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ABSTRACT 

Bell, F.W. 1989. Glyphosate herbicide for the control of aspen in a 
white spruce plantation in Manitoba. M.Sc.F. Thesis, School of 
Forestry, Lakehead University, Thunder Bay, Ont. 107 pp. 
Major Advisor: Professor R.J. Day. 

Three experimental herbicide trials were established within a 
white spruce plantation located in the Porcupine Provincial Forest of 
the Mixedwood Section (B.18a) (Rowe 1972) of western Manitoba. The 
trials were as follows: 1) the aerial application of glyphosate at 
three rates, 2) the ground application of glyphosate at three rates at 
three periods of time during the growing season, and 3) the evaluation 
of the resuckering potential of aspen from the ground spray trial. 

The results of these trials indicates that the optimum time to 
apply glyphosate for white spruce release in Manitoba occurs in 
mid-late August after the buds have set and during the time when there 
is relatively little shoot growth. Glyphosate applied at 1.0 kg.ha“^ 
provided the best silvicultural and herbicidal efficacy. In areas 
where complete control of aspen is not desirable, lower rates of 
application should be considered. Such areas may include frost pockets 
or areas of high aesthetic value. 

The percent kill and the resuckering potential of aspen was 
influenced by both the rate and the time of glyphosate application. 
Rate was more critical than the time of application for both percent 
kill and regrowth potential. Regrowth potential of aspen on areas 
treated with 0.5 kg.ha”^ was relatively high compared to aspen from 
areas treated with 1.0 kg.ha”^. The full effect of glyphosate on 
trembling aspen competition did not become apparent until the second 
year after application. 

White spruce showed a positive growth response within two growing 
seasons after the application of glyphosate in both the aerial and the 
ground spray trials. Although small gains in height increment were 
realized, the greatest gains were from diameter and volume increment. 

KEYWORDS: Picea alauca, trembling aspen, Populus tremuloides. release, 
competition control, aerial spray, ground spray, silvicultural 
efficacy. Vision , Roundups. 
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INTRODUCTION 

Trembling aspen (Populns t,remu 1 oides Michx.) is perhaps the most 

serious competitor in white spruce (Picea alauca (Moench) Voss) 

plantations (Haig 1959, Froning 1972, Johnson 1973). 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 necessary 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 will have a devasting effect on potential spruce 

sawlog yields if it is uncontrolled. 

Control of the trembling aspen competition should result in 

increased survival and growth of the white spruce. Increased survival 

should occur as a result of decreased damage by hares and increased 

growth should occur as a result of reduced whipping and reduced 

competition for light and nutrients. The relative control of the aspen 

competition and therefore survival and growth of the spruce should be 

influenced by the time and rate of herbicide application because of 

seasonal physiological changes in aspen and spruce. 

The options for releasing white spruce from aspen are: aerial and 

ground spraying of herbicides, basal spraying of herbicides on 

individual trees, hand girdling using axes or specialized tools, 

machine girdling, felling by power saws or axes, or combinations such 

as axe frilling and poisoning (Johnson 1986) . For large release 
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associated with these times have not been answered. 

The objectives of this study were to evaluate the herbicidal and 

silvicultural efficacy of aerial and ground applied glyphosate in a 

recently regenerated white spruce plantation in the Mixedwood Section 

(B.18a) of the boreal forest of western Manitoba. The primary 

hypothesis was that removal of trembling aspen competition by an 

application of glyphosate would result in an increase in the survival 

and growth of the spruce. 

The detailed objectives of the various trials conducted in this 

study are listed below. These objectives are devided into two main 

parts, each of which is subdivided into objective statements that are 

synchronized with the presentation of results. 

Part 1. Silvicultural Efficacy: Effect of Glyphosate on White Spruce 
Crop Trees. 

To evaluate the survival, height, diameter and volume growth 
of outplanted 3+0 white spruce seedlings: 

a. following the aerial application of three rates of 
glyphosate (Trial 1). 

b. following the ground application of three rates of 
glyphosate applied at three times (Trial 2) . 

Part 2. Herbicidal Efficacy: Effect of Glyphosate on Trembling Aspen 
Competition. 

To evaluate the survival, height and diameter growth of 
trembling aspen suckers in a burned-over area: 
a. Following the aerial application of three rates of 

glyphosate herbicide (Trial 1) . 

b. Following the ground application of three rates of 
glyphosate applied at three times (Trial 2). 

c. The resuckering potential of trembling aspen root cuttings 
following ground application of three rates of glyphosate 
applied at three times (Trial 3). 
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LITERATURE REVIEW 

The purpose of this section is to present a summary of the 

available literature on the following subjects: 

a) importance of white spruce and trembling aspen in the Mixedwood 
Forest Section of the Boreal Forest Region, 

b) silvical characteristics of white spruce and trembling aspen, 
and 

c) herbicidal and silvicultural efficacy of glyphosate herbicide. 

THE MIXEDWOOD FOREST SECTION (B.lSa) 

The Mixedwood Forest Section (B.lSa) of the Boreal Forest Region 

extends from southern Manitoba to northeastern British Columbia (Rowe 

1972). It covers a total area of 33.6 million ha with 16.4 million ha 

of productive forest land. It is the most productive forest land in 

Manitoba, Saskatchewan and Alberta. The native forest has with a mean 

annual increment (M.A.I.) ranging from 1.9 m^.ha”^ in Manitoba to 2.3 

m^.ha”^ in Alberta (Bickerstaff et al. 1981). 

The Mixedwood Forest Section of Manitoba includes the Porcupine, 

Duck and Riding Mountains, and the Spruce Woods. The most important 

commercial mixedwood stands available for forest management are 

located in the Duck and Porcupine Mountains (Johnson 1986). The Duck 

and Porcupine Mountains are located within the Cretaceous escarpment 

and are characterized by morainic deposits on the uplands and 

glacio-lactustrine deposits on the lowlands (Rowe 1972). The soils of 

the Duck and Porcupine Mountains belong to the grey-wooded group and 

are calcareous in nature. The soils range from sandy loams to clays 

and are stone free to very stony (Rowe 1955). 

As the name of the section implies, the characteristic forest 

stands on well-drained uplands are mixtures of trembling aspen, balsam 

poplar (Populus balsamifera L.), white birch (Betula papyrife ra 

Marsh.), white spruce and balsam fir (Abie s halsamea (L.) Mill.). 

Black spruce (Picea mariana (Mill.) B.S.P.) and larch (Larix laricina 

(Du Roi) K. Koch) are common species in low wet areas. Jack pine 

(Pinus banksiana Lamb.) usually dominates sandy areas and drier till 
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soils. Jack pine - black spruce mixtures can be found on the 

plateau-like tops of the larger hills. White elm (Ulmus americana L.), 

green ash < F r a xin u s pennsylvanica Marsh, var. lanceolata Borkh. 

Sarg.), Manitoba maple (Acer n e a n d o L.) and bur oak (O u e r c u s 

macrocarpa Michx.) occur, as a minor component of the forest cover, in 

the southeast part of the Section (Rowe 1972) . The naturally 

established forest stands are mainly of fire origin and are even-aged 

in structure (MacLeod and Blyth 1955). 

At present a large surplus of aspen exists in the prairie 

provinces where approximately 47% of the total Canadian poplar 

resource, estimated at 191.1 million m^ (Fitzpatrick and Stewart 

1968) , is located. Trembling aspen makes up 30% (78.7 million m^) of 

the merchantable wood resource in the prairie provinces (Steneker 

1976). Most of this is located in the Mixedwood Section of the Boreal 

Forest Region (Fitzpatrick and Stewart 1968). Only 4% of the allowable 

cut of trembling aspen in the three prairie provinces is harvested 

each year (Steneker 197 6) . To date, aspen has been used mainly for 

timber, plywood, veneer and particle board (Steneker 1976) . 

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 is essential 

(Brace and Bella 1988). 

SILVICS OF WHITE SPRUCE 

This summary of the literature provides an introduction to the 

factors which influence the initial growth of established white spruce 

plantations. Detailed discussions of the following topics are not 

presented in this thesis, because they have been ade^quately covered in 

the following reviews; silvics and ecology (Nienstaedt 1957, Sutton 

1969) , artificial regeneration (Stiell 1976), growth and yield 
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<Rauscher 1984), white spruce release (Johnson 1986), insect and 

disease (Johnson 1986), and genetics (Nienstaedt and Teich 1972, 

Neinstaedt 1982) . 

Seasonal variability in the tolerance of white spruce to 

herbicides has been reported by Miller (1958) and Young (1979). In 

order to minimize herbicide damage, it is important to understand the 

phenological cycle and early development of the crop species. The 

following sections outline the phenological cycle and early shoot 

development of white spruce. 

Dormancy Cycle 

Shoot dormancy of white spruce is thought to be a progressive 

sequential process involving six transitional phases (Smith and 

Kefford 1964) . The sequence of dormancy induction, as described by 

them, was later modified by Nienstaedt (1966) to give the general 

sequence of progression of bud dormancy phases for white spruce in 

southern interior Canada. The developmental phases of the vegetative 

apex of white spruce were later studied in greater detail by Owens et 

al. (1977) . A summary of the bud and shoot development of white spruce 

is presented in Figure 1. 

Chronologically the six phases of the seasonal development of 

white spruce are as follows: 

1. Transitional Spring Burst-State (late April to late May) 

This phase is characterized by swelling of the buds and the 

initiation of bud scale development (Owens and Molder 197 6) . The 

incipient swelling is the result of slight expansion of the apical 

meristem and needle primordia within the buds (Fraser 1962, Clements 

et al. 1971). 



7 

pq 

I 
bJ 
Q 

a: 
C/2 

DORMANT BUD BUD-SCALE INITIATION 

Early Late 

SHOOT ELONGATION 

Slow Rapid 
Flushing 

Slow 

LEAF INITIATION 

Early Late 

NO LATERAL 
SHOOT 

ELONGATION 

DORMANT BUD 

x; o 
c ^ 
2 St 

JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 

1 

Figure 1. The developmental phases of the vegetative apex of white 
spruce at Prince George, British Columbia <Owens et al. 
1977) . 

2. Spring Steady-State of Elongation Growth (Late May to Mid-July) 

This is a period of rapid shoot extension followed by a period of 

slow shoot extension and of continued bud scale initiation and 

development (Owens et al. 1977) . The amount of shoot extension is 

determined by the number of stem units initiated the previous summer 

and by the response of the spruce to the current growing environment 

(Cannell and Sheppard 1982). The period of most rapid shoot 

elongation ends soon after the summer solstice on June 21 (Fraser 

1962, Owens et al. 1977). During the period of rapid shoot elongation 

the new shoots are succulent and very easily damaged by frost (Gross 

1983, Nienstaedt 1985) or low rates of 2,4-D (Miller 1958) . By 

mid-July white spruce begins to express a marked increase in herbicide 

tolerance. 
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3 . Transitional Phase of Dormancy Development (Mid-July to 
Mid-September) 

Shortening photoperiod initiates the cessation of shoot extension 

and the onset of dormancy (Vaartaja 1957, Pollard 1974, Glerum 1982), 

but flushing and free growth may occur under favourable growing 

conditions. Bud scale development is complete and buds visually appear 

dormant. At Chalk River, Ontario the transition from bud scale 

initiation to needle initiation occurred between July 11 and July 24 

(Pollard 1973). 

This is a period of rapid meristematic activity in bud apices as 

the needle primordia are initiated (Nienstaedt 1966, Pollard 1973, 

Owens and Molder 1976). Owens et ai. (1977) observed that the period 

of rapid needle initiation lasted for about six weeks between the end 

of July and mid-September. The highest rate of needle initiation is at 

the beginning of this period (Pollard 1973) . An average of six 

primordia are initiated per day from early August until mid-September 

(Pollard 1973). Temperature and, to a lesser degree, soil moisture and 

light intensity are among the most important factors influencing 

needle initiation (Pollard and Logan 1977). Approximately five weeks 

of favourable temperatures (>25 °C) are required for satisfactory bud 

formation in white spruce (Pollard and Logan 1977). 

White spruce has a low tolerance to frost during this period. If 

chilling interrupts needle primordia initiation, subsequent shoot 

growth potential can be severely reduced (Pollard and Logan 1977). 

Herbicide release work is almost exclusively carried out during 

the latter half of this phase. During this phase white spruce is very 

tolerant even to relatively high application rates of 2,4-D (Miller 

1958) . 

4. Dormant Steady-State (Mid-September to Early-November) 

For the later half of this phase, white spruce is truly dormant in 

that no mitotic activity occurs within the bud apices. Owens et a J. 

(1977) observed that the vegetative buds are not truly dormant until 

mid-October. White spruce continues late leaf initiation from the 
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beginning of this state until mid-October (Figure 1). By early October 

the needles of the vegetative buds are generally well-formed (Fraser 

1962) and by mid-October all of the leaf primordia for the next 

growing season have been formed (Owens et aJ. 1977) . White spruce in 

this state will not flush under conditions of light, temperature and 

nutrition normally suitable for growth (Samish 1954) . 

Very little herbicide release work is carried out during the this 

phase. The white spruce is very tolerant of herbicide applications, 

but the trembling aspen has generally begun to lose its foliage by 

this time (Sayn-Wittgenstein 1961). 

5. Transitional Dormancy Release Phase (Early-November to Mid- 
December) 

In order to break dormancy the buds must receive a period of 

chilling. Bud chilling requirements are met after about four to six 

weeks of temperatures near 0°C (Nienstaedt 1966) . Once the chilling 

requirements are met the stock will be in the nondormant steady-state. 

6. Nondormant Steady-State (Mid-December to Late April) 

White spruce will remain in an inactive state throughout the 

winter if temperatures remain near or below 0°C (Winton 1964) . Bud 

flush will readily occur under favourable growing conditions. 

Shoot Growth 

The shoot growth of white spruce is controlled by genetic 

characteristics and is influenced by climatic conditions, site 

characteristics, damage from wildlife and competition. An 

understanding of each of the factors influencing the growth of white 

spruce is necessary prior to understanding the results of removing 

competitive species. 

Growth in Relation to Genetic Characteristic.s 

The shoot growth of white spruce is determinate, that is, the 

annual complement of new foliage is predetermined by the primordia 

formed in the previous year's bud (Pollard and Logan 1977). Elongation 
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growth is simply the expansion of internodes and previously formed 

needle primordia <Nienstaedt 1966). 

The seasonal shoot and root growth patterns of 1 1/2 + 1 1/2 

white spruce have been described by Day (1985) . Height, root collar 

diameter and root growth of white spruce commence in early May; height 

growth ends with bud set in late July and root collar diameter and 

root growth end with the onset of dormancy in October (Figure 2). The 

rate of root growth is lowest during the periods when bud scale and 

leaf intiation are the most rapid. 

In general, white spruce planted stock grows slowly for the first 

few years after outplanting. This period of post-planting height 

growth depression, known as "check", is widely recognized throughout 

most of Canada (Stiell 1976) . By definition, a tree is considered to 

be in check until it has achieved a rate of terminal growth equivalent 

to that which it would have attained in the next season in the nursery 

(Mullin 1964). Typical symptoms of check in white spruce seedlings are 

short, greenish-yellow needles; poor retention of needles that are two 

or more years old; small buds and very slow growth (Sutton 1975). 

0) 
> 

Figure 2. The relative shoot and root growth of 1 1/2 + 1 1/2 white 
spruce at Thunder Bay, Ontario (Day 1985). 
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Growth in Relation to Climatic Factors 

White spruce will not develop well on sites repeatedly exposed to 

late spring frosts (Nienstaedt 1985) . Sites which are susceptible to 

late frosts include kettles, flats, slightly depressed basins 

surrounded by higher land or by a rim of timber and valleys prone to 

cold air inversion (Stoeckeler 1965) . 

The degree of damage caused by late spring frosts depends on the 

phase of bud development at the time of freezing (Cayford et al. 

1959), the size of the tree and the degree of exposure (Clements et 

al. 1971). Shoots with partially grown needles are usually damaged 

more readily than shoots with fully expanded needles or dormant buds 

(Wright et al. 1977) . Because frosts are caused by temperature 

inversions, damage from late spring frosts occurs more frequently in 

shorter spruce than taller spruce and more among open grown spruce 

than protected spruce (Clements et al. 1971) . Lateral branches are 

usually damaged more severely than terminal shoots (Wright et aJ. 

1977) . 

In Manitoba, spring-frosted white spruce seldom flush again 

during the year of damage. For this reason, frost damage in successive 

years may be lethal (Rowe 1955). 

Late spring frosts can cause multiple leadering in white spruce 

(Hofstra et al. 1982, Nienstaedt 1985). Although frost has an 

immediate impact on form by causing multiple leadering, multiple 

leadered trees are rare in spruce plantations over 10 years of age in 

Ontario (Gross 1985). This indicates that white spruce has the ability 

to recover from multiple leadering. 

Growth in Relation to Site Factors 

Soil properties such as organic matter content, texture, pH and 

microclimate have been related to the height growth of white spruce. 

For example, Rowe (1955) reported that the number of years required to 

reach breast height ranges from 10 to 15 years for natural stock 

growing on mineral soil and about 20 to 30 years or more for natural 

stock rooted in decayed wood. 

White spruce grows best on loamy soils, but will also grow well 

on sands and clays provided that water is not a limiting factor 
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(Nienstaedt 1957). White spruce will tolerate a wide range of moisture 

conditions, but growth will be reduced on overly wet or dry sites 

(Nienstaedt 1957) . The best height growth of white spruce occurs on 

wet telluric sites and the poorest on wet non-telluric sites (Kirby 

1962) . Jarvis et al. (1966) report that the survival of white spruce 

plantations set out on fresh to moist till soils is greater than that 

of plantations set out on dry sands. Planted stock at the Petawawa 

Forest Experiment Station generally required six years to reach breast 

height on most sites, but required about 12 years to reach breast 

height on dry sites (Stiell and Berry 1973). 

White spruce will tolerate a wide range in soil pH. Although 

white spruce is generally classed as being adapted to acid soils it 

can grow well on calcareous soils, such as those found in the B.18a 

region of Manitoba (Stoeckeler 1938). 

In the Lake States, Carmean and Hahn (1981) found that the time 

to reach breast height for naturally established white spruce was site 

dependent. However, the early height growth of planted white spruce is 

difficult to predict and site index curves for planted white spruce 

cannot be reliably extended below about 15 years (Stiell 1976). 

Thrower (1986) studied 46 white spruce plantations in north 

central Ontario and found that years to reach breast height since 

planting ranged from 3.7 to 11.3 years with an average of 7.4 years. 

Growth in Relation to Wildlife Damage 

The snowshoe hare is the main problem animal in young mixedwood 

stands (Drew 1988). Damage and mortality to white spruce from hares is 

severe enough that it must be considered in the planning of 

silvicultural operations in the Mixedwood Section of Manitoba (Johnson 

1986) . 

Most damage caused by hares occurs during the winter months. 

During the winter the hares will 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 one metre 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 
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until it is approximately two metres 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 showshoe 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. Since the last peak in the Porcupine Mountain of 

Manitoba occurred in 1980 the next peak in their population is 

expected to reoccur around 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 200-400 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). 

Growth in Relation to Competition 

White spruce is considered to be a shade tolerant species (Baker 

1949) that requires at least 20% of full sunlight for high survival 

and at least 40% for optimum height growth (Shirley 1941) . Logan 

(1969) found that white spruce is capable of maintaining full height 

growth potential anywhere between 45 and 100% of full sunlight. 

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) . 




























































































































































































