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REVIEW OF SILVICULTURAL RESEARCH,
WHITE SPRUCE AND TREMBLING ASPEN COVER TYPES
MIXEDWOOD FOREST SECTION,BOREAL FOREST REGION
ALBERTA-SASKATCHEWAN-MANITOBA

J.M. Jarvis)
G.A. Steneker)?
R.M. Waldron)
J.C. Lees?

INTRODUCTION

The Department of Forestry has been
carrying on silvicultural research in the white
(Picea glauca (Moench) Voss) and
trembling aspen (Populus tremuloides Michx.)
cover types in the Mixedwood Forest Section of
Alberta, Saskatchewan and Manitoba for about
40 years. Because of the needs of industry
most of this research has been focused on
spruce, and only a small pottion on aspen,
Much of the research is concerned with basic
problems and the findings in one area may be
applied directly or with minor modification

spruce

throughout the entire Mixedwood Forest Section.
Only a minor part of the total effort is of such
an applied nature that application of results
is feasible only on a local basis,

At present silvicultural research in the
spruce-and-aspen cover types in the Mixedwood
Forest Section is done by a group of five research
scientists. Three are specialists in regeneration
silviculture, one is a specialist in high yield
silviculture, and one is a specialist in the
autecology of spruce and aspen. Three members,
including the group leader, work from the
Manitoba-Saskatchewan regional office in
Winnipeg and two from the Alberta regional
office in Calgary (Figure 1).

'Research Officers, Dept. of Forestry & Rural Devel-
opment, Forestry Branch, Winnipeg, Manitoba,
’Research Officer, Dept. of Forestry & Rural Devel-
opment, Forestry Branch, Calgary, Alberta.

Although close liaison and co-ordination
of program has always been maintained between
the two regional offices no attempt has been
made previously to produce a report of our
combined silvicultural research activity. This
report attempts to bring together the results of
all such research undertaken by the Department
of Forestry in the spruce-aspen forests of the
three Prairie Provinces, providing both gener-
alized conclusions and results of individual
projects. The authors wish to emphasize that
this report summarizes only that wortk done by
the Department. Much valuable research pet-
taining to spruce and aspen has been done by
other agencies.

The report is presented in four sections:

PART I. The ecological
spruce-aspen cover type in the Mixed-
wood Forest Section of Alberta, Sas-
katchewan and Manitoba,

PART II, A summary of research results and
conclusions with appropriate refer-
ences to reports and individual
research projects.,

PART III. An index to all research projects in
the spruce-aspen cover type based
on a subject matter classification by
the Oxford Decimal System for for-
estry literature.

PART IV, Short individual project summaries
emphasizing results in quantitative
form and providing sufficient descrip-
tion of experimental methods to
permit evaluation of results.

framework of the



Manitoba-Saskatchewan

Regional Director

J.M. Jarvis
(Regeneration silviculture)

(Leader spruce-aspen group)

[
R.M. Waldron

I
G.A. Steneker

Alberta

Regional Director

Ay

I I

J.C. Lees A.K. Hellum
(Stand conversion, (High yield (Regeneration (Autecology
regeneration silviculture) silviculture) silviculture) spruce and aspen)
Figure 1. Allocation of research officers (spruce-aspen research group) —— Alberta, Saskatchewan and Manitoba,

It is anticipated that the reader will use
this report in two ways. For general conclusions
and background information he may refer to
Part II, Summary of Research Results and
Conclusions, In this section reference is made
to individual project summaries (Part IV) as
well as to manuscripts (published and un-

published) to provide ready access to detailed
information on particular points. Perhaps most
use will be made of the individual project
summaries. These summaries contain speci-
fic information on a wide variety of subjects
relating to the spruce-aspen cover types.
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PART | - THE MIXEDWOOD FOREST SECTION AND SUCCESSIONAL SEQUENCES

1. The Mixedwood Forest Section (B.18a)

(a) Extent and species composition

The Mixedwood Forest Section extends from
southwestern Manitoba to northeastern British
Columbia, occupying the southern portion of the
Boreal Forest Region (Rowe 1959), It has a
breadth of about 150 miles in central Saskat-
chewan, broadens out considerably in Alberta,
and becomes quite narrow in Manitoba and
British Columbia (Figure 2),

The characteristic forest associations on
well-drained uplands are mixtires of trembling
aspen, balsam poplar (Populus bhalsamifera L.),
white birch (Betula papyrifera Marsh.), white
spruce and balsam fir (Abies balsamea (L.)
Mill.). Jack pine (Pinus banksiana Lamb.) occurs
on sandy areas and comprises a portion of some

stands on drier till soils, Black spruce (Picea
mariana (Mill.) BSP.) and larch (Larix laricina
(Du Roi) K. Koch) are found in wet areas with
the former species also occuring on the plateau-
like tops of the larger hills. White elm (Ulmus
americana L.), green ash (Fraxinus pennsylvanica
Marsh. var. lanceolata Borkh. Sarg,), Manitoba
maple (Acer negundo L.) and bur oak (Quercus
macrocarpa Michx,) may also be found as minor
species in the southeastern part.

(b) Physiography

The Mixedwood Forest Section occupies
part of the Interior Continental Plain and com-
prises the forested part of the Second Prairie
Level as outlined by Putnam ef al (1952). Rowe
(1956) described the physiography of the area
as follows: ““The relief of the areais not extreme
except locally in the eastern part, It is chiefly
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Figure 2. Map showing location of the Mixedwood Forest Section B.18a.
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Figure 3. Fifteen-year-old trembling aspen stand on a mesic site; stand originated after a fire.

a result of pre-glacial erosion of the soft bedrock
shales which produced such features as the
Cretaceous escarpment and associated hills
(Riding Mountain, Duck Mountain, Porcupine

Hills, Pasquia Hills and Wapawekka Hills)
in the vicinity of the Manitoba-Saskatchewan

boundary and the Missouri Coteau farther to
the west., Subsequent glaciation modified the
landscape, in some places sharpening the relief
(as on the escarpment face at the eastern and
notthern sides of the Hills)and in others reducing
it by planation and deposition of drift, The
highest points on the Cretaceous Hills are 2,500
to 2,700 feet above sea level, compared to a
general elevation of less than 1,000 feet on
the Manitoba Lowlands to the east and north
below the scarp. Immediately to the west of
the Hills there is a less pronounceddecrease
in altitude to below the 2,000-foot contour,
but continuing westward there is a gradual
rise across Saskatchewan and Alberta to the
foothills of the Rocky Mountains ...."”

Generally the topography is rolling with
morainic deposits on the uplands and glacio-

lacustrine deposits in the lowlands, Well
entrenched rivers carry the drainage waters of
the plains east and northeast to the Nelson
and Churchill Rivers,

(c) Climate

The Mixedwood Forest Section has a
somewhat dry continental climate. The temper-
ature regime has a wide spread with average
winter temperatures at or below 0°F and average
summer temperatures above 60°F. Average
annual precipitation is low (about 17 to 20
inches) but much of the rain occurs during the
summer months, A summer moisture deficiency
is characteristic, however, and varies from
about 4 to 6 inches throughout the area, The
frost-free period varies from about 100 days
in the southeastern part to about 80 days in
the northwestern part (Anon, 1957),

(d) Soils

Soils in the Mixedwood Forest Section are
of a calcareous nature, having been derived
mostly from limestones and shales., The predom-
inant soils on well-drained sites belong to the
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Figure 4. Sixty-year-old trembling aspen stand with a 30- to 40-year-old white spruce understorey.

Grey Wooded Great Group of the Podzolic order
(Anon, 1960). Such soils tend to be surface
rich and support a luxuriant growth of shrubs,
herbs and grasses.

2, Successional Sequences

Most stands in the Mixedwood Forest
Section have otiginated as the result of some
disturbance. Fire must have played a prominent
tole in the past since charcoal can be found
in the humus layers of most stands except those
which represent recent invasion of grassland,
Furthermore, there are very few old stands
except in wet places or where the
affords protection from fire,

terrain

Logging has been responsible also for
many of the stands prevalent today. It has been
going on for a long time, though heaviest cutting
was done during the early part of the present
century. Most of the accessible mature spruce
has been cut and logging of the last remaining
old growth is proceeding rapidly.

(a) Succession — mesic sites

In the Mixedwood Forest Section the most
obvious natural successional sequence occurs on
mesic sites.® Distinct stages are represented by
three cover types: softwood(coniferous component
greater than 75 per cent), mixedwood (coniferous
component 25 to 75 per cent), and hardwood
(coniferous component less than 25 per cent).

After fire orcutting, pure stands of trembling
aspen usually spring up (Figure 3). However,
in the normal course of events some white
spruce usually seed-in at, or about, the same
time. Once these few spruce begin to produce
seed, progression towards mixedwoods is
possible (Figures 4 and 5). Sometimes the
succession from hardwood to mixedwood may
be prevented because of the lack of coniferous
seed. In such instances the hardwood type may
be relatively permanent,

The mixedwoods which develop from the
hardwoods are still but a stage in the natural

3A glossary of terms appears as Appendix



Figure 5, Nearly mature mixedwood stand of trem-
bling aspen and white spruce,

Figure 6. Mature softwood stand; many old hardwood
stumps and logs in this stand indicate that
at one time trembling aspen was well re-
presented.

successional sequence. Evidence shows that
the mixedwoods develop into softwoods (Figure
6), and most old stands are either softwood
types or mixedwoods with a high softwood
content. On the Riding Mountain Forest Exper-
imental Area the trembling aspen component
of most of the mixedwood stands is relatively
even-aged and over-mature, On the othér hand,
white spruce is uneven-aged and represefited
in all diameter classes, Furthermore, the trem-
bling aspen is dying out without being replaced
whereas the white spruce is increasing, So,
succession appears to be proceeding towards
an uneven-aged softwood type.

The invasion of trembling aspen by white
spruce and the eventual dying out of the trem-
bling aspen represents the usual development
of most softwood stands on mesic sites, Indi-
vidual white spruce trees seem to reach their
best development undet these circumstances,
possibly because the density of white spruce is
limited at first by the trembling aspen, When the
latter die the scattered white spruce are free
to grow without too much competition from others
of their kind. Quite often, if balsam fir seed is
available, this species seeds-in and eventually
forms a portion of the stands (Figures 7 and 8).

(b) Succession — wet sites

Some white spruce stands on wet sites
represent an advanced stage in the succession
from grass meadow to forest (Figure 9). Such
stands are found in the transitional zone around
sloughs, between black spruce-larch types in
the wettest areas and the white spruce-trembling
aspen types on the uplands. Sites in such
transitional zones are generally too wet for
trembling aspen to establish itself (although
some balsam poplar may seed-in) so, as a rule,
no other tree stage precedes the white spruce,
Usually the wet ground provides good spruce
seed-beds and seedling survival is high. Con-
sequently the stands are dense and usually
individual ttees are small,

(c) Succession — dry sites

On dry sands and gravels white spruce
can often invade prairie vegetation without
a hardwood stage (Figure 10). The fact that
white spruce can establish itself on these
extreme sites indicates that in some respects
it is much more tolerant of habitat condition
than trembling aspen. Such invasions probably
occur only during wet cycles because normally



Figure 7. Young balsam fir under a mature overstorey
of white spruce.

prairie sites are so dry that white spruce
seedlings succumb to drought within a short
time after germination. Olderstands are sometimes
quite dense but individual trees are small,
reflecting the severe growing conditions.

3. References

Anon, 1957, Atlas of Canada. Canada, Dept.
Mines and Technical Surveys, Geographical
Branch. 110 plates.

Anon, 1960, Report of the meeting of the national
soil survey committee of Canada. Ontario
Agricultural College, Guelph, Feb, 22 to 27,
1960.

Putnam, D.F. et al. 1952, Canadian regions — a
geography of Canada. J.M. Dent and Sons
(Canada) Limited.

Rowe, J.S. 1956, Vegetation of the southern
boreal forest in Saskatchewan and Manitoba.
Univ. of Man., Winnipeg, Ph,D. Thesis.

Rowe, J.S. 1959, Forest Regions of Canada,
Canada, Dept, Northern Affairs and National
Resources, Forestry Branch, Bull., 123.

Figure 8. Mature balsam fir and white spruce; note
axe in balsam fir,



Figure 9. Wet meadow in the foreground, grading into black spruce and larch in the middle foreground, then
grading into white spruce in the background; note the absence of trembling aspen.

Figure 10. Scattered white spruce growing on dry sand dunes; note absence of trembling aspen,

10



PART Il

SUMMARY OF RESEARCH
RESULTS AND CONCLUSIONS






PART Il - SUMMARY OF RESEARCH RESULTS AND CONCLUSIONS

1. Productivity

Studies in the Mixedwood Forest Section
have supported those in other areas and indicate
white spruce is a hardy species that will grow
under a wide range of conditions. However,
optimum growth occurs on soils with intermediate
moisture levels, In Alberta dominant white
spruce reach heights of about 90 to 95 feet in
80 years on fresh tills (loam to clay loam tex-
ture) and on fresh to moist alluvium (sand to
silt texture). On very moist sand, silts and
clays dominant height at 80 years is about
80 feet, on wet clays about 75 feet, and on
dry sand about 60 feet, On very wet organic
soils dominant height is usually less than 50
feet (Quaite 1955, Duffy 1963) (see project
summary A-29),

Results from studies in Manitoba and
Saskatchewan (Rowe 1954a and 1957; Jameson
1959, 1960 and 1963) are similar to those of
Duffy and Quaite, although maximum height
appears to be somewhat shorter on the best
sites. On dry sands dominant height at 80 years

is about 60 feet, on dty to somewhat fresh sandy
loam and clay loam tills about 70 feet, on fresh
to somewhat moist clay loam tills and sandy
loam alluvium about 85 feet, and on moist to
very moist clay loam tills and lacustrine clays
about 70 to 75 feet (see project summaries
MS-69, MS-168, MS-173, MS-183).

Information available from various thinning
and release studies indicate that at age 50 the
dominant height of aspen varies from about
50 to 70 feet on somewhat fresh to moist clay
loam tills (Steneker 1961a, 1962, 1963a; Jarvis
1960) (see project summaries MS-4, MS-5, MS-6,
MS-133, MS-153, MS-155), Observations also
indicate that on dry sites the dominant height
of aspen at age 50 is only about 40 feet,

Representative volumes of mature natural
stands on the principal sites in the Mixedwood
Forest Section are shown in Table 1. From
this table it can be seen that total volume per
acre is greatest on the intermediate moisture
classes and on the lighter soils such as water-
washed till, alluvium and ponded materials.

TABLE 1 PRODUCTIVITY CHARACTERISTICS,
MATURE WHITE SPRUCE-TREMBLING ASPEN COVER TYPES BY
PRINCIPAL LAND TYPES AND MOISTURE CLASSES, MIXEDWOOD FOREST SECTION*

Total volume /acre (cu. ft.)
Moisture class
Land type
Dry Fresh Moist Vi
t t t 7
frezh Fresh mo(;st very C:‘nois.t mo1st
Riding Mountain
Dumped till 6,080 5,390
Alberta
Dumped till 5,630 5,480
Waterwashed
till 7,030
Alluvium 4,760 7,240
Ponded 6,830 5,600
Lacustrine 5,370
ALL 4,760 5,855 6,930 5,870 5,600

* Data obtained from reports by Jameson (1963) and Duffy (1963).
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2. Regeneration Characteristics — White Spruce

(a) Flowering

In the Mixedwood Forest Section white
spruce begins to flower abundantly at about
45 to 60 years of age (Rowe 1955). Flowering
usually takes place in May and pollen is shed
from about the middle of May to the middle of
June. The earliest recorded date for the begin-
ning of pollen shedding at the Riding Mountain
is May 25; the latest is June 13 (Rowe 1956).

(b) Seed

Peak seedfall at the Riding Mountain
usually occurs in late August or early September,
depending upon weather conditions during the
summer. Hot dry weather tends to hasten seed
dissemination while cool, moist, cloudy weather
retards it, In 1954 seed remained in the cones
until early October because of late pollination
and because exceptionally cool, moist, cloudy
weather that summer prolonged the period of
seed maturation (Rowe 1956) (see project
summary MS-158-2).

Although most seed is shed the same year
it matures, evidence indicates that small amounts
are sometimes held in the cones over winter
and are shed the following spring and summer.
In 1953, twenty-five cones from the preceding
autumn were picked in June and another seventy-
five were picked in August. The former lot
yielded 25 seeds of which 5 were viable and
the latter lot yielded 70 of which 1 was viable
(Rowe 1953a)., In 1957 no new cones were ob-
served on spruce trees being examined annually
for cone production, but a total of 14,000 seeds
per acre were collected in traps below these
same trees (Waldron 1962a) (see project summary
MS-158-2),

Studies have indicated that there is seldom
a scarcity of white spruce seed in the Mixedwood
Forest Section. Cone crop records for the Duck
Mountain and Porcupine Forest Reserves between
1911 and 1951 indicate heavy crops for 12 out
of the 40 years, or once every 3 or 4 years
(Rowe 1955). Estimates by provincial field
staffs for various other districts in Manitoba
and in Saskatchewan for the periods 1923 to
1930 and 1946 to 1955 show that medium or
heavy crops occurred on the average once
every 2 years, while light to nil crops occurred
once every 5 years. Light to medium crops
occurred in the intervals (Rowe 1956, Thomson
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1958) (see project summary MS-56), Cone crop
studies «4n the vicinity of the Riding Mountain
between 1938 and 1962 show that for this period
heavy or medium crops occurred 12 times, light
crops 10 times and nil crops 3 times (Waldron
1963a).

Records for a mature white smucg stand
at the Riding Mountain containing about 190
square feet of basal area per acre show tRat
between 1954 and 1961 seed has fallen every
year. The amount has varied from a low of
about 10 thousand seeds per acre in 1958 to
a high of over 5 million per acre in 1960, In
1954, 1955 and 1961 production was well over
1 million seeds per acre; in 1959 it was over
300 thousand and in 1956 over 100 thousand.
Seedfall in 1957 was 14 thousand seeds per
acre but it is assumed these seeds wete mostly
from the 1956 crop since no new cones were
visible throughout the summer of 1957 (Waldron
1964) (see project summary MS-158-2),

Results from a new study of seed production
in eastern and central Saskatchewan show
that seed has been produced each year since
the project was started (see project summary
MS-211-2),

So far, studies have not revealed any
thythm to cone production for individual trees.
However, dominant and co-dominant trees have
borne cones more often than intermediate trees
and intermediates have borne cones more often
than suppressed trees, Also, dominant and
co-dominant ftrees have borne much heavier
crops than intermediate and suppressed trees,
The latter, even in years of heaviest production,
bore only light crops (Waldron 1962a) (see
project summary MS-158-2),

The greatest distance of seed dispersal
that has been accurately determined in the
field is 330 feet (Rowe 1955). However, seed
might be dispersed much farther by strong
winds, Rowe (1955) postulated that because
of wind turbulence and convection currents
seed may be carried 1,000 feet or more and
that late falling seed might be whisked over
the snow for long distances provided conditions
are right,

Seed quality is usually better in years of
heavy production than in years of light produc-
tion. For instance, in 1960 and 1961 (heavy
seed years) cutting tests revealed that 59 and



71 per cent of the seed was sound, whereas
in 1958 (poor seed year) only 15 per cent was
sound (Waldron 1962a) (see project summary
MS-158-2), Seed quality varies also according
to time of dissemination, with early- and late-
falling seed being less sound than that which
falls during the peak period. This relationship
is perhaps explained by the fact that the first
seed comes from the smaller less developed
scales at the apex of the cone, intermediate
seed from well developed scales at the centre,
and the last seed from the underdeveloped
basal scales (Waldron 1964),

(c) Germination
the Mixedwood Forest Section white

spruce seed will germinate on a wide variety
<

In

of seedbed media (ranging in pH from
acid’”” to ‘“moderately alkaline’”) and under
practically all conditions of exposure that
occur in the various stands (Rowe 1955, Kola-
binski 1964a), However, studies at the Riding
Mountain have shown that very little germination
takes place on any seedbed until the mean
daily temperature has reached and remained
for sometime at about 40°F (Rowe 1952), On
mineral soil seedbeds, peak germination varies
from late June through July depending upon
degree of exposure and on prevailing tempera-
tures, especially through May and June (Waldron
1963a).

On mesic sites conditions are such (winter
stratification followed by favourable temperatures
and moisture) that complete germination is
usually assured the first summer following seed
dispersal (Rowe 1955) (see project summary MS-

‘strongly

161). However, on dry sites, and even on fresh
sites during dry years, white spruce seed may by
thorough drying achieve a state of dormancy
that will preserve it for some years. This was
illustrated at the Riding Mountain when stratified
white spruce seed, kept cool and moist prior
to sowing on flats, germinated almost completely
within 22 days. Seed from the same lot thoroughly
dried for 2 weeks befote sowing did not begin
to germinate for 30 days. Thereafter and for
the next year small numbers geminated at
irregular intervals (Rowe 1958). Other studies
have shown that on burned seedbeds, in the
open, where heat absorbing capacity is high
in relation to mineral soil and duff, white spruce
germination was delayed until late summer
or until the following year (Rowe 1953b, Kola-
binski 1964a),
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A study of white spruce germination in
relation to microhabitat at the Riding Mountain
showed that germination was much better on
flat mineral soil than on ridged mineral soil.
On rdges, germination was best on north-facing
aspects, intermediate on east- and south-facing
aspects, and poorest on west-facing aspects
(Waldron 1963a) (see project summary MS-191-2),

(d) Factors affecting initial survival
seedlings are small, seldom
developing a stem more than 1 inch tall or a
root system more than 2 inches long (Rowe
1955), Therefore the frequent drying out of
any seedbed to a depth of 2 or 3 inches is
detrimental, especially during the first year.
Generally seedlings originating from seed that
germinates late in the season suffer a higher
rate of mortality than those originating from
seed that germinates early, This is attributed
to the fact that moisture is usually less available
near the surface in late summer than in early
summer, Also late germinates have less time
to harden-off priorto autumn frosts (Phelps 1948a;
Rowe 1953b).

First-year

Surveys have shown that white spruce
regeneration in both disturbed and undisturbed
stands in the Mixedwood Forest Section is
scarce (Candy 1951). This situation has been
attributed primarily to lack of suitable seedbeds.
The best natural seedbeds for white spruce
exist on decayed logs and stumps, on exposed
mineral soil along animal trails and at the
base of uprooted trees (Phelps 1940, Bedell
1948, Rowe 1955) (see project summaries MS-37,
MS-135). Litter and feather mosses are generally
poor seedbeds because they dry out too quickly.
However, on moister sites where modifying
circumstances assure a continued supply of
moisture these media may support good reproduc-
tion (Kolabinski 1964a and 1964b) (see project
summary MS-216),

Exposed humus and mineral soil resulting
from scarification or from burning off the upper
organic horizons are favourable seedbeds
(Phelps 1948a and 1951; Waldron 1958, 1960
and 1963a; Lees 1963a and 1964; Kolabinski
1964a, 1964b and 1964) (see project summaries
MS-124, MS-156, MS-159, MS-166, MS-211-1,
MS-216, MS-228, A-12, A-22, A-58). On such
seedbeds moisture is usually available near the
surface, especially in the early part of the
summer when most seedlings are establishing



a root system. Initial survival is usually much
better on flat seedbeds than on ridged ones.
However, on ridged seedbeds east-facingaspects
are best for survival, north- and south-facing
are intermediate, and west-facing are poorest
(Waldron 1963a) (see project summary MS-191-2),

It has been demonstrated quite conclusively
by Lees (1963b) that results from a cultural
treatment may vary considerably in different
years or in different regions because of varia-
tions in local climate, which in turn influences
seed germination and subsequent seedling
survival (see project summary A-63). On fresh
sites survival on exposed mineral soil and
humus may be low because of a combination of

drought and excessively high temperatures,
even during years in which precipitation is

normal or above normal (Phelps 1948 a; Kastrukoff
1950; Rowe 1961). For good survival rain must
occur frequently to ensure a continuous supply
of moisture in the upper few inches of soil
(see project summary MS-150-2). Studies have
shown that seedlings up to 3 years old on
mesic sites are susceptible to the effects of
drought and heat (Waldron 1963a). Seedlings
older than 3 years are usually well enough
established to withstand reasonably high temper-
atures and short periods of drought (Phelps
1948a).

On moist to wet sites drought is not usually
a problem but flooding causes serious losses
especially in wet years (see project summaries
A-12, A-58). For example, in 1956 at the Riding
Mountain when June-July rainfall was 12.6
inches (6.4 inches above normal) few germinates
were observed on mineral soil seedbeds on
the very moist and wet sites as compared with
fresh sites (Waldron 1963a). However, in 1961
when June-July rainfall was only 1.9 inches
(4.3 below normal) germinates were
abundant on mineral soil seedbeds on moist,
very moist and wet sites, but were scarce on
fresh sites, Laboratory experiments have shown
that 1- and 2-year-old white spruce seedlings
can withstand short periods of flooding rea-
sonably well. However immersion for more
than 3% days causes high mortality, Generally
2-year-old seedlings are more tolerant to flooding
than l-year-old seedlings (Lees 1963c) (see
project summary A-75).

inches

On mineral soil seedbeds on mesic sites
initial survival is better if there is a partial
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overstorey present (see project summaries
MS-60, - MS-211-1). Shade cast by the trees
tends to minimize moisture losses and reduce
temperatures at the soil surface.

Studies have shown also that under a partial
canopy seedling survival has been as good
on burned seedbeds as on mineral soil exposed
by scarifying., Without the benefit of overhgad
shade, however, survival has been pooref on
burned seedbeds, probably because of higher
surface temperatures (Waldron 1963a; Rowe
1953b; Phelps 1948a; Kastrukoff 1950; Rowe
1961) (see project summaries MS-150-1,MS-150-2,
MS-159),

Laboratory  experiments (Cayford and
Waldron 1962; Waldron 1962b) and field obser-
vations (Kolabinski 1964a) show that a light
mulch of spruce needles and/or aspen leaves,

which reduces moisture losses at the soil
surface, greatly increases initial seedling
survival (see project summaries MS-150-2,

MS-216, MS-223).

Newly germinated white spruce seedlings
have difficulty in competing above ground for
light and below ground for moisture with peren-
nials and other plants that have well established
root systems (Rowe 1955). White spruce seed-
lings sutvive best where conditions hinder
other plants from encroaching and monopolizing
the light, space and soil moisture, It has been
shown that humus, mineral soil and ash seedbeds
are good media for the establishment of white
spruce seedlings, but if the perennating parts
of grasses, herbs, shrubs and trembling aspen
are present competition may become so severe
as to crowd outthe spruce seedlings (see
project summaries MS-160-2, MS-160-3, MS-160-4).
A detailed examination of 2- to 3-year-old white
spruce seedlings growing on seedbeds made
with an Athens plough showed that of 1,151
dead seedlings tallied, 52 per cent had died
either from direct competition from the ground
vegetation or from smothering by aspen leaves
(Waldron 1963a),

Late spring frosts soon after seedlings
break dormancy can cause serious losses. For
example, in 1958 a series of frosts between
May 26 and June 12 contributed to the death
of about 20 per cent of l-year-old seedlings
under study on mineralsoil at the Riding Mountain
(Waldron 1963a). In 1945 and in 1951, Rowe



(1955) noted also that late spring frosts had
killed many newly flushed needles of seedlings
growing in low lying areas, He pointed out
that since re-growth of frost-damaged plants
the same year is rare, a succession of frosts
could kill the seedlings.

Much mortality has also been caused by
frost heaving, burial of seedlings by alluvium,
trampling by animals, and exposure of roots
through seedbed erosion during rainstorms
(Jarvis  1963b; Kolabinski 1963 and 1964a;
Waldron 1963a; Rowe 1955) (see project sum-
maries MS-159, MS-160-3, MS-211-1), In 1962
several plots were established to study survival

trends on various seedbeds made by a bulldozer.
Of all the mortality recorded on these plots

to the end of the 1963 growing season, 27 per
cent was due to frost heaving, 27 per cent to
trampling, 16 per cent to leaf smothering, 11 per
cent to flooding (moist to wet sites), 2 per
cent to burial of seedlings and erosion of seed-
beds, and 17 per cent to unknown causes. Many
of the seedlings in the lastcategory are believed
to have died from the effects of drought and
excessive heat (Kolabinski 1964a).

(e) Other limiting agencies

White spruce cones are susceptible to
rust (Chrysomyxa pyrolae) but the extent of
damage is not known. In 1962 this rust occurred
quite extensively at the Riding Mountain and
neatly every tree was affected to some degree.
On some trees nearly every cone was infected
but on others the rust occurred sporadically,
All seed in every infected cone examined had
been destroyed (Jarvis 1963a).

Red squirrels (Tamiasciurus spp.), chipmunks
(Tamias spp. and Eutamias spp.), voles and
mice (Clethrionomys spp. and Microtus spp.),
consume large quantities of seed (Jarvis 1963a,
Rowe 1962 and Wagg 1963). It has been suggested
that in light and moderate seed years squirrels
consume most of the seed produced (Rowe
1955). In addition to consuming seed squirrels
often cut off the leaders and ends of upper
branches, especially during years of light seed
crops (Rowe 1962). Usually the leader is re-
placed by a lateral and damage is slight unless
two leaders compete to form a fork (Jarvis
1960), Examination of seed spots at the Riding
Mountain has indicated that seed losses due to
mice and voles is much greater in stands with
a dense understorey of brush, herbs and grasses
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than in stands with a light understorey, Also
it has been shown that covering seed with a
thin layer of litter greatly reduces the depreda-
tions of these animals (Waldron 1963a).

The snowshoe hare (Lepus americanus),
especially during population peaks, does con-
siderable damage by browsing (Rowe 1955) (see
project summary MS-90). Most severe damage
has occurred on seedlings set out close to
brush or under a canopy that affords some cover
and protection for the hares (see project sum-
maries MS-100, MS-103 to -113). On one study
area in eastern Saskatchewan, repeated browsing
of trees up to 3 feet tall resulted in complete
mortality (Jarvis 1960). Also, in plantations
set out in 1961 approximately 75 per cent of
the surviving seedlings were browsed the first
year (Jarvis 1963b) (see
MS-211-1).

project summary

3. Growth

Aside from inherent qualities, growth rate
is dependent upon the above- and below-ground
conditions prevailing in the habitat. For instance,
at the Riding Mountain, 14-year-old white spruce
seedlings growing on mineral soil and on burned
seedbeds without an overstorey averaged 44
and 47 inches in height. Seedlings of the same
age on similar seedbeds and on similar sites
but with an overstorey present averaged only
7 and 14 inches in height (Rowe 1961).

The effect of below-ground conditions on
spruce growth is illustrated by the following
example. On moist rotten wood under a moderate
overstorey, Rowe (1955) found that 7-year-old
seedlings averaged 6 inches in height. However
seedlings of the same age on ashy mineral
soil and under a similar overstorey averaged
24 inches in height.

(a) Terminal growth

Terminal growth behaviour of white spruce
saplings at the Riding Mountain has followed
the normal pattern established for other species
in North America (Waldron 1962c¢). It is completed
in a period of about 48 days beginning in late
May and ending in mid-July (see project summary
MS-184). Terminal growth varies from year
to year and is influenced by climatic conditions
during the previous as well as the current
growing season, Hot dry weather is detrimental
to height growth, whereas warm moist weather



is favourable (Wheaton 1958). Most terminal
growth occurs at night and the rate is influenced
directly by night temperatures.

Terminal growth of young trees is much
better in the open than in the shade. In the
S-year period 1955-59 the total average terminal
growth of a number of white spruce saplings
on moderately fresh clay loam soils without an
overstorey was 43.3 inches; on similar sites
under an overstorey the growth rate of similar-
sized trees for the same period averaged only
27.9 inches (Waldron 1962c),

A stem analysis study in intermediate-aged
mixedwood stands in Saskatchewan (Cayford
1957) and release studies in all three Prairie
Provinces (Lees 1964b; Jarvis and Steneker
1962; Steneker 1963b) have shown that an aspen
overstorey greatly retards the growth of white
spruce trees. In addition to a reduced growth
rate, white spruce leaders are often damaged
or broken off when they reach the crowns of
the aspen, resulting in trees of poor quality.
Individual spruce trees released from the effects
of an aspen overstorey have increased their
heigh growth by as much as 55 per cent (see
project summaries A-13, MS-153, MS-167).

Shrub and herb competition has a detrimental
effect on seedling height growth (see project
summaries MS-147-1, MS-160-5). For example,
white spruce seedlings set out amid dense
hazel (Corylus cornuta) at the Riding Mountain
averaged only 11 inches in height 4 years after
planting., Seedlings from the same stock planted
on the same site, but where the hazel had been
cut, averaged 17 inches in height 4 years after
planting (Waldron 1959a).

(b) Radial growth

At the Riding Mountain radial growth of
white spruce starts about the end of May,
approximately the same time that height growth
starts, Radial growth continues throughout
the summer well into September but is most
rapid during June and July (Wheaton 1958).
Radial growth is better on trees in the open
than on trees shaded by an overhead canopy
(Cayford 1957). A study in an intermediate-
aged mixedwood stand in Saskatchewan has
shown that the diameter growth of spruce may
be increased by as much as 60 per cent by remov-
ing the aspen overstorey (Jarvis and Steneker
1962) (see project summary MS-153-1). Another
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study has shown that 4- to 6-inch spruce were
affected by other trees (aspen and spruce)
as far away as 25 feet (the furthest distance
studied). Seven- to 10-inch white spruce were
affected most by trees within a distance of
15 feet (Steneker and Jarvis 1963a) (see project
summary MS-153-2). /

¢
(]

(c) Root growth =

Root growth begins much earlier and stops
much later than terminal or radial growth. At
the Riding Mountain root growth usually begins
about the end of April and continues well into
October (Wheaton 1958). Rate of growth appears
to slow down when terminal development is at
its peak. Root growth also slows down and may
even stop for a period when the soil becomes
dry.

The root systems of seedlings growing on
decayed wood tend to be weak. They develop
slowly and parallel to the axis of the stump
or log, and several years may elapse before
the root tips extend into the soil beneath.
Generally, white spruce produces an extensive
lateral root system from which sinkers extend
downward into the soil. However, on very moist
sites the development of deep roots is restricted.
For example, 7-year-old seedlings on very
moist sites have been observed which had
lateral roots up to 36 inches in length but with
tap roots or sinkers only 6 inches in length.
On drier sites seedlings of the same age were
observed with laterals about 16 inches long
and sinkers over 24 inches long (Rowe 1955).

4, Silvicultural Systems

Several studies have been undertaken in
the Mixedwood Forest Section to investigate
the relative value of wvarious silvicultural
systems for managing white spruce and trem-
bling aspen. All have been within the framework
of a predominantly sawlog economy (see project
summaries A-12, A-15, A-22, A-58, MS-37,
MS-60, MS-124, MS-156, MS-166, MS-211-1,
MS-216, MS-228). Cutting methods tested have
included (1) clear cutting in blocks and strips,
removing or leaving the merchantable hardwoods,
(2) clear cutting with residual spruce seed
trees, and (3) partial and “selection’ cutting,
which was in effect uniform shelterwood cutting
(Bedell 1948, Blyth 1952, Quaite 1951 and
1956, Smithers 1959, Jarvis 1963b, Kolabinski



1964a and 1964c, Lees 1963a and 1964a, Phelps
1940 and 1948b, and Waldron 1959b and 1963a).

Uniform  two-stage shelterwood cutting
shows most promise. Results indicate that a
larger volume of merchantable timber will be
produced at rotation age if the first cut is made
when the stand is about 70 to 80 years of age.
The first cutting should leave about 40 to 60
square feet basal area of spruce per acre and
the unmerchantable hardwoods. In Alberta,
after removing 1,843 cubic feet of spruce per
acre in 1951 (67 per cent of the standing volume),
the residual stand increased in volume at a
rate of 3.1 per cent to yield a standing volume
of 1,963 cubic feet peracre in 1961, This volume
included a recruitment of 168 cubic feet per
acre into the 7-inch diameter class -- the lowest
merchantable size. Increase for control stems
was 1.7 per cent (Lees 1964a). When marking
for the first cut care should be taken to leave
those trees which show good growth potential,
Time of the final cut will depend upon the re-
sidual stand growth and the status of regeneration.

Unless the initial cut can be made while
the stand is growing vigorously, shelterwood
cutting does not result in sufficient volume
production increase or recruitment to merchant-
able size classes to justify the expense of two
cuts. Mature white spruce stands when partially
cut are subject to windthrow, sunscald and top
break (Quaite 1951),

It has been shown that block clear'lcutting
leaving at least 6 seed trees per acre (Quaite
1956) and strip clear cutting (Kolabinski 1964a)
provide seed in relative abundance, but results
have indicated quite clearly that canopy manip-
ulation alone will not ensure a future crop of
spruce. In fact it has been concluded that
successive cuts are likely to eliminate the
Species unless site preparation is carried out
to induce regeneration.

Several studies have been undertaken to
determine whether mechanical seedbed prepata-
tion will aid spruce regeneration (Phelps 1951;
Lees 1963a, 1963d and 1963e; Waldron 1961c;
Jarvis 1963b; Kolabinski 1964a and 1964c).
Seedbeds have been made using ordinary bull-
dozer blades (see project summaries A-22,
MS-124, MS-156, MS-166, MS-211-1, MS-216 and
MS-228), toothed bulldozer blades (Figure 11)
(see project summaries A-S8 and A-62), Seaman

-
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11. Crawler-type tractor with a 6-toothed

bulldozer blade, 9 feet wide.
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Figure 13. Pull-type Seaman tiller.
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Saskatchewan fire-line plough.
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tillers (Figures 12 and 13) (see project summary
A-62); Athens ploughs (Figure 14) (see project
summaries A-62, MS-124 and MS-156), an Imset
scarifier (Figure 15) (see project summary A-62)
and a Saskatchewan fire-line plough (Figure 16)
(see project summaries MS-211-1 and MS-216).

General results for 7 projectsf covering
intervals up to 12 years after treatment are
given in Table 2. They are most egcouﬂging
and indicate that mechanical seedbed preparation
is a feasible method for regenerating white
spruce. Of all the equipment used to prepare
seedbeds it has been concluded that the ordinary
and toothed bulldozer blades have been the
best all-round tools for scarifying on mesic
sites, Practically all of the mineral soil seedbeds
made by these tools are suitable for re generation
and remain receptive to new seed for some
years (Figure 17), Humus seedbeds, resulting
from shallow scalping and churning action of
the tractor treads, are much less favourable
(Figure 18), On these seedbeds competing
vegetation is seldom destroyed and it soon
crowds out the spruce, Piles of debris dumped
when clearing the blade are also poor seedbeds
because they dry out too quickly. It has been
concluded that scalping should be done in a
manner which will create large patches rather
than narrow strips. This lessens the possibility
of scalped areas becoming game trails, and
more important, re-invasion of the seedbeds
by root runners, etc., from adjacent undisturbed
vegetation is slower. It cannot be emphasized
too strongly that on the rich soils characteristic
of the Mixedwood Forest Section scalping must
be deep enough to remove from the scarified
patches the perennating parts of shrubs, herbs,
grasses and aspen.

The Athens plough creates suitable media
for germination but it does not remove the
perennating parts of the competition from the
scarified areas. Observations have shown that
new shoots soon spring up and offer severe
competition to spruce seedlings on areas treated
with this implement. The general data given
in Table 2 show that per cent stocking on areas
treated with the Athens plough is less than
that on areas treated with a bulldozer blade
(see project summaries MS-124, MS-156).

Trials using the Imset scarifier were carried
out in 1961 and results are not yet available,
However, like the Athens plough, this tool
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Figure 17. Good mineral soil seedbeds made

Figure 18. Seedbeds made using a straight blade; note piles of debris in the background and area churned up
by the tractor treads; these seedbeds are less favourable than those in Figure 17,
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TABLE 2 STOCKING TO WHITE SPRUCE ON MECHANICALLY PREPARED AND
ON UNDISTURBED SEEDBEDS

Years between Pa ¢ Number Tacllgest
treatment rdcen seedlings SeecinEs
Project Treatment and last s&ikr:dt: per Av.ht Au"gage
remeasurement acre (inches;) | (years)
MS-124  |Control 12 7 140 9 7
(D Disked (Athens 12 20 1,470 8 7
plough)
MS-124 Control 9 7 200 5 6
(2) Scalped (bull- 9 43 4,900 6 6
dozer blade)
MS-156 Control 8 0 0 - -
Disked (Athens plough) 8 20 2,800 4 5
Scalped 8 84 6,080 4 5
MS-166 Control 7 — — - s
Scalped (bull- 7 72 2,400 5 6
dozer blade) '
A-22 Control 7 no data - - -
Scalped (bull- 7 75 - 6 5
dozer blade)
MS-124 Control 4 20 400 - -
(3) Disked (Athens 4 34 800 - -
plough)
MS-211 Control 2 4 no data 2 no data
(D Ploughed (Saskat- 2 63 50,000 2 no data
chewan fire-line plough)
MS-211  |Control 2 4 no data 2 no data
(3 Scalped (bull- 2 56 37,000 2 no data
dozer blade)
MS-211  |Control 1 1 no data no data | no data
(4) Ploughed (Saskat- 1 40 700 no data | no data
chewan fire-line plough)
MS-216 Control 1 1 3 no data | no data
(1 Scalped (bull- 1 69 11,000 no data | no data
dozer blade)
MS-216 Control 1 2 26 no data | no data
(2) Ploughed (Saskat- 1 49 2,500 no data | no data
chewan fire-line plough)
MS-228 Control 1 4 25 no data | no data
(D Scalped (bull- 1 96 12,000 no data | no data
dozer blade)
* Basis — 1/000-acre plots,
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does not remove the perennating parts of compet-
ing vegetation,

The pulverized seedbeds made by the
Seaman tillers provide a promising seedbed,
grinding up the organic horizons and mixing
them with mineral soil. However, as with the
Imset scarifier results are not yet available, It
is not known yet how longthe seedbeds will stay
receptive nor how intense competition will
become.

The Saskatchewan fire-line plough appears
to be a reasonably good tool for treating the
moister sites where footing for the tractor
is poor(Figure 19). It can be manoceuvred between
and around stumps quite easily without much
danger of the tractor becoming stuck. On the
other hand, observations indicate that this tool
is not so good for the drer sites. In these
situations the operator has a tendency to plough
too deeply, creating deep furrows and high
ridges  (Figure 20) (see project summary
MS-211-1). Seedlings in the furrows are sus-
ceptible to flooding and to burial by alluvium
washed down from the ridges. Seedlings on
the ridges are susceptible todrought and erosion.

Figure 19, General view of seedbeds made with the
Saskatchewan fire-line plough on a very
moist site.

Figure 20. Mineral soil seedbed made with a Sask-
atchewan fire-line plough on a fresh site;
note the deep furrow.
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5. Artificial Regeneration

(2) Seeding

Very little work has been done in the
Mixedwood Forest Section to regenerate white
spruce by direct seeding, Between 1905 and 1928
some small projects were initiated to test the
effectiveness of spot seeding and broadcast seed-
ing under various stand conditions and in the
open, and on different seedbed media such as
mineral soil, litter and burned duff. Records of
these early studies are scanty, consisting of a
few field notes, some miscellaneous field sum-
maries and a file of correspondence. In most
instances germination appears to have been suc-
cessful but subsequent seedling survival was
poor. Drought was the major factor listed as
causing mortality the first two years after seed-
ing, while competition and browsing were listed
as chief causes in later years, It would appear
from the records that if seedlings had been
released from competing vegetation and if
browsing had been controlled, more of the test
would have been successful. '

The most successful seeding (Haig 1959a)
was initiated in 1920 at the Duck Mountain.
White spruce seed was broadcast at the rate
of 1, 2 and 3 pounds per acte on fresh till soil
which had been thoroughly disked 6 times prior
to seeding then harmowed. In 1957, 37 years
after seeding, stocking to white spruce ranged
from 3,400 to 5,000 stems per acre; trees were
about 20 feet tall and about2.5 inches in diameter
at breast height (see project summary MS-90),

More recent studies have been undertaken
to study germination and seedling survival
on various seedbeds (undisturbed litter and
mineral soil exposed by burning, hand scar-
ification and mechanical scarification) (see proj-
ect summaries  150-1, MS-150-2, WMS-159,
MS-191-1, MS-191-2, MS-226, MS-239). Results
from these studies indicate that mesic
sandy loam and clay loam sites in the Mixed-
wood Forest Section can be regenerated to
white spruce by artificial seeding (Phelps
1948a, Rowe 1953b, Waldron 1961a and 1963a).
Prerequisites for successful establishment are
that mineral soil seedbeds must be prepared,
potentially competitive cover must be eliminated
prior to seeding, and young seedlings must be
protected from browsing and competition by
reinvading vegetation.
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(b) Planting

Several plantations have been established
in the Prairie Provinces and some date back
to the early 1900’s. Of these, some have failed
(primarily through neglect or ‘‘off-site’ planting)
but others have flourished, which indicates
that white spruce can be planted successfully
under certain conditions in the Mixedwood Forest

: -
Section, ‘ 3

Surveys of older plantations (Johnson
1953; Jameson 1956; Haig 1956, 1959bh, 1959¢)
(see project summaries MS-100, MS-103 to -113)
have shown that: (2) survival of plantations
set out on fresh to moist till soils has been
much better than that of plantations set out
on dry sands and other prairie soils, (b) plan-
tations established indrought years have suffered
more mortality than those set out in years with
above average precipitation, (c) plantations
set out by hand planting in furrows have had
reasonably good survival rates, (d) plantations
set out in the rough have had poor survival
rates, (e) plantations set out on ploughed
ground which was cultivated for a number of
years after planting have had excellent survival
and growth, (f) seedlings set out in or adjacent
to dense brush or under aspen have suffered
more browsing than those planted in open areas,
(g) growth of transplants set out in the open
has been much better than that of transplants
set out in the shade of an overhead canopy,
(h) seedlings planted by the hole method have
survived better than those planted by the slit
method, (i) major factors causing mortality
appear to be drought, competition from surround-
ing vegetation, and repeated browsing.

More recent studies have been undertaken
(Rowe 1954b, 1959; Waldron 1963b, 1963c)
(see project summaries MS-147-1, MS-160,
MS-211-3, MS-226, MS-229) to compare: (a)
survival and growth of various aged stock set
out on ground pre-treated invarious ways (Athens
ploughed, bulldozed and undisturbed), (b) survival
and growth of seedlings released from hazel
competition with those not released, and (c)
survival and growth of seedlings planted at
weekly intervals throughout the summer.

Results so far indicate that: (a) planting
may be carmried out successfully throughout
the summer providing rainfall is adequate, (b)
pre-planting site preparation greatly improves



survival and growth on mesic sites, (c) survival
on mesic sites is best on bulldozed areas,
intermediate on Athen-ploughed areas and poorest
on undisturbed ground, (d) survival on ground pre-
pared in a given manner is poorer on wet sites
than on mesic sites, (e) competition from hazel,
aspen, grass and tall shrubs is detrimental to
the survival and growth of white spruce trans-
plants.

It is quite evident from the results that
white spruce can be planted successfully in
the Mixedwood Forest Section. For best results,
planting should be restricted to the fresh to
moist sites. Also pre-planting site preparation
to eliminate competition and conserve moisture
around the seedling roots is essential.

6. Tending of Stands and Trees

(a) Mixedwoods

Trembling aspen forms the upper canopy in
young- and intermediate-aged mixedwood stands.
As pointed out previously, an overstorey of
aspen hinders the development of the spruce
beneath. Results from studies to determine the
effects of release cutting on the development
of spruce show conclusively that all ages and
sizes of white spruce respond to treatment.
The amount of response has been directly
dependent upon the intensity of the release
cutting with 30- to 40-year-old trees having
the greatest ability to increase their growth
rate for a given degree of release (Blyth 1952;
Jarvis and Steneker 1962; Steneker and Jarvis
1963a; Steneker 1963b, and Lees 1964b) (see
A-13, WMS-8, MS-153-1,

project summaries

MS-153-2).

For the first 10-year period after all trem-
bling aspen has been removed, young- and
intermediate-aged white spruce trees in eastern
Saskatchewan (15 to 60 years) increased their
diameter growth up to 60 per cent. For the same
period, individually released trees showed
increases in diameter growth up to 80 per cent
and in height up to 55 per cent (Jarvis and
Steneker 1962) (see project summary MS-153-1).

As a result of increases in diameter and
height growth, volume vyields petr acre have
also been increased. In a 50-year-old stand in
which up to 60 per cent of the total basal area
was removed, the white spruce board-foot volume
21 years after release was almost tripled in
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comparison to that of the control stand. Total
volume (cubic feet) was almost doubled (see
project summary MS-8).

In most release cuttings removal of the
aspen has been done with saws and axes.
However some experimenting has been done
using chemicals as a means of killing the
undesirable trees. Effective kills of aspen
have been attained using 2,4,5-T basal bark
sprays and 2,4,5-T applied to frills in the bark
(Waldron 1961b) (see project summary MS-147-2).
Quaite (1953) reported that ‘‘Ammate’’ poured
into notches in cut aspen stumps prevented
suckering and that the effect of the poison
extended to surrounding live aspen by means
of root grafts.

Chemical sprays of various concentrations
(2,4-D, 2,4,5-T, and ammate) have been used
to release smaller spruce from dense hazel and
other shrub competition. All treatments were
successful in killing the above-ground portions
ofthe shrubs, but sprouting subsequently occurred,
although it was least with the 2,4-D treatment
(see project summary MS-147-1). Six years after
treatment the tallest spruce were about 5 feet
high and were considered to be free from further
suppression by hazel which ranged in height
from about 3 to 5 feet. Another study, involving
the release of 3-2 white spruce stock from hazel
by means of 2,4-D spray, showed that 4 years
later mortality had been reduced by about 50
per cent as a result of the spraying and the
spruce on the sprayed area were about 6 inches
taller than those on the unsprayed area (see
project summary MS-160-5).

(b) Hardwoods

Work in trembling aspen stands has been
confined to thinning, primarily in the young- and
intermediate-aged classes (11 to 45 years)
(Pike 1947 and 1953; Steneker 1961a, 1961b,
1962, 1963a and 1963c) (see project summaries
MS-4, MS-5, MS-6, MS-133, MS-146, MS-155).
Results have shown that response to thinning
was related directly to the intensity of thinning.
All size classes and all age classes responded
to treatment. However, the growth rate of the
thinned plots in the younger stands was con-
siderably faster than that of the older stands.
In 10- to 14-year-old stands annual diameter
increment of crop trees has ranged from .16
inches with stand basal areas of about 80 to



90 square feet per acre to as much as .26 inches
with stand basal areas of 10 to 20 square feet,
Height increment has not been affected by
thinning. .

As a result of thinning a great amount of
mortality, otherwise lost through natural thin-
ning, was salvaged. In the stands under study
maximum volume increment at ages 10,20, 30,
40 and 50 years occurred when basal area was
maintained at approximately 30, 50, 65, 85 and
100 square feet per acre, tespectively. These
stocking levels ranged from approximately 60
per cent (at age 10) to approximately 80 per
cent (at age 50) of those of the untreated stands.
Basal areas required for maximum volume incre-
ment per acre are larger than those required
for maximum diameter increment or volume
increment per individual tree. Results also
indicate that trees about 20 to 30 years of age
respond best to any given degree of release
(Steneker and Jarvis 1963b).

Studies are presently being undertaken to
relate diameter increment of individual trees
to point density at the location of these trees.
Results, however, are not yet available.
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Classification

11. Site Factors

18.

114.32

114.4

Soil, geological considerations,
weathering, influence of parent
material

Soil, soil classification, soil
types

Plant Ecology

181.2

181.522

181.523

181.524

181.525

181.65

181.8

Mode of life, autecology, atmos-
pheric relations

Mode of life, autecology,

reproductive behaviour, fruiting

Mode of life, autecology,
reproductive behaviour, seed
dispersal

Mode of life, autecology, reproductive
behaviour, seedling longevity

Mode of life, autecology, reproductive
behaviour, germination, seedling
development

Mode of life, autecology, post-
seedling development, growth as
influenced by environment

Mode of life, autecology, phenology

22. Silvicultural Systems

23.

221.02

221.21
221.222

221.42

226

228.1

High forest systems, shelterwood
felling

High forest systems, seed-tree method
High forest systems, alternate
clear-strip system

High forest systems, selective
logging

Changes of silvicultural system,
conversion

Constitution and composition of
stands, density, dominance,
suppression

Regeneration and Formation of Stands

231.31

Natural regeneration, manipulation
of canopy

33

Projects

A-29, MS-173, MS-69,
MS-183, MS-168

A-29, MS-173, MS-168,
MS-69, MS-183

A-63, MS-135
MS-156, MS-124

MS-56, MS-158-1,
MS-158-2, MS-211-2

MS-161

A-63, MS-223,
MS-191-1, MS-191-2,
MS-159, MS-135,
MS-150-1, MS-150-2
MS-184, MS-167,
MS-153-2

MS-184

A-22, A-12, MS-228,
MS-166, MS-37
MS-37

MS-211-1, MS-216,
MS-211-2, MS-211-3
A-15

MS-226

MS-167

A-12, MS-228, MS-166
MS-60, MS-37, A-15



24.
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PART Il — LISTING OF ALL PROJECTS BY THE OXFORD DECIMAL CLASSIFICATION

Classification

231.321 Natural regeneration, manipulation

of undergrowth and ground vegeta-
tion by cutting, scraping, etc,

231.322 Natural regeneration, manipulation

of undergrowth and ground vegeta-
tion by burning

232.21 Artificial regeneration, preparatory
work, pretreatment and preparation

of site

232,213 Artificial regeneration, preparatory

work, burning
232.33  Artificial regeneration, formation
of stands by direct sowing

232.4 Artificial regeneration, formation
of stands by planting

232.411.3 Artificial regeneration,
formation of stands by planting,
grading and size

232,43  Artificial regeneration, formation

of stands by planting, spacing
and arrangement in plantations

232.44  Artificial regeneration, formation

of stands by planting, season and
time of planting

235.1 Under planting, advance

planting, etc.

236 Care of regeneration or planta-

tions in the initial stages of
establishment

Tending of Stands and Trees
242 Thinnings

243 Opening of the canopy (increment
fellings, overhead release and
improvement fellings)

243.8 Opening of the canopy, girdling
and poisoning

Projects

A-58, A-62, A-22, A-12,
MS-228, MS-191-1,
MS-191-2, MS-159, M$-150-1,
MS-166, MS-211-1, MS-216;
MS-156, MS-124, A-75
MS-159, MS-150

MS-229, MS-226,
MS-160-2

MS-239

MS-90,
MS-191-1, MS-191-2,
MS-159, MS-150-1,
MS-226, MS-239

MS-100, MS-103, MS-104,
MS-105, MS-106, MS-107,
MS-108, MS-109, MS-110,
MS-111, MS-112, MS-113,
MS-211-3, MS-226, MS-160-2,
MS-229, MS-147-1
MS-160-1

MS-160-3

MS-160-4

MS-160-5

MS-147-1

MS-4, MS-5,
MS-6, MS-8,

MS-133, MS-146, MS-155
MS-224, MS-153-1, A-15,
MS-8, A-13

MS-147-2



42. Injuries from Inorganic Agencies (Excluding Fire)

44.

45,

54.

56.

-01.

PART Il - LISTING OF ALL PROJECTS BY THE OXFORD DECIMAL CLASSIFICATION

Classification

422.13 Temperature influences, insolation,
frost heaving
422.2 Temperature influences, insolation,

heat, drought
424.2  Soil conditions; erosion effects,

flooding, waterlogging

Damage by Harmful Plants

441 Forest weeds

Damage by Animals

451.2 Wild mammals

Assessment of Site Quality

541 Based on height diameter volume,
etc.

Increment Development and Structure of Stands

561 Increment in height diameter

basal area, etc.
562 Volume increment

568 Other mensurational studies of
stand constitution and changes
therein, distribution of growth
by tree classes, etc.

Research a