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The Canada-Alberta Forest Resource Development
Agreement is a subsidiary agreement of the Canada-
Alberta Economic and Regional Development Agree-
ment, which provides coordination and cooperation
between the governments of Alberta and Canada in
areas of Alberta’s economic development.

The Canada-Alberta Forest Resource Development
Agreement is funded equally by the governments of
?g;;da and Alberta, from April 1, 1984, to March 31,

Its primary objectives are to ensure the long-term
availability of timber supplies; to optimize timber
uses; and to contribute to the growth and diversifi-
cation of Alberta's economy.

The Agreement comprises three programs: Refores-
tation; Applied research, technology transfer and
opportunity identification; and Public information,
evaluation and administration. These programs are
managed by a joint Directorate and are implemented
by the Canadian Forestry Service and the Alberta
Forest Service.

For more information, please call or write:

L'Entente Canada-Alberta sur la mise en valeur des
ressources forestiéres est auxiliaire & I'Entente
Canada-Alberta sur le développement économique et
régional, qui vise & assurer la coordination et la
coopération des deux gouvernements relativement
au développement économique de I'Alberta.

L’Entente Canada-Alberta sur la mise en valeur des
ressources forestiéres est financée & parts égales par
les gouvernements du Canada et de I'Alberta, et a
cours du 1er avril 1984 au 31 mars 1989.

Ses objectifs principaux sont assurer la disponibilité &
long terme de réserves de bois; optimiser leur utilisa-
tion; et contribuer a la croissance et la diversification
de I'économie de la province.

L’Entente comprend trois programmes: Reboisement;
Recherche appliquée, transferts de connaissances
techniques et relevé des occasions; et Information,
évaluation et administration. Ces programmes sont
gérés par un Bureau de direction conjoint, et mis en
oeuvre par le Service canadien des foréts et le Service
forestier de I'Alberta.

Pour de plus amples informations, veuillez vous
adresser a:

Canadian Forestry Service
Northern Forestry Centre
5320 - 122 Street
Edmonton, Alberta

T6H 3S5

Telephone: (403) 435-7210
Attention: S. Price

OR/OU Alberta Department of
Forestry, Lands & Wildlife
9915 - 108 Street
Edmonton, Alberta

T5K 2C9

Telephone: (403) 427-3583
Attention: D. Fregren
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e, POPLARS

in the Prairie Provinces

The story of poplars is an unusual
tale — a rags to riches story, The poplar
has gone from weed 1o valuable resource,
because todav this abundant species is
being regarded by many as a possible
source of newsprint, tissue, plywood and
even livestock feed. Poplars provide choice
wintrer and summer food for white-tailed
deer and grouse, and the first prairie
homes were built with and heated by
poplar logs. Often considered a weed, the
poplars of the Prairies are now facing a
brighter future.

Poplars are fast-growing, short-lived
trees supported by shallow, wide-spread-
ing root systems. Aspen in particular
propagates chieflv by means of suckers
that arise from roots near the surface of
the ground. a characteristic that is of
great importance in the natural re-genera-
tion of poplar on cutover und burned-
over areas. Other species sprout readily
from stumps or shoots. This vegetative
reproduction results in the development of
large numbers of individuals of identical
characteristics (clones) that may spread
over 3 to 4 acres.

Besides being used by the wood-fibre
industries, poplars are a familiar orna-
mental tree, and farm sites are made more
attractive and protected from the shuarp
prairie winds by poplar sheiterbelts.

This issue of FORESTRY REPORT
is being devoted entirely to the familiar
POPLARS of the praivie region. for il ever
there wus a tree that could bouast of being
a “wrue champion™ of multiple use, it is
the versatile poplar. In addition 1o serv-
ing u wide variety of man’s needs, it pro-
vides home and food for wildlife, heals
quickly our scarred landscape. and pro-
vides a brilliant splush of fall color to
dazzle the eve.
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Poplar Plantings on the

Tree planting on the pluins of
Canada was initiated by the then
Forestry Branch,Canada Department
of Interior, in 1901 for farm shelter-
belts and uses other than forestry.
A federal tree nursery was establish-
ed at Indian Head in 1903 to pro-
duce and supply the deciduous and
coniferous tree material for such
plantings in the prairie region. A
second federal nursery was establish-
ed at Sutherland in 1913 to service
the Northern areas of the prairies,
but it was closed in 1966 to con-
solidate all operations ar Indian
Head.

Since 1909 the Indian Head and
Sutherland nurseries in Saskatche-
wan have provided poplar material
for 33,000 miles of plantings in the
prairie region. Most of this material
was utilized for farm shelterbelts
(initially primarily in chinook areas),
although 10% has been used in
parks. conservation and urban de-
velopments. Annual demands for
poplar gradually increased from
200,000 (Fig. 1) to over one million
cuttings. However, demands declin-
ed from 1.3 million cuttings in 1929
to a low of about 100,000 cuttings
in 1938 following planting failures
due to periodic drought, disease
and insect infestations. These ad-
verse conditions decimated numer-
ous poplar  shelterbelts and
nursery cutting beds. From the
early 1940’s until 1965 production
and planting demands averaged
about 250,000 plants. Production
of superior clones and rooted cutt-

ings increased planting demands in
1966 and 1967 to a high of 750,000
plants. Since 1969 with the develop-
ment of mechanization and storage
techniques only rooted cuttings
have been produced to improve sur-
vival and development of prairie
plantings. As-a result demands con-
tinued to exceed production which
has increased from 150,000 (1971)
to 500.000 plants annually (1974).
Nursery production problems have
reduced available poplar material be-
low the planting demand and pro-
duction objective of one million
rooted cuttings annually.

Research by nursery staff since
1948 has provided superior ciones
and equipment, propagation and
storage techniques, controls for in-
sects and diseases, and herbicidal
and irrigation practices for expand-
ing nursery production. Wider spac-
ing for plantings were introduced in
1971 to improve survival of poplar
in shelterbelts under climatic stress-
es.

Poplar material has also been pro-
vided for plantings in Alberta by the
provincial nursery at Oliver since
1950. This material is utilized pri-
marily for farm shelterbelts, and
parks. From 1969 to 1973 ma-
terial for 150 miles of plantings

-were planted in Alberta.

Some 200 clones, species and hy-
brids were collected or produced,
and evaluations for performances
(1, 2) initiated from 1948 to 1951.

Plantings to evaluate some 106

Figure 1.
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poplar clones for the prairie region
were established in Manitoba, Saska-
tchewan and Alberta from 1965 to
1974. Although several of these
plantings were initiated as co-opera-
tive studies with provincial and fed-
eral agencies, 21 were carried out
by nursery staff (Fig. 2). Briefly
these plantings have identified the
most promising clones (Walker,

Northwest, Saskatchewan, berolinen-
sis, gelrica, tristis and cardenien-
sis). Severe winter injury in 1972-73
and 1973-74 of new poplar plant-
ings, suggest that three clones were
frost hardy. Mﬁ

> K,
Fig. 2. Poplar regional test plantings
of clones (1) Northwest, (2] gelrica,
(3) Brooks, (4) Walker, (5) berolinensis

REFERENCES ;

1. Cram, W. H. 1954. Trees Breeding-
Poplar. Dominion Forest Nursery Sta-
tions, Progress Report 1947 - 1952.
page 35.

2. Cram, W. H. 1960. Performance of
seventeen poplar clones in south cen-
tral Saskatchewan. For. Chron. 36:
204-209.

3. Cram, W. H. 1969. Poplars for grass-
land plantings. Chap. VI. pp. 113-115.
Growth and Utilization of Poplars in
Canada, For. Branch. Dept. Pub. No.
1025,

4. Summary Reports, 1958 to 1962,
Forest Nursery Station, Indian Head
Sask., Canada Agriculture, (mimeo).

5. Summary Reports, 1963 to 1973,
Tree Nursery, Indian Head, Sask.,
P.F.R.A., Canada Agriculture (mimeo)

6. Summary Reports, 1969 to 1973,
Tree Nursery, Indian Head, Sask.,
P.F.R.A., Regional Economic Expan-
sion Canada.



|w

The Familiar Poplar

Native poplar species in Canada
are present in all parts of Alberta,
Saskatchewan and Manitoba. Zegbk
ing aspen (Populus tremuloides
Michx) and balsam poplar (P. bal
samifera L.) are the most common
poplars .and occur throughout all
three provinces. Although less com-
mon, the plains cottonwood (P.
deltoides var. occidentalis Rydb.)
grows throughout the Prairies. Large-
tooth aspen (P. grandidentata
Michx) is limited to eastern Mani-
toba, whereas black cottonwood
(P. trichocarpa Torr. and Gray)
and narrowleaf cottonwood (P.
angustifolia James) occur only in
southwestern Alberta and southern
Alberta and Saskatchewan respect-
ively.

The poplars are intolerant pioneer
species and will colonize a variety
of habitats. The cottonwoods and
balsam poplar prefer wet habitats
including riverbanks and freshly ex-
posed sandbars. The aspens will in-
vade burns and cutovers on up-
land well-drained sites. The wetter

Sucker on aspen root

depressions on these sites will tend
to be occupied by balsam poplar.

Generally all the poplars are
dioecious, i.e., male and female
flowers occur on separate trees.

Flowering usually starts at age 10
to 15. Regeneration by seed is more
common with the cottonwoods and
balsam poplar than the aspens, part-
ly because of habitat characteris-
tics.

Vegetative reproduction through
root suckers is common with all the
poplars. Stem cuttings of the cotton-
woods and balsam poplars root
readily. Rooting of aspen stem cutt-
ings is almost nil. Some regenera-
tion occurs through stump and
root-collar sprouts, particularly with
the cottonwoods and balsam poplar.

Of all the poplars on the Prairies
the plains- and black Cottonwood
probably grow to the largest size.
They can reach a height of 100° or
more and a stem diameter of several
feet. Trembling aspen and balsam
poplar are the most important
species for the wood-using industry.
The cottonwoods and their hybrids
play an important role in the agri-
cultural zone, where they are used
for farm and amenity planting.

Wood Properties of Poplar

A number of economic reasons
have been cited for the low level of
utilization of the poplar resource.
The central economic factor has
been the ready availability of pre-
Serred softwood species which could
be processed into the traditional
wood products (lumber, pulp and
plywood) at lower cost and with
higher returns, than was possible
with the poplars. A combination of
two characteristics of the poplar re-
source: (1) the high proportion of
relatively crooked, small diameter
trees in natural stands and (2) the
relatively high incidence of decay in
mature stands, have largely contri-
buted to the higher costs of process-
ing poplars. However, with increas-

ing demands for wood and fibre pro-

ducts and dwindling supplies of

preferred species, a greater utiliza-
tion of the poplar resource can be
expected. Have the poplar species
and principally trembling aspen the
desired characteristics that will favor
such increased utilization?

Because of the two above men-
tioned characteristics of the poplar
resource, probably the greatest in-
crease in utilization can be expected
in fibre products such as pulp and
paper, fibreboard and particle-
board.

In pulping, poplar could be used
either pure or in mixture with
other species. Poplar kraft pulp is
quite well suited for fine paper be-

cause of excellent sheet formation,
high opacity, good bulk and good
printability. Except for strength, it
compares favorably with kraft pulps
from softwoods (Table 1). The short
fibre length of about 1.0 mm for
poplar compared to 3.5-4.0 mm in
most softwoods, and the lower pro-
portion of tracheids in poplar are
responsible . for this lower strength.
On the other hand, the high cellu-
lose content, low lignin content, and
ease of penetration by alkaline pulp-
ing liquors of poplars results in
higher yields, lower alkali consump-
tion, and faster pulping rates than
for spruce at the same pulp lignin

content. 0N

Cont'd. Page 8
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A wide variety of insects und
mites feed on poplars. The Forest
Insect and Disease Survey of the
Canadian Forestry Service has re-
cords of ar least 300 species of in-
sects on living trembling aspen
alone. Here we deal with some of
the more important spegies attack-
ing the catkins, leaves, branches,
trunk, roots and causing the for-
mation of galls on poplars especial-
Iy trembling aspen,

The most common species dama-
ging catkins are a micro moth,
Epinotia  nisella Clerk: a dagger

Malacosoma disstria

moth. Anarhix puta (G. & R.) and
weevils. Dorvtomus spp. The larvae
ot the moths feed on buds or cap-
sules of catkins and then on the
developing leaves. The weevil bore
into and consume the interior of the
bud,stalk and main stem of catkins.

The largest group of insects feed
on the leaves. Qutbreaks of the
forest tent caterpillar, Malacosoma
disstria (Hbn.) and the large aspen
tortrix, Choristoneura conflictana
(Wik.) have caused almost complete
defoliation of trembling aspen in
vast areas of the three Prairie Pro-
vinces for a number of years. The
Bruce spanworm, Operophtera
bruceata (Hulst) and the aspen twin-
leaf tier, Enargia decolor WIk. have
severely stripped the leaves of aspen
in parts of Alberta. A leaf roller.
Pseudexentera oregonana (Wishm.)
has caused serious damage to the
4

Phyllocnistis populiella

developing leaves. Unlike moths,
which feed only on the foliage in
the larval stage. the beetles consume
the leaves in the larval and adult
stages. Extensive damage has been
caused by the aspen leaf beetle.
Chrysomela crotchi Brown. the
American aspen beetle, Gonivctena
americana (Schaef.) and the gray
willow-leaf beetle, Pyrrhalta decora
decora (Say). Larvae of moths and
beetles have also caused serious dam-
age by feeding inside the leaf. The
aspen leaf miner, Phyllocnistis popu-
liella (Chambers) makes meandering
mines in the upper and lower epider-
mis; the aspen blotch miner,
Lithocolletis salicifoliella Chambers
produces irregularly shaped blotches

Aceria parapopulion

by feeding on the mesophyll of the
leaves: and the cottonwood leal-
mining beetle. Zeugophora scuiellu-
ris Suffr. attacks some of the hvbrid

-

- ENEMIES

poplars used as shelterbelts by min-
ing the leaves in the larval stage and
skeletonizing the leaves in the adult
stage.

The most serious wood borer of
aspen is the poplar borer, Saperda
calcarata Say. Larvae of this beet|e
mine initially beneath the bark and
then into the sapwood and heart-
wood. In small trees growing on
poor sites, the poplar borer mine in-
to the root and root collar. Damage
by this insect degrades lumber and
veneer and the tunnels serves as in-
fection court for wood rotting
fungi. The twigs and smaller branch-
es are attacked by the twig borer,
Oberea schaumi Lec. Trees weak-
ened by natural factors such as de-
foliation, mechanical damage, wind

Saperda calcarata damage

breakage, étc. predisposes them to
attacks by the bronze poplar borer,
Agrilus liragus B. & B. ana the am-
brosia beetle, Trypodendron retu-
sum (Lec.). The former produces
zigzag galleries in the stem and
branches and the latter bore into the
woody tissues and feed on the am-
brosia fungus, which stain the walls
of their galleries.

Some of the insects and mites
stimulate aspens to produce un-
sightly galls. which may persist on
the trees for several years. The more
common galls are caused by the pop-
lar vagabond aphid, Mordwilkoju




of POPIAR

vagubunda (Walsh) feeding on the
leaf stipules: the poplar bud-gall
mite, Aceria parapopuli (Keifer),
attacking the new buds and newly
unfolding leaves: and the poplar gall
saperda, Saperda inornata Say
tunnelling into twigs and small
branches.

DEFECTS IN POPLAR:

Defects in poplar are receiving
greater attention from natural re-
source managers. forest products
users. nursery managers and urban
and rural land owners as poplars are
put to greater use. Defects may be
caused by occasional epidemics of
biological agents. but a more impor-
tant and persistent cause is weather.

FROST INJURY

Night frost alternating with warm
days during spring. tall and winter
months causes a freeze-thaw condi-
tion that damages living tissues in
the bark. leaf and sapwood of the
tree. All species and hybrids are
affected. Land form. night inver-
sion temperature. alternate layers of
cold and warm air. sudden invasion
of vold or warm gusty winds. clear-
ings. age and stand density influ-
ence the risk of frost damage. De-
fects in poplars caused by frost in-

Frost cankers and dieback in Rus-
sian Poplar showing dumage and
suhsequent wind-breahage.

clude girdling causing cankers and
diebacks and growth deformities
such as burls, brooms, leader proli-
feration and stunting. Other injury
includes delay in growth and leafing
out and interference with nutrient
up-take and storage. What actually
happens is the frost kills the tissues
in localized parts of the stem and
causes a weakening of the cells of
the cambia around or below the
killed portion. If the frost condition
is such that the stem freezes all the
way around or is girdled. dieback
occurs but if the tissue on only one
side of the stem is frozen a canker
will form at that spot. It takes only
two or three days for these symp-
toms to become visible. The cambia
below the dieback and around the
canker in the still-living part of the
stem is damaged but not Killed and
subsequent growth of these tissues
is abnormal. Shoot dieback results
in growth proliferation on the lower
living parts and gives rise to candela-
bra. forked leaders with narrow
crotches and in extreme cases round
crowns and a permanently stunted
condition. Frost cankered stems can
be very strong when vigorous burls
and frost ribs form around and
over the damaged parts in much the
way as in spruce. Spruce burls are
highly prized for decorative pur-
poses such as lamp or gate posts but
poplar burls are usually rough and
unattractive,

Gall and Rough Bark of Poplar:

The causal fungus (Diplodia
tumefaciens) infects current and
older woody stems including branch-
es and main roots of all species of
poplar and their hybrids. It can
survive on a living host indefinitely.
It does not kill the cambium but
stimulates it to produce abnormally
large amounts of inner bark and sap-
wood containing deformed cells.
It’s fruitifications produce water-
dispersable conidia and air-dispers-
able ascospores. Infections result in
galls or burl-like swellings that per-

2

Gall and rough bark caused
by Diplodia tumefaciens

sist indefinitely on branches but not
on the main stems where clearwood
usually overgrows the tumors. Pre-
cautions to reduce infection in-
clude: planting poplar away from
diseased trees. pruning and burning
infected branches and removing
severely infected trees.

Septoria Canker and Leat Spot

The causal fungus (Seproria
musiva Pk.) infects and Kills living
cells in leaves and thin bark of
nursery trees of most poplars ex-
cept aspen. It is not perennial and
renews itself by annual infections
that result in a localized leaf spot
and in a canker affected only after
the cambium is killed. The fungus
does not infect thick bark. nor
cause economic losses in fully es-
tablished of mature trees as once
thought. The canker reduces the
quality of the seedlings. rooted
stock and whips utilized for curt-
ings. Infections occur during the
short warm growing season and
cease when cool nights and early
frost effect an carly leatl drop. The
fungus overwinters on fallen and
attached leaves and produces ma-
ture air-borne ascospores in the

spring. m

N




The Resource

Interest in poplar as a commercia-
Ny important species has existed
across the prairies and, for that
matter, in North America for some
several decades, as match splints,
lumber and lumber type products,
peeler logs, pulpwood and fuelwood.
More recently greater attention has
been given poplar in the area of
pulpwood and other fibre products
such as flakeboard, particle board
and similar products. Recent in-
vestigations have indicated that as-
pen fibre has a potential use in
livestock diets.

Even greater consideration of
poplar as a commercially important
species, in league with spruce, pine
and fir, is evidenced by the number
of seminars, symposiums and con-
ference held in the past ten years on
the utilization of poplar.

In the prairie region of Canada
(Manitoba, Saskatchewan and Al
berta) recent forest inventories in-
dicate a volume of 355 million
cunits* of poplar. This volume in-
cludes both the trembling aspen and
balsam poplar species. The percent-

*4 measure of wood, equal to 100 cubic feet of solid volume.

One cunit equals about 1.17 cords.

UTILZATION  of POPIAR

age of balsam poplar included in
this volume varies from province to
province and ranges from 13 per-
cent in Manitoba to approximate-
ly 20 percent in Alberta. It is in-
cluded in this analysis because it is
harvested commercially for various
products and in varying amounts in
each of the provinces.

The volume of poplar expressed
in terms of annual allowable cut
amounts to 6.2 million cunits.

Harvesting Levels

The harvest of poplar on the
prairies is directed at the manu-
facture of conventionally or well-
known primary wood products.
Lumber, veneer, various types of
particle board, flakeboard or wafer
board, pulpwood in round and chip
form and fuelwood. In past match
splints were produced in Manitoba.

The current utilization level of
the poplar resource in the prairie
region is approximately 227,400 cu-
nits annually. This amounts to about
3.7 percent of the annual allowable
cut. Saskatchewan harvests the great-

est volume of poplar of the three
provinces (144,500 cunits), approxi-
mately triple that of Alberta and
four times that of Manitoba. ‘

Secondary and tertiary manu-
facture of primary products include |
plywood, studs, poplar slugs, grain |
doors, furniture components and
furniture, fish boxes and other con-
tainers, insulation material, various .
forms of exterior and interior
sheathing pallets and sewer cribb-
ing. |

An aspect of utilization that
should be considered is that per-
taining to provincial policies in the
management of poplar stands. Pro-
vincial policies in the past can be
briefly summarized by saying that
if a market existed producers were
awarded volumes deemed necessary
to meet the demand. The best
quality trees were selected from
stands over a two or three cut cycle.
Only the best logs of each tree were
used unless producers had mar-
kets for top and poorer quality
logs.

The management trend today is
towards complete utilization of

w
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whole trees and stands. Poplar sites
are reforested more easily and eco-
nomically to an optimum level of
stocking using a clear cut harvesting
method. Logging equipment in the
bush today aids the attainment of
this objective. .

Poplar Management policies on
the prairies can be summarized
thusly.

— Clear cutting of all poplar sites.

~ Limiting the overall size of clear
cuts and the management of
poplar on an acreage basis.

— Utilization to minimum top dia-
meters of four (4) inches inside
bark.

— Utilization of individual logs con-
taining up to 50 percent rot.

- Utilization of logs with external
defects (crook, sweep, etc.)

— The integrated use of all species
(coniferous and deciduous) in
mixed wood stands.

— Cutting and operating plans pre-
pared by producers, and approv-
ed by forest services, identify-
ing the maximum but sustained
utilization of poplar on their
licence areas.

— Where applicable insistence on the

development of manufacturing
plants capable of using both deci-
duous and coniferous species.

- The utilization of trees in poplar
stands to minimum stump dia-
meters.

— Penalties for under cutting allow-
able cuts of poplar volumes set
out in management areas plans
and licences.

- The responsibility of producers to
participate in active reforestation
programs.

— Encouraging the use of poplar
through the application of rates
of dues that are slightly lower
than those for coniferous species.
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FIGURES USED

Saskatchewan  balsam poplar 10.663.610 cunits) ¢9 115500
trembling aspen 58,451.890 cunits) =~

Manitoba balsam poplar 5.940.000 cunits) 46.097.142
trembling aspen  40,157.142 cunits) |, °

Alberta balsam poplar ~ 48.000.000 cunits) 540 9g0.0n0

192,000.000 cunits) '

Allowable Cut Actual Harvest
Saskatchewan 1,164,500 cunits 144,500 cunits
Manitoba 223,230 cunits 34.928 cunits
Alberta 4.800,00 cunits 48.000 cunits

Hylbrid Poplars in the Forest Zone of Saslgrchewan

The Northern Forest Research
Centre obtained white, gray and
trembling aspen hybrids from the
Research Branch of the Ontario
Ministry of Natural Resources in
the spring of 1971, to test their
adaptability to the harsh climate of
central Saskatchewan.

Cuttings were rooted in pots and
outplanted in the Prince Albert nur-
sery, Saskatchewan. Although height
growth was impressive during the
first growing season (average of
27). the current growth was not
hardened off when first frost occurr-
ed in the fall and all plants were
top-killed. In 1972 more cuttings of
these hybrids were obtained and
planted in the nursery. During the

following winter all plants were
completely killed, probably due to
the lack of deep snow cover. It
appears from this trial that hybrids
of white, gray and trembling aspen,
originating from Europe, Asia and
North America, are not hardy in
central Saskatchewan.

In 1971 and 1972 the Forestry
Branch planted the following hy-
brid poplars developed for the Prai-
rie Provinces on recent cut-over
areas of MacMillan Bloedel Com-
pany Limited in Hudson Bay. Sask-
atchewan.

Saskatchewan poplar
Walker poplar.
Vernirubens poplar
Brooks No. |
Trembling aspen (local)
Gelrica poplar

Dunlop poplar
Northwest poplar

Some of the planting sites were
cultivated prior to planting. This
preparation was beneficial for both
survival and subsequent growth of
the rooted cuttings, especially on
the older cutovers. Where natural
-aspen suckering provided shelter,
rabbits callsed considerable damage
to the planted material.

Based on preliminary observa-
tions by the Saskatchewan forestry
branch., Northwest, Vernirubens,
Saskatchewan and Walker show-
ed best performance in terms of sur-
vival. hardiness and height growth.
These results provide only early in-
dications on the performance of hy-
brid poplars under forest conditions
in Saskatchewan. 4a

'\l




WOOD PROPERTIES cont'd.

TABLE 1. Major Wood, Pulping and
Pulp Charactericsd

Characteristic Trembling Aspen White

Spruce
Specific gravity 105 100
Pulping rate 165 100
Alkali consumed 95 100
Pulp yield 125 100
Pulp strengthb 70 100

@ Relative to white spruce arbitrarily
designated 100.

b An average factor based on tear factor,
burst factor and breaking length.

Excessive amounts of cubical rots
could seriously affect yield and
quality of poplar kraft pulps. How-
ever. 10% white rot is probably
acceptable. White rot is the common
decay ih poplar and only the ad-
vanced stages present a problem in
pulping.

Poplar could be mixed with
common softwoods in the kraft
process up to a proportion by
weight of 10% without any detect-
able decrease in strength properties.
However, technical disadvantages

would include the maintenance of a_

constant hardwood: softwood chip
feed ratio, and selection of the most
suitable pulping schedule to mini-
mize the effects of different pulping
rates. There might also be problems
with customer acceptance of mixed
hardwood-softwood kraft pulps. The
mechanical pulps and specifically
the chemi-mechanical pulp from

poplar show excellent tear factors
compared with white spruce and
would find major outlets princi-
pally as newsprint, but also as maga-
zine and book stock.

Fibreboards. a product of the
mechanical pulping process, can be
manufactured just as well or better
from poplars as from softwoods be-
cause of their low density and good
quality fibres. However, due to eco-
nomic and market factors, the po-
tential for greater use of poplars in
fibreboards is somewhat limited at
present.

The rapid growth rates in the
particleboard industry, and the pre-
ference for relatively low-density
species in particleboards, promises
increased use of the poplar resource
in these products. The good com-
pressibility of poplars at low
pressures results in a board with a
smooth surface and adequate stren-
gth at low density. In Canada, wafer-
board has recently emerged as the
fastest growing segment of the
particleboard industry, and all exist-
ing and planned production is from
poplar roundwood.

The potential for increasing
poplar plywood production is not
high because of inadequate supplies
of high quality logs, and a number
of production difficulties caused by
tension wood, wet pockets, ring
shake and soft cores.

Lumber production, particularly
factory lumber, has been limited,
because of high decay incidence and
small diameter stands. Recovery for
framing lumber is more promising.

. * Environment  Environnement
Canada Canada
Forestry Service
Service des Foréts

Aspen lumber

Studies indicate that a satisfactory
recovery of 2-inch construction lum-
ber is attainable from at least 75%
of the merchantable volume of most
trembling aspen stands. In lumber
strength, the ‘‘northern aspen™
species group (inciuding trembling |
and largetooth aspen, and balsam |
poplar) is similar to the “spruce-
pine-fir’’ species group, and for
many uses the two groups are in-
terchangeable. Although the drying |
of poplar lumber presents some
difficultics due to the presence of
wet pockets, one commercial sche-
dule has recently been developed,
and further work is underway.

Because it lacks highly toxic ex-
tractives, poplar wood is quite sus-
ceptible to decay under conditions
favoring fungal growth. However, in-
dications are that, if properly dried,
aspen will take preservatives equal-
ly well or better than most soft-
woods. Hence there exists the po-
tential of using preservative-treated
poplar in applications which require
decay resistance. N

agement. Winnipeg.
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SITE INDEX CURVES FOR ASPEN IN THE PRAIRIE PROVINCES

Site index (SI), the average height of dominant
trees at a specified reference age, has been widely ac-
cepted and used to describe site quality and productivity
of even-aged, single-species stands. Trembling aspen
(Populus tremuloides Michx.) in Alberta, Saskatchewan,
and Manitoba usually grows in such stands.

Although the extensive aspen resource in the
B.18a Mixedwood Forest Section (Rowe 1972) generally
has been unexploited in the past, its use is now increasing,
and a need is emerging for information related to the
growth, yield, and productivity of aspen stands. One
specific need is for a common set of aspen SI curves for
the mixedwood forests of western Canada in a form that
would lend itself to computer processing.

Based on available data, the following equation
was developed to express the relationship between domi-
nant height, stand age, and SI:

Hgom = 11.2831X + 16.3545X2 - 29.9919X° -
27.3295X* + (1.0 + 0.5131X - 1.8902X? +
2.4873%3)S1

where X = (age - 50)/100

Using the above equation, height curves were
calculated for ages 10 to 80 years for SI classes of 12, 14,
16, 18, 20, and 22 m at age 50; they are illustrated in Fig. 1.
To estimate mean Hgom and age on a sample plot, three
or four trees are usually sufficient if the plot is stocked
primarily with one aspen clone or even with different
clones of similar height growth characteristics (Steneker
and Wall 1970). If several clones of different height
growth characteristics are present, some proportional
sampling scheme should be used to estimate Hgom. Hav-
ing an estimate of present Hgom and age, future height

can be found simply by following the curves to the
desired age and reading the corresponding height.

LE. Bella
J.P. De Franceschi

April 1980
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Figure 1. Site index curves for aspen.

DATA AND ANALYSIS

Site index curves may be prepared from measurements of
height and age in a number of stands or from stem analysis of
selected sample trees. An estimate of SI is available directly from
the latter using measured height at reference age and also from pro-
jected heights from other ages.

Three sets of data were used to prepare the SI curves
presented here:

1) walues read from hand-drawn S] curves (plot data) in an unpub-
lished report (CFS file A-9) on aspen growth and yield in central
and northern Alberta,

2) walues read from hand-drawn curves (plot data) published by
Kirby et al. (1957),

8) from stem analysis of 30 suitable dominant aspen trees around
80 years of age sampled near Hudson Bay, Saskatchewan. Field
sampling was done by the Aspenite Division of MacMillan-Bloedel
Ltd., and laboratory analysis was by the CFS.

For deriving the present SI curves, an approach was used
similar to that described by Johnson and Worthington (1963),
Johnstone (1977), and others. Plotting all data revealed that the two
sets of values read from the SI curves generally overlapped and were
well within the midranges of the stem analysis data,

Linear regressions for each 5-year age interval were de-
rived from these dats using the form:

Hgom > a+b SI

Each value read from the SI curves represented many more source

data points than the interpolated values from stem analysis. To

allow for this, arbitrary weights were assigned: 3 to the Alberta and
4 to the Saskaichewan points. These weights were related inversely
to the number of levels of SI curves (5 and 3, respectively) and
hence to the number of values read. Thus the values from the two
SI curves provided 27 data points compared to 29 points from the
stem analyses (data from onc tree was rejected).

To combine the above series of regressions, intercept
values (a’s) thus derived were fitted over age using polynomial
models conditioned to zero at age 50. A 4th-degree polynomial pro-
vided & satisfactory fit:

a = 0.0+11,2831X+ 16.364:5)(2 - 29.9919)(3 - 1!'7.329.":»){4
where X = (age - 50)/100, n = 16, R? = 0.999

Similarly, b coefficients were fitted over age using poly-
nomial models conditioned to equal 1.0 at age 50. The following
model provided a satisfactory fit:

b = 1.0+0.5131X - 1.8902X> +24873%>
where X = (age - 50)/100, n = 16, R? = 0,999

Substituting the regressions for a and b into the general
model (Hyqm =& + b SI) resulted in this final SI equation:

Hgom = 11.2831X + 16.3545X ° - 29.9919X " - 27.3295X"* +
(1.0 + 0.5131X - 1.8902X° + 2.4873X°)sI
where X = (age - 50)/100

For further information contact:
Northern Forest Research Centre

‘ Erwwonment  Envonnement
Caneda Canaca

Forestry Servce
5320 - 122 Street Servce des Fortrs
Edmonton, Alberta Mmnister 0f Supply and Services
T6H 385 (403) 435-7210 Canada 1960
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ABSTRACT
Using diameter increment data from thinning experiments

eonducted in 3-, 5-, and 6-year old aspen (Populus tremuloides
Michx.) stands in the Mixedwood forests of Alberta and Saskatchewan,
it was inferred that stand density has a significant effect on
growth, and crowding may reduce by half the diameter increment of
dominant and eodominant trees at an age as early as 5§ years. It
18 suggested that thimning, even at this early age, may be effective

for improving diameter increment in similar stands.

RESUME

Utilisant des domnées d'aceroissement de diamétre par
suite d'expériences d'éclaircies conduites en peuplements de
Tremble, Populus tremuloides Michx., de 3, 5 et B ans en forét
mixte en Alberta et en Saskatchewan, l'auteur conclut que la
densité du peuplement influe significativement sur la croissance,
et que' le resserrement peut réduire de moitié l'aceroissement du
diamétre d'arbres dominants et codominants Ggés d'aussi peu que 5 ans.
L'auteur suggére donec d’éclaircir des lore afin d'améliorer

1'aceroissement du diamétre en peuplements similaires.
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INTRODUCTION

The utilization of our aspen resource has accelerated
in the last decade and it is now of some economic importance. Its
future is especially promising. This means the coming of age of
aspen stand management, which requires related silvicultural
knowledge. Growth and development trends of young stands that have
become established after logging are of particular interest, first
because there is a relative lack of such information on these stands,
and secondly because here the manager has the opportunity to
influence future stand development with very little or no additional
cost by the way he conducts his logging operations in the parent
stand.

A recent study (Bella and De Franceschi 1972) provided
information on how logging practices influence the abundance of
sucker regeneration and on the course of early stand development in
terms of number of stems per acre. The present study evaluates
the effect of density on tree growth in juvenile stands. This
information can be of direct use to the forest manager, and it is
also needed in research work aimed at improving growth and yield

prediction techniques.

DESCRIPTION OF THE STUDY AREAS
The data for this analysis were taken from a thinning
experiment in juvenile aspen stands (Populus tremuloides gzchx.).
At two localities, tree and stand data from permanent sample plots
were obtained from stands treated at age 3 and 6 years (Hudson

Bay, Sask.) and at 5 years (Slave Lake, Alberta).

14




The stands were growing on what were considered average
sites for aspen at these locations. At establishment of the study,
care was taken to minimize site variation. At Hudson Bay the
soils were clay-loam with fresh to moist moisture regime; topography
was flat and elevation about 300 m (1000 ft). At Slave Lake the
soils were sandy silt-loam with fresh moisture regime. Topography
wés hilly and elevation about 600 m (2000 ft).

The stands were nearly pure aspen, with a sprinkling of
balsam poplar (P. balsamifera L.). In Saskatchewan, the young
stands originated after logging; in Alberta,‘afCer an extensive wild
fire. The forests at both localities belong t§ the Mixedwood Section,

B18a, of the Boreal Forest Region (Rowe 1972).

METHODS

The quickest way to obtain information on the effect of
density on tree growth is through sampling untreated stands of
different densities in the desired age group and sites using temporary
sample plots. Tree size characteristics are then related to stand
density using regression analysis. This approach, however, is
unsuitable in aspen stands because the species' clonal habit can
result in substantial differences in tree growth and size which tend
to obscure density effects. -

Growth-stand density information, however, can be obtained

experimentally from thinning studies. This method has the drawback

of providing information only at actual treatment levels (which.are




limited in number and yield discontinuous data) rather than over a
wide range of density conditions. As well, relationships derived
from data obtained in treated stands can be extrapolated to
untreated stands only with caﬁtion.

The present analysis was based on the first 2-year
increment data from strip and selection thinning experiments. The
strip thinning left 3-m (10-ft) parallel residual strips between
cut strips of 1.2, 1.8, 2.4, or 3.0 m (4, 6, 8, or 10 ft) width,
which were to represent different thinning intensities. Selection
thinning was done to .9 m (3 ft) and 1.2 m(4 ft) spacings. Figure 1
illustrates stand conditions and treatments at re-examination in
the autumn of 1974.

Six 3 x 3 m (10 x 10 ft) plots were established for each
treatment level and age group, including untreated controls, except
at Slave Lake, where selection thinning intensities were replicated
only three times (Table 1). There was a total of 120 plots. Data
from two plots from the 5- and from the 6-year-old stands were later
discarded because of damage, and in the 3-year-old stand the entire
selection thinning treatment had to be abandoned because of extensive
mortality from undetermined factors.

Measurements on the plots included a dbh tally of all trees
to the nearest .25 cm (1/10 in.); those under breast heigﬁf‘wéte
counted. In addition, individual tree measurement data in dbh

(to .01 cm) and height (to 3 cm or 0.1 ft) were obtained for 5-12




healthy dominant and codominant trees that had been tagged at plot
establishment. Two of these were the largest aspen trees on the
plot, while the remainder were selected from two 60-cm (2-ft)
wide strips adjacent to the open edge after strip thinning. Tagged
trees on the coptrol plots were selected also in two similar
strips on plot borders. On selectively thinned plots all residual
trees were tagged.

Covariance techniques were used in the analysis. This means
that trend lines of tree inq;ement over initial tree size (i.e.
diameter increment over dbh) were compared, rather than simply means

of tree increment between different treatment (stand density) levels.

Thus, initial differences in tree growth and dbh that might reflect
clonal or micro-site variations were considered, and appropriate |

adjusted means calculated for treatment comparisons.

RESULTS AND DISCUSSION

Two-year diameter increment trends of the tagged dominant
and codominént trees over initial diameter in 1972 are presented in
Figure'z. They show first of all that increment was dependent on
and increased with initial dbh, and secondly that the treatment
resulted in sggnificant differences between dbh increment trends
(those shown are different at .05 level probability). In all three
age classes increment was lowest in the control stand, higﬁzi iﬁ
the strip thinned, and generally highest in the selectively thinned

stands. No conclusive trends could be established for height increment.



In the 3- and 5-year-old stands, although the trends for
different treatments were at different levels, there was no
significant.difference between their slopes (i.e. rate of increase)
within an age group. This means that there was no real difference
in absolute response in diameter increment between dominant and
codominant trees of different sizes (dbh). Therefore, adjusted
treatment means were calculated using a common slope.

In the 6-year-old stand there was no significant dif-
ference between increment trends after strip and selection thinning,
so they were combined in a common regression line. The slope of
this common line for treated stands and that of the control stands
were not significantly different, so again adjusted means could be
calculated using a common slope.

Adjusted diameter increment means of tagged trees by
age and treatment are presented in Figure 3. The highest increase,
75%, occurred after selection thinning in the 5-year-old stand, while
after strip thinning the increase was half as much, i.e., 37%4. In
the 6-year-old stand, the two thinning treatments combined resulted
in nearly a 50% improvemeﬁt in diameter increment. The least improve-
ment in increment was 332, which occurred in the 3-year-old stand
after strip thinning.

The best growth and the best response to release- occurred
in the 5-year-old stand located at Slave Lake. The best growth
occurred despite the fact that this stand had the highest density of

the three stands studied. This high density however would explain




the particularly good response to thinning treatment. The superior
growth of aspen here seems to be related to environmental factors
that make this region almost optimal for the development of this
species.

Generally, these results indicate that there is already
a substantial negative density effect on stem growth at around 5
years of age in dense aspen stands. Even at this early age,
crowding may reduce diameter increment by as much as half of what
it could be under more open stand conditions. This is inferred
from accelerated diameter increment of up to 75% within two growing
seasons, after a reduction of density by selection thinning to .9 m
and 1.2 m (3 ft and 4 ft) spacings in dense young stands. It is
very likely that in subsequent years there would be an even greater
increase in diameter increment in the thinned stands, as it generally
requires more than 2 years for the affected trees to take full
advantage of increased growing space.

This conclusion is supported by the results of the study
on the effect ofﬁlogging practices on the development of new aspen
stands (Bella aﬁd De Franceschi 1972), where juvenile stands with
high initial deﬁéity suffered heavy mortality in the first 5 years
of their life. This also suggests overcrowding and density effects
in these stands. -

The response in tree growth was somewhat less pronounced
after strip thinning because initially at least, only trees immediately

adjacent to the open strip gained extra growing space, while those



farther in the residual strip were hardly affected. In other words,
this thinning creates unstocked areas in the cut strips, while
leaving stand density unchanged in the residual strips.

Although this analysis is not intended to evaluate the
effectiveness and relative merit of the two kinds of thinning
treatment for improving tree growth in dense juvenile aspen stands,
there is enough information here to say that even as early as 5
years of age, thinning treatments such as the above are effective

for the purpose of improving diameter increment. However, additional

measurement data are required for detailed evaluation.
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TABLE 1  STAND AND TREE STATISTICS AT STUDY ESTABLISHMENT IN 1972.
Number of Trees’ Diameter at breast heightb
Stand Number Average Minimum Maximum Average Minimum Maximum
Age of (per ha) (cm)
(years) Treatment Plots (per acre) (inches)
61,175 27,986 86,111 0.51 0.0 2.03
Strip thinning 24 24,757 11,326 34,848 0.20 0.0 1.2
_ 59,381 41,979 72,118 0.61 0.0 2.29
3 Selection thinning 12 24,031 16,988 29,185 0.24 0.0 0.90
64,583 40,903 83,958 0.52 0.0 2.03
Control 6 26,136 16,553 33,977 0.20 0.0 0.8
50,142 27,986 87,188 1.07 0.0 3.30
Strip thinning 24 20,292 11,326 35,284 0.42 0.0 1.3
| 46,105 23,680 74,271 1.22 0.0 2.79
3 Selection thinning 6 18,658 9,583 30,056 0.48 0.0 1.1
48,079 33,521 63,507 1.16 0.0 3.05
Control 6 19,457 14,375 25,700 0.46 0.0 1.2
| 29,915 17,222 50,590 1.61 0.0 4.06
Strip thinning 24 12,106 6,970 20,473 0.63 0.0 1.6
| 34,086 22,604 47,361 1.58 0.0 3,30
6 Selection thinning 12 13,794 9,148 19,166 0.62 0.0 1.3
I 33,189 22,604 46,285 1.68 0.0 3.56
Control 6 13,431 9.148 18,731 0.66 0.0 1.4

a Includes all living aspen and poplar trees on plot,

b Trees less than 1.37 meters (4.5 feet) in height were given dbh=0.0.
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An 8-year-old aspen stand in Hudson Bay, Sask., treated

2 years earlier:

Figure 1.

(a) selectively thinned to 1.2 m (4 ft) spacing,
(b) strip thinned, 3 m (10 ft) cut strips.
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ABSTRACT

Least-square equations were derived to predict the yield of
natural, fully stocked spruce-poplar stands of the Mixedwood Forest Section
in Alberta from age and site productivity. The equations give reliable
yield estimates, particularly for the softwood stand-component, over a
wide range of age and site conditions. Yield estimates, in metric units,
are tabulated for stands ranging in age from 20 to 140 years at 0.3 m
growing on sites ranging from 12.5 to 25.0 m at 70 years stump age. The
importance of considering both site quality and degree of utilization in

managing mixedwood stands is discussed.

RESUME

L'auteur a dérivé des équations des moindres carrés pour prévoir
le rendement des peuplements naturels entiérement remplis d'Epinette-Peuplier
de la section Foréts mixtes de 1'Alberta, du point de vue 2ge et producti-
vité. Les équations fournissent des évaluations de rendement fiables,
particuliérement chez les composantes de; peuplements re résineux, couvrant
une vaste gamme d'dges et de conditions de stations. Les estimations dé
rendement en unités métriques sont disposées en forme de tables pour les
peuplements agés de 20 a 140 ans a2 0.3 m, croissant sur des stations variant
entre 12.5 et 25.0 m, 4 1'8ge d'expleitation 70 ans. L'auteur nous renseigne
sur 1'importance de considérer a la fois la qualité de la gtation et le

degré d'utilisation dans 1'aménagement des peuplements mixtes.
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INTRODUCTION

White spruce (Picea glauca (Moench) Voss) is the most prominent
and commercially important conifer in Alberta. In 1972, this species ‘
made up about 45% of the gross merchantable volume of primary coniferous
growing stock on productive crown forest land in Alberta and constituted
74.1% of Alberta's total sawmill production (Teskey and Smyth 1975). A
large proportion of the province's white spruce inventory is located in
the Mixedwood Forest Section (B18a) of the Boreal Forest Region (Rowe 1972)
where the spruce-poplar is the dominant forest type. Stands in the
spruce-poplar type are composed principally of white spruce interspersed
with aspen (Populus tremuloides Michx.), but commonly contain some balsam
poplar (Populus balsamifera L.) and white birch (Betula papyrifera Marsh.).
These stands are most often of fire origin and therefore are usually
even-aged,

With the continued expansion of Alberta's forest economy, there

is an increasing need for reliable yield information upon which rational

forest management planning can be based. The only yield information

presently available for Alberta's spruce-poplar stands is that provided
by MacLeod and Blyth (1955). Although this information has been useful
in the past, it is available only in a tabular form that seriously limits
its use in today's computerized inventory and planning systems,

The purpose of this report is to present equations'}nd tables
in metric units for predicting the yield, to different merchantability
limits, of fully stocked spruce-poplar stands in the Mixedwood Forest
Section of Alberta's Boreal Forest Region. Although emphasis is placed
upon the softwood component of these.stands. an estimate of hardwood
yield is also provided.

METHODS AND MATERTALS
SOURCES OF DATA
The basic data used in this study were obtained from 167 Canadian
Forestry Service (CFS) plots plus 75 Alberta Forest Service (AFS) plots.
All of the plots were established in spruce-poplar stands located within
the Mixedwood Forest Section of Alberta's boreal forest (Fig. 1). The
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Figure 1, Distribution of sample plots in the B18a
(Mixedwood)

Section of the Boreal Forest
Region of Albertq

Edmonton

Calgary

Each dot represents one or more sample plots used in this study.



CFS plots, which varied in size (0.0l to 0.24 ha) and contained at least
100 trees in each, were located in fully stocked even-aged stands whose
stump age varied from 16 to 146 years. The AFS plots varied in size

from 0.08 to 0.20 ha and were located in "C" density (fully stocked)
stands that varied from 59 to 123 years in stump age. All plots contained
both white spruce and aspen, and some also contained a small component of
balsam poplar, white birch, balsam fir (4bies balsamea (L.) Mill.), and/or
black spruce (Picea mariana (Mill.) B.S.P.). Nonme of the plots contained
lodgepole pine (Pinus contorta Dougl. var. latifolia Engelm.) or tamarack
(Larix larieina (Du Roi) K. Koch).

A dbhob-tally by species was available for all plots. When
possible, separate height-diameter curves were used for each species in
each plot. Dominant height (hdom) measurement§ of the spruce were avail~-
able for all plots; a spruce site index (S) was assigned to each plot

using AFS site index curves (Fig. 2). For the softwood component (white

spruce, black spruce, and balsam fir) of each plot, the number of trees (N),

basal area (G), arithmetic~-mean diameter (d), quadratic-mean diameter
(dg: diameter of mean basal area), arithmetic-mean height (h), Lorey's
height (hL:‘ average height weighted by basal area), and average age (T)
of the spruce at stump height (0.3 m) were determined. Individual tree
volumes were calculated using Honer's (1967) equations (Appendix 1),
based upon the following size and merchantability standards:
1. Total volume (v; s)--trees > 1.5 cm dbhob and including
stump and top volumes
2. Small roundwood volume (v;,; 7)——trees > 11.7 cm dbhob
from a 0,3-m stum; to a 7.6-cm dib top
3. Large roundwood volume (v;4, 2)--trees > 14.2 cm dbhob
from a 0.3-m stump to a 10.2~cm dib top
4. Sawlog volume (v, g)——trees > 21.8 cm dbhob from a
0.3~m stump to a 15,2-cm dib top
For the hardwood component (aspen, poplar, and birch), total volume, using
the equations in Appendix 1, and basal area were determined. The means
and variations of the various stand characteristics analyzed are presented
in Table 1.



Figure 2, White spruce site
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Table 1, Summary of the stand characteristics of 242 sample plots of

spruce-poplar stands in the Mixedwood Forest Section in Alberta's
Boreal Forest Region

Stand characteristic Mean g::?::;gn Mi:izzm Mi:iﬂ:m

Softwood component:
S (m @ 70 yr) 20.6 3.5 12,0 30.0
T (yr) 81.5 30.9 16.0 146,0
hyon (m) 21.5 7.4 3.0 34.0
h . (m) 14,7 5.8 3.1 26.6
‘hi (m) 18.6 6.8 3.1 30.1
d (cm) 15.8 7.4 2.5 35.9
dg (cm) 17.4 8.0 2.5 37.9
N (/ha) 1 524.5 1 245,1 163.0 6 919.0
G (m?/ha) 24.2 10.3 0.2 49.5
Va,s (m® /ha) 205.2 113,8 0.3 510.3
V11,7 (m3 /ha) 177.8 113.0 0.0 475.0
Vis,2  (@®/ha) 163.3 112.2 0.0 460.8
V21,6 (@%/ha) 116.1 101.5 0.0 408.5

Hardwood component:
Vi,s (m®/ha) 149.9 81.8 0.0 413.1
G (m?/ha) 17.1 8.4 0.0 41.3

Entire stand: ‘ .
Vi,s (w®/ha) 355.2 124,5 48.5 609.0




ANALYSIS

In a preliminary analysis, all of the yield characteristics
for the softwood component were used as dependent variables, and site,
age, and various transformations and interactions thereof were used as
independent variables., This analysis indicated that many of the dependent
variables could not be estimated with a high degree of certainty using
only age and site. Further analysis indicated that the estimation of
arithmetic~average and quadratic-mean diameters- and basal area could
be greatly improved by using Lorey's height as an independent variable
in combination with site index and age. It was also found that all soft-
wood volumes could be reliably estimated using softwood basal area and
Lorey's height as independent variables. Because of the difficulty in
reliably predicting number of stems, and in order to ensure'agreement
in the interrelationship between number of stems, quadratic-mean diameter,
and basal area, it was decided to calculate number of stems from estimated
basal area and estimated quadratic~mean diameter. Both hardwood basal
area and volume correlated very poorly with all of the softwood stand
characteristics, so regression equations for the hardwood portions of
stands were not developed. However, because a fairly reliable equation
could be developed to predict the total volume (V1.5) cf the entire stand
(softwoods plus hardwoods), an estimate of hardwood total volume was
obtained by subtracting estimated softwood total volume from the estimated
total volume of the entire stand.

The following site index equation was derived by'a separate

analysis based upon the data presented in the AFS site index curves (Fig. 2):

hyon = 1.6466% + 0.4189X* - 0.0417X° - 0.0066X* + 0.00076x°
+ (1.0 + 0.03788X ~ 0.03074X2 + 0.00215X® + 0.00044X"
- 0.000047%%) - 8
Where: X = (T-70)/10
A detailed discussion of the derivation of this equation is presented in
Appendix 2,



RESULTS
YIELD EQUATIONS AND TABLES

Least-square regression equations and their associated statistics
for the various yield characteristics are presented in Table 2. Judged
on the basis of their coefficients of determination (R?) and standard
errors of estimate (sy-x)’ these equations appear to provide highly reliable
yield estimates, with the exception of basal area. In addition to develop-
ing yield tables, the stand-volume equations will provide quick, highly
reliable estimates when used in conjunction with horizontal point sampling
(p.p.8.), because estimates of both basal area (number of softwood trees
tallied x the basal area factor) and Lorey's height (arithmetic-mean
height of the tallied softwood trees) are readily available. In addition,
because the same regression model was used, the stand-volume equations
are additive, and consequently equations can be calculated to predict
volume differences between merchantability limits merely By subtracting
the corresponding regression coefficients (Johnstone 1976).

Yield estimates for fully stocked spruce-poplar stands from
20 to 140 years old and for a range of site productivities are presented
in tabular form in Appendixes 3 to 8. These tables were developed using
the yield equations in Table 2 and the site index equation derived in
Appendix 2. For each table, dominant height, arithmetic-mean height,
and Lorey's height were estimated for each age and site; then, arithmet-
ic-mean diameter, quadratic-mean diameter, and basal area were estimated
for each age, site, and corresponding estimated Lorey's height; next,
number of stems was calculated from estimated basal area and quadratic-mean
diameter, Finally, stand volumes were calculated from estimated Lorey's
height and estimated basal area. As noted previously, the total hardwood
volume was calculated by subtracting total softwood volume from the total
stand volume,

Because predicted values of Lorey's height and/or basal area
were used as independent variables in developing the yield table estimates,
the standard errors of estimate of the base equations (Table 2) are not
directly applicable to the tabular values. In order to obtain an indica-

tion of the precision of the estimates when predicted values are used,



Table 2., Yield equations for fully stocked spruce-aspen stands in the .
Mixedwood Forest Section of the Boreal Forest Region of Alberta

Softwood component:
b (m) = 42.598 - 1.055T ~ 127,538 Log; oT + 32.705T% % + 0,004(S-T)
n = 242 ' R = 0,866 s. _=214m
yex

hL (m) = 94.559 + 0,290T - 73,413 Log;oT - 59.260 Log;oS |

+ 5.717 (8%¢°.7%5) - 0,194 (s°+5.T) - 0.230 (S-T°%) |

n = 242 R? = 0,954 s = 1.47m

yex
d (cm) = 0.560 -~ 0.155T% 7% + 8,293 Log; ohy + o.oan2 - 0.017(S+h;)
n = 242 R? = 0,897 s = 2,40 cm

yex

dg (cm) = 0.481 - 0,132T7%75 4+ 8,254 Logioh, + o.ozmzL2 - 0,015(S*hy )

n = 242 R? = 0.927 s = 2,18 cm

X
G (m%/ha) = -20.005 + 0.006(T-S) + 36.886 Logiohy - 0.029(S+h))
n = 242 R? = 0.612 S .x = 6:46 n®/ha

N (/ha) = G/(0.00007854 dg?)

Vy,s(m®/ha) = -6.297 + 1,951G + 0.282h; + 0.317(Gh;)

n =-242 R? = 0.999 8,.x = 261 n®/ha
Vi1,7(m’/ha) = -10.117 - 1.219G + 0.632h; + 0.410(G-h)
n = 242 R? = 0,993 8 .x = 9-67 m/ha

Viy, 2(m’/ha) = -2,218 ~ 3,440G + 0,375h; + 0.482(Geh,)
n = 242 R? = 0,989 s

11.96 n’/ha
V21 e(n’/ha) = 27.317 - 8.441G ~ 0.781h; + 0.613(G-h)

n= 242 R? = 0,958 s

20.92 m®/ha
yex

Entire stand (softwood plus hardwood components):
Vi, s(m’/ha) = 66.021 + 3.213G + 11.81%h =:0.017(G-h, )

n = 242 R? = 0.676 s 71.37 m3/ha

yox .



two statistics, the aggregate difference (A.D.) and the mean absolute
deviation (M.A.D.), were determined for each yield characteristic of
the 242 plot observations using the following formulas:
AD. = 3¥ - I¥ x 1007
TY

M.A.D. = Z(]¥ - ¥])

n
Where: ? = estimated value of dependent variable

Y = observed value of dependent variable

n = number of observations
Aggregate differences and mean absolute deviations for the various yield
characteristics are presented in Table 3. The small magnitude of the
A.D.'s indicates that the estimates are essentially free from bias; how-
even, the M.A.D.'s indicate that some loss of precision has resulted
because predicted Lorey's height and/or predicted basal area were used

as independent variables.

INCREMENT AND ROTATION
The results in Table 4 clearly demonstrate the direct effect

of site productivity on mean annual increment (m.a.i.) and its inverse
effect upon the age at which the m.a.i.'s culminate. Although basal
area m.a.i. and the age at which it culminates are obviously affected
by site productivity (Table 4), basal area appears to reach a uniform
level of about 33.9 m?/ha at 140 years on a range of sites (Appendixes
5 to 8). This may account for the low correlation (r = 0.07) observed
between basal area and site index.

Rotation age is often selected to coincide with the age at
which mean annual volume increment culminates, because at this age the
stand will yield the maximum possible volume per acre per year. The
results presented show that the more completely these mixedwood stands
are utilized for small-sized material, the shorter will be the length
of the rotation. ‘On the other hand, if the stands are utilized for saw-
log material, a long rotation (in excess of 145 years) should be antici-

pated, and only the better sites should be managed for this purpose.
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Table 3, Aggregate differences (A.D.) and mean absolute deviations
(M.A.D,) for 242 sample plots of spruce-poplar stands when
predictions of Lorey's height and/or predicted basal area
are used as independent variables

Yield A.D, M.A.D. |
characteristic * , ) (¢ )

Softwood component:

“hyn -0.12 0.40 m
h 0.00 1.76 m
h 0.00 l.14m
d 0.45 2.34 cm
dg 0.43 2.31 em
N 2.24 . 509.57/ha
G -0.26 5.12 m?/ha
Vi,s -0.11 43.79 m®/ha
V11,7 . -0.04 39.06 m*/ha
Viu,2 | 0.03 37.08 m®/ha
V21,8 0.28 32,64 m®/ha

Hardwood component:
Vi s . 0,03 61.50 m%/ha

.

Entire stand:

Vi s ~0,05 ‘ 53.94 m®/ha




Table 4, Maximum mean annual increments! and the age at which they occur for the various stand characteristics
of fully stocked spruce-aspen stands in the Mixedwood Forest Section of the Boreal Forest Region in Alberta

Softwood Component

Site G Vi,s Vii,7 Viu,2 V21,6
Index

m.a.1. Age m.a.1, Age m.a.1. Age m.a.i. Age m.a.1i. Age

(m%*/ha)  (yr) (@*/ha)  (yr) (@®/ha)  (yr) (m®/ha)  (yr) m®/ha)  (yr)
12.5 .288 66 (2.02) (155) (1.88) (192) (1.82) (208) (-) (>220)
15.0 «325 56 ?.25 132 (2.09) (165) (2.03) (179) (1.74) (202)
17.5 »357 49 2,46 117 (2.28) (147) (2.22) (160) (1.92) (180)
20.0 .382 44 2,63 105 2,45 135 2,40 (147) (2.08) (165)
22,5 403 40 2,75 97 2,59 126 2,53 137 (2.21) (154)
25.0 418 37 2,84 90 2,68 119 2,64 130 (2.32) (146)

IM.a.1.'s determined by dividing estimated basal area énd volumes by age

2 (Bracketed values are beyond range of tables (Appendixes 3-8))

1t
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Culmination of m.a.i. of the hardwood and the hardwood plus softwood
components will occur much earlier than for the softwood component alone
because the hardwoods are somewhat older than the softwoods, and the

hardwoods-~particularly aspen and poplar-exhibit a much faster juvenile
growth rate than the softwoods.

- DISCUSSION

The equations and tables presented provide yield estimates
for fully stocked spruce-poplar stands in the Mixedwood Forest Section
of Alberta. Emphasis is placed on the spruce component because of its
current economic importance in the province. If used in conjunction
with overstocked or understocked stands, an adjustment for stocking should
be made, preferably based on volume,

The results demonstrate the importance of considering both
site quality and degree of utilization in selecting rotation ages and
making wood supply projections for mixedwood stands. The higher the
degree of utilization of smaller trees, as well as stumps and tops, the
shorter the length of rotation. Generally, the rotation ages observed
agree with those suggested for spruce-aspen stands in Alberta by Macleod
and Blyth (1955) and in Saskatchewan by Kirby (1962). The results also
suggest that only those stands growing on high-quality sites should be
managed for sawlogs.

The equations and tables presented in this report are intended
for interim use only. The inherent weaknesses in normal yield tables
are widely recognized, and the range of the basic data was by no means
all-encompassing. As the province'sfsoftwood allowable annual cut becomes
more fully committed, the hardwood component of the mixedwood stands will
no doubt become more important, as will the need for more sophisticated
information on hardwood yields.
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In the following equations d = dbhob (in.) and h = total tree

height (ft).

1.

2.

White spruce’:

vy,s (@)= I . 0.0283168
1.440 + (342.175/h) .

vii,7 @) = v; s * (0.9611 - 0.2456X - 0.6801X?)

Where: X =f 3.0 \* .{ 1.0 +1.0
d h

vis,2 @%) = vy s » (0.9611 - 0.2456X ~ 0.6801X>

Where: X ={ 4.0 \2 .( 1.0 + 1.0
d h

v2i,8 @) = vy s . (0.9611 ~ 0,2456X - 0.6801X%)

Where: X =[ 6,0 \* .{ 1.0 + 1.0
d h

Black spruce:

vi,s (@) -{ a2 ] . 0.0283168

1.588 + (333.364/h)

vii,7 @) = vy s + (0.9526 - 0,1027X - 0.8199X?)

Where: X =f 3.0 \* ., [ 1.0+ 1.0
d h

Vie,2 (@) = vy s o (0.9526 - 0,1027X - 0.8199X2)

Where: X =[ 4.0 ¥ - { 1.0+ 1.0
d h

v21,8 (@) = vi s » (0,9526 - 0.1027X - 0.8199X?)

Where: X =f 6,0 \* - { 1.0 +1.0
d h

INDIVIDUAL TREE GROSS~VOLUME EQUATIONS (Honer 1967).
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3. Balsam fir:

vi,s (m®) = 42 . 0.0283168
2.139 + (301.634/h)

vi1,7 (®%) = v; 5 + (0.9352 - 0.0395X - 0.8147X?)

Where: X = [ 3.0 \* . [ 1.0+ 1.0
d h

viu,z (@) = v; 5 + (0.9352 - 0,0395X - 0.8147X2)

Where: X = f 4.0 \* . [ 1.0+ 1.0
d h

vai,e (@) = v, 5 + (0.9352 - 0.0395X - 0.8147X2)

Where: X = [ 6.0 \>2 . ( 1.0 + 1.0
d h

4, Aspen?:

q
vi,s (m®) = d? . 0.0283168
—0.312 + (436.683/h)

5. Balsam poplar?:
vi,s (0®) = 42 . 0.0283168
0.420 + (394.644/h)

_J -

6. White birch:
vi,s @) = d? - 0.0283168
2.222 + (300.373/h)

'An indication of the allowances to be made to white spruce volumes
for decay and cull are given by Nordin (1956) and Kabzems (1971).

2Decay losses for aspen and balsam poplar have been reported by Thomas
et al. (1960).
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DERIVATION OF SITE INDEX EQUATION.

In this study the assessment of site productivity was based

upon the site index curves shown in Fig. 2, for which there was no

equation, It was deemed desirable, therefore, to develop an equation

for future use based upon these curves., This equation was developed

in the following manner:

1.

3.

4,

Dominant height at 5-year age-intervals, from ages 20 to 140
we?e obtained for site index classes 50 to 90 from Fig. 2,
All height and site values were converted from feet to
metres using the factor of 0,3048.

Using the following general model, a simple linear regres-
sion was derived with dominant height (hdom) as the dependent
variable and site index (S) as the independent variable

for each 5~year age-interval (i):

h &= bo + bl S

The intercept values (by regression coefficients) determined
for each age-interval were then related to age using a
least-square polynomial. The polynomial was conditioned
to ensure that the imtercept was equal to 0 when age was
equal to 70 years (index age). A fifth~degree polynomial
was required to satisfactorily fit the coefficients (Fig. 3).
The derived polynomial is?

$o = 0. + 1.6466X + 0.4189%X% - 0.0417X°

- 0.0066x"* + 0,00076X°
n =26 R?®=0.999 5. = 0-183

Where: X = (T - 70)/10



5.

17

Similarly, the slope values (b; regression coefficients) from each
age-interval were related to age using a fifth-degree polynomial
conditioned to equal 1.0 at index age (70 years). The following
regression was derived and is shown in Fig. 4
b, = 1. + 0.03788% - 0.03074X? + 0.00215%"
+ 0,00044X" - 0.000047X°

n= 26 R? = 0,999 s = 0,0098
yex

6. Substituting the ﬁo polynomial for by and g; polynomial for b; in
the general model (step 3) produces the following anamorphic site
index equation:

hyom = 1.6466X + 0.4189%% - 0.0417x® - 0.0066X" + 0,00076X°
+ (1.0 + 0.03788X - 0.03074X2 + 0.00215X% + 0.00044x"
- 0.000047%%) « S
A
n=128 R2=0,999% & _=0.29n
bARS
Where: X = (T - 70)/10
2 a ss
R? SStotal - residual
SStot:al
b Py
gy-x =2 ssresidual
n-m-1
Y 62
Where: SSresidual = X(Y - Y)
sstotal = gum of square of Y

observed value of dependent variable

estimated value of dependent variable

number of observations

B B i
]

number of independent variables
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Figure 3. The reiationship between stump age ond the intercepts of the dominant height / site index
regressions.
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Figure 4. The relationship between stump age ond the slope coefficients of the dominant height / site

index regressions.
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APPENDIX 3.

YIELD PER HECTARE OF FULLY STOCKED SPRUCE-ASPEN STANDS

Site index 12.5 (@ stump age 70 years)

SOFTWOOD COMPONENT, ' HDWD. CoMpP,, ENTIRE
MAINLY SPRUCE MAINLY ASPEN STAND

Stump Dom, Mean Lorey's A, mean Q. mean Basal No. of Cubic-metre volume (ib) of trees with: Volume (1b) Volume (ib)
age height height height diam, diam, area stems dbhob dbhob dbhob dbhob >1,5 cm dbhob >1.5 cm dbhod
(yr) (m) (n) (m) (cm) (cm) (m?) >1.5cm  21.5cm 211.7 cm 214.2 cm 321.8 cm T mY) T (%)
20 3.4 2.8 3.7 3.5 3.7 1.0 870 0.0 0.0 0.0 0.0 112,3 112,3
30 5.1 3.2 4,2 3.6 3.9 3.7 3159 7.1 0.0 0.0 0.0 120.3 127.4
40 6.7 4.9 5.8 4.5 4.9 9.0 4675 29.2 3.8 0.0 0.0 132.9 162.0 ¥
50 8.5 6.9 7.6 5.7 6.2 13.5 4424 55.0 20.5 3.9 0.0 142.9 197.9
60 10.4 8.8 9.6 7.0 7.7 17,2 3709 82.1 42,4 21.4 0.0 149.4 231.3
70 12.5 10.6 11.4 8.4 9.3 20.1 2997 109.3 67.1 43.9 0.0 152.8 262,1
80 14,6 12,0 13.2 9.9 10,9 22,6 2410 136.3 93.4 69.2 9.7 153,7 290.0
90 16.7 13.2 14.9 11.5 12,7 24.6 1956 162.7 120,2 96.1 33.3 152.8 315.5
100 18,7 14.1 16.5 13.2 14.4 26.4 1612 188.3 147.1 123.5 58.9 150.4 338.7
110 20.5 14,7 18.0 14,8 16.2 28,0 1352 213.1 173.6 151.0 85.6 146.9 360.0
120 21.9 15.1 19.3 16.5 18.0 29.4 1154 237.0 199.5 178.1 112.6 : 142.4 379.4
130 23.1 15.2 20.6 18.1 19.7 30.7 1003 259.9 224.7 204.6 139.5 137.3 397.2
140 24.1 15.2 21,7 19.6 21.4 31.9 886 282.0 249.0 230.4 166.0 131.5 413.5




APPERDIX 4. YIELD PER HECTARE OF FULLY STOCKED SPRUCE~ASPEN STANDS

Site index 15.0 (@ stump age 70 years)

SOFTWOOD COMPONENT, HDWD, coMP., ENTIRE
MAINLY SPRUCE : MAIRLY ASPEN STAND
Stump Dom. Mean Lorey's A. mean Q. mean Basal No. of Cubic-metre volume (4b) of trees with: Volume (ib) Volume (ib)
age height height height dien. diam, area stems dbhob dbhob dbhob dbhodb 21.5 cm dbhob 21.5 cm dbhodb
(yr) (m) (m) (w) (cm) (cm) (n?) >1.5cm 21.5cm 211.7 cm 214.2 cm 221.8 cm n*) (»?)
20 3.9 3.0 3.7 3.4 3.7 1.2 1143 0.0 0.0 0.0 0.0 113.8 113.8
30 6.0 3.5 5.0 4.1 4,4 6.2 4031 16.9 0.0 0.0 0.0 127.1 144.1
40 8.2 5.3 7.0 5.3 5.8 11.8 4441 44,7 13,8 0.0 0.0 140.5 185.3
50 10.5 7.4 9.2 6.7 7.4 16.1 3750 74.9 37.1 17.6 0.0 149.6 224.4
60 12,8 9.4 11.4 8.3 9.2 19.4 2956 105.3 64.5 42,3 0.0 154.5 259.8
70 15.0 11,3 13.5 10.0 11,1 22.1 2305 135.3 93.9 70.7 13.1 156.3 291.6
80 17.2 12,8 15.4 11.9 13.0 24.3 1818 164.4 123.8 100.7 . 40.0 155.7 320.1
90 19.2 14,1 17.2 13.7 15.1 26,2 1465 192.4 153.5 131,3 69.0 153.4 345.8
100 21.0 15.1 ‘18.8 15.6 17.1 27.8 1209 219.3 182.6 161.5 98.8 149.7 369.0
110 22,6 15.8 20.3 17.4 19.1 29,3 1021 245.0 210.7 191,1 128.6 144.9 389.8
120 24,0 16.3 21.6 19.2 21.0 30.6 883 269.5 237.7 219,7 157.8 139.2 408.7
130 25,1 16.5 24.8 20.9 22,8 31.9 779 292.8 263.6 247,2 186.2 132.9 425.1

140 26,0 16.6 23.9 22,4 24.5 33.0 700 315.0 288.2 273.4 213.5 . 126.0 441.1




APPENDIX 5.

Site index 17,5 (@ stump age 70 years)

YIELD PER HECTARE OF FULLY STOCKED SPRUCE-ASPEN STANDS

SOFTWOOD COMPONENT, HDWD. COMP., ENTIRE
MAINLY SPRUCE MAINLY ASPEN STAND
Stump Dom. Mean Lorey's A, mean Q. mean Basal No. of Cubic-metre volume (ib) of trees with: Volume (ib) Volume {(1b)
age height height height diam, diam, area stems dbhob dbhob dbhob dbhob >1.5 cm dbhob >1.5 cm dbhobd
(yv) (m) (m) (w) (cm) (cm) (m?) 21.5cm  2l.5em 211.7 cm 214.2 cm 221.8 cm = m) R %) ]
20 hoh 3.2 3.9 3.5 3.7 1.9 1791 1.0 0.0 0.0 0.0 117.3 118.3
30 7.0 3.8 5.8 4.5 4.9 8.3 4362 26.5 3.0 0.0 0.0 133.3 159.8
40 9.7 5.7 8.2 5.9 6.5 13.8 4089 58.8 24,7 8.1 0.0 146.7 205.5
50 12.5 7.9 10.7 7.6 8.4 17.8 3200 92.2 53.5 32.8 0.0 154.8 247.0
60 15.1 10.0 13.1 9.5 10.5 20.9 2413 125.1 85.2 63.1 9.0 158.6 283.7
70 17.5 12.0 15.4 11.5 12.7 23.3 1836 156.9 117.9 95.8 37.9 159.3 316.3
80 19.7 13.6 17.4 13.6 15.0 25.3 1433 187.4 150.3 129.1 69.6 157.8 345,2
90 21.6 15.0 19.2 15.7 17.3 27.0 1153 216.3 181.8 162.1 102.2 154.6 370.9
100 23.3 16.1 20.8 17.7 19.5 28.6 956 243.9 212.1 194.0 134.6 149.9 393.8
110 24.8 16.9 22.3 19.7 21.6 30.0 815 270.0 241.1 224.8 166.2 164,2 414,2
120 26.0 17.5 23.6 21.5 23.6 31.3 714 294.8 268.6 254.1 196.6 137.6 432.4
130 27.0 17.8 26.’7 23.2 25,4 32,5 640 318.3 294.7 281.9 225.5 130.3 448.6
140 27.8 18.0 25.7 24,7 27.0 33.7 586 340.6 319.4 308.2 252.9 122.4 462.9

v



APPENDIX 6. YIELD PER HECTARE OF FULLY STOCKED SPRUCE~ASPEN STANDS

Site index 20,0 (@ stump age 70 years)

SOFTWOOD COMPONENT, HDWD, COMP., ENTIRE
MAINLY SPRUCE : MAINLY ASPEN STAND
Stump Dom. Mean Lorey's A. mean Q. mean Basal No, of Cubic-metre volume (ib) of trees with: Volume (ib) Volume (1ib)
age height height height diam, diam, area stems dbhob dbhob dbhod dbhob >1.5 cm dbhob >1.5 cm dbhod
(r) (w) (m) (=) (cm) (cm) (m?) 21.5cm  21.5cm >11.7 cma 3>14.2 cm >21.8 cm T @) T (%)
20 4.9 3.4 4,2 3.5 3.8 2.8 2485 4.1 0.0 0.0 0.0 120.0 124.1
30 7.9 &1 6.5 4.8 5.3 9.9 4462 35.3 8.4 0.0 0.0 138.6 173.9
40 11.2 6.1 9.4 6.5 7.2 15.2 3754 71.0 35.5 17.5 0.0 151.9 222.9 :
50 14,4 8.4 12.1 8.4 9.3 18.9 2772 106.7 68.5 47,7 0.0 159.4 266.1
60 17.4 10.6 14,7 10.5 11.7 21,7 2022 141.2 103.3 82,2 27.9 162.6 303.8
70 20.0 12,7 17.0 12,8 14.2 23.9 1512 174.1 138,2 117.9 61.4 162.8 336.9
80 22,2 14,4 19.1 15.1 16.7 25.8 1173 205.1 172,0 153.2 96.2 160.8 365.9
90 24,1 15.9 20,9 17.4 19.2 27.4 945 234,5 204.5 187.5 131.0 157.0 391.5
100 25.6 17.1 22,5 19.5 21,6 28.8 790 262.3 235.5 220.4 164.8 151.7 414.1
110 26.9 18,0 24,0 21.6 23,7 30.2 681 288.6 264.8 251.6 197.2 145.3 434,0
120 28.0 18.7 25.2 23.4 25.7 31.5 605 313.5 292.5 281.1 228.0 137.9 451.4
130 29.0 19.1 26.‘ 25.0 27.5 32,7 551 337.1 318.6 308.9 257.0 129.6 466.7
140 29.7 19.4 27.1° 26.4 29.0 33.9 514 359.4 343.1 335.0 284.0 120.7 480.1




APPENDIX 7. YIELD PER HECTARE OF FULLY STOCKED SPRUCE~ASPEN STANDS

Site index 22.5 (@ stump age 70 years)

kY

SOFTWOOD COMPONENT, HDWD, COMP,, ENTIRE
MAINLY SPRUCE MAINLY ASPEN STAND

Stump Dom. Mean Lorey's A, msan Q. mean Basal No. of Cubic-metre volume (ib) of trees with: Volume (ib) Volume (1d)

age height height height diam, diam, area stens dbhob dbhob dbhob dbhod " 21.5 cm dbhod >1.5 cam dbhod

(yr) (m) (w) (w) (cm) (cm) (=?) 21,5 >1.5cm 211.7 cm 2142 cm >21.8 cm (»*) (»*)
20 5.4 3.6 4.4 3.6 3.9 3.7 3105 1.4 0.0 0.0 0.0 122.8 130.1
30 8.9 4.4 7.3 5.1 5.6 11,1 4477 42.9 14,0 1.2 0.0 143,3 186.2
40 12,7 6.5 10.4 6.9 7.7 16.1 3468 81.1 45.4 26.9 0.0 156.6 237.7
50 16.4 8.9 13.4 9.0 10.1 19,5 2443 118.4 81.5 61.4 11.9 163.8 282,2
60 19.7 11,2 16.0 11.4 12,7 22,1 1736 153.7 118.4 98.6 45.6 166.9 320.6
70 22.5 13.4 18.4 13.9 15,5 24,1 1283 186.9 154.5 136.1 82.0 167.1 353.9
80 24,7 15.2 20.6 16.4 18,2 25.8 993 218.1 189.0 172.6 118,8 164.9 383.0
90 26,5 16.8 22,4 18.8 20.8 27.3 804 247.6 221.9 207.4 154.6 160,.8 408.3
100 27,9 18.1 24.0 21.0 23,2 28.7 677 275.4 253.0 240.6 189.0 153.1 430.4
110 2.1 19.1 25.4 23.0 25.4 30.1 592 301.7 282.4 2711.9 221.7 148.0 449.7
120 .1 19.9 26.5 24,8 27.4 31.4 533 326.6 310.0 301.4 252,3 139.8 466.4
130 30.9 20.4 27.’5 26.3 29.0 32.7 494 350.2 336.0 329.0 281.0 130.6 480.8

140 3.6 20.8 28.3 27.5 30.3 34.0 470 372.6 360.3 354.7 307.4 120.5 493.1

~-




APPENDIX 8, YIELD PER HECTARE OF FULLY STOCKED SPRUCE-ASPEN STANDS

S8ite index 25.0 (@ stump age 70 years)

SOFTWOOD COMPONENT, BDWD, COMP,, ENTIRE
MAINLY SPRUCE ‘ MAINLY ASPEN STAND
Stump Dom, Mean Lorey's A. mean Q. mean Basal No. of ‘Cubic-metre volume (ib) of trees with: Volume (1b) Volume (1b)
age height height beight diam, diam, area stems dbhob dbhob dbhob dbhob 21.5 ca dbhob 21.5 cm dbhod
(1) (») =) (m) (cm) (cm) (n?) 31.5cm >1.5cm >11.7 cm 214.2 cm 321.8 cm (»*) ')
20 5.8 3.t 4.7 3.6 3.9 4.4 3641 10.4 0.0 0.0 0.0 . 125.4 135.8
30 9.8 4.7 1.9 5.2 5.8 11.9 4472 . 49.3 19.3 5.4 0.0 147.4 196.7
40 14,2 6.9 11.3 7.2 8.1 16.7 3238 89.2 54.1 35.7 0.0 161.0 250.2 5
50 18.4 9.4 14.5 9.5 10.7 19.8 2192 127.2 92.3 73.1 24.4 168.3 293.7
60 22,0 11.8 17.3 12.1 13.6 22.1 1525 162.7 130.3 112.1 61.1 171.9 334.5
70 25.0 14.1 19.7 14.7 16.5 24,0 1118 195.8 166.8 150.4 99.2 172.2 368.0
80 27.3 16.0 21.8 12.3 19.4 25.6 866 226.8 201.5 187.2 136.8 : 170.1 396.9
90 28.9 17.7 23,7 19.8 22,1 27.0 705 256.0 234,.3 222.2 173.0 165.9 421.9
100 30.2 19.1 25.2 22,0 24,5 28.4 600 283.6 265.2 255.2 207.4 159.8 443.4
110 1.2 20.2 26.5 24,0 26.7 29.8 532 309.9 294,53 286.3 239.8 152.2 462.0
120 - 32.1 21.1 27.6 25.7 28.5 31.1 487 334.8 322.0 315.5 270.1 143.1 A77.9
130 32,9 21,7 28.’5 27.0 30.0 32.5 460 358.6 347.8 342.9 298,2 132.8 491.4
140 33.4 22,2 29.2 28.0 31.1 33.9 4a3 381.2 372.0 368.3 324.0 121.3 502.6
. v




ASIPH N CLONES
Their Significance and Recognition

Trembling aspen has a number of characteristics which dif-
fer from most other tree species: it grows on a wide variety of
sites, has a short life span ond usually reproduces by means of
root suckers. A group of such suckers, having developed through
repeated vegetative reproduction from the root system of a tree of
seed origin, is colled ¢ CLONE, while individual trees making up
the clone are called ramets. Most aspen stands consist of a mos-
oic of clones of varying size and form.

The aim of this brochure is to increase the general aware-
ness of aspen clones among resource managers and naturalists
and to point out ways in which such awareness can assist in the
manogement and understanding of aspen stands. In addition, tree
characteristics useful for the recognition of clones are described.

Sucker development on the lateral root of @ cut tree.
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Development of Clones

Trembling aspen'is a prolific seed producer as indicated by
the snow-flurry-like quantities of seed released during the first
weeks of June. However, due to the exacting requirements for ger-
mination and seedling establishment, few seeds produce trees.
Instead, regeneration is almost exclusively by means of suckers
which develop from the lateral roots of porent trees. 'y

Abundant sucker regeneration following clear-cutting.

Removal of the parent trees by cutting or burning results in
increased soil temperatures through exposure to direct sunlight,
which in turn stimulates sucker growth. Removal of all trees sim-
ultoneously will result in on even-aged and fairly evenly spaced
stand of suckers, while incomplete removal of the old stand will
result in uneven sucker development with many large openings of-
ten leading to invasion by shrub species.

Suckers grow quickly during the first few years by drawing
upon the extensive root system of their parent trees. These par-
ent roots extend far into the soil and provide the young trees with
an abundance of nutrients and moisture. The resulting initial
growth rate of the suckers easily exceeds that of most other veg-
etation grown under similar conditions of climate and soil.

In all probability successive reproduction through sucker-
ing has been going on for centuries, so, while an individual tree
in a clone may not live more than 100 to 150 years, the age of
the clone to which it belongs could well date back several thou-
sands of years.

'Poéulus tremuloides (Michx.)




Clones vary in size
and generally overlap one another.

By repeated suckering clones may eventually occupy large
areas. In porklend communities, clones can encroach upon grass-
lond vegetation, while in upland forest communities one clone can
expand at the expense of others through better suckering ability
and superior growth. Observations in several upland aspen stends
in Manitoba have shown clone size to vary from'a few yards (one
or two trees representing o clone) to several acres.

Significance of Aspen Clones

In forest stands, each individual tree of seed origin has its
own genetic make-up, oand responds in its own particular way to
prevailing environmental conditions. In trembling aspen stands of
sucker origin the clone takes the place of the individual. There-
fore, adverse conditions such as drought, early or late frost, at-
tack by insects or disease, will tend to affect an entire clone sim-
ilarly, while the effect on another clone exposed to the some con-
ditions can be quite different.

Since most aspen stands are of sucker origin, it is essen-
tial in the manogement of this species that the clonal growth hab-
it be taken into consideration. The following discussion outlines
areas where conventional practices, used in stands of seed origin,
will lead to pitfalls when applied to aspen. Other approaches are
suggested.

1 Stand Inventory and Site Productivity

An accepted way of taking stand inventory and determining
growth performance in relation to site in stands of seed origin is
by calculating stand volume and average dominant height on small
sample plots and reloting these growth features to stand age. In
aspen stands such plots may often contain only o single clone.
Meosurement of trees for height and diometer in such plots is,
therefore, essentially the meosurement of one individual. There-
fore, a good estimate of volume and dominant height for the stand
os a whole is not obtained, since all trees making up the clone
within the sample plot exhibit a similar growth pattern. The full
range of diameters and heights within the stand is therefore not
sampled. Measurements confined to o single clone can either over,
or under estimate productivity in terms of height by as much as
25 per cent and volume production by much greater percentages.
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Measuring height and diameter in order to determine stand velume and tree growth.

Observations in some 30- to 40-year-old stonds on the some
site in Monitoba have shown height differences, between domin-
ant trees of different clones, of up to 10 feet. Furthermore, it is
possible that superior clones on o medium site may perform bet-
ter than inferior clones on a good site.

Clearly, estimates of standing volume and site productivity
should be based on the performance of five or more clones. A reli-
able estimate of stand growth is not likely to be obtained if only
one or two clones are sampled. Since time often does not permit
the identification and separation of clones, sampling aleng @
transect should have the desired effect.

Plot location may lead to on over, or under estimation of
stond volume and tree growth depending on clonal variation.

*..-rp'.;,.'[?\ [ASTT TN




Fruiting bodies of
Somes igniarius ore an
‘ndication of severe
stem decay.

2 Estimation of Cull Losses

Cull studies in the past have shown extreme variation in
decay within an age group. This voriation has been so great that
suggested rotation ages, based on average cull volumes ot a given
age, are frequently of questionable value. Recent examination of
several stands have shown clones, heavily riddled with Fomes
igniarius (the main trunk rot fungus in aspen) occurring beside
clones practically free of the fungus.

Other indicators of stem quality, e.g., branchiness, burls,
cankers, may vary from clone to clone in the same locality. It

follows that the some precautions must be followed as in estimating

stond volume and site productivity. In any locality several clones
must be sampled. Since decay percentage between clones in mat-
vre stonds can vory from O to os high as 80 per cent, somewhat
more thon the five or six clones stipuloted before may be neces-
sary to obtain o good estimate of cull. Transect sampling could
also be used.

3  Selection of Superior Clones

Here the growth habit of clones offers a distinct advantage

over stands of seed origin since:

(a) observation of the qualities of a clone is much easier
when a number of individuals—rather than o single
specimen~exhibit such qualities;

(b) features that are commen to all individual trees of o
clone are likely to be genetically rather thon environ-
mentally controlled, and will therefore tend to be retain-
ed when the selected material is propagated.

Selection will depend on the purpose for which the clones
are required. It is possible to improve aspen as a source of pulp
since interclonal voriation in pulping properties, such as fibre
length and strength, has been detected. Variation among clones
in stem form, branching habit, natural pruning, bark characteris-
tics and resistance to insects and diseases could be used in the
selection for shelterbelts and recreational areas.

. Knowledge of the clona! habit should find immediate applic-
ation in the evaluation of the aspen resource, particulorly with
reference to estimotes of productivity and quality of stands. The
selection of superior native aspen stock is at present restricted
by a lack of intensive management and by poorly developed meth-
ods of artificial propagation.

Male and femole




[V

B R R L ey

flowers and fruit of aspen.

Recognition of Clones

Clone recognition is based on the fact that trees within a
clone have the same genetic make-up, and tend to show o similar
response to a given environment, while frees from different clones
generally will not.

Following are a number of features and characteristics
which can be used, by themselves or in combination, to distin-
guish between clones:

1 Flowering

Male and female flowers occur on separcte clones. In the
prairie provinces flowering occurs in late April and early May.
All trees within a clone develop their flowers simultaneously, al-
though clones themselves flower at different times. Observations
in Manitoba have shown that male flowers appear before female
flowers. Male ond female flowers look very much alike from o dis-
tance and caoreful examination is required to distinguish between

them.

Female clones are most easily recognized during the latter
stages of flowering before leaf flushing, when the fruits on the
cotkins give a green tinge to the tree crown. Male flowers hove
vsually been shed by this time.




2, Leaf Flushing and Leaf Fall

Leaf flushing and leaf fall occur simultaneously for all
trees within the clone. Earliest and latest flushing clones may
be one to three weeks cpart. This time interval results in stands
exhibiting a patchwork appearance, which can again be observed
in the autumn at the time of leaf discoloration and fall. The in-
terval over which leaves of different clones fall may be several
weeks.

Clones are readily distinguishable in the spring due to differ-
ences in time of leaf flushing.




4 Bark Colour and Texture

Considercble variation in bork colour and texture is notice-
able between clones. Bark colour con range from near white and
cream-coloured to greenish ond grey, while shades of rust-brown
and orange are occasionally observed. Bark can be thin and
smooth or deeply furrowed while lenticels in the stem con show
characteristic diamond shapes or be inconspicuous. When compar-
ing trees, core should be token to view stems always from the
same direction, since the bark on one side of o stem is usually
quite different from that on the opposite side.
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5. Tree Form T

/ Stem straightness, branchiness of the tree, degree of not-
\ ural pruning and the angle between branches and the stem are
other distinguishing features. An entire clone can often be dis- ‘

tinguished, especially in parklond areas by o dome-shaped can-
opy pattern.

|
\ .Clones can be identified more quickly in some stands than l‘
/’ in others and is facilitated by practice. Although differences in |

1

B leaf flushing and fall coloration are usually the most outstanding !
‘“ , ond useful features in identifying clones, it is not possible to |
list distinguishing features in order of importance. While two ad- 3

\\

' jacent clones may be distinguished on the basis of leaf flushing, \

the most distinct difference between two other clones may be in
the pattern of their bark or in their stem form.
Clonal variation in tree crown and branching habit.

A serious attempt to separote all clones within an area will
require the observation of at least two sets of features. This of-
ten means two visits to the stand during the year. As an example: \
simultaneous leaof flushing of a group of trees may indicate one
clone, although certain bark features may suggest the presence of ‘
; | more. To confirm, examine the leaves during the growing season. |

\\ ‘ | When it is not necessary to distinguish each individual
\ / clone but merely to determine the extent of cional variation and
approximate clone size, one visit to the stand at any one time

/,/ during the yeor should be sufficient.

y Clone recognition is made easier by the fact that the indiv-
idual trees within o clone are usually in close proximity to each
other. Clones may occur as discrete ‘‘islands’’ within the stand,
or trees from one clone may be intermixed with those of others.

' \ / / Field observations have shown that with increasing stand

age {e.g. stands 60 years old or over) clone recognition becomes




easier, since bark and crown features become more distinct.

In summary, there are no rules or identification keys for
distinguishing one clone from another. However, with some prac-,
tice identification of clones is possible in most cases.
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Dome-shaped canopy pattern of clones found in parkland areas.
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ABSTRACT

Ten-year results of thinning 14-, 19- and 23-year-old aspen stands to spacings
of 8 X 8, 10" X 10’ and 12’ X 12’ in the Riding Mountain National Park,
Manitoba indicate that, with thinning to a 12 X 12-foot spacing, the rotation
necessary for the production of veneer bolts will be shortened by about 10 years.
Thinning to a 12 X 12-foot spacing resulted in the greatest board-foot volume.




Ten-Year Results of Thinning 14-,
19-, and 23-Year-Old Aspen to Different Spacings!

by

G. A. STENEKER?

INTRODUCTION

Aspen®, present over large areas of Manitoba and Saskatchewan, is in-
creasingly affected by decay organisms as it gets older, and its commercial value
is greatly reduced by the resulting high proportion of defect in mature stands.
Kirby, Bailey and Gilmour (1957) concluded from cull studies in Saskatchewan
that aspen should be cut on a pathological rotation of 80 years. As untended
stands of this age are normally deficient in sizes suitable for saw and veneer logs,
thinning to increase the growth rate of individual trees has been suggested as a
means of increasing saw and veneer log production.

Since the 1920°s numerous thinning experiments in aspen have been con-
ducted in the Lake States and in Canada. In some instances thinning showed
promise, and in others it did not (Bickerstaff 1946, Zehngraff 1946 and 1949,
Pike 1953, and Day 1958). Some of the less favourable results might be attributed
to such causes as: thinning toolightly; thinning stands too old to respond; thinning
stands on sites unfavourable for aspen; using thinning methods unsuitable to
aspen.

A thinning experiment established in western Manitoba in 1950 would
appear to have avoided most of the factors referred to above. Fourteen-, 19-, and
23-year-old aspen stands were thinned to spacings of 8’ X 8, 10’ X 10" and
12" X 12 on what may be considered good sites for aspen (Figures 1 and 2).

This report presents growth results to 1960.

LOCATION AND DESCRIPTION OF EXPERIMENTAL AREA

The experimental area is within the Riding Mountain National Park, which
is located in the southeastern extremity of the B. 18a Forest Section (Rowe 1959).

A description of the selected stands, based on observations in 1950, is
presented in Table 1. ‘

1Department of Forestry, Canada, Forest Research Branch Contribution No. 567,
*Research Officer, Forest Research Branch, Department of Forestry,, Winnipeg, Canada.
3For botanical names of plants mentioned, see Appendix 1.
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TABLE 1.

DESCRIPTION OF SELECTED STANDS———BASED
ON OBSERVATIONS IN 1850

Stand description

Factor
Stand I Stand 11 Stand 111

Age 14 years 19 years 23 years
Stand origin clear cutting burn clear cutting
No. of trees per acre 6,000 2.400 2,200
Av.d.b.h. 1.4" 2.4" 2.9”
Av. dom. ht. 16’ 25’ 35’
Aspect south northwest north
Slope 2% 2%, 2%
Soil texture*® : clay lnam , clay loam . clay loam
Moisture** fresh to mod. ! mod. fresh (2) l mod. moist to

i moist (3) ; moist (4-5)
Tree species 'x pure apsen

(Stand Composition
based on number of

trees) -

Underbrush

Ground flora

|
?
1

hazelnut, cherry

dewberry
wild strawberry
rose

aspen and 135} burr oak, :
green ash and balsam |
poplar :

;

hazelnut, cherry
kidneyleaf violet

wild strawberry
rose

! aspen and 89, burr oak,

green ash

and balsam
poplar :

¢ hazelnut, cherry

. sarsparilla
! northern bedstraw

snake root

* Detailed soil profile descriptions aie given in Appendices 11, 1IT and IV,
**After Hills' clussificution, 1952,

METHODS

Within each stand permanent sample plots (with 30-foot surrounds) were

laid out and thinned to spacings of 8’ X 8, 10’ X 10" and 12’ X 12’. Table 2
gives a summary of plots anc freatments.

TABLE 2. SUMMARY OF PLOTS AND TREATMENTS

Number of plots
Treatment 1/10-acre plots 1/3-acre plots
S;:cci!ng -
14-year-old ; 19-year-old % 23-year-old

‘ e
12’ X 12’ 1 : 2 2
107 X 10’ 1 f 2 2
8 X 8 1 i 2 3 2
Control 1 2 ; 2

7
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Trees were tallied by onc-inch diameter classes before thinning. Malformed
and suppressed trees, and species other than aspen, were removed in thinning,
along with sufficient intermediate trees to provide the prescribed spacing. Trees
remaining after thinning were mapped and numbered, and diameter-at-breast-
height was measured to the nearest one-tenth-inch; they were remeasured to the
same accuracy in 1960. All trees on the thinned plots and about 10 per cent of all
trees on the control plots were measured for height to the nearest foot in 1950 and
1960. Height diameter curves were constructed for each plot from both measure-
ments. Stand tables for all plots before and after thinning in 1950 and in 1960
are given in Appendix IV.

Growth data for the replications in the 19- and 23-year-old stands have,
because of their similarity, been grouped together.

Following an unavoidable destruction of plots in the 19-year-old stand in
1961, detailed growth analyses were made on some of the sample trees remaining
on the various plots. Of the 1950 inch-class diameter groupings only the 3-inch
class had sufficient residuals to give an adequate sample for analysis. Dises
were cut from sample trees at breast height. At the radius of average diameter
the yearly ring width over the last 20 years was measured with the aid of a vernier
microscope.

RESULTS

Production of Large Trees

The various spacings had by 1960 not greatly influenced the production of
large sized trees, although some trends were apparent (Table 3). In all stands
in 1960 the number of trees in the two largest diameter classes was, with two
exceptions, greater on thinned than on control plots. Number of trees 5 inches and
over in the 14- and 19-year-old stands, and 7 inches and over in the 23-year-old
stand, was greatest on plots thinned to an 8 X 8-foot spacing. However, initial
differences in 1950 in diameter distribution hetween sample plots within the
various stands may have favoured the 8 X 8-foot spacings to 1960. In the 19-
vear-old stand the number of trees 6 inches and over was greatest on plots thinned
to a 12 X 12-foot spacing.

Diameter and Height Increment

Average diameters of the 200, 50 and 25 largest trees per acre in 1960 by
treatment and stand, and their 10-vear diameter increment (1950-1960), were
computed (Table 4). Diameters in 1960 were, except in the 19-year-old stand,
greater on the thinned than on the control plots, but differed little between thinned
plots. However, 1950-1960 diameter increment, except for two instances, tended
to be directly related to intensity of thinning. The effect of thinning was almost
as evident on the 23 largest trees as on the 50 or 200 largest trees.

The large 1960 diameters on some of the plots could be attributed to diameter
distribution before thinning.

[~



TABLE 3. CUMULATIVE FREQUENCY DISTRIBUTION IN 1960 BY DIAMETER
CLASSES, STANDS AND TRFEATMENTS

' Number of trees pér nere
Treatment| lyearold (1950) | 10yerold (1930) | 23-year-old (1950)
122X 12" | 10X 10° | 8 X8 | Control | 12X 12 [ 10X 10" | 8 X & | Control | 12'X12,[ 10X 10’ | 8 X8 | Control

T VRSN SRR IR PRSI SN

clnss
1 - - - 3,000 - - - - — - - -
2 200 - - 2,600 - - 055 1,085 - - - 1,557
3 240 410 630 1,200 - 427 650 098 - —_ 628 1,487
4 130 340 610 230 287 420 573 660 208 422 610 085
5 10 120 340 10 237 253 302 267 200 403 515 562
8 0 10 30 0 80 40 58 55 250 307 332 230
7 - 0 0 — 10 2 2 5 145 120 147 67
8 . — — — — 0 0 0 0 37 37 33 5
9 — - - - — - — - 5 0
10 — - - e -— —_ - — 0 0 —




TABLE 4. AVERAGE D.B.H. OF 1960'S TWO HUNDRED, FIFTY AND TWENTY-FIVE
LARGEST TREES PER ACRE IN 1950 AND 1960 AND DIAMETER
INCREMENT, BY TREATMENT AND STANDS

Number of largest trees per acre
200 50 25 | 20 | 5 | 2
_Age Treat-
in 1950 ment Incr. treatm. -Incr.
D.b.h, Iner. D.bh. Iner! D.b.h. Iner. control X 100
1960 1950 1960 1950 1060 1950
Incr. vontrol
! :
12/"%X12'1 4.7 2.0 27153 23 3.0 —* — — " 429, ' 30% } —
14 years 10'X10°14.8 2.1 27153 24 29| —* — — 429 ; 26% { -
: i
8 X 853 2.6 2756 2.7 29| —* — — ' 429 . 2% x‘ —
Control | 4.0 2.1 1.9 4.6 2.3 231 —* — — ! — | — | —
| ! !
122X 12'. 5.5 3.0 2.5!6.1 3.3 2.8 6.4 3.6 2.8 567 7% . 40%
19 vears 110'x 10’0 5.3 3.2 21158 3.5 2.3 6.0 3.6 2.4 31% 2% 20%
; i ‘ . :
L 8'X 854 3.5 1.9 6.0 3.9 21 63 41 22 195 0% 1 10%
Control 15.4 3.8 1.616.1 4.2 1.9 6.3 43 2.0 — - =
H i : : H
a : i ;
1212, 7.1 43 2.5.7.9 4.9 3.0{83 52 3.1  40% 0% | 35%
; i : :
23 years 10° X101 6.9 4.2 2.717.9 4.8 3.1 8.3 5.0 3.3 35% 3% |, 43%
| H . ' !
i 8 X 8:7.0 4.6 2.4 1 7.8 5.3 2.5:8.2 55 2.7 209, 9% ' 17%
! ’ I : !
{ Control 6.5 4.5 2.0 : 7.3 5.0 23 7.5 5.2 23— — -
: i i

*Sumple plots in the 14.vesr-old stund are y';~acre ingize. Analysis of the lurgest 23 trees per acre would therefore involve
2 or 3 trees. This number was considered too small for analysis. Sample plots in other stunds are §-acre in size.

Figure 3 shows diameter increment (1950-1960) of all trees by treatments
and l-inch diameter classes. In all stands diameter inerement rose with increased
thinning intensity. Effect of thinning was most evident on trees in the smaller
size classes. Little difference existed in diameter increment of trees in the largest
diameter classes in the 23-vear-old stand.

Yearly diameter increment of a number of sample trees in the 19-year-old
stand is shown by treatment over a 20-year-period in Figure 4. After 1950,
diameter increment for all treatments increased, the 12 X 12-foot spacing showing
the most noticeable increase. By 1953 maximum rate of increment had been
reached by all trees and a general decline occurred. However, trees on the thinned
plots maintained a higher growth rate than those on the controls. Regression
lines of diameter increment on years since thinning for trees on the heaviest
thinned and control plots for the period 1953-1961 (1953 is year in which full
effect of thinning was reached), have been superimposed on the graphs in Figure 4.
The regression lines show that, although absolute difference in growth rate
between thinned and control plots decreased somewhat, percentage difference
increased from 1953 to 1961.

Height increment of dominant trees was not influenced by thinning.

10
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Ficrre 3. Periodic diameter increment by treatment and stands 1950-1960
LEGEND
Basis
Control It Trees
8'X8 e e 10 Trees
10'XI0" s e e —I3-Trees
12'X12" e rvevanns 17-Trees
T T T T T T T T T T T T T T T T T T T
44

A, Y==-19Tx+ 135!
B. Y==-150x+9.80

%6 1960 " 1955 T 1850 000 1945 1942
Y E A R S

Fioure 4. Yearly ring width at breast height from 1942 to 1961 by treatment of 3” trees

(dominant and codominant in 1950) from the 19-year-old stand.
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TABLY 5.

STAND STATISTICS PER ACRE, 1950 AND 1960

No. of
Age No. trees
in Treatment of  |___.. _
1950 plots 1050
B.T. A.T.
12’ x 12/ t 5,970 300
10" X 10’ 1 6,670 440
14 yenrs
8'x8 1 5,270 680
Control 1 0,050
12° X 12’ 2 2,458 300
10’ X 10’ 2 2,785 435
19 years
8 x8 2 2,138 G680
Control 2 2,475
12 X 12’ 2 2,165 300
10’ x 10’ 2 2,448 435
23 years
8' x 8’ 2 1,682 (80
Control 2 2,610

410
630
$o60

428
655
{,085

208
422
628

1,557

1960

70
88
114

12

Rasal nren
(sqy. ft.)
T l!l-'iﬂu e
BT, AT,
70 [}
55 9
7l 20
hh -
74 14
74 21
72 35
04 -
o 27
90 34
02 h4
129 —

Merchantable volume

Total volume
(cu. ft.)*
) _-}_9:56 — - .
BT, AT, | 10
007 83 459
714 19 640
88 206 1,424
712 1,685
1.009 230 768
1,232 360 1,012
1,104 542 1,346
1,524 — 1,847
1,040 586 1,837
1,930 720 | 2,284
1,792 110 | 2,909
2,068 —— 4,142

(cords)** (bd. fe.)t
1950 1050 B

BT, AT, | 190D A, | 1000
0 o | 37 0 0

0 0| 4.5 0 0

0 0] 13.4 0 0

0 - 3.8 0 0
1.0 2] 8o 0 0
1.0 .6 | 10,0 0 0
L4 12 ] 121 0 0
3.2 - | 132 0 0
88 586 | 2.1 0 937
6.2 56 | 208 0 870
9.0 83 | 355 0 821
5.0 — | 40.4 0 135

*Interpolated volume tables. Canada, Department of Mines and Resourcen, Dom, For, Serv. Mise. Ser. No. 3. 1044,

**Peeled, 1-foot stump, 3-inch tup diameter i.h. Volume, yield and stand tables for tree apecies in the Luke States. 1934, Univ. of Minn, A.E.8. Tech. Bull. No. 39. Page 30,

t1doot stump; log length 12.6° and 16.8’; top diameter 6.57. Int. log rule (}) (> 7.5” d.h.h.) Form cinss volume tables (scc. od.) 1848, Canada Dep’t. of Mines and Resources, Dom. For,

Serv. Table 203,




Stand in 1960

Stand statisties for 1950 before and after thinning and for 1960 are presented
in Table 5. In 1960 only the 23-year-old stand supported trees sufficiently large
(larger than 7.5 inches) to produce a board-foot volume. Thinning to a 12 X 12-
foot spacing produced the greatest volume (937 bd. ft.) and no thinning produced
the least (135 bd. ft.).

Basal area, total volume (cu. ft.) and cordwood volume in 1960 were, except
in the 14-year-old stand, inversely related to intensity of thinning.

Nett and Gross Volume Increment and Mortality

Nett board-foot volume increment was greatest on plots thinned to a 12 X
12-foot spacing and least on the controls (Table 6). Net total volume (cu. ft.)
and cordwood volume increment were for all stands greatest with an 8 X 8-foot
spacing and, except for the 19-yvear-old stand, least with a 12 X 12-foot spacing.

TABLE 6. PERIODIC NETT AND GROS8 VOLUME INCREMENT
AND MORTALITY PER ACRE, 1950-1960.

Total volume Merchantable volume
(cu. {t.)
Age (cords) (bd. ft.)
in Treatment

1950 Nett Mort. Gross | Nett Mort. Gross | Nett Mort. Gross

inc. inc. inc inc. inc. inc.

127 X 12’ 376 49 425 3.7 .2 3.9 0 0 0

14 vears 10’ X 10’ 521 24 545 4.5 .1 4.6 0 (1] 0
8 x 8 1,128 36 1,164 13.4 .1 13.5 0 0 0

Control 973 221 1,194 3.8 0 3.8 0 0 0

12' % 12’ 538 28 566 | 7.8 .3 8.1 0 0 0

19 years 10’ X 10’ 652 6 658 ! 9.4 .02 9.4 0 0 0
8’ X8’ 804 34 838 ! 10.9 .2 11.1 (1] [ 0

Control 323 357 680 | 10.0 .2 10.2 0 0 0

12 % 12’ 1,251 7 1,258 l 16.5 07 16.6 937 0 937

23 years 10’ X 10’ 1,535 42 1,597 21.2 .5 21.7 870 0 870
8’ X 8 1,859 153 2,012 ‘ 27.2 1.6 28.8 821 [ 821

Control 1,474 524 1,998 i 25.3 .8 26.1 135 0 135

Gross total volume increment showed a marked drop on those plots thinned to
a spacing wider than 8 X 8 feet.

Mortality over the 10-year period on the control plots, especially among
the smaller diameter classes, was in some instances as high as 509, by number of
trees. Most trees on the thinned plots had their crowns relatively free from
competition, and mortality was consequently greatly reduced.

DISCUSSION AND CONCLUSIONS

Results of aspen thinnings in Manitoba and Saskatchewan will most likely
be evaluated in terms of increased production of material suitable for the manu-
facture of lumber and veneer for which certain size and quality standards must
be met. Ten-year results of this experiment have shown that thinning produced
a greater number of large sized trees to 1960 than no thinning. Furthermore the
largest trees on the thinned plots were growing at a faster rate than the largest

13




trees on the control plots. It is therefore likely that as a result of thinning veneer
size material (minimum size: 11 inches d.b.h.) will be produced at an earlier
age than would be the case with no thinning.

In order to make a conservative estimate of the rotation age at which veneer
size material will be produced on the piots thinned to a 12 X 12-foot spacing
in the 19-year-old stand, the assumptions are made that (1) Kirby’s et al. (1957)
projected growth rates for aspen apply to the growth rate of the largest trees on
the controls and (2) a constant per cent difference (rather than slightly increasing
difference as in Figure 4) in growth rate between the 12 X 12-foot thinned plots
and control plots will be maintained in the future. Projected growth rate cal-
culations for the 200, 50 and 25 largest trees on the 12 X 12-foot thinned plots
revealed that these trees may produce veneer size material at an age of 48
years. On the control plots this material may be produced at an age of 58 years.
Thinning to’a 12 X 12-foot spacing will therefore have shortened the rotation
by 10 years. If the same assumptions are made in the caleulation of the projected
growth rate of the largest trees in the other two stands, the rotation of these
treex will also be shortened by about 10 years.

The three ages of stand in this study showed no difference in response to
thinning. Where one non-commercial thinning is possible, earlv and heavy
thinning would seem most advantageous. It would probably be cheaper, and also
the growth advantage resulting from thinning would he hetter utilized, than if
thinning were to be deferred. Thinning a 14-year-old stand to a 12 X 12-foot
spacing will likely maintain the diameter increment at a high level for a long
period of time, and a subsequent thinning can be delayed until such an operation
will be commercial.

Greatest board-foot volume to 1960 was produced on plots thinned to a
12 X 12-foot spacing. However, volume differed little from that on plots thinned
to a 10 X 10- and an 8 X 8-foot spacing. It cannot therefore be safely assumed
that the widest spacing will continue to produce the greatest board-foot volume.

14
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SUMMARY

In 1950, 14-, 19- and 23-year-old aspen stands were thinned to spacings of
8 X 8,10’ X 10’ and 12’ X 12’ in the Riding Mountain National Park, Mani-
toba. An analysis of the growth to 1960 of 1960’s 200, 50 and 25 largest trees
per acre, by treatment and stand, showed that on plots thinned to a 12 X 12-foot
spacing diameter increment of the largest trees was between 30 and 56 per cent
greater than that of the largest trees on the controls. It was concluded that with
thinning to a 12 X 12-foot spacing, the rotation necessary for the production of
veneer bolts (assuming a minimum utilizable size of 11 inches d.b.h.) will be
shortened by about 10 years.

Thinning to a 12 X 12-foot spacing resulted in the greatest board-foot
volume; no thinning resulted in the greatest basal area and total volume (cu.
ft.); and thinning to an 8 X 8-foot spacing resulted in the greatest cordwood
volume.

Gross total volume increment dropped markedly at spacings wider than 8 X
8 feet. Mortality was noticeably reduced by thinning.

SOMMAIRE

En 1950, des peuplements de peupliers de 14, 19 et 23 ans ont été éclaircis
A intervalles de 8 pieds sur 8, de 10 pieds sur 10 et 12 pieds sur 12 dans le parc
national Riding Mountain, au Manitoba. Une analyse de la eroissance, jusqu’en
1960, des 200, 50 et 25 plus gros arbres a I'acre en 1960, d’aprés le traitement
recu et le type de peuplement, a révélé que dans les places éclaircies & intervalles
de 12 pieds sur 12, I'aceroissement en diamétre des arbres les plus gros était de
30 & 56 p. 100 supérieur & celui des plus gros arbres des places témoins. L’auteur
conclut que grice aux coupes d’éclaircie a intervalles de 12 pieds sur 12, la rota-
tion nécessaire pour la production de billes de placage, si 'on présume que les

dimensions.minima des billes utilisables sont de 11 pouces de diamatre 4 hauteur -

de poitrine, sera raccourcie d’environ dix ans.

Les coupes d’éclaircie 4 intervalles de 12 pieds sur 12 ont donné le plus fort
volume de pieds mesure de planche, mais n’ont provoqué aucun accroissement
de la surface terriére et du volume global (en pi. cu.); par ailleurs, les coupes d’é-
claircie & intervalles de 8 pieds sur 8 ont donné le plus fort volume de bois de
chauffage.

L’accroissement du volume global brut a sensiblement diminué & la suite des

éclaircies 2 intervalles de plus de 8 pieds sur 8. De plus, les éclaircies ont enrayé
notablement la mortalité.




Common and botanical names of plants mentioned in text.
Fraxinus pennsylvanica Marsh. var.

Ash, green.............. ... ...

Aspen, trembling................
Cherry.......ooooviniiinn. .. Prunus spp.
Oak,burr......................

Poplar, balsam.................. Populus balsamifera L.
Dewberry...................... Rubus pubescens Raf.
Hazelnut.................... ... Corylus cornuta Marsh.
Kidneyleaf violet................

Northern bedstraw

APPENDIX I

subintegerrina (Vahl.) Fern,

Rose.......................... Rosa sp.

Sarsaparilla. ......... ... . ... .. Aralia nudicaulis L.
Snakeroot.....................

Wild strawberry

Sanicula marilandica L.

Populus tremuloides Michx.

Quercus macrocarpa Michx.

V70la renifolia Gray (incl. var.
brainerdii (Green) Fenn.)
Galium boreale L.

.......... Fragaria virginiana Duchesne.

APPENDIX II

Soil Profile Description, 14-Year-Old Stand, Plots 9-12

Moisture regime 3, fresh.
Aecumulative depth
organie I Depth §”
F 2" 3y
lavers H 17
Ahe Depth —3"
Texture —clay loam
horizon Structure—granular
pH —6.5
Colour —very dark grey (10YR3/1)* 64"
Bt Depth —11"
_ Texture —heavy clay
horizon Structure—blocky
pH —6.7
Colour -——dark brown (10YR3/3) 174"
Bm Depth —&6"
Texture —clay loam
horizon Structure—granular
pH —7.4
Colour —grey brown (2.5Y 5/2)
Free Ca present. 234"
C Depth —8"+
1 Texture —clay loam
horizon Structure—granular
pH —7.4+
Colour —grey brown (2.5Y 5/2)
Water table below 313" 31+

*Munsell Soil Color Charts, 1954 ed.
Munsell Color Company, Inc.
Baltimore 2, Maryland, U.S.A.

16

|




APPENDIX III

Soil Profile Description, 19-Year-Old Stand, Plots 13-20

Moisture regime 2, moderately fresh.

Accumulative depth

organic L Depth {"
F i 1'
layers H I of 2
Ahe Depth —4"
Texture —loamy sand
horizon Structure—single grained to slightly granular
pH —6.8
Colour —dark grey to reddish brown
+ (BYR 3/1) 6"
Bt Depth —7"
Texture —clay loam
horizon Structure—single grained to slightly granular
pH —6.7
Colour —reddish brown (5YR 5/4) 13"
Bm Depth —9"
Texture —silty clay loam
horizon Structure—single grained to slightly blocky
pH —7.3
Colour —yellow brown (10YR 3/6)
Free Ca present 227
C Depth —7¥"
Texture —silty clay loam
horizon Structure—single grained to slightly blocky
pH —7.4
Colour —vellow brown (10YR 576/
Water table below 293" 203"




APPENDIX 1V

Soil Profile Description, 23-Year-0Old Stand, Plots 1-8

Moisture regime 4-5, moderately moist to moist

organic

L  Depth §"

Accumulative depth

P‘ 44 X'
layers H R 2y
Ah Depth  —2§
Texture —loamy fine sand
horizon Structure—single grained slightly platy
pH —6.8
Colour --dark grey to black (10YR 3/1) 43
Ae Depth —R34
Texture —loamy fine sand
horizon Structure—single grained slightly platy
pH —-6.8
Colour —grey brown (2.5 YR 5/2) 81
Btg Depth  —3
Texture —heavy clay
horizon Structure-—granular to slightly blocky
pH —.8 i
Colour —grey brown (2.5 YR 5/2) !
i Occurrence of gleving : 151
Cg | Depth —15 |
{ Texture —alternate bands of silt and fine sand .
horizon ¢ Structure—single grained to slightly granular ’
{ pH —7.4 |
; Colour —vellow brown (10YR 5,'6)
! Occarrence of gleving i
Water tuble in June below 30" 3054

I8
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APPENDIX V
STAND TABLE, 1950 AND 1969

(number of trees per acre)

14 years (1950)

Treatment 12/ X 12’ 100 X 10/ 8’ X 8 Control
Plot number 10 1 T 12 9
D.b.h. 1050 1950 - 1950
cloas R O e B e
1 3,630 20 5,400 30 3,050 490 4,580 460
2 2,330 270 20 1,250 400 1,980 190 1,470 1,400
3 10 10 110 20 10 70 240 20 — 970
4 — - 120 - - 220 — —_ 270 - 220
5 - - 10 — 110 - - 310 - 10
6 - - - — - 10 — — 30 - —
7 - — — - — — — — — — —
8 — — — — — — — — — —_— —
9 — — — — — — — — — — —
Total 5,070 300 260 6,670 440 410 5,270 680 630 6,050 3,060




APPENDIX V
STAND TABLE, 1950 AND 1960

(number of trees per acre)—continued

19 years (1950)
Treatment 12° X 12’ 10" X 107 8’ X 8 Control
Plot number 13 14 17 18 15 16 19 20
D.b.h. 1950 1960 1950 1960 1950 1960 1950 1960 1950 1960 1950 1960 | 1950 1960 | 1950 1960
class B.T. A.T. B.T. A.T. B.T. A.T. B.T. A.T. B.T. A.T. B.T. A.T.
(%] 1 335 — — 280 — — 735 — — 375 — — 320 — — 205 — — 200 — 310 —
< 2 1,530 56 — 1,215 55 — |1,785 7 — (1,170 105 - [1,000 155 — 865 60 10 925 105 {1,055 70
3 650 230 — 720 210 — 675 320 51 630 260 10 7056 445 80| 825 475 75| 910 325 895 350
4 70 15 60| 105 35 40 70 45 165 130 70 170 | 150 80 325 100 135 215 245 395 325 390
5 10 — 145 | — — 170 | — — 215 | — —_— 210 5 — 190 10 10 300 5 210 15 215
6 - o 0f — — 0 — - 40| — — 35 - — 65 | — — 45 — 45 5 55
7 _— —— 100 — - 10 — - — — — 5| — —_ - — — 5| — -— e 10
8 —_ —_— e — - e O U - - -
9 T e — e | — -
Total 2,595 300 285 12,320 300 290 |3,265 435 425 2,305 435 430 (2,270 680 660 [2,005 680 650 |2,345 1,080 2,605 1,090




| ¥4

APPENDIX V

23 years (1950)

STAND TABLE, 1950 AND 1960

(number of trees per acre)—concluded

Trentment 12 X 12" 107 X 10’ 8 X 8 Control
Plot number 1 2 N ) 6 7
D.b.h. 1950 1060 | 1950 1060 | 1950 1960 | 1950 1060 | 1050 1960 | 1950 _ 1960 | 1950 1960 | 1950 1960
clnss B.T. A.T. B.T. A.T. B.T. A.T BT. AT B.T. A.T. B.T. A.T.
1 260 — — | 8 — — |10 — —| % — —~| % — —| 0 — —| 4 — | 165 —
2 90 — — | 65 — — L1 — — | o0 — — | 495 15 — | 445 — — | 765 50| 865 90
3 810 55 — | 790 75 — | 950 140 — | 020 165 — | 655 240 25| 750 280 10| 025 460 [1,070 545
4 340 205 — | w0 10 15| 265 205 25| 200 240 15) 395 205 7ol 305 285 120 530 300| 545 455
5 0 35 35| 95 75 45| 7 0 | 30 25 2] 120 120 170) 105 100 195) 1Mo 30| 8 335
6 5 5 120] 10 10 0| — — 20| 5 5 175] 10 10 25| 20 15 15| 15 155] — 170
7 - — us| - — 0| = -~ 0| - — 05| — — | — — wo| —- | - 55
8 - 20| - — |- o e - - s -~ | — — B = |- —
9 S {3 N A 11 HS O RO N 5| — - —
Total 2,365 300 300 1,005 300 205 |2,645 435 425 (2,250 435 420 [L700 680 615 |1,065 680 G40 |2,490 1,465 [2,730 1,650
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ABSTRACT

Results of thinning trials in 11-, 14-, and 23-year-old
trembling asben stands in Manitoba 23 and 21 years later show that
individual tree growth was markedly increased by thinning. By thinning
up to 12 ft = 12 ft (3.6 = 3.6 m) spacing, the time required for trees |
to reach an average dbh of 9 in. (23 em) ean be reduced by about 20
years.

Although thinning to inecrease fibre production is not econo-

mical, thinning to produce sawlogs might pay, provided that precommercial

thinnings could be carried out cheaply at the age of about 10 years.

RESUME

Les résultats d'essais d'éclaircie, effectués au Manitoba dans
des peuplements de peupliers faur-tremble dgés de 11 et 14 et 23 ans,
indiquent une augmentation significative dans l'accroissement des arbres.
L'auteur rapporte que des éclaircies suffisantes pour produire des écarte-
ments de 12' x 12' (3.6 x 3.6 m) réduisent d'environ 20 ans l'age normale-
ment requis pour atteindre un dhp moyen de 9" (23 cm).

L'auteur croit que les éclaircies en vue d'accroitre la produc-
tion de fibres ne sont pas rentables. Par contre, pour produire des grumes,
on pourrait effectuer des éclaircies, pourvu qu'elles eoient faites & peu

de frais lorsque le peuplement est Ggé d'emviron 10 ars.
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INTRODUCTION

Trembling aspen (Populus tremuloides Michaux) is one of the most
abundant commercial tree species in the Prairie Provinces. By volume it
accounts for about 13%, 30%, and 50% of the total forest resource in
Manitoba, Saskatchewan, and Alberta, respectively (Gill 1960, Saskatchewan
Department of Natural Resources 1959, Alberta Department of Lands and
Forests 1961). Utilization of the species, however, particularly for
lumber, has been very limited. One important reason for this is the high
incidence of decay with advancing age (Gill 1960, Kirby et al. 1957, Thomas
1968).

The present minimum acceptable tree size for sawlogs is an 8~in.
(20-cm) stump and 5-in. (13-cm) top; these dimensions are not reached until
the stand is 60-70 years old. At that age 25% or more of the merchantable
volume may have been lost through decay. If minimum commercial size can
be reached at an age of 40 or 50 years by an increase in individual tree
growth through thinning, decay losses could be kept at about 10-15Z.

In 1948 and 1950 two thinning trials were initiated in Manitoba
in 11-, 14-; and 23-year-old aspen stands with the objective to evaluate
the effect of thinning on 1) individual tree growth and subsequent
merchantable volume production, and 2) mean annual total cubic foot volume
increment and production.

This report presents results to 1971. Intermediate results of
the two trials were reported previously (Steneker 1964, 1966; Steneker

and Jarvis 1966).

LOCATION AND DESCRIPTION OF .STUDY AREAS
" The study areas are locatel in the Turtle Mountain Forest Reserve

and Riding Mountain National Park. o»poth areas are within the B18a Mixed-




wood Forest Section (Rowe 1972). The soils are grey-black and grey-wooded
Luvisols, developed on calcareous till. Soil texture ranges from loam to
clay loam. Species occurring in small amounts with the aspen are balsam
poplar (Populus baZsamiféga L.), bur oak (Quercus macrocarpa Michaux), elm
(Ulmus americana L{j and green ash (Fraxinus pemnsylvanica Marsh. var.
subintegerrina (Vahl.) Fern).

At Turtle Mountain Forest Reserve an ll-year-old aspen stand was
selected for study. The number of trees per acre ranged from 3,000 to
4,000 (7,400-9,900 trees per ha), average diameter at breast height (dbh)
wag 2 in. (5 cm), and average height of dominant trees ranged from 19 to
26 ft (5.8-7.9 m).

At Riding Mountain National Park 14~ and 23-year-old aspen stands
were selected. Specifications for the l4-year-old stand were 6,000 trees .
per acre (14,800 trees per ha), 1.4 in. (3.6 cm) average dbh, and 19-25 ft
(5.8-7.6 m) average dominant height; and for the 23-year-old stand were
2,200 trees per acre (5,400 trees per ha), 2.9 in. (7.4 cm) dbh and 41-44

ft (12.5-13.4 m) dominant height.

METHODS

Within eaéi selected stand a series of 0.2-acre (0.08-ha)
permanent sample plots were established and subjected to the following

thinning regimes:




Number of sample plots (0.2 acre)a

Initial treatment

stand age (years)
11 in 1948 14 in 1950 23 in 1950

12' x 12' spacing (3.6 m) 1 éb

10' x10' " (3.0m) 1 i

8 x 8' "  (2.4m) 1° i

?x 7' " (21w 1P

5'x 5 " (1.5 m) 1b

20' strip thinning (6 m) 1
Control 1 1 2

Plot size in the lé4-year-old stand was 0.1 acre (0.04 ha).
Plots subsequently thinned in 1965.

Thinning to spacing was approximate. Residuals were left as

evenly distributed as possible while leaving the required number of trees

per plot. The 20-ft (6-m) strip thinning in the ll-year-old stand involved

the removal of all trees in 20-ft wide strips with the strips 20 ft apart.

The objective of the thinning in 1965 was to maintain the
increased growth rate that resulted from the first thinning. Thinning
intensities in 1965 were based on other aspen thinning results on the
prairies (Steneker and Jarvis 1966), which indicated the required basal
area levels for maximum net basal and total cubic foot volume increment
at various ages (Table 1). By 1965 these levels.of stocking had either
been reached or surpassed on the more lightly thinned plots (Tables 2 and
3).

In the 1965 thinuing the 7 ft x 7 ft and 5 ft x 5 ft thinned

plots in the ll-year-old stand (28 years old in 1965) were thinned back




TABLE 1. Average basal area of undisturbed upland aspen stands in
Manitoba and Saskatchewan and basal area per acre giving
maximum basal area increment, by age (After Steneker and
Jarvis 1966)

Stand Basal area of Basal area giving

age undisturbed maximum b, a. increment
(years) stands (sq ft) (sq ft)

10 44 28

20 86 48

30 104 67

40 114 84

50 122 101

to 53 and 60 sq ft (4.8 and 5.4 m2) respectively. The 8 ft x 8 ft
thinned plot in the l4-year-old stand (29 years old in 1965) was thinned
back to 63 sq £t (5.7 m2), and the 8 ft x 8 fr, 10 ft x 10 ft and 12 ft
x 12 ft thinned plots in the oldest stand (38 years old in 1965) were
thinned back to 90, 78 and 58 sq ft (8.1, 7.0, and 5.2 m2) respectively.
Stand statistics per acre for all plots to 1971 are given in Tables 2
and 3.

Most stems removed in the 1965 thinnings were 4 in. (10 cm)

dbh or larger and if is assumed that this thinning paid for itself.

RESULTS
VOLUME INCREMENT
In all 