oplopanax horridus) and black huck-
leberry (Vaccinium membranaceum) were also com-
mon (–% cover) on two of the sites, and their
cover was reduced to –% in treated plots.

The Fern Complex is characterized by a lush
herb and low shrub layer, and the objective of the
herbicide treatment is to reduce its abundance.
This applies particularly to tall herbs that restrict
the amount of light reaching seedlings. Glyphosate
reduced the abundance of lady fern on all three

sites and virtually eliminated bracken and spiny
wood fern on two of three sites. Abundance of
three low herbs, oak fern (Gymnocarpium
dryopteris), Queen’s cup (Clintonia uniflora), and
foamflower (Tiarella spp.), was also considerably
reduced on two of three sites (not necessarily the
same two). Two small herbs increased in abun-
dance on at least two sites following treatment,
although it is possible that they just increased in
visibility following removal of taller species;
purple-leaved willowherb (Epilobium ciliatum)
appeared in minor amounts and violet (Viola spp.)
increased in abundance.

Competition thresholds
Competition thresholds were derived using the
three chemically treated plantations in the Fern
Complex, plus site . The thresholds were based
on cover and height of all herb species in the com-
plex, where  = (herb cover * modal herb
height)/spruce height.
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Means Standard
Response variable Glyphosate Control error p-value

All vegetation

Cover (%)

Pre-treatment 82.5 88.6 3.387 0.33

1 yr post-treatment 51.7 87.5 4.795 0.03*

3 yr post-treatment 78.9 90.5 3.565 0.15

5 yr post-treatment 76.3 87.5 1.624 0.04*

Height (cm)

Pre-treatment 96.0 102.3 10.069 0.70

1 yr post-treatment 41.3 92.8 13.792 0.12

3 yr post-treatment 84.2 99.6 3.200 0.08*

5 yr post-treatment 78.7 103.6 6.024 0.08*

Herbs

Cover (%)

Pre-treatment 56.0 72.4 4.667 0.13

1 yr post-treatment 42.9 67.1 4.996 0.08*

3 yr post-treatment 64.7 70.3 1.785 0.16

5 yr post-treatment 66.2 74.1 0.872 0.02*

Height (cm)

Pre-treatment 93.0 87.5 6.121 0.59

1 yr post-treatment 39.7 87.0 17.813 0.20

3 yr post-treatment 80.1 94.7 3.390 0.09*

5 yr post-treatment 76.8 98.3 6.818 0.13

Shrubs

Cover (%)

Pre-treatment 34.4 25.8 7.857 0.52

1 yr post-treatment 11.9 26.2 2.479 0.06*

3 yr post-treatment 22.5 33.3 4.777 0.25

5 yr post-treatment 19.2 25.2 3.344 0.33

Height (cm)

Pre-treatment 85.0 103.1 16.635 0.52

1 yr post-treatment 32.7 82.6 8.967 0.06*

3 yr post-treatment 67.8 93.3 4.310 0.05*

5 yr post-treatment 64.1 95.9 7.759 0.10*

Means Standard
Response variable Glyphosate Control error p-value

Lady fern

Cover (%)

Pre-treatment 17.1 39.1 5.047 0.09*

1 yr post-treatment 2.1 34.5 6.938 0.08*

3 yr post-treatment 4.8 32.7 7.194 0.11

5 yr post-treatment 4.7 36.7 7.423 0.10*

Height (cm)

Pre-treatment 71.9 85.7 6.338 0.27

1 yr post-treatment 27.1 90.0 12.683 0.07*

3 yr post-treatment 46.0 89.5 10.716 0.10*

5 yr post-treatment 36.7 79.5 9.146 0.08*

Fireweed

Cover (%)

Pre-treatment 18.7 9.2 4.213 0.25

1 yr post-treatment 11.7 12.8 2.269 0.76

3 yr post-treatment 23.8 23.1 2.575 0.85

5 yr post-treatment 27.7 26.1 2.485 0.70

Height (cm)

Pre-treatment 113.0 83.7 14.042 0.28

1 yr post-treatment 53.7 81.8 8.963 0.16

3 yr post-treatment 96.9 108.0 4.669 0.23

5 yr post-treatment 98.5 113.1 5.134 0.23

Thimbleberry

Cover (%)

Pre-treatment 18.8 7.9 6.598 0.37

1 yr post-treatment 2.7 9.7 1.137 0.05*

3 yr post-treatment 5.9 13.5 1.405 0.06*

5 yr post-treatment 6.1 10.7 1.817 0.22

Height (cm)

Pre-treatment 61.8 51.3 8.290 0.47

1 yr post-treatment 19.1 46.9 4.305 0.04*

3 yr post-treatment 36.8 66.2 4.846 0.05*

5 yr post-treatment 31.1 56.5 6.093 0.10*

  Cover and height of vegetation in the ICH Fern Complex before and after glyphosate treatment in hybrid spruce
plantations

p-values denoted with “*” were significant at p ≤ . according to analysis of variance; n = . The standard error of the overall mean
(y-) was calculated as Sy- = √MSE/n, where  = Mean Square Error and n = number of replicates. Analysis of covariance was applied
where there were pre-treatment differences according to analysis of variance.



    

  Effects of broadcast foliar glyphosate application on the Fern Complex and Engelmann spruce (a) 1 year,
(b) 3 years, and (c) 5 years following treatment. The control (d) is shown 5 years post-treatment for compari-
son. Vegetation abundance was reduced by glyphosate for 5 years. Photo credit: Silver Ring Forestry Ltd.

  Richness and diversity of vascular plant species
in the ICH Fern Complex before and after gly-
phosate treatment in hybrid spruce plantations

Means Standard
Response variable Glyphosate Control error p-value

Richness

Pre-treatment 35.33 35.67 3.704 0.96

1 yr post-treatment 36.67 34.33 2.014 0.50

5 yr post-treatment 36.33 33.33 3.240 0.58

Shannon-Weaver Diversity Index

Pre-treatment 2.46 2.49 0.151 0.87

1-yr post-treatment 2.47 2.31 0.097 0.35

5-yr post-treatment 2.50 2.35 0.188 0.62

Simpson’s Diversity Index

Pre-treatment 0.86 0.87 0.022 0.63

1-yr post-treatment 0.85 0.84 0.014 0.62

5-yr post-treatment 0.86 0.85 0.028 0.76

The standard error of the overall mean (y-) was calculated as
Sy- = √MSE/n, where  = Mean Square Error and n = number
of replicates.

  Richness and diversity of structural vegetation
groups in the ICH Fern Complex before and
after glyphosate treatment in hybrid spruce
plantations

Means Standard
Response variable Glyphosate Control error p-value

Richness

Pre-treatment 5.67 5.67 0.408 1.00

1 yr post-treatment 5.67 5.00 0.236 0.18

5 yr post-treatment 6.00 6.00 0.000 1.00

Shannon-Weaver Diversity Index

Pre-treatment 1.14 1.24 0.079 0.45

1 yr post-treatment 1.18 1.08 0.066 0.37

5 yr post-treatment 1.16 1.26 0.064 0.38

Simpson’s Diversity Index

Pre-treatment 0.63 0.67 0.032 0.42

1 yr post-treatment 0.63 0.60 0.016 0.37

5 yr post-treatment 0.61 0.65 0.033 0.44

The standard error of the overall mean (y-) was calculated as
Sy- = √MSE/n, where  = Mean Square Error and n = number
of replicates.
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A threshold for hybrid spruce diameter growth
was not evident using herb cover as the competition
index on any of the sites studied. Additionally, none
of the linear regressions between spruce diameter
and herb cover was significant (p>.) (Table ).
This is because spruce diameter varied similarly
across all herb cover classes (e.g., Figure ).

In contrast, spruce diameter declined sharply
above the  threshold, which averaged  (e.g.,
Figure ). There was little variation in thresholds
among sites, which may be associated with the nar-
row range in age of planted seedlings (– years
old). Half the trees were growing in neighbour-
hoods above the thresholds, and may therefore
benefit from further selective brushing. Most trees
above the thresholds were control trees (%),
whereas most below the thresholds were treated
trees (%). Most treated trees (%) fell below the
thresholds, indicating that brushing was moderately
successful at reducing herb abundance below the
competition thresholds. The glyphosate treatments
improved both mean diameter growth (p<.)
(Table ) and the distribution of spruce diameters
across herb neighbourhoods (e.g., Figure ), indi-
cating that long-term reductions in herb abundance
resulting from glyphosate application improved
growing conditions for hybrid spruce.



  Comparison of mean total vegetation
cover between the glyphosate treatment and
control before, and 1, 3, and 5 years after,
treatment of the ICH Fern Complex. Error
bars represent one standard error of the
mean (y-) which was calculated as
Sy- = √MSE/n where MSE = Mean Square
Error and n = number of replicates. Means
with different letters within a single year are
significantly different according to analysis of
variance (∝ = 0.10).
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  Vascular plant species that exhibited trends of increasing cover, decreasing cover, or no change in cover
following glyphosate treatment of the ICH Fern Complex in hybrid spruce plantations. Species included in the
list exhibited a common trend in the treated plots of at least two study sites, based on a subjective evaluation
(see Methods, Section 3).

Increasing cover Decreasing cover No change in cover

Low shrubs Oplopanax horridus Ribes lacustre

Rubus parviflorus

Vaccinium membranaceum

Herbs Epilobium ciliatum Athyrium filix-femina Smilacina racemosa

Viola glabella Clintonia uniflora

Dryopteris expansa

Epilobium angustifolium

Gymnocarpium dryopteris

Pteridium aquilinum

Tiarella spp.



Linear regressions of spruce diameter versus fern
 were significant for all four sites (p<.)
(Table ). Coefficients of determination were
moderately high (adjusted r2 .–.) and the
slopes were relatively steep (β -. to -.)
compared with other complexes. Fitting a nega-
tive exponential function to the diameter-

relationship did not improve the adjusted r2 values.
The adjusted r2 values and slopes of these relation-
ships indicate that competition as measured by fern
 was moderately important and intense in the
plantations.
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  Relationship between stem diameter of hybrid spruce growing amongst the ICH Fern Complex and (a) herb
cover or (b) CRH, where CRH = (herb cover * herb modal height)/spruce height. Data points include both
treatment and control subplots for PROBE site 45 (n = 70). Maximum response threshold is the point below
which conifer diameter is independent of decreasing neighbourhood abundance, and above which conifer
performance declines sharply in response to increasing neighbourhood abundance (after Wagner et al. 1989). 






  Competition thresholds, regression equation parameter estimates, p-values, and adjusted r2 values for predicting hybrid spruce stem diameter from the
competition indices, herb cover and CRH, in the Fern Complex in the ICH zone

Linear Adjusted r2 p-value Adjusted
regression for linear for linear Linear Adjusted r2 p-value Non-linear r2 for

# equation regression regression regression for linear for linear regression non-linear
of trees predicting predicting predicting equation regression regression equation regression
in the Conifer Cover diameter diameter diameter predicting predicting predicting predicting predicting

regression age threshold from from from CRH diameter diameter diameter diameter diameter
Site (n) (years) (%) fern covera fern covera fern cover a threshold from CRHb from CRHb from CRHb from CRHc from CRHc

19 19 1 None y = 2.185 + 0.006 x 0.00 0.71 60 y = 3.300 - 0.014 x 0.19 0.03
44 69 4 None y = 2.910 - 0.003 x 0.00 0.75 60 y = 4.367 - 0.022 x 0.38 0.00
45 70 3 None y = 2.770 - 0.006 x 0.00 0.28 63 y = 3.249 - 0.013 x 0.40 0.00 y = 3.557 e (-0.006*x) 0.42

102 70 2 None y = 2.710 + 0.008 x 0.00 0.29 50 y = 3.441 - 0.014 x 0.05 0.04
mean (s.e.) None 58 (3)

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

height.
c General form of non-linear equation is: y = a e (b x), where y is spruce stem diameter, x is , a is the intercept, and b is the shape parameter.



The Fern Complex is less widespread than many
other vegetation complexes, but in localized wet
areas of the ICH zone, it is regarded as a serious
threat to conifer performance and a hindrance to
the timely achievement of free-growing. This com-
munity is commonly treated either manually or
with foliar glyphosate to improve light availability
in the summer and to reduce damage from falling
vegetation in the autumn. Here we discuss fifth-
year responses of spruce and the Fern Complex to
glyphosate treatments applied in August.

Conifer Responses

Foliar glyphosate application reduced the abundance
of herbs and shrubs associated with the Fern Com-
plex and improved the competitive status of hybrid
spruce. This had no effect on seedling survival,
which was good (average %) in both the treat-
ment and control, but resulted in significant
growth improvements within – years. Seedling
height:diameter ratio was significantly lower in the
treatment than in the control within  year of
glyphosate application, and stem diameter, diameter
increment, height, and leader length were larger
within  years. These differences continued to be
significant in year . Comeau et al. (a) similarly
found that applying glyphosate at . kg ai/ha to a
shrub-herb community with a substantial fern com-
ponent improved Engelmann spruce stem diameter
and height:diameter ratio. In that study, improve-
ments in seedling performance as a result of chem-
ical brushing were similar to those resulting from
two or three manual cuttings. We have not yet used
 to study manual brushing of the Fern Com-
plex, but studies involving other herb and low-
shrub communities have shown that seedlings tend
to respond to multiple cuttings (e.g., Comeau et al.
) but not to single-entry treatments (e.g.,
Whitehead and Harper ). Wagner et al. ()
found that the critical period for keeping black
spruce seedlings free of bracken-dominated vegeta-
tion was between  and  years after planting.

Although spruce survival was good regardless
of brushing, silviculture surveys conducted at the
start of this study suggest that considerable mortal-
ity occurred between planting and brushing,
particularly on one site. Seedlings in this study

were – years old when the Fern Complex was
brushed, and it is possible that prompt treatment
after planting may have improved early survival.
The patchy distribution of ferns and spruce
seedlings suggested that seedlings had already died
in high-density fern patches by the time this study
was initiated, which may have led to an underesti-
mation of brushing benefits to conifer survival and
growth if brushing had been applied immediately
after planting. However, Comeau et al. (a)
found that brushing a dense herb-shrub commu-
nity when Engelmann spruce were  year old had
no effect on -year survival, which was high in
both the treatments and control. In our study,
brushing benefited seedling health by making stems
sturdier and allowing them to outgrow bends
caused by vegetation- or snow-press within  years
of treatment. In contrast, control seedlings had
only partially outgrown these deformities by year .

Brushing the Fern Complex with glyphosate
reduced overtopping of seedlings that were –

years old at the time of treatment. By year , when
seedlings were – years old, only % of treated
seedlings were still overtopped and almost half
were free of vegetation. However, seedlings in the
control were also gradually outgrowing the vegeta-
tion canopy, and, although only % were free of
vegetation in year , the proportion that were over-
topped decreased from  to % during the -year
assessment period.

Plant Community Response

Brushing with foliar glyphosate at .–. kg ai/ha
in August reduced overall abundance (height and
cover) of the Fern Complex for at least  years,
and also had a significant impact on herbs, shrubs,
lady fern, and thimbleberry during that period.
Other sources also report effective control of lady
fern, thimbleberry, and bracken fern following
glyphosate application at rates of .–. kg ai/ha
(Conard and Emmingham , ; Boyd et al.
; Thompson ; Haeussler et al. ). In
contrast, manual cutting is known to stimulate
rapid regrowth of the dominant species of the Fern
Complex, with reports of full recovery within one
growing season (Haeussler et al. ; Hart and
Comeau ; Comeau et al. a).

    

DISCUSSION



Brushing the Fern Complex with glyphosate
did not reduce richness or diversity of individual
species or structural vegetation groups, which
agrees with our results for the Fireweed Complex
(Section ) and with information from other stud-
ies in North America (Haeussler et al. ). The
chemical treatment did, however, tend to decrease
cover of several herb species, including lady fern,
bracken, and fireweed. This is to be expected, since
the treatment objectives were to reduce the abun-
dance of tall herbs that compete with conifers for
light and cause snow- and vegetation-press. How-
ever, cover of two berry-producing shrubs (thim-
bleberry and black huckleberry) also tended to be
reduced following the glyphosate treatment, which
could have a negative effect on wildlife habitat.

Effects of the Community
on Resource Availability

The Fern Complex competes with conifers primar-
ily for light, and less so for nutrients and moisture
(Haeussler et al. ). It may also cause physical
damage to seedlings from vegetation-press when
dense foliage is shed in the autumn, and from
snow-press during the winter. In addition, anecdo-
tal evidence suggests that seedlings growing in
high-humidity conditions under dense herb
canopies often suffer from fungal infections.

The light saturation point for interior spruce is
about  µmol m-2 s-1 (about one-quarter to one-
half full sunlight), and the light compensation
point is about  µmol m-2 s-1. Although spruce
can survive in dense shade, they become spindly
(Binder et al. ) and increasingly prone to
physical damage. In our study, foliar glyphosate
application reduced vegetation abundance and
overtopping for at least  years, and seedlings
responded with increases in diameter and height
of  and %, respectively, and a % decrease in
height:diameter ratio. Brushing the Fern Complex
with glyphosate not only resulted in larger, sturdier
seedlings, it allowed them to outgrow deformities
sooner than in the control by reducing vegetation-
and snow-press.

Although we cannot state conclusively that
seedling growth improvements were the result
of increased light availability, it seems likely. On
another ICH site dominated by fireweed, thimble-
berry, red raspberry, and bracken, Comeau et al.
() found about % of the variation in

Engelmann spruce shoot growth could be explained
by variation in light transmittance through the
canopy. The degree of competition experienced by
young seedlings under low herb-shrub canopies
depends on the species present in the vegetation
community, however, and DeLong () showed
that light interception by fireweed and lady fern
canopies increased dramatically in mid-June,
whereas thimbleberry did not intercept a similar
amount of light until about  weeks later. All
three of these species were present in substantial
amounts on our study sites. Bracken fern was less
common on our sites than lady fern, but it can be
locally abundant. Burton () found that the
average subcanopy irradiance in bracken patches
was %, which was the lowest of  species
assessed in a CWHdm cutblock. We have not yet
studied manual cutting of the Fern Complex, but it
is anticipated that a single pass would result in
only short-term increases in light availability, and
would be of minimal benefit to seedlings.

Competition Thresholds

A competition threshold for diameter growth of -
to -year-old hybrid spruce was not evident when
herb cover was used as a competition index, but
was relatively low and fell within a narrow range
(±) when  was used. These results suggest
that cover alone was a poor measure of herb com-
petition, and that the relative stature of herbs
played an important role in their competitive influ-
ence on spruce seedlings. The relative importance
of different measures of competition has been used
in other studies to infer mechanisms of competi-
tion (e.g., Weiner ; Newton and Jollife ).
For example, two-dimensional measures, such as
cover or square of distance from target conifers,
have been said to imply competition for soil water
and nutrients, whereas one-dimensional measures,
such as height or angular dispersion, affect light
availability (Weiner , ). In our study, the
greater importance of  than cover indices in
deriving competition thresholds and predicting
spruce diameter supports our assumption that
competition on these sites is primarily for light
and space, and less so for soil water or nutrients.
Nevertheless, these inferences should be used cau-
tiously until controlled studies are conducted that
more accurately identify vegetation competition
mechanisms, the influences of vegetation on





microenvironment, and other biochemical and bio-
logical interactions between vegetation and spruce
seedlings.

Our data suggest that, above the  threshold,
interspecific competition was the most important
factor limiting tree growth, setting the upper limit
for spruce stem diameter. A large proportion of
trees (%) were growing in environments above
the threshold, implying that competition continued
to constrain many trees in the plantations. Most of
the trees above the threshold were control trees
that had not been chemically or manually brushed.
Below the thresholds, stem diameter was highly
variable among both treated and control spruce.
Only % of treated spruce growing in neighbour-
hoods below the threshold achieved ≥% of the
maximum diameter measured on the site. This
suggests that most trees remained constrained by
factors other than fern competition, such as genet-
ics, microenvironment, and biotic factors. Our
results suggest that lowering herb abundance to the
 threshold should reduce competitive con-
straints and provide the opportunity for greater
spruce diameter growth, but that further reductions
below the  are unlikely to improve spruce
growth predictably.

Glyphosate was successful at reducing herb
abundance below the  threshold for % of
treated trees during the monitoring period. This
corresponded with significant improvements in
mean spruce diameter, as well as improved diame-
ter distributions compared with controls.
Glyphosate was successful in reducing herb and
shrub abundance for at least  years. Other studies
have shown that glyphosate or repeated manual
treatments are necessary in this plant community
to reduce competition for the critical-period
threshold (Wagner et al. ). For example,
Comeau et al. (a) found that glyphosate appli-
cation and repeated (three times) manual cutting
treatments reduced vegetation cover for  years,
which resulted in increased diameter growth of
spruce seedlings. In contrast, single spring or sum-
mer cuttings were ineffective at reducing vegetation
abundance for more than one season and had no
effect on seedling growth. Single and repeated
manual treatments were not tested in our study,
but glyphosate was clearly effective in reducing
competition levels below the  threshold and for
the critical period necessary for seedlings to
respond.

Our competition threshold results generally
agree with Comeau et al. (), who found that
the relationship between spruce growth and 
(similar to  used in this study, where  =
∑(cover*height for all noncrop species)/spruce
height) followed a negative exponential function,
with high variation in spruce growth at low levels
of . In addition, seedling growth was moderately
well correlated with light transmittance, suggesting
that light competition was an important, but not
the only, limitation to seedling growth. Using our
“ceiling function” method for identifying competi-
tion thresholds from the growth- relationship in
Comeau et al. (), we estimate a  threshold of
approximately  (similar to the average 
threshold in our study). Comeau et al. () found
substantial variability in spruce growth and light
transmittance below a  of , but nevertheless
predict subtantial improvements in seedling growth
with lower s. Based on the variability below  =
 in Comeau et al. () and  =  in our
study, we expect further vegetation reductions
below those thresholds to have unpredictable
effects on seedling growth responses.

Effectiveness of Treatment at Meeting
Management Objectives

The Fern Complex is brushed not only to improve
conifer survival and growth, but also to ensure that
free-growing requirements, as specified by the For-
est Practices Code (B.C. Ministry of Forests a)
and Free Growing Guidelines (B.C. Ministry of
Forests ), are met in a timely manner. For our
Fern Complex sites, the Code specifies that target
stocking is  (minimum ) well-spaced conifer
stems/ha, and that within – years of establish-
ment spruce must be at least . m tall and %
as high as neighbouring vegetation.

In our study, the fifth-year assessment took place
when spruce were – years-old. On average, seed-
lings in both the treatment and control met the
minimum height and conifer:vegetation height
ratio requirements at that time, but fifth-year silvi-
culture survey data show there were significantly
more free-growing trees in the treatment (

stems/ha) than the control ( stems/ha). Treated
seedlings were above brush within the first year of
treatment, however, which allowed them to out-
grow deformities caused by vegetation-press sooner
than those in the control (Figure ), and may

    



have improved their status in the free-growing
assessment.

Although spruce seedling survival has been high
since brushing (average 93% in the treatment and
control), our silviculture survey information sug-
gests that well-spaced stocking may drop below the
minimum requirement. There appears to have been
considerable seedling mortality (mainly on one site)
between planting and the application of chemical
brushing treatments. Further study is required to
determine whether early spruce survival in the Fern
Complex can be improved with the prompt appli-
cation of brushing treatments following planting.

A single glyphosate treatment improved all
aspects of - to -year-old spruce seedling growth,
and is also predicted to allow them to reach free-
growing sooner than control seedlings. Competitive
status, vigour, and growth rates of control seedlings
were also gradually improving, however, and it is
unknown whether the advantage conferred by
brushing will be sustained. The effects on long-
term yield can be determined only through contin-
ued monitoring.
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  Comparison of average hybrid spruce and vegetation height profiles in (a) the brushing treatment and
(b) the control in the years following manual cutting in the ICH Fern Complex. Values for years 2 and 4 were
interpolated from actual data. Spruce in the treatment were taller than vegetation within 1 year of the cutting
treatment, and those in the control outgrew the vegetation canopy after year 3.



Brushing with glyphosate reduced overall cover and
height of the Fern Complex by  and %, respec-
tively, in the first year after treatment, and the
abundance of individual species such as lady fern
and thimbleberry by much more. After  years,
treated vegetation had still not recovered to control
levels. Chemical treatment did not affect the rich-
ness or diversity of individual species of structural
vegetation groups, however. Spruce seedling stem
diameter and height growth increased by  and
%, respectively, during the -year monitoring
period, and height:diameter ratio decreased by
%. The application of glyphosate had no effect
on seedling survival, which averaged % regardless
of brushing. Brushing treatments were not applied
until spruce were – years old, however, and

silviculture survey information suggests that con-
siderable mortality had occurred in the interval
between planting and brushing. Low stocking is
likely to interfere with the average ability of our
sites to meet free-growing.

Although brushing improved growth of hybrid
spruce seedlings, it did not contribute to the ulti-
mate achievement of free-growing status within
the assessment window. Both treated and control
seedlings met the minimum height and conifer:
vegetation height ratio requirements within the
required time (B.C. Ministry of Forests ), and
brushing was unable to address low stocking
because it was applied after a great deal of mortal-
ity had already occurred (mainly on one site).

    

CONCLUSION



. Two- to -year-old spruce seedlings growing
among an abundant Fern Complex (–%
cover of -m-tall vegetation) did not require
brushing to maintain acceptable survival. How-
ever, mortality and loss of vigour apparently
occurred in the delay between planting and
brushing, probably because of the rapid and
severe onset of competitive stress that is charac-
teristic of this complex. To avoid this problem,
we recommend planting seedlings within –

years of harvest and/or site preparation, and
brushing within – years of planting.

. Our results show that brushing an abundant
Fern Complex with glyphosate improved spruce
diameter and height growth and reduced
height:diameter ratio, resulting in stockier
seedlings that were presumably more resistant to
damage from vegetation- and snow-press. It is
not known whether these short-term growth
increases will result in better performance over
the long term.

. The application of glyphosate at .–. kg
ai/ha reduced abundance of the Fern Complex
for at least  years. This did not reduce richness
or diversity of individual species or structural
vegetation groups, but it did reduce abundance
of two berry-producing shrubs that are impor-
tant to wildlife (black huckleberry and
thimbleberry).

. A competition threshold for spruce diameter
growth was not evident where herb cover was
used as a competition index, but was  where
 was used. Reducing herb abundance below
the  threshold for a -year period should
improve spruce diameter growth. The ability to
identify  thresholds but not cover thresholds
suggests that the Fern Complex affects spruce
growth more by reducing light than by reducing
soil resource availability.

. We predict brushing the Fern Complex with
glyphosate will not prove necessary for seedlings
to meet the minimum height and conifer:vegeta-
tion height ratio requirements for free-growing
(B.C. Ministry of Forests ) in our study.
Brushing did not improve spruce seedling sur-
vival, which was low, on average, at the time
brushing treatments were applied. We expect that
even minimum stocking standards may not be
met, but earlier brushing may have offset this
problem.
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