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Introduction

In forestry, vegetation management
treatments are widely used to ensure
establishment of young stands and
achievement of free-growing require-
ments. In /, approximately
  ha of Crown forest land re-
ceived brushing treatments to ensure
establishment and growth of young
seedlings at a cost of $. million
(B.C. Ministry of Forests a). Dur-
ing the past two decades, research on
the silvicultural implications of veg-
etation management has focused on
short-term information needs to
support forest stand establishment
operations. However, long-term
growth and yield gains and economic
returns are still unknown. The de-
mand for long-term information in
relation to key forest management
issues (e.g., free-growing, green-up,
growth and yield, biodiversity, stand
dynamics, and stand structure) has
also increased substantially due to
recent changes in provincial forestry
legislation and policy (B.C. Ministry
of Forests ).

 In the late s, a region-wide
network of operational herbicide
monitoring sites was installed in the
Prince George Forest Region to study
the impacts of vegetation control
treatments on trees and vegetation

communities (Hays ). This
extension note reports the -year
post-treatment results of the study
site near Tsilcoh River (Aspen Block)
in the Fort St. James Forest District.

The purpose of measuring this
trial in  was:

• to assess the long-term effects of
glyphosate treatment on growth of
white spruce,

• to document the number of well-
spaced and free-growing spruce 
years after planting,

• to assess the impacts of glyphosate
treatment on the development of
the vegetation community, and

• to assess the impact of glyphosate
treatment on mixed-stand timber
yield.

Study Site

The study site is classified as the Stuart
variant, Dry Warm subzone of the
Sub-Boreal Spruce biogeoclimatic
zone (sbsdw) (DeLong et al. ).
The site has medium to good produc-
tivity, mesic moisture regime,
mesotropic nutrient regime, well-
to moderately well-drained soils,
elevation of  m, and average slope
of % facing east-southeast. The site
association is SxwFd-Pinegrass ( site
series).

Ten-year Conifer and Vegetation
Responses to Glyphosate Treatment
in the SBSdw





In , a stand dominated with
mature hybrid spruce was logged
using a clearcut silvicultural sys-
tem. Prior to planting, mechanical
site preparation treatments (i.e.,
cable knockdown and winter
shearing) were applied to clear the
natural vegetation. In , -year-
old (+ psb ) white spruce
(Picea glauca) seedlings were
planted at a . m espacement.

Research Approach

At the study site, two  ×  m
( ha) treatment plots with a mini-
mum  m buffer on all sides were
established in July . The herbi-
cide glyphosate (Roundup®) was
applied aerially at a rate of . kg
a.i./ha in one of the treatment plots
on August , . Glyphosate was
applied to control the primary
target species, trembling aspen
(Populus tremloides), Sitka alder
(Alnus viridis spp. sinuata), and
black twinberry (Lonicera
involucrata).

 Within each treatment plot,
 white spruce seedlings were
selected at a  ×  m grid using a
systematic selection technique.
Seedlings were measured in years 
(pre-treatment), , , , , , and .
Measurements included total
height, basal diameter, and crown
diameter. Spruce seedlings were
also assessed qualitatively for vig-
our. During the summer of ,
four . m radius (. ha) re-
generation measurement plots
(RMPs) were established in each
treatment plot using explore
methodology (Biring et al. ) to
collect vegetation community data
(species percent cover and modal
height) and stand data (density
and free-growing).

To project long-term treatment
plot yield, the Mixedwood Growth
Model (mgm) version e (Titus
) was used for yield simu-
lations. mgm is a deterministic,

distance-independent, individual-
tree-based stand growth model
developed to project yield of white
spruce and aspen growing together
in varying mixtures in boreal for-
ests. Whether mgm is an appropri-
ate model for yield simulations in
the sbs zone is uncertain, because
mgm has not been calibrated or
validated for use in this zone. How-
ever, for conifer-broadleaf complex
mixedwood stands in the sbs zone,
no other quantitative models are
currently available to explore the
long-term yield.

Statistical analysis included a
one-way analysis of variance
(anova), analysis of covariance
(ancova), and a chi-square (χ2),
which was calculated using sas
statistical software (SAS Institute
Inc. ). Data from tagged
spruce seedlings and four RMPs
in each treatment area were con-
sidered an experimental unit and
used as replicates (pseudo-repli-
cates) to test for significant dif-
ferences between treatment
means. Analysis results based on
pseudo-replication must be in-
terpreted cautiously, since differ-
ences in vegetation and differ-
ences in site factors between
plots confound treatment
differences.

Results and Discussion

Results from this study site are
discussed in relation to forest man-
agement objectives or key issues
that are important for stand estab-
lishment and beyond, including
free-growing, stand development,
vegetation community response,
and stand growth and yield.

White Spruce Growth Response

Ten years after treatment, glypho-
sate treatment had a measurable
effect on white spruce diameter and
height growth parameters (Table ).

The significant differences in basal
diameter and height first appeared
– years after treatment and contin-
ued thereafter. Crown radius and
stem volume were also significantly
greater in the glyphosate treated
plot than in the untreated control
plot (Table , Figures  and ).
These results suggest that increases
in height and basal diameter of
white spruce after glyphosate ap-
plication are consistent with results
reported in other studies (Sutton
; Harper et al. ; Biring et al.
).

 Various studies indicate that
increased vegetation competition
reduces diameter growth more
rapidly in relation to height
growth, resulting in a higher
height-to-diameter ratio (hdr).
In this study, glyphosate treatment
significantly reduced the hdr of
spruce seedlings (Table ).

Glyphosate treatment improved
white spruce vigour. Ten years after
treatment, % of white spruce
seedlings in the glyphosate-treated
plot exhibited moderate vigour
compared to % in the untreated
control plot. Most of the seedlings
(%) in the untreated control plot
exhibited poor vigour compared to
% in the treated plot.

Establishment to Free-growing

Ten years after treatment, white
spruce survival for planted seed-
lings was high (>%) in both
treated and untreated control plots.
Spruce density (total and well-
spaced includes naturals and in-
gress) was not significantly differ-
ent between the two treatments
(Table ). Both plots meet the
minimum stocking ( sph)
requirements based on current
free-growing stocking standards
for the Prince George Forest Re-
gion (B.C. Ministry of Forests and
BC Environment ) (Table ).
However, the herbicide treatment





subsequently increased the number
of free-growing white spruce.
Eleven years after planting, 

white spruce per hectare meets the
minimum free-growing require-
ments (B.C. Ministry of Forests
and BC Environment ) in the
glyphosate-treated plot. Data from
the untreated control plot indicate
that the spruce stand is not free-
growing (Table ) and requires
further treatment to meet the free-
growing standard.

The proposed use of coniferous
hdr and broadleaf stem density
criteria to determine free-growing

table  Means and standard deviations for basal diameter, total height, height-to-diameter ratio, crown radius, and volume
for white spruce

a   p-values from  anova, – p-values from ancova, and crown radius p-values (–) from anova.

figure 1 Effects of treatment on basal diameter of white
spruce, 1988–1998.

status in the Prince George Forest
Region (B.C. Ministry of Forests
b) was also examined. Based
on density and hdr criteria, 

sph were free-growing in treated
plots as compared to untreated,
where trees were not free-growing
due to high broadleaf density
(> sph) (Table ).

Broadleaf Stand Development

Ten years after treatment, broadleaf
density in the glyphosate-treated
plot was significantly lower than in
the untreated control plot (Table ).

Trembling aspen was the only
broadleaf species found in both the
untreated control and glyphosate-
treated plots (Table ).

 The absence of vegetation con-
trol resulted in a two-storey mixed-
wood stand with trembling aspen
up to . m tall in the overstorey
and . m tall suppressed white
spruce in the understorey. If the
management objective is to achieve
an acceptable conifer-dominated
stand at the end of the rotation,
further treatments (e.g., brushing
and spacing of broadleaf species)
will be needed.

figure 2 Effects of treatment on height of white
spruce, 1988–1998.





Mixed-stand Timber Yield

Ten years after treatment applica-
tion, the increases in spruce diam-
eter and height growth have re-
sulted in significantly larger spruce
stem volume within the glypho-
sate-treated plot (Table ). Yield
projections based on mgm simu-
lations suggest that glyphosate
application can increase the conifer
volume by up to % and reduce
the rotation age by up to  years
(at maximum mean annual incre-
ment) compared with the un-
treated control  (Table ). However,
the glyphosate treatment also re-
duced broadleaf timber volume by
up to % compared with the un-
treated control plot. If both stands
are harvested using a two-pass
harvesting system, the notable
differences are shorter conifer rota-
tion, more conifer volume, and less
aspen and total volume in the
treated plot compared to the un-
treated control plot (Table ). In a
two-pass system, % aspen density
is retained during the first-pass
harvesting (i.e., at  years) to
maintain wind stability of the

Vegetation Community Responses

A count of vegetation species was
used to determine species richness
in each treatment plot. Species
richness was similar in both plots.
In total,  and  species were
found in untreated control and
treated plots, respectively (Table ).
Based on lifeform classes, the larg-
est number of species was present
in the herb layer. Non-vascular
plants were not sampled thor-
oughly enough to provide reliable
information on this lifeform. Rare
species may also have been missed
because of the relatively small sam-
ple area.

Both treatment plots had similar
plant species composition. There
were five shrubs that differ between
the treatments: prickly rose (Rosa
acicularis) was found only in the
treated plot, whereas black currant
(Ribes laxiflorum), red elderberry
(Sambucus racemosa), soopolallie
(Shepherdia canadensis), and birch-
leaved spirea (Spirea betulifolia) were
found in the control plot. While all
of these species are perennial, all but
red elderberry have the potential to

affect the future development of the
vegetation complex because they are
not among the more common char-
acteristic shrubs of this subzone
(DeLong et al, ). These shrubs
are, however, native to British
Columbia.

Plant species abundance showed
some distinct differences between
the plant communities in the two
treatments. The treated area had a
lower percent cover of broadleaves
and shrubs, and a higher cover of
herbs and conifers than the control
area (Table , Figures  and ). Ten
years after treatment, trembling
aspen percent cover and density
were significantly lower than in the
untreated control plot. However,
Sitka alder and fireweed (Epilobium
angustifolium) were controlled for
the first few years after treatment,
but by age  they were more pre-
dominant in the treated plot than
in the control plot (Figure ). As-
suming that the plant communities
were the same before treatment,
these results indicate that glypho-
sate shifted the plant community
to herbs and conifers by reducing
the cover of broadleaf trees.

table 2 Means and standard deviations for density: stand, conifers,  trembling aspen, white spruce, other conifers, spruce
well-spaced, spruce free-growing, and spruce free-growing based on (D+HDR) criteria, 11 years after planting

a Proposed Density (d) + Height-to-diameter ratio (hdr) criteria to determine free-growing.
b P-values from anova.

table 3 Means and standard deviations for percent cover: total, conifers, trembling aspen, shrubs, and herbs, 10 years after
treatment application in the summer of 1998

a Total number of species include lichens and mosses.
b P-values from anova.





spruce, and then the aspen is har-
vested in the second pass along
with the spruce. However, if both
plots are clearcut at  years of
stand age, the conifer yield is more
and the aspen yield is less in the
treated plot compared to the un-
treated control plot (Table ).
Since aspen is expected to occupy
the site at least to maturity, it is
logical to include broadleaf vol-
ume in the total yield analysis.
However, the stand at this stage is
very dynamic, and various changes
(e.g., reduction in aspen density)
will have yield implications in the
future.

Conclusions

The results from -year measure-
ments suggest that:

• controlling competing vegeta-
tion using glyphosate  year after

figure 3 A vegetation community in an untreated control
plot (August 26, 1998).

figure 4 A vegetation community in a glyphosate-
treated plot (August 26, 1998).

planting  increased white spruce
height and basal diameter, re-
duced height-to-diameter ratio,
and improved vigour,

• glyphosate treatment signifi-
cantly improved white spruce
height and the number of free-
growing spruce per hectare 
years after planting,

• glyphosate treatment signifi-
cantly reduced broadleaf per-
cent cover and density,

• glyphosate treatment did not
affect species richness or total
number of species, and

• glyphosate treatment applied to
control trembling aspen and
shrubs has the potential to in-
crease conifer yield, and to re-
duce conifer rotation age.
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