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ELLOW BIRCH and paper birch are

similar in that both are light-demanding

throughout most of their life and re-
quire freedom from competition to produce
high-value products. However, the two species
differ markedly in other silvical characteristics.
Yellow birch seldom constitutes a large pro-
portion of the stand: it grows slowly and is
long-lived. In contrast, paper birch sometimes
makes up a high proportion of the stand: it
has rapid early growth, and tends to be short-
lived (Cooley 1962, Fowells 1965). Both
birches are responsive to intermediate cuttings
and other cultural practices that can increase
their yield and value and shorten rotations.
Although data for yellow and paper birch
are somewhat limited, enough is known to
indicate that their response to treatment is
comparable to that of other hardwood species.

RELEASE CUTTING
Cleaning and Weeding

Many cutting practices are favorable for
germination and establishment of yellow and
paper birch. Unfortunately, sprouts and fast-
growing undesirable species tend to overtop
and crowd out out the more valuable birches
(Eyre and Zillgitt 1953, Hatcher 1966, arvis
1956, Jensen 1943, Leak 1961a, Marquis
1967, Wang 1968, Zillgitt and Eyre 1945,
Zeedyk and Hough 1958). Early release thus
becomes necessary if birches are to be an
important part of the stand at maturity.

Early release is particularly important for
yellow birch, because it often makes up only
a small percentage of the reproduction, and
its slower height growth causes it to lose
dominance at an early stage of development.
Paper birch has a greater tendency to retain
dominance (Gilbert 1965, Leak 1961b, Mar-

guis 1965 and 1967), but it is frequently
overtopped by sprouts and low-value species.

Methods of Release

Release work should be started as soon as
the desirable trees show a decline in growth
rate, or when other trees begin to overtop
them. This occurs for most hardwood species
between 10 and 20 years of age (Downs 1942,
Gilbert and [ensen 1958, Stoeckeler and Ar-
bogast 1947). The primary objectives in re-
lease work are to provide adequate growing
space for the potential crop trees and at the
same time to keep the investment in time and
money as low as possible. Most studies have
shown that crop-tree selection will most
readily meet these objectives (Downs 1946,
Church 1955, [emison and Hepting 1949,
Jensen 1943, and Stoeckeler and Arbogast
1947).

Careful selection of potential crop trees is
necessary to assure that they will remain in a
favorable crown position and develop good
form. Such trees can usually be identified by
their crown position, bole condition, and stem
origin. Present crown position is the most
important criterion. Dominant or codominant
trees generally develop and maintain good
growth and vigor after release, but inter-
mediate trees are susceptible to stem breakage
and mortality and often do not develop into
high-quality stems (Downs 1946, Church
1955, Conover and Ralston 1959, Drinkwater
1960, Stoeckeler and Arbogast 1947 ).

Intensity of Release

Because the degree of release will influence
both the growth rate and-future quality of
the stem, it is often necessary to compromise
to achieve the best development in both
growth and quality. Initial treatments can
often be heavier in smaller and younger stands
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than in larger and older stands. Current guide-
lines for the intensity of release are usually
based on the amount of growing space to leave
between competing trees rather than on a
basal area or number of stems per acre.

The crown-space requirements for yellow
and paper birch tend to be similar to those
for sugar maple.! In a study of release treat-
ments in an 11-year-old stand in the Lake
States, a spacing of approximately 4 feet
between stems, or about one-fifth the total
tree height, was recommended for all hard-
wood species (Stoeckeler and Arbogast 1947).
In a 25-year-old stand in Nova Scotia that
contained a limited amount of yellow birch,
removing competing stems to leave a space
of 5 to 6 feet between crowns gave the best
results (Drinkwater 1960). Similar crown
spacing in stands of comparable age appeared
to give the best results in the Northeast
(Church 1955, Downs 1946, Gilbert and
Jensen 1958).

Time Requirements

The time required for releasing crop trees
tends to be high, but will vary with the
method and intensity of release. In a study
in the Northeast in which a combination of
herbicides and cutting tools were used, ap-
proximately 12 man-hours were required to
release 100 trees per acre in a predominantly
yellow and paper birch stand. The time re-
quired per acre could be estimated by the
formula: man-hours per acre = 4.06 + 0.088
times the number of crop trees released
(Blum and Filip 1962). In a mixed hardwood
stand in the Lake States, the time required to
release 180 trees per acre, using cutting tools,
was 10.0 man-hours per acre if the trees were
released to a radius of 2.5 feet between
stems; to release the same number to a radius
of 5 feet between stems required 25 man-
hours (Stoeckeler and Arbogast 1947).

New tools, particularly herbicides and their
applicators, hold promise for reducing the
time required; and they have the added
advantage of reducing or eliminating sprout
growth that often follows cutting of the
stems (Smith 1962). Because of the relatively
high cost of release, crop trees should be
picked carefully, and time should be spent

1 Unpublished data, U.S.D.A. Forest Serv. North
Central Forest Exp. Sta., St. Paul, Minn.
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in removing only those trees that are retarding
growth of crop trees.

Growth Response

The growth response that can be expected
after treatment varies with the amount of
release and the condition of the tree at the
time of release. The heavier the release, the
greater the diameter growth. Diameter growth
rate of trees in a Pennsylvania stand that con-
tained yellow birch increased markedly after
moderately heavy weeding, but very little after
light weeding (Church 1955). Paper and
yellow birch crop trees grew faster after heavy
thinning than after light thinning in a New
Hampshire study (Marquis 1969).

Crown class or size of tree also affects
diameter growth. In general, the larger and
more dominant trees show the largest absolute
growth increase after thinning, although the
percentage increase may be greater for smaller
trees (Marquis 1969). Suppressed or low-
vigor trees often respond poorly to release
(Downs 1946).

The effect of release on height growth has
not been studied as intensively as the effect
on diameter growth; but height growth is
known to be influenced by the amount of
overhead shade (Jacobs 1965, Logan 1965).
Some studies have indicated that heavy release
may cause a temporary reduction in annual
height growth (Ostrom and Hough 1944,
Stoeckeler and Arbogast 1947), but others
have found little effect (Downs 1946, Drink-
water 1960).

Although both height and diameter growth
rate of birches may be affected by release, the
impact on volume yield has not been fully
determined for birch stands. Detailed studies
of associated species clearly show that volume
growth can be effectively shifted to crop trees.
However, these studies suggest that follow-up
treatments are usually necessary to maintain
the early increase in volume growth (Conover
and Ralston 1959).

Tree Quality

The management objective for yellow and
paper birch is to develop trees that will yield
high-value products. The effect of release on
stem quality has generally been considered
negligible after short-term appraisals (Drink-
water 1960, Ostrom and Hough 1944, Stoeck-
eler and Arbogast 1947). However, heavy re-
lease treatments have been reported to ad-



versely affect the grade and value of trees as
they approach commercial size, and the time
period after the initial release has been ex-
tended. Sixteen years after a heavy release in
a Wisconsin hardwood stand, clear bole length
was 4 feet shorter on released trees than on
the unreleased trees (Conover and Ralston
1959).

The merchantable length of birches and
other species with indeterminate growth
characteristics is often reduced because of the
increased forking that is associated with low
stand density. Such trees are undesirable in
forest stands (Clausen and Godman 1967,
Conover and Ralston 1959). Although com-
petition between the crowns tends to correct
forks, those in the upper stem persist for long
periods and often cause an appreciable loss
in merchantable volume. Forks at this position
are also susceptible to splitting and complete
crown loss, particularly when the crowns are
opened up by later thinnings. Adequate densi-
ties must be maintained to stimulate early re-
covery from forking.

The thin bark of birches makes them
highly susceptible to winter sunscald. Al-
though this type of injury seldom results in
mortality, it often causes volume and grade
loss in potentially high-value trees (Blum and
Filip 1963). Because sunscald is common in
young trees with thin bark, the south and
southwest sides of the stem must be protected
in releasing birch (Blum 1963, Godman 1959,
Lake States Forest Experiment Station 1940).

Liberation Cutting

Shade cast by holdover trees usually benefits
yellow and paper birch seedlings during their
establishment. However, retention of this
shade, usually from cull or low-quality trees,
will reduce seedling height growth and
development. This shading effect usually ex-
tends about 1 foot from the stem of the over-
story tree for each inch of its diameter
(Stoeckeler and Arbogast 1947). Removal of
the overstory—termed liberation cutting—is
often necessary to ensure that yellow and
paper birch will be components of the final
stand.

Complete removal of the overstory after the
regeneration is about 2 feet tall results in
better growth and stand development than
partial removal of the overstory (Eyre and
Zillgitt 1953, Hatcher 1966, Jensen and Wil-

son 1951, Lake States Forest Experiment
Station, 1940). Cutting the overstory before
the seedlings reach this height may result in
heavy seedling mortality because of the sudden
exposure. Established yellow and paper birches
in a Canadian study showed a 6.4-percent
growth response after complete release, com-
pared to only 1.8 percent for untreated trees
(Maclean 1949).

Low-value overstory trees can be removed
economically by girdling the stem or applying
chemicals (Smith 1962). Both methods have
the advantage of gradually reducing the shade
cover, thus allowing the seedlings to adjust to
increasing light intensity and reducing the
chance of stem breakage (Arbogast 1950, Eyre
and Zillgitt 1953, Stoeckeler and Arbogast
1947). However, stem breakage in seedlings
is usually not serious because the stem defor-
mities become corrected before the trees reach
sapling size (Switzenberg et al. 1955).

Summary of Release Cutting

Release treatments thus appear to be neces-
sary where the slow-growing yellow birch is an
important stand component and where paper
birch is either overtopped by more tolerant
species or is growing in dense stands. It is
generally agreed that moderate release treat-
ments started early and repeated as often as
necessary will stimulate and concentrate
growth on the most desirable trees. Careful
selection of individual trees on the basis of
crown class and vigor can be expected to give
the greatest success.

Because birch trees are sensitive to sudden
exposure, moderate release—leaving trees on
the south and southwest sides for protection—
should minimize injury to the stem. Although
few studies have been carried long enough to
fully evaluate the economic benefits of release
in terms of volume and grade, there is little
doubt that release will be economically justifi-
able in managing birch stands to produce
high-value products with short rotations
(W ebster 1960).

THINNING

Thinning pole-size birch stands is a com-
plex practice because each cutting involves
composition control, quality selection, and dif-
ferential release. The best results are usually
obtained by making a crown or crop-tree
thinning around selected trees that have good
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growth and quality potential. Because paper
birch has a relatively short life span, stands
where it is a major component should be
thinned fairly early. Most paper birch trees
are pathologically mature by age 80 on the
better sites, and will seldom respond to thin-
nings after age 60 (Gilbert and Jensen 1958).
Yellow bitch also benefits from early thinning,
but the treatments can be carried out over a
longer period because of its longer life span
and ability to respond to release at advanced
ages.

Thinning of young hardwood stands im-
plies that the composition and growth of the
stand will be improved by providing more
crown space for desirable species (which are
often the least aggressive), and that the
quality of the individual tree will be im-
proved by increasing the volume and clear-
wood production. To achieve these objectives,
early thinnings are recommended (W ebster
1960). Normally, thinnings should be started
before the live-crown ratio drops to 40 per-
cent of the total height (Gilbert and [ensen
1958), and should be repeated at 10- to 15-
year intervals to maintain desirable growing
conditions.

The diameter-growth response of yellow
and paper birch tends to be strongly related to
the amount of release and to the size of the
tree at the time of thinning. Larger trees grow
faster after thinning than smaller trees, at
least up to 16 inches in diameter; and the
growth rate of trees in each diameter class
increases as the intensity of the cut is increased
(Jensen 1943).

In a more recent study in the Northeast,
similar increases in diameter growth of yellow
and paper birch were obtained during the
first 5 years after thinning in a 25-year-old
mixed-species stand (table 1).2 The heavy
thinnings resulted in a growth increase of
78 percent for yellow birch and 29 percent
for paper birch. Perhaps more important than
growth rate, the heavy early thinning resulted
in a five-fold increase in the number of
dominant crop trees and a two-fold increase in
codominant crop trees compared to the control

2 Unpublished report: RESPONSE OF A 25-YEAR-
OLD NORTHERN HARDWOOD STAND TO EARLY THIN-
NING. David A. Marquis, USDA Forest Serv. NE.
Forest Exp. Sta., Upper Darby, Pa.
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treatment (Marquis 1969). Early thinnings
that maintain crown position in the stand and
stimulate diameter growth can be expected
to appreciably increase the volume of less
tolerant species in the final crop.

Short-term studies of quality change after
thinning generally show little adverse effect on
potential grade and value of the stem. How-
ever, maintaining heavy cuttings for extended
periods tends to reduce potential quality of
pole-size yellow birch (table 2).* Although
the stem-quality trends for yellow birch
shown in table 2 are based on a limited
number of potential crop trees, they are sub-
stantiated by similar results from much larger
samples of other hardwood species. Of the
hardwoods studied, yellow birch was inter-
mediate in frequency of all grade defects. Less
tolerant species, such as basswood and white
ash, had fewer defects, while sugar maple,
the most tolerant species in the study, had the
most defects.

The number of live limbs generally in-
creased as residual stand density decreased,
particularly in the second log. And live limbs
present in the butt log tended to persist after
heavy cuttings. These changes in live branches
are a reflection of the deeper and larger
crowns that develop in heavily thinned stands.
Such crowns permit rapid diameter growth,
but quality and net value may suffer because
live branches persist and reduce the clear
length of bole. Thus heavy thinnings should

Table 1.—Average annual diameter growth
of yellow birch crop trees for 5-year period
after thinning

Diameter growth per year

Treatment Yellow birch Paper birch
Inches Inches
Control 0.09 0.14
Crude thinning? .10 17
Light crop-tree
thinning? 11 17
Heavy crop-tree
thinning? .16 .18

1 All aspen, pin cherry, and striped maple in
main canopy cut, and all red maple sprout clumps
thinned.

20ne of the trees competing with each crop
tree removed.

3 All trees competing directly with crop trees
removed.



probably be avoided until the potential crop
trees are pruned to the desired height. After
these lower limbs die, the rate of quality
improvement can be stimulated by thinning
to lower densities.

Although epicormic branches are less of a
problem in the birches than in many other
species, they are still an important factor in
quality development. Epicormic sprouting was
most abundant in the untreated stand, probably
due to intense competition between crowns of
the crowded trees. However, factors other than
stand density appear to affect the incidence
of epicormic sprouting, especially the condi-
tion of the crown and its development after
thinning. More study is needed on the tree
and stand conditions that favor epicormic
sprouting, but present indications are that
proper tree selection and early thinning will
help to minimize this problem.

Although natural pruning and subsequent
healing of the wounds are the primary de-
terminants of stem quality, other factors

should also be considered in determining the
most desirable residual stocking for yellow
birch (table 3).

Forks are a problem in even-aged stands
and intolerant species, regardless of stand
density. However, heavy thinnings tend to
increase the proportion of trees with forks
and the incidence of forks higher on the
stem. There appears to be little chance of
eliminating forks in stands managed at lower
densities because of the lack of competition
between crowns. As a result, merchantable
length may be reduced and tree loss or growth
reduction due to breakage may be increased.

Thinning guides for yellow and paper
birch are now available that are applicable to
a wide range of stand conditions or different
methods of management (Arbogast 1957,
Leak et al. 1969, Marquis et al. 1969). In
even-aged stands common to the Northeast,
the minimum recommended stocking varies
with stand age and size. For example, recom-
mended minimum stocking for mixed north-

Table 2.—Number of defects in yellow birch 15 years after thinning to different stand
densities. Based on 54 trees originally 5 to 8 inches d.b.h.
(In number of defects per tree)

Treatment (and residual basal area per acre)

Lo : :

Defect type posit%on Check Selection cutting? Crop?
93sq.ft.  90sq.ft. 75sq.ft. 60sq.ft. 60sq. ft.

Live limbs First 16 0.0 0.4 0.0 0.5 0.7

Second 16’ 2.3 3.7 3.8 4.8 6.5

Total 32’ 2.3 4.1 3.8 5.3 7.2

Epicormic branches  First 16 0.6 0.1 0.3 0.0 0.5

Second 16’ 2.8 0.2 1.3 0.2 1.7

Total 32’ 3.4 0.3 1.6 0.2 2.2

Dead limbs First 16" 0.3 0.1 0.2 0.4 1.2

Second 16’ 2.6 1.5 0.7 2.0 1.9

Total 32’ 2.9 1.6 0.9 2.4 3.1

Bumps First 16 0.7 0.5 0.3 0.9 0.6

Second 16’ 3.2 1.8 1.7 2.9 1.1

Total 32’ 3.9 2.3 2.0 3.8 1.7

All defects First 16 1.6 1.1 0.8 1.8 3.0

Second 16’ 10.9 7.2 7.5 9.9 11.2

Total 32’ 12.5 8.3 8.3 117 14.2

! Treatments recut at end of 10 years to same density.
2 Crop trees released individually; not recut; present stand density 105 square feet per acre.
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ern hardwoods varies from about 55 square
feet of basal area per acre for stands 5 inches
average diameter up to 95 square feet of basal
area per acre for stands 18 inches average
diameter (Leak et al. 1969, Marquis et al.
1969). These guides are based on the level of
stocking that will produce maximum growth
of individual trees without loss of total stand
growth — the point of full site occupancy.

We suggest that no more than 40 percent
of the basal area be removed at one time. In
the pole-size stands typical of the Lake States,
where yellow birch is often an important
component associated with the more tolerant
species, a residual density of 80 to 85 square
feet in trees 5 inches and larger is generally
recommended and is an acceptable compromise
between growth and development of stem
quality (Arbogast 1957, Eyre and Zillgitt
1953). However, combining pruning with
thinning would normally favor management
of yellow and paper birch at lower stand
densities to further stimulate diameter growth.

PRUNING

Pruning hardwoods is desirable for produc-
ing high-quality sawlogs and veneer bolts on
short rotations. However, little pruning is
done at present. The chief drawbacks appear
to be the long-term investment required, and
concern over the incidence of decay and stain
that may be associated with pruning wounds.
In some species the development of epicormic

branches after pruning has negated the re-
moval of existing limbs,

Pruning hardwoods to produce high-grade
products usually requires removing only a
small number of branches from a few trees
per acre (Skilling 1958, 1959a). Much of the
early work in hardwood pruning involved
removing large numbers of limbs on slow-
growing trees in dense stands. These environ-
mental conditions favored the entrance of
decay fungi. Detailed studies have shown that
only the slow-growing trees develop incipient
decay (Zeedyk and Hough 1958), while the
fast-growing trees develop little stain or decay
(Skilling 1958, 1959a, 1959b; Zeedyk and
Hongh 1958). Discoloration and decay as-
sociated with pruning fast-growing hardwoods
seldom extend beyond the annual ring in
which the branch was pruned (Ohman 1968,
Skilling 1958). The amount of unsound wood
associated with artificial pruning is nearly
always less than the amount associated with
natural pruning because of decay pockets,
overgrown bark, and unsound stubs common
to natural pruning wounds (Séilling 1958).

Pruning has often been followed by a
marked increase in epicormic sprouting and
subsequent branch development on the bole
(Eyre and Zillgitt 1953; Conover and Ralston
1959; Skilling 1958, 1959a, 1959b, Stoeckeler
and  Arbogast 1947; Zeedyk and Hough
1958 ). Though the cause of epicormic sprout-
ing has not been studied intensively, there is
evidence that sprouting is related to the vigor

Table 3.—Form and growth characteristics of yellow birch crop trees 15 years after

thinning to different stand densities. Trees were originally 5 to 8 inches d.b.h.

Stem form ‘Crown size Diameter growth
. Trees
Residual basal area Forks at Trees with Crown diam- :
per acre and thinning Tr.ees 37 feet clearbole eter/stem Ave.  Greatest grpw;]ng
treatment fw li(h or  length25  diameter 13-y€ar 15-year m—_—
orks : . increase increase Of more
higher feet or less ratio per decade
Percent  Percent Percent Ratio Inches Inches  Percent
93 sq. ft. (check) 78 43 0 21 1.4 2.0 0
90 sq. ft. (selection)* 69 54 25 21 1.7 2.4 0
75 sq. ft. (selection)* 83 60 — 26 2.1 3.1 17
60 sq. ft. (selection)? 88 50 25 23 247 4.0 25
60 sq. ft. (crop-tree)? 93 50 47 24 2.3 3.2 13

1 Treatments recut at end of 10 years to same density.
2 Crop trees released individually; not recut; present stand density 105 square feet per acre.
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of the tree at the time of pruning and to the
amount of previous release (Skilling 1959a).
We feel that pruning should be delayed for
a few years after the stand is thinned to allow
a buildup in crown vigor, since growth hor-
mones produced in the crown may control the
suppression of epicormic sprouting.? Few
epicormic shoots develop on dominant trees
with vigorous crowns (Cline 1935; Conover
and Ralston 1959; Eyre and Zillgitt 1953;
Marquis 1967; Stoeckeler and Arbogast 1947;
Skilling 1958, 1959a, 1959b).

The time required for healing of pruning
wounds is strongly correlated with the rate
of diameter growth, size of the wound, and
length of the residual stub. When good prun-
ing techniques are used, healing time depends
almost entirely on the rate of diameter growth.
There is a rule-of-thumb for estimating the
time required to heal most wounds: a layer
of wood about as thick as the width of the
wound must be grown before clear wood will
form over the pruning scar (Lohrey 1963,
Skilling 1959b, Moss 1937, Stoeckeler and
Arbogast 1947, Zeedyk and Hough 1958).
Thus, fast-growing trees require fewer years
than slow-growing trees to produce clear wood
over the same size of wound.

Improved tools and equipment for hard-
wood pruning have yet to be developed. The
best method now is by use of hand saws and
ladders. Although this method is slower than
using power tools, it is the best way to avoid
injury to the stem, and it permits cutting the
branch close to the trunk (Moss 1937, Skilling
1959b). The time required for pruning varies
with both the size and the height of the
branch (Moss 1937), but the costs will aver-
age about 50 cents per tree in typical second-
growth stands under present labor rates.!

Pruning yellow and paper birch could be-
come a widespread cultural practice, partic-
ularly where stands are thinned heavily to
obtain maximum diameter growth. Trees to
be pruned should have a fairly rapid rate of
diameter growth and should be capable of
maintaining a favorable crown position in the
stand. Under these conditions, the early invest-
ment will be carried for a shorter period,
epicormic shoot development should not be a
serious problem, and there should be little or
no risk of stain or decay entering the stem.
The greatest deterrent to pruning the high-
value species at present appears to be the
lack of efficient pruning tools.

LITERATURE CITED

Arbogast, Carl, Jr.
1950. HOwW MUCH DOES FELLING LARGE TREES
DAMAGE THE UNDERSTORY. USDA Forest Serv.
Lake States Forest Exp. Sta. Tech. Note 337, 2
pp. St. Paul, Minn.

Arbogast, Carl, Jr.
1957. MARKING GUIDES FOR NORTHERN HARD-
WOODS UNDER THE SELECTION SYSTEM. USDA
Forest Serv. Lake States Forest Exp. Sta. Sta.
Paper 56, 20 pp. St. Paul, Minn.

Blum, Barton M.
1963. EXCESSIVE EXPOSURE STIMULATES EPICOR-
MIC BRANCHING IN YOUNG NORTHERN HARD-
woobns. USDA Forest Serv. Res. Note NE-9, 6
pp. NE. Forest Exp. Sta., Upper Darby, Pa.

Blum, Barton M., and Stanley M. Filip.
1962. A WEEDING IN TEN-YEAR OLD NORTHERN
HARDWOODS—METHODS ~AND TIME REQUIRE-
MENTS. USDA Forest Serv. NE. Forest Exp. Sta.
Forest Res. Note 135, 7 pp. Upper Darby, Pa.

Blum, B. M., and Stanley M. Filip.
1963. A DEMONSTRATION OF FOUR INTENSITIES
OF MANAGEMENT IN NORTHERN HARDWOODS.
USDA Forest Serv. Res. Paper NE-4, 16 pp. NE.
Forest Exp. Sta., Upper Darby, Pa.

Church. Thomas W., Jr.
1955. WEEDING—AN EFFECTIVE TREATMENT FOR
STIMULATING GROWTH OF NORTHERN HARD-
woobs. J. Forestry. 53: 717-719.

Clausen, K. E.,, and R. M. Godman.
1967. SELECTING SUPERIOR YELLOW BIRCH TREES,
A PRELIMINARY GUIDE. USDA Forest Serv. Res.
Paper, NC-20, 10 pp. North Cent. Forest Exp.
Sta., St. Paul, Minn.

Cline, A. C.
1935. IMPROVEMENT CUTTING AND THINNING AS
APPLIED TO CENTRAL NEW ENGLAND HARD-
woobs., Harvard Forest Bull. 155, 16 pp.

Conover, D. F., and R. A. Ralston.
1959. RESULTS OF CROP-TREE THINNING AND
PRUNING IN NORTHERN HARDWOOD STANDS AFTER
NINETEEN YEARS. J. Forestry 57: 551-557.

Cooley, John H.
1962. SITE REQUIREMENTS AND YIELD OF PAPER
BIRCH IN NORTHERN WISCONSIN. USDA Forest
Serv. Lake States Forest Exp. Sta. Sta. Pap. 105,
11 pp. St. Paul, Minn.

125



Downs, Albert A. .
1942. EARLY RESPONSES TO WEEDINGS IN SOME
EASTERN MOUNTAIN HARDWOODS. J. Forestry 40:
865-872.

Downs, Albert A.
1946. RESPONSE TO RELEASE OF SUGAR MAPLE,
WHITE OAK, YELLOW POPLAR. J. Forestry 44:
22-27,

Drinkwater, M. H.
1960. CROWN RELEASE OF YOUNG SUGAR MAPLE.
Can. Dep. Forestry. Forest Res. Div. Tech. Note
89, 18 pp.

Eyre, F. H,, and W. M, Zillgitt.
1953. PARTIAL CUTTINGS IN NORTHERN HARD-
WOODS IN THE LAKE STATES. U.S. Dep. Agr.
Tech. Bull. 1076, 124 pp., illus.

Fowells, H. A.
1965. SILVICS OF FOREST TREES OF THE UNITED
StaTES. U.S. Dep. Agr. Handb. 271, 762 pp.

Gilbert, Adrian M.
1965. STAND DIFFERENTIATION  ABILITY IN
NORTHERN HARDWOODS. USDA Forest Serv. Res.
Paper NE-37, 34 pp. NE. Forest Exp. Sta., Upper
Darby, Pa.

Gilbert, Adrian M., and Victor S. Jensen.
1958. A MANAGEMENT GUIDE FOR NORTHERN
HARDWOODS IN NEW ENGLAND. USDA Forest
Serv. NE. Forest Exp. Sta. Sta. Pap. 112, 22 pp.
Upper Darby, Pa.

Godman, R. M.
1959. WINTER SUNSCALD OF YELLOW BIRCH. J.
Forestry 57: 368-369.

Hatcher, R. J.
1966. YELLOW BIRCH REGENERATION ON SCARI-
FIED SEEDBEDS UNDER SMALL CANOPY OPENINGS.
Forestry Chron. 42(4): 350-358.

Jacobs, R. D.
1965. SEASONAL HEIGHT GROWTH PATTERNS OF
SUGAR MAPLE, YELLOW BIRCH, AND RED MAPLE
SEEDLINGS IN UPPER MICHIGAN. USDA Forest
Serv. Res. Note LS-57, 4 pp. Lake States Forest
Exp. Sta., St. Paul, Minn.

Jarvis, J. M.
1956. AN ECOLOGICAL APPROACH TO TOLERANT
HARDWOOD SILVICULTURE. Can. Dep. N. Affairs
and Natur. Resources Tech. Note 43, 43 pp.

Jemison, G. M., and G. H. Hepting.
1949. TIMBER STAND IMPROVEMENT IN THE
SOUTHERN APPALACHIAN REGION. U.S. Dep. Agr.
Misc. Pub. 693, 80 pp.

Jensen, V. S.
1943. SUGGESTIONS FOR THE MANAGEMENT OF
NORTHERN HARDWOOD STANDS IN THE NORTH-
EAST. J. Forestry 41: 180-185.

Jensen, V. S., and R. W. Wilson, Jr.
1951. MOWING OF NORTHERN HARDWOODS NOT
PROFITABLE, USDA Forest Serv. NE. Forest Exp.
Sta. Forest Res. Note 3, 4 pp. Upper Darby, Pa.

Lake States Forest Experiment Station.
1940. DO YOUNG SECOND-GROWTH NORTHERN
HARDWOODS NEED CARE? USDA Forest Serv. Lake
States Forest Exp. Sta. Tech. Note 167, 1 p. St.
Paul, Minn.

Leak, William B.
1961a. YELLOW BIRCH GROWS BETTER IN MIXED-
WOOD STANDS THAN IN NORTHERN HARDWOOD
OLD-GROWTH STANDS, USDA Forest Serv. NE.
Forest Exp. Sta. Forest Res. Note 122, 4 pp.
Upper Darby, Pa.

126

Leak, William B.
1961b. DEVELOPMENT OF SECOND-GROWTH
NORTHERN HARDWOODS ON BARTLETT EXPERI-
MENTAL FOREST—A 25-YEAR RECORD. USDA
Forest Serv. NE. Forest. Exp. Sta. Sta, Pap. 155,
8 pp. Upper Darby, Pa.

Leak, William B., Dale S. Solomon, and Stanley

M. Filip.

1969. A SILVICULTURAL GUIDE FOR NORTHERN
HARDWOODS IN THE INORTHEAST. USDA Forest
Serv. Res. Paper (in press). NE. Forest Exp.
Sta., Upper Darby, Pa.

Logan, K. T.
1965. GROWTH OF TREE SEEDLINGS AS AFFECTED
BY LIGHT INTENSITY. I. WHITE BIRCH, YELLOW
BIRCH, SUGAR MAPLE AND SILVER MAPLE, Can.
Dep. Forestry Pub. 1121, 16 pp.

Lohrey, R. E.
1963. HEALING TIME FOR PRUNING WOUNDS IN A
RED PINE PLANTATION. USDA Forest Serv. Res.
Note LS-24, 2 pp. Lake States Forest Exp. Sta.,
St. Paul, Minn.

Maclean, D. W.
1949, IMPROVEMENT CUTTING IN TOLERANT
HARDWOODS. Can. Dominion Forest Serv. Res.
Note 95, 19 pp.

Marquis, David A.
1965. REGENERATION OF BIRCH AND ASSOCIATED
HARDWOODS AFTER PATCH CUTTING. USDA Forest
Serv. Res. Paper NE-32, 12 pp. NE. Forest Exp.
Sta., Upper Darby, Pa.

Marquis, David A.
1967. CLEARCUTTING IN NORTHERN HARDWOODS:
RESULTS AFTER 30 YEARS. USDA Forest Serv.
Res. Paper NE-85, 13 pp. NE. Forest Exp. Sta,,
Upper Darby, Pa.

Marquis, David A.
1969. THINNING IN YOUNG NORTHERN HARD-
WOODS—5-YEAR RESULTS, USDA Forest Serv. Res.
Paper (in press). NE. Forest Exp. Sta., Upper
Darby, Pa.

Marquis, David A., Dale S. Solomon, and John C.

Bjorkbom.

1969. A SILVICULTURAL GUIDE FOR PAPER BIRCH
IN THE NORTHEAST. USDA Forest Serv. Res.
Paper NE-130, 47 pp., illus. NE. Forest Exp. Sta.,
Upper Darby, Pa.

Moss, A. E.
1937. PRUNING SECOND-GROWTH HARDWOODS IN
CONNECTICUT. ]J. Forestry 35: 823-828.
Ohman, J. H.
1968. DECAY AND DISCOLORATION OF SUGAR
MAPLE. USDA Forest Pest Leafl. 110, 6 pp.
Ostrom, C. E., and A. F. Hough.
1944. EARLY WEEDING IN NORTHERN HARDWOODS,
J. Forestry 42: 138-140.
Skilling, D. D.
1958. WOUND HEALING AND DEFECTS FOLLOWING
NORTHERN HARDWOOD PRUNING. J. Forestry 56:
19-22.
Skilling, D. D.
1959a. PRUNING HARDWOODS IMPROVES QUALITY
AND SHOWS LITTLE EVIDENCE OF FOSTERING
DECAY. Timberman (May), 3 pp.
Skilling, D. D.
1959b. RESPONSE OF YELLOW BIRCH TO ARTIFI-
CIAL PRUNING. ]J. Forestry 57: 429-432.
Smith, D. M.
1962. THE PRACTICE OF SILVICULTURE. 578 pp.
John Wiley and Sons: New York.



Stoeckeler, J. H., and Carl Arbogast, Jr.

1947. THINNING AND PRUNING OF YOUNG
SECOND-GROWTH HARDWOODS IN NORTHEASTERN
WISCONSIN. Soc. Amer. Forest. Proc. 1947: 328-
346.

Switzenberg, D. F., T. C. Nelson, and B. C. Jenkins.
1955. EFFECT OF DEER BROWSING ON QUALITY
OF HARDWOOD TIMBER IN NORTHERN MICHIGAN.
Forest Sci. 1: 61-67.

Wang, B. S. P.

1968. THE DEVELOPMENT OF YELLOW BIRCH RE-
GENERATION ON SCARIFIED SITES, Can. Dep.
Forestry Pub. 1210, 14 pp.

Webster, H. H.
1960. TIMBER MANAGEMENT OPPORTUNITIES IN
PENNSYLVANIA. USDA Forest Serv. NE. Forest
Exp. Sta. Sta. Paper 137, 371 pp. Upper Darby,
Pa,

Zeedyk, W. D., and A. F. Hough.
1958. PRUNING ALLEGHENY HARDWOODS. USDA
Forest Serv. NE. Forest Exp. Sta. Sta. Paper 102,
14 pp. Upper Darby, Pa.

Zillgitt, W. M., and F. H. Eyre,
1945. PERPETUATION ,0F YELLOW BIRCH IN THE
LAKE STATES FORESTS. J. Forestry 43: 658-661.

127





