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ABSTRACT
White spruce plantations have been established within the Mixedwood Section of the
Boreal Forest (B.18a) (Rowe 1972) of Manitoba to provide a necessary long term supply of
white spruce sawlog material. Trembling aspen competition within these plantations will have
a devastating effect on potential spruce sawlog yields if it is not controlled. The objectives of
this study were to evaluate the herbicidal and silvicultural efficacy of aerial applied Roundup·
(glyphosate) in a white spruce plantation in the Mixedwood Section (B.18a) of the boreal forest
of western Manitoba. The objective was met by conducting aerial applications of Roundup· at
four rates. The trial was established within a white spruce plantation located in the Porcupine
Provincial Forest of western Manitoba. The study area was bumed-over in May 1980, site
prepared with a disc trencher (ITS-350) in September 1981 and hand planted in May 1982 with
3+0 white spruce seedlings. Data was collected in 1984, 1985, 1986, and 1993.
Roundup· affected both the trembling aspen and white spruce in a desirable manner.
Trembling aspen mortality increased as the rate of Roundup· increased from 2.5 to 5.6 Uha.
White spruce showed a positive growth response within two growing seasons after the
application of Roundup·. Although relatively small gains in survival and height growth of white
spruce were realized, the greatest gains were related to diameter and volume growth. Under
favourable circumstances, 2.5 Uha was sufficient to release white spruce from the trembling
aspen competition. Higher rates (Le., 4.5 Uha) should be considered if snowshoe hare poses
a serious threat to a plantation, if weather conditions are less than favourable at the time of
application or if high number of logging residuals are present.
.
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INfRODUCTION
Trembling aspen (Populus tremuloides Michx.) is perhaps the most serious competitor
in white spruce (Picea glauca (Moench) Voss) plantations (Haig 1959, Froning 1972, Johnson
1973, Be111990). Aspen competition slows the growth of white spruce through competition for
light, moisture and nutrients; it causes severe mechanical damage by 'whipping' terminal and
lateral stems and provides a favourable environment for snowshoe hare (Lepus americanus
Erxleben). In a study of mixedwood stand dynamics, Kabzems (1952) noted that approximately
48 per cent of all white spruce suffered leader damage due to 'whipping'·by trembling aspen.
Kagis (1952) estimated that at least one-third of the potential volume of the white spruce is lost
because of aspen competition and mechanical damage. Although aspen causes- heavy volume
losses, it has been the snowshoe hare that has substantially reduced the survival of many newly
established plantations (Drew 1988).
White spruce plantations have been established within the Mixedwood Section of the
Boreal Forest (B. 18a) (Rowe 1972) of Manitoba to provide a long term supply of white spruce
sawlog material. The decision to proceed with a pilot scale experiment involving the herbicidal
and silvicultural efficacy of glyphosate was based primarily on the assumption that the aspen
competition within these plantations would have a devastating effect on potential spruce sawlog
yields if not controlled.
For large release projects aerial application of herbicides is less expensive than labour
intensive manual control programs (Johnson 1986). The potential of the non-selective herbicide
glyphosate to control grass, brush, hardwoods and indirectly hares through habitat reduction is
very high. Glyphosate kills above ground aspen parts, severely limits aspen resuckering and also
provides good control of grass (Expert Committee on Weeds 1984, Campbe111988).
The objective of this study were to evaluate the herbicidal and silvicultural efficacy of
aerially applied glyphosate in a white spruce plantation in the Mixedwood Section (B. 18a) of the
boreal foreSt of western Manitoba. The primary hypothesis was that removal of the trembling
aspen competition would result in increased spruce survival and growth..

LITERATURE REVIEW
White spruce has been one of the most important trees in the prairie provinces for lumber
(phelps 1948, Kabzems 1952, Haig 1962) and in Canada for pulpwood and lumber (Stiell 1976).
Although white spruce gained in value as manufactured market and export goods little more than
eighty years ago (Kabzems 1952), most of the accessible old stands of white spruce/aspen have
already been logged over for their spruce component (Johnson 1986). If a long-term supply of
commercial white spruce from mixedwoods is to be maintained or increased, successful
establishment and protection of regeneration ~om frost, hare damage, competition from non-crop
vegetation, and insect and diseases is essential.
White spruce will not develop well on sites repeatedly exposed to late spring frosts
because of multiple leadering (Hofstra et ale 1982, Nienstaedt 1985). However, multiple
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leadering is rare in spruce plantations over 10 years of age in Ontario (Gross 1985). This
indicates that white spruce may have the ability to recover from multiple leadering. In Manitoba,
spring-frosted white spruce seldom reflush during the year of damage. For this reason, frost
damage in successive years may be lethal (Rowe 1955).
The snowshoe hare is the main problem animal in young mixedwood stands (Drew 1988).
Most damage caused by hares occurs during the winter months, at which time the hares often
browse on the terminal and lateral buds of the spruce (Shirley 1941). This browsing can deform
and retard the growth of the spruce. Repeated browsing can kill white spruce less than 1 m tall
(Rowe 1955). Since winter browsing can occur on stems up to 60 cm above the snow line (Keith
et al. 1984), white spruce is susceptible to damage until it is approximately 2 m tall (Johnson
1986). Because snowshoe hares do not dig through snow for food, young conifers are protected
once they are covered with snow (Radvanyi 1987).
Damage to conifers by snowshoe hares is closely related to the cyclic rise and fall of the
hare population (Aldous and Aldous 1944) and to the amount of ground cover (Rowe 1955).
Hare populations peak approximately every ten years. Damage to spruce is low while the hares
are at the low ebb of the population cycle, but increases as the hare population increases. Peak
snow shoe hare populations occurred in the Porcupine Mountain of Manitoba around 1980 and
1990. Throughout the population cycle most damage caused by hares is in areas of dense cover·
(Aldous and Aldous 1944, Rowe 1955).
Rowe (1955) observed that damage from hares is confined to aspen-covered or brushy
areas. Since hares seldom go farther than 200 to 400 m from cover (Keith et al. 1984),
reduction of snowshoe hare damage can result from a "no cover - no rabbits approach". The
application of herbicides could be utilized subsequent to planting and regrowth of competing
vegetation to reduce cover and winter food supplies for snowshoe hare (Radvanyi 1987).
According to Dobbs (1972), "Virtually every study that has been concerned with the problem
of securing white spruce regeneration has implicated vegetation as a major factor with which to
contend". Since white spruce normally grows on the most productive forest soils it often grows
in association with aspen, alder (Alnus B. Ehrh.), hazel (Corylus L.), birch (Betula L.), willow
(Salix L.) and grasses (Rennie et al. 1985). Grass, brush, aspen and snowshoe hares are the
primary factors providing the coup de grace to regenerated spruce in the Mixedwood (Drew
1988).
Grass competition has caused both severe mortality and height growth reductions in
newly established spruce plantations (Stephens 1965, Lees 1970, Drew 1988). Competition from
Canada blue-joint (Calamagrostis canadensis (Michx.) Nutt.) can be significant until the spruce
exceeds its maximum height (1.2 m) (Haeussler and Coates 1986).
Trembling aspen is perhaps the most serious competitor of white spruce plantations
(Johnson 1986). It not only competes with the spruce for available light, moisture and nutrients,
but it also provides a favourable environment for snowshoe hare. The effect of aspen on the
height growth of white spruce begins when the spruce are very young. Cayford (1957) noted that
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the time required for naturally established white spruce to grow to breast height from stump
height averaged 7.1 years for open grown seedling and 8.7 years for suppressed seedlings. In
general, the height growth of trembling aspen exceeds that of open grown spruce for the first
30 years, and that of suppressed spruce for the first 30 to 40 years (Cayford 1957).
Results from studies to determine the effects of manual release of white spruce from
trembling aspen competition show conclusively that all ages and sizes of white spruce respond
to release (Jarvis et al. 1966). Nienstaedt (1957) reported that white spruce is capable of
responding to release even after tolerating 40 to 50 years of suppression. Steneker (1963)
recommends that white spruce be released early in life to achieve the most benefit from the
release, and that at the latest, it should be released before it comes into contact with the aspen
crown. If herbicides are to be used to release white spruce, a sufficient height differential
between the aspen and spruce canopy must exist to prevent leader whipping from the dead
~tanding aspen (Steneker 1976). Many studies confirm the necessity of removing the aspen
overstory from white spruce at an early age in order to achieve maximum growth of the white
spruce (Shirley 1941; Cayford 1957; Lees 1967; Logan 1969; Steneker 1963, 1967, 1976;
Johnson 1986). Complete removal of the aspen is not recommended since mixedwood stands are
less susceptible to spruce budworm, white pine weevil, and yellow-headed sawfly infestations
than pure white spruce stands (Jonhson 1986). If white spruce is in an area subject to frost
damage, the most "successful" weed control obtained by herbicide application can be the most
detrimental to newly established spruce because of excessive frost damage (Sutton 1984).

GLYPHOSATE HERBICIDE
Glyphosate, formerly formulated as Roundup· liquid herbicide, is currently formulated
as Vision· liquid herbicide by the Monsanto Agricultural Products Company . Roundup· and
Vision· have identical ingredients; therefore, all literature pertaining to Roundup· also applies
to Vision·. Roundup· is a relatively non-toxic herbicide that contains 356 gIL of the
isopropylamine salt of glyphosate together with a surfactant (Franz 1978, W.S.S.A. 1983).
Glyphosate is an excellent forestry herbicide for the following reasons: it effectively
controls a broad spectrum of weed species including trembling aspen (polhillI978, McCormack
and Saviello 1981, Sutton 1984); it is poorly absorbed by conifers in the dormant state'
·(Lund-Hoie 1974, 1977, 1980), it is rapidly inactivated by soil (Sprankle et al. 1975), and it is
relatively non-toxic to mammals, birds, fish, insects and most bacteria (Franz 1978). Glyphosate
is a non-selective, post-emergent herbicide that is absorbed through foliage and green stem
tissues of plants. It is readily translocated throughout the aerial and underground parts of most
plants. Although post-emergent unit -activity is high, glyphosate shows no significant
pre-emergent effect or residual soil activity even at relatively high rates (e.g., 57 kg/ha) (Franz
1978). Klingman (1974) found that glyphosate does not harm ungerminated grass seed. Thus,
grass can reestablish on a treated area from a residual seed source. The susceptibility of different
plants can be highly variable and depends upon the leaf penetration and subsequent distribution
of the herbicide within the plant (Lund-Hoie 1980). Lack \)f needle penetnltion via the waxy
cuticle explains the high level of tolerance shown by conifers (Lehela et al. 1972, Lund-Hoie
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1980). Symptoms usually develop within two to four days with most annual weeds and within
seven to ten days with most perennial weeds (Sutton 1978). Under field conditions, symptoms
often develop slowly and two- to three-week delays are common (Ashton and Crafts 1981). In
woody species, glyphosate is a slow acting herbicide (Lund-Hoie 1980). In general, the full
effect or deterioration of the woody tissue should not be expected for one to two years after
application. For species such as ash (Fraxinus L.) and oak (Quercus L.), the herbicidal processes
may continue for up to three years (Lund-Hoie 1980).
EFFICACY IN FOREST PLANTATIONS

Sutton (1985) recommends that the efficacy of herbicide applications be discussed in
terms of herbicidal efficacy and silvicultural efficacy. 'Herbicidal efficacy' is defined as the
capacity of a herbicide to cause direct phytOtoxic effects in weeds and 'Silvicultural efficacy' is
defined as the capacity of a herbicide to promote indirectly positive growth responses in crop
trees.

Herbicidal Efficacy

Glyphosate can be used to control a wide variety of plants including the following woody
species: mountain maple (Acer spicatum Lam.), alder (Alnus rugosa (Du Roi) Spreng.), hazel
(Corylus comuta Marsh.), raspberry (Rubus idaeus L.), willow (Salix L.) and aspen (polhill
1978, Perala 1984, Sutton 1984). The rate of glyphosate application used to control competing
vegetation is critical. According to Lund-Hoie (1980), "Glyphosate has a sharp, clear threshold
for effect. This means that if the application approaches a minimum dosage, the result will be
either full effect or no effect at all, depending on environmental conditions at the time of
spraying". In general, lower concentrations of glyphosate may be more effective for controlling
perennials than higher concentrations, because higher concentrations may kill tissue on contact
before the herbicide can be translocated into other areas of the plant (Sutton 1978).
The susceptibility of several plant species to mid-late August, aerially applied glyphosate
is shown in Figure 1. Conifers such as white spruce are relatively tolerant to glyphosate
compared to deciduous species such as aspen or willow.
The rate of application is critical in attempting to control aspen with glyphosate. Rates
of 3 to 6 Uha (1.07 to 2.14 kg/ha respectively) are recommended for the control of trembling
aspen (Monsanto 1987). Perala (1984) reported that glyphosate applied at between 1.12 and 2.24
kg/ha resulted in consistent and effective reductions in aspen biomass and woody stem density.
Sutton (1984) found that 2.0 kg/ha of ground applied glyphosate gave 95% control of aspen
three years after application and 1.0 kg/ha gave 50% control. Lund-Hoie (1975) observed 70,
97, 100 and 100% control (top kill with no regrowth) of European aspen (Populus tremula L.)
with 0.25,0.50, 1.00 and 2.00 kglha of glyphosate applied from a mist blower at the rate of 120
L lha of solution. Lund-Hoie (1975) aIso observed that the maximum effect of glyphosate on
European aspen applied at 0.50 kg/ha did not occur until two years after the application.
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The time of glyphosate application used for the control of woody plants does not appear
to be as critical as the rate of application as long as the target vegetation is growing vigorously
(Sutton 1978). In general, mid-summer applications seem to be more effective than spring
applications (Andrews et al. 1974, Blackmore and Corns 1979). During the mid-summer period,
most brush species are still photosynthetically active and accumulating food reserves, some of
which are translocated to the root systems for storage (Gratowski 1975). Late season applications
may be carried out, provided that no major leaf fall has taken place in undesirable brush and tree
species (Monsanto 1987). Perala (1984) found that glyphosate is equally effective for aspen
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control between August 8 and September 2.
The effect of glyphosate applications is not just dependent on the rate and time of
application. Factors such as the formulation of the compound, climatic factors, spray drift and
the physiological behaviour within the target plant are also important (Lund-Hoie 1980). The salt
formulation of glyphosate is susceptible to being washed off by rainfall for a few hours after
application due to slow uptake. The amount of glyphosate lost due to rainfall depends on the
intensity of the rainfall (Lund-Hoie 1980).
SUvicultural Efficacy
When applied according to label directions, Roundup now sold as Vision· is effective for
the release of spruce (Picea Dietr.) (Monsanto 1987). As with herbicidal efficacy, the rate of
application is critical. High rates of glyphosate can damage or kill coniferous seedlings (Sutton
1978, AIm 1981), and in particular, white spruce (Young 1979). Young (1979) found that 2.0
kg/ha caused moderate damage and 4.0 kgIha caused severe damage to potted white spruce·
seedlings in a growth chamber study. Indirect damage caused by high rates of glyphosate· can
also be significant. Very successful control of trembling aspen may result in the increased
exposure of white spruce crop trees to both late spring and early fall frosts (Sutton 1985). The
time of glyphosate application is critical in terms of crop damage, because applications made
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during periods of rapid conifer growth may result in injury to the conifers in the form of tip
and/or needle bum (Monsanto 1987). This may be more true for pine than for spruce.
Lund-Hoie (1977) reported that in plantations of Norway spruce (Picea abies (L.) Karst.),
glyphosate can be applied from the beginning of shoot elongation until the target species no
longer has vital green leaves. In general, maximum control of competing vegetation and the
minimum negative effect on conifers can best be obtained by applying glyphosate in the late
summer, after bud set and hardening of the current year's growth (Oratowski 1978, Sutton
1978). Monsanto (1985) published an application timing chart for glyphosate herbicide for
different uses (Figure 2). This chart presents the final two weeks in August as being the
optimum time during the growing season for the application of glyphosate for ronifer· release.
USE I
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METHODOLOGY
The objectives of the study were met by conducting aerial applications of glyphosate at
three rates. The trial was established within a white spruce plantation located in the Porcupine
Provincial Forest of the Mixedwood Section (B.18a) of western Manitoba (Lat. 5~ 20'N, Long.
101° W). The study area was burned-over in May 1980, site prepared with a disc trencher
(1TS-350) in September 1981 and hand planted in late-May 1982 with 3+0 white spruce
seedlings from Pineland Forestry Nursery at Hadashville, Manitoba. A regeneration survey
conducted in July, 1983 confirmed that approximately 90 % of the planted white spruce survived.
This trial was initiated as a Manitoba Department of Natural Resources silvicultural project, but
was modified in order to monitor the effects of three rates of glyphosate. In July 1984, three 4.8
ha spray plots were demarcated in the white spruce plantation. Nine 0.04 ha sample sub-plots
were located at random within each plot and measured to assess the abundance and condition of
the planted white spruce and trembling aspen competition. In 1985, six 4.8 hectare spray plots
were demarcated near those established in 1984 (Figure 3). As in 1984, nine 0.04 ha sample
plots were located at random within each plot and measured as before.
Three rates of glyphosate were applied aerially in both 1984 and 1985 in cooperation with
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the Forestry Branch of the Manitoba Department of.Natural Resources. In 1984, one plot was
aerially sprayed at each of 2.5, and 4.5 Uha on August 22 with a Bell 206 helicopter. In 1985,
two plots were sprayed at each rate of 2.5 and 5.6 Uha on August 19 with a Bell G-4
helicopter. Three control areas were left untreated; one area was left in 1984 and two'areas were
left in 1985. Details about spray equipment used and the weather conditions at the time of the
spray programmes in the 1984 and 1985 spray can be found in (Bell 1989).
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Pre-spray measurements made on the ten white spruce closest to each of the 81- 4 m x
5 m (0.04 ha) sub-plots in the 1984 spray plots included the 1981 to 1984 annual height
, increment, the 1984 basal diameter. In the 1985 spray plots, pre-spray measurements included
the 1981 to 1985 annual height increment and the 1985 basal diameter. As many of the white
spruce had been planted deeper than the root collar and had developed adventitious roots prior
to the 1984 measurements, diameter measurements were made at ground level, rather than at
the root collar. Post-spray measurements carried out on the white spruce in 1985, 1986 and 1993
included survival, percentage of spruce browsed by snowshoe hares, percentage of terminal buds
damaged by frost, number of multiple leaders, and annual height increments. Although basal
diameter at ground level was measured in 1985 and 1986, basal diameter at 30 cm above ground
(D30) was measured in 1993. Diameter measurement at 30 cm was chosen over the standard
breast height, as some of the crop trees had not reached breast height yet; furthermore, the D30
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measurement is becoming the norm for diameter measurements in other vegetation management
research projects. Spruce heights were measured to the nearest cm and diameters to the nearest
mm. A total of 75 out of the original 81 sub-plots were located and remeasured in 1993. Two
sub-plots in the control plots and four sub-plots in the sprayed plots could not be relocated.
The stem volume for white spruce was estimated for individual trees based on the
formula for the volume of a right cone:
Stem volume = 113 P r x ht
where:
r = basal radius (cm) , and
ht = total stem height (cm).
Pre-spray measurements made on the trembling aspen in the 0.04 ha sub-plots included
the number of trembling aspen stems per sub-plot by height and diameter class. Post-spray
measurements carried out on the aspen in 1985 and 1986 included the number of aspen stems '
and ,the diameter and height of individual stems. In '1993, the diameter to the nearest mm of each
trembling aspen and balsam poplar were recorded for each sub-plot. Average heights were
obtained by choosing an average tree in the plot and measuring it's height to the nearest cm with
a height pole.
Aspen health codes were not recorded in 1993. By this time the aspen had either died or
recovered from the spray. health codes were recorded in 1984, 1985, and 1986 using the
following coding classes:
.
Code No.

1
2
3
4

5

Momhological Code

Dead (buds and inner bark dry).
Inner bark alive (green) buds dead.
Inner bark alive (green), buds broken but leaf development minimal.
Inner bark alive (green), buds broken, leaves developed but show
signs of herbicide damage.
- Inner bark alive (green), foliage shows no signs of herbicide damage.

-

Additional measurements in 1993 included: (1) the density and average heights for other
woody vegetation, and (2) an estimate of the percent of grass cover in the 0.04 ha sub-plot.
Using the pin located in the northeast comer of the sub-plot as a' centre point, a temporary
circular milli-hectare (10 m~ plot was established to evaluate other woody vegetation. In each
of these circular plots, the density and average height of the two or three dominant woody
species were recorded. Percent of grass cover was visually estimated to the nearest 5 %.
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RESULTS
Ninth year post-spray results of the 1984 and eighth year post-spray results of the 1985
sprays are presented in two sections: (1) silvicultural efficacy and (2) herbicidal efficacy.

SILVICULTURAL EFFICACY: EFFECT OF ROUNDup· ON THE WHITE SPRUCE
CROP

The effect of glyphosate on the white spruce crop trees was monitored using survival;
snowshoe hare browsing; frost damage; multiple leadering; and height, root collar diameter and
volume growth. The majority of these factors were influenced by the application of Roundup·.
The following observations are based on a small number of samples on which statistical analysis
was not feasible. Trends rather than significant differences are presented. Survival of the white
spruce was positively influenced by the application of glyphosate. In 1986, survival was nearly
equal among the nine treatment plots (Table 1). By 1993, sprayed plots had consistently higher
survival rates than control plots.
Snowshoe hare browsing was greatly reduced by the application of Roundup·. In 1986,
the percentage of shoots browsed by snowshoe hare did not appear to be related to either the
year or rate Of Roundup· application. The percentage of terminal shoots browsed in 1986 ranged
from 0 to 9% (Table 1). In 1993, browsing within the control plots ranged from 14 to 91 %
while browsing within the sprayed plots ranged from 0 to 16%.
Severe frost damage was recorded in 1986, but not in 1993. In 1986, the degree of frost
damage to the terminal shoots was directly influenced by the rate of application of Roundup·.
The amount of frost damage to the spruce on individual plots ranged from 39 to 97% (Table 1)
with the greatest amount of frost damage associated with the highest Roundup· application rates.
In 1993, four percent damage by frost was the highest recorded. In 1993, as in 1986, greater
frost damage occurred in the sprayed plots.
In 1986, multiple leadering was negatively influenced by Roundup· application, but not
in 1993 (Table 1). In 1986, the greatest number of multiple leaders were associated with the
highest Roundup· application rate. By 1993, a large number of stems still had multiple leaders,
but it does not appear to be related to the rate of herbicide application.
The mean cumulative height increments from 1981, the final year that the stock was in
the nursery, to 1986 are presented in Table 2. Initially, height growth of the white spruce was
negatively affected by the removal of the trembling aspen overstory. In 1986,the controls in
both the 1984 and 1985 spray plots had the greatest average cumulative height growth, followed
by the moderate and then the highest spray rates (Table 2). By 1993, the sprayed plots were,
on average, taller than the control plots. The 1985a control plot, the one control plot which
suffered very little rabbit damage, was the single exception to this rule.
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Table 1.

Influence of the aerial application of Roundup· on survival, stems browsed by
snowshoe hares, frost damage and multiple leadering of the white spruce crop.

Treatment

Survival
(%)

Average Number
Frost
Hare
Browsed (%) Damage (%) of Terminal Shoots

------------------1984 - 0.0 Uha
1985a - 0.0 Uha
1285b - 0,0 Ubi
Average

1986

1993

1986

1993

1986

1993

1986

1993

92
99

92

86
14

64
62

0
0

1.7

90

0
9

1.5

2.9
1.7

22'

B2

2

21

J2

0

Q,.2

U

97

88

4

64

55

0

1.4

2.4

1
1

4
16

80
46

0
0

1.9
1.6

Q

0

10

!

.u

1.7
1.9

lJ!

1

7

65

1

1.6

1.7

97
70
BQ
82

1
0

2.6
.2.7

1.6
1.7

--------------------------------------------1984 - 2.5 Uha
1985a - 2.5 Uha
1285b - 2.5 Ubi
Average

97
98
.lOQ
98

94
94
.lOQ
96

97
100

97
91

1
1

1
2

22

~

!

0

99

94

2

1

--------------------------------1984 - 4.5 Uha
1985a - 5.6 Uha
1285b - 5.6 Llhi
Average

!

.u

2..2

2

2.3

2.1

The mean annual height increments for all plots, including the controls, were
characterized by relatively large increments in 1981, small in 1982 and 1983, large in 1984 and
1985 and small increments again in 1986. In 1981, the spruce were growing under ideal
conditions in the Hadashville nursery. In the spring of 1982, they were outplanted and appeared
to have suffered from planting 'check' for two growing seasons. In the fall of 1985 or early
spring of 1986, a heavy frost may have also damaged the terminal buds.
Both the diameter and volume of the white spruce were influenced by the application of
Roundup·. The greatest gains in both diameter and volume growth were generally associated
with the highest application rates of Roundup· with the exception of the 1985b plots (Table 3).
In 1986, spruce within the 2.5 and 4.5 Uha plots of the 1984 spray sites had approximately 129
and 134 per cent greater basal diameters and 148 and 176 per cent greater volumes respectively
than spruce within the control. In 1986, spruce within the 1985 spray sites had on average
smaller basal diameters and smaller volumes than spruce within the control. By 1993, the
reverse had occurred. In 1993, spruce diameters and volumes were consistently greater within
the sprayed plots than the controls. Diameter distribution was also positively influenced by
Roundup· applications~ In 1993, greater numbers of larger diameter white spruce were associated
with the higher rates of Roundup· (Figure 4).
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Table 2.

Mean cumulative height growth of white spruce.

Treatment
1984 - 0.0 Uha
1985a - 0.0 U~a
1285b - Q:Q Uha
Average

1981

-----

1982 1983 1984 1985
--(cm)

10.4
10.7

15.0
14.6

20.4
19.7

31.5
28.8

ru ru

3.O.:.S

14.4

19.7

30.3

10.1
9.6

14.5
14.4

20.1
19.1

U

.lU 1M

9.5

13.9

18.7

31.1
27.4
24.5
27.7

14.2
13.6

19.1 30.6
18.6· 27.4

M
10.2

1986 1993

41.0
39.5

47.6
50.0

165.0
212.4

ru ru

~

41.2

50.0

162.0

40.0
35.2

46.2
40.8

242.6
197.2

W

2Ql.J

36.3

43.1

214.4

41.1
37.9

45.0
45.3

225.4
192.5
223.4
213.8

------------------------1984 - 2.5 Uha
1985a - 2.5 Uha
1285b - 2:5 L/ha
Average

ru

---------------------------------1984 - 4.5 Uha
1985a - 5.6 Uha
1285b - 5:~ Uha
Average

Table 3.

9.9
9.5

ill .lU

ru

~

10.1

19.0

28.1

14.4

ru

37.6

ill
42.5

Mean cumulative diameter and volume estimates of white spruce.

Treatment

1984 - 0.0 Uha
1985a - 0.0 Uha
1285b - Q:Q L/ha
Average

--------------------1984 - 2.5 Uha
1985a - 2.5 Uha
1285b - 2.5 L/ha
Average

Basal Diameter

D30
1984 1985 1986 1993
-cm-

0.5

0.7
0.6

-0.5

2.1
0.7

0.9
0.8
Q.2
0.9

0.5

0.8
0.6
Q.&
0.7

1.1
0.8
Q,,8
0.9

0.8
0.6

1.2
0.9

--0.5

2.2
2.7

L1
2.2

Stem Volume
1984 1985 1986 1993

---crri---2.6

-2.6

6.2
4.7
7.1
6.0

12.4
9.8
14.4
12.2

342.4
518.3
216.2
359.0

4.1
2.9

2.4

7.6
3.9

U

--2.4

U
4.9

18.3 1298.9
9.5 613.2
-2:1 821.2
12.3 911.1

2.6

9.5
4.3

21.8
13.0

3.5

---------------------------------1984 - 4.5 Uha
1985a - 5.6 Uha
1285b - 5:6 L/ha
Average

0.5

-0.5

3.5
3.6

!U 2.1 1..2
0.6

0.9

3.7

-2.6

~

5.6

894.5
793.2
~ 1Q87.1
13.6 924.9
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Figure 4.

Diameter distribution of white spruce crop trees in 1993 following the aerial
application of Roundup· at: (a) 0.0, (b) 2.5, (c) 4.5 and (d) 5.6 Uha.
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HERBICIDAL EFFICACY: EFFECT OF ROUNDup· ON TREMBLING ASPEN
COMPETITION
The number of foliated trembling aspenlha was greatly influenced by the application of
Roundup·. In the 1984 spray plots, high defoliation observed in 1985 was followed by a high
mortality in 1986 and even higher mortality by 1993. In 1986, the second year following
Roundup· application in the 1984 spray plots, 4.5 Uha provided marginally better control of
trembling aspen than 2.5 Uha. The 4.5 Uha application rate affected the health of 100% and
killed 70% of the aspen and the 2.5 Uha. rate affected 96% and killed 62 % of the aspen (Table
4). By 1993, the sprayed aspen had either died or recovered. Recovery implies that the foliage
did not show typical signs (Le., small, chlorotic, or curled leaves) of Roundup· damage.
In 1986, the first year following Roundup· application in the 1985 spray plots, both 2.5
and 5.6 Uha applications damaged 100% of the aspen, but the 5.6 Uha rate killed 25% more
aspen than the 2.5 Uha rate. In 1993, the percent mortality of aspen on sites with the low
densities of overstory residuals (1985b - 2.5 Uha data) was approximately 1.5 times greater than
that of aspen under relatively high densities of overstory residuals (1985a - 2.5 Uha data).

High natural mortality occurred among the aspen in all of the control plots. In 1986, less
than 2 % mortality was observed in the aspen on the control plots. By 1993, on average, 45
percent of the aspen within the controls had died (Figure 5).

70
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Figure 5.

Average number of trembling aspen stems per 4 m x 5 m sample plot.

14
Table 4.

Distribution of aspen by morphological condition code.

Morphological Condition Code
Year
Year and Rate
Total
4
5
1
2
3
Measured
of Application
------------------------------------------------------------------------------0
0
100 100
1984
0
0
1984 - 0.0 Uha
100 100
0
0
0
1985
0
100
98
1986
2
0
0
0
100
41
0
0
0
59
1993

.................................................................................................
1985a - 0.0 Uha

1985
1986
1993

0
1
44

0
0
0

0
0
0

0
0
0

100
99
56

100
100
100

........................................................•....................................•...
1985b - 0.0 Uha

1985
1986
1993

0
0
51

0
0
0

0
0
0

0
0
0

100
100
49

100
100
100

0
22
62
77

0
51
23
0

0
14
4
0

0
13
6
0

100
0
4
23

100
100
100
100

-----------------------------1984 - 2.5 Uha

1984
1985
1986
1993

.................................................................................................
100 100
1985
0
0
0
0
100
22
7
1986
41
30
0
42
100
1993
0
0
0
58
.......•..........•.............••...••...•...••...................................•.....•.••••.•
1985b - 2.5 Uha
1985
100 100
0
0
0
0
1986
18
7
100
11
8
55
1993
84
0
0
16
100
0
1985a - 2.5 Uha

------

----------------------------1984 - 4.5 L/ha

1984
1985
1986
1993

0
25
70
82

0
50
20
0

0
22
4
0

0
3
6
0

100
0
0
18

100
100
100
100

1985a - 5.6 Uha

1985
1986
1993

0
70
96

0
19
0

0
10
0

0
0

100
0
4

100
100
100

1985
1986
1993

0
21
97

0
28
0

0
49
0

0
2
0

100
0
3

100
100
100

1985b - 5.6 Uha

1.
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HERBICIDAL EFFICACY: EFFECT OF ROUNDtW ON GRASS AND OTHER SPECIES

Data collected in 1993, shows inconsistent patterns of control for woody species such as
green alder, lowbush cranberry, prickly rose and red raspberry (Table 5) and grasses (Figure
6). In general the most common woody species were green alder, lowbush cranberry, prickly
rose red raspberry and balsam poplar. Several other species such as honeysuckle, ash, and
willow occurred infrequently and in low numbers.
Stem numbers of competitive woody species other than trembling aspen.

Table 5.
Species

840.0

85a85b0.00.0

842.5

85a2.5

85b2.5

green alder

2

7

22

12

24

14

27

cranberry

37

31

16

32

21

22

41

14

30

prickly rose

22

27

13

30

16

19

29

5

7

red raspberry

6

9

12

39

27

9

27

honeysuckle

. 844.5

85a5.6

54

2

ribes

6

willow

2

mountain ash

18

black spruce

27

balsam poplar

10

other

6

12

25

22

31

2

1

6

4

4

3

13

13

12

7

9

13

4

3
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Figure 6.

85b5.6

Average percent cover of grass per 4 m x 5 m sample plot in 1993.
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DISCUSSION
White spruce showed a positive growth response within two growing seasons after the
application of Roundup·. Although gains in survival and height growth were small, diameter and
volume growth increased greatly.
Small increases in spruce survival can be achieved by the application of Roundup·. In
1993, survival averaged 88, 96, 97 and 93 per cent for 0.0, 2.5, 4.5 and 5.6 Uha of Roundup·
respectively. Although spruce mortality occurred within the sprayed plots, this mortality was not
directly attributed to the application of Roundup· (Bell 1989). In 1986, immediately after the
spray, mortality in the sprayed plots averaged less than one percent. A study by Newton and
Knight (1979) indicated that white spruce will tolerate aerially applied Roundup· in mid-late
August at a rate of up to 3.36 kg/ha (9.43 Uha Roundupj with negligible damage. Since the
application rates used in this trial were well below this rate, we have little reason to believe that
any of the white spruce mortality was directly related to the application of Roundup·.
Height growth of the spruce appears to be influenced by three factors: (1) browsing by
snowshoe hares, (2) frost damage and (3) competition from grass and aspen. Shirley (1941),
Aldous and Aldous (1944), Rowe (1955), Sutton (1984) and Drew (1988) have all reported
detrimental effects of the snowshoe hare on young conifers under a cover of shrubs or trembling
aspen. Browsing of terminal shoots by snowshoe hare can be substantially reduced by the
application of Roundup·. In 1986, less than 2% of the terminal shoots were browsed by
snowshoe hares. In 1993, rabbit browsing damage averaged 64, 7, 1, and 1 % for 0.0,2.5,4.5
and 5.6 Uha of Roundup· respectively.
There are. two possible reasons why significant damage by snowshoe hare was not
observed in the summer of 1986, but was in 1993. In the winter of 1985, the hare population
was low and the 38 cm spruce were buried by 86 cm of snow. By 1987, the spruce obtained a
greater height than the 100year average cumulative snowfall of 52 cm. For this reason they
would have been exposed to the peak snowshoe hare population that occurred in the late 1980's
and early 1990's.
Snowshoe hare populations peak approximately every ten years and severe damage to
conifer crops is generally associated with these peaks. Peak snowshoe hare populations occurred
around 1980 and 1990 in the Porcupine Mountain Provincial Forest. Since white spruce is not
·free of significant browsing by snowshoe hare until it is approximately 2 m tall (peterson 1988),
the authors speculate that the full influence of the snowshoe hare population on the control plots
has not yet been realized.
The most common response of the white spruce to frost was multiple leadering. Multiple
leadering, observed in 1986, was believed to have been the result of a severe frost during the
period of needle primordia initiation in late-August of 1985. The greatest amount of multiple
leadering was associated with the areas that received the highest application rates. These areas
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were relatively free from aspen competition. In addition, the 1985 growing season was relatively
cold and·may not have been particularly favourable for either height growth or needle primordia
initiation. Since shoot elongation is partially dependent upon the quantity of bud primordia
formed in the previous growing season, damage to the terminal bud apex by frost was probably
the primary cause of the relatively low height increment in 1986.
Diameter and volume of the white spruce were positively influenced by the removal of
the aspen competition. By 1993, spruce within sprayed plots had diameters and volumes that
were 200 and 250% greater than spruce within controls. The effects were not directly
attributable to the application of Roundup·; but rather to the resulting modifications made to the
micro-environment of the spruce and reduced snowshoe hare browsing.
The percent kill and the resuckering potential of aspen was influenced by the rate of
Roundup· application. In general, aspen mortality increased as the rate of Roundup· increased
from 2.5 to 5.6 Uha. Under favourable circumstances, 2.5 Uha was sufficient to release white
spruce. In Sweden, even lower rates have been found sufficient to kill aspen. Lund-Hoie (1975)
found that autumn applications of 0.5 kg/ha of ground applied glyphosate (1.4 Uha Roundup)
are sufficient to control aspen competition in Norway spruce plantations. In this study the 0.5
and 1.0 kg/ha (1.4 and 2.8 Uha Roundup) rates applied in late August killed 51 and 100% of
the aspen respectively, two years following application. The 51 % was sufficient to provide short
term volume gains for the spruce, but future 'whipping' from the residual aspen may become
a problem. This is speculative and futher measurements are required to verify this.
Since the spruce within the study areas are still relatively small they may also be subject
to competition for nutrients and moisture from grasses and herbs. Visual observations in 1986,
indicated that grass competition increased substantially within two years after the removal of the
aspen competition. In 1993, quantitative measurements revealed that grass cover was greater
in the sprayed plots than the control plots. In all cases, the grass did not obtain a height of
greater than 50 cmand is not likely to cause snow press.

RECOMMENDATIONS
Under ideal conditions, Roundup·/Vision· applied at 2.5 Uha is sufficient to release white
spruce from trembling aspen Competition in the Mixedwood Section of the Boreal Forest (B. 18a)
of Manitoba. Under normal circumstances, this rate provides a balance between aspen control,
snowshoe hare browsing, frost damage, and grass invasion. Higher rates (Le., 4.5 Uha) should
be considered if snowshoe hare poses a serious threat to a plantation, if weather conditions are
less than favourable at the time of application, or if logging residuals are present.
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