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FOREWORD

HE NORTHERN FOREST TYPES constitute a vast natural resource for the

United States and Canada. For instance, in the eastern United States there
are more than 10 million acres of commercial forest land supporting spruce and
fir types alone. The magnitude and variety of this resource is such that treating
it in any detail at a 3-day meeting was impossible. Rather, the idea that germi-
nated and developed into this symposium was to present a broad picture of the
extent of our knowledge of intensive cultural techniques, the status and trends of
our research in the northern forest types, and some actual experiences in
managing this resource; and to explore those factors that affect our use of the
intensive cultural techniques we have at hand.

There is no doubt that we face a new era in the management of northern
forests. The production of wood produets is no longer the primary objective of
many owners, and increased pressure for the social values of our forests is being
felt by all landowners. We must recognize these other forest values, which in
turn dictates intensification of all aspects of forest management if we are to
meet the future demands of a wood-hungry society.

The enthusiastic efforts of the symposium sponsors—the School of Forest Re-
sources, University of Maine; the Maine Bureau of Forestry; the Maine Forest
Products Council; and the U.S.D.A. Forest Service—and the individuals behind
those efforts, should be commended. Special thanks are due to Great Northern
Nekoosa, Ine., and Brooks B. Mills for their help in providing interesting field
trips, and to the Casco Bank and Trust Co. for sponsoring the symposium
brochure. Also, without the enthusiastic participation of the experts invited to
present papers, and the moderators of each session, the Symposium could not
have taken place.

—BARTON M. BLUM
Symposium Chairman

PUBLISHER'S NOTE

This report is published by the Northeastern Forest Experiment
Station as a public service. The papers it contains are published
as received from the authors. Any questions or comments about
these papers should be directed to the authors.




Proceedings of the
SYMPOSIUM ON
INTENSIVE CULTURE OF
NORTHERN FOREST TYPES

held 20-22 July 1976 at Nutting Hall, University of Maine, at
Oromno.

SPONSORED BY:

¢ School of Forest Resources, University of Maine
¢ Maine Bureau of Forestry

¢ Maine Forest Products Council

* Forest Service, U.S. Department of Agriculture



Symposium Committee Members

Barton M. Blum, USDA Forest Service, Orono, Maine.

Ralph Griffin, University of Maine, Orono.

Gordon Baskerville, University of New Brunswick, Fredericton.
Tom Corcoran, University of Maine, Orono.

Bart Harvey, Great Northern Nekoosa, Inc., Millinocket, Maine.
Dick Arsenault, Lavalley Lumber Co., Sanford, Maine.

Joe Lupsha, Maine Forest Products Council, Augusta.

Tim O’Keefe, Extension Forester, University of Maine, Orono.
Ed Giddings, University of Maine, Orono.

Robert Frank, USDA Forest Service, Orono, Maine.

Ken Hendren, Maine Bureau of Forestry, Augusta.

Jack Bulger, Maine Bureau of Forestry, Ellsworth.

Bill Adams, Maine Bureau of Forestry, Old Town.

Jonathan Ford, J. M. Huber Corp., Old Town, Maine.

Moderators

Fred Knight, School of
Forest Resources
University of Maine: 20 July 1976, morning session.

Fred Holt, Maine Bureau
of Forestry (retired): 20 July 1976, afternoon session.

Ray McDonald, Casco Bank
& Trust Company: 21 July 1976, morning session.

Dick Kennell, USDA Forest
Service, State & Private
Forestry: 21 July 1976, afternoon session.

C. D. Hartley, Valley
Forest Products Ltd.,
Canada: 22 July 1976, morning session.

ii



CONTENTS

TRANSLATING FORESTRY KNOWLEDGE INTO FORESTRY ACTION:

John R, MCeGUITe ... o e 1
WOOD AS A STRATEGIC MATERIAL: Kenneth §. Rolston, Jr.................. I 9
NATIONAL AND REGIONAL NEEDS FOR INCREASING WOOD YIELDS THROUGH

INTENSIVE MANAGEMENT: Robert B. Phelps. ... . ...t 17
LET'S CALL THE WHOLE THING OFF!: Gordon Baskerville ............................ 25
PRESENT METHODS AND TECHNOLOGY AVAILABLE FOR INTENSIVE MANAGEMENT

AND EXTENT OF PRESENT USE: Gordon F. Weetman ...........ccovvvrivenneaniis. 31
HOW APPLICABLE IS EVEN-AGED SILVICULTURE IN THE NORTHEAST:

Ralph H. Grilfin o e e e i e 43
HOW APPLICABLE IS UNEVEN-AGED MANAGEMENT IN NORTHERN FOREST TYPES?:

Stanley M. Filip ..o e e 53
EVEN-AGED INTENSIVE MANAGEMENT: TWO CASE HISTORIES: Harold M. Klaiber ... 63
SILVICULTURAL SYSTEMS—UNEVEN-AGED MANAGEMENT: Morris R. Wing ......... 67
NATURAL REGENERATION—SMALL OWNERSHIPS FROM CONCEPT TO PRACTICE:

Arthur G. Dodge, Jr. ..o v e e 3
PUBLIC LANDS—FROM CONCEPT TO PRACTICE: John J. Vrablec ...................... bl
ARTIFICIAL REGENERATION; APPLICABILITY, OPTIONS AND RESEARCH NEEDS

Herschel G. Abbott. . ... . i i e e e i 83
LARGE-SCALE SOFTWOOD PLANTING OPERATIONS IN NEW BRUNSWICK:

M. KL BarteaUx .o i e e e e e 97
HARDWOOD PLANTING IN SOUTHERN ONTARIO: F. W, von Althen .................. 101
DIRECT SEEDING IN NORTHERN FOREST TYPES: Ralph H. Griffin .................. 111
INTERMEDIATE CULTURAL PRACTICES: Robert Dinneen ..................0ovvenennn. 127
SILVICULTURAL POTENTIAL FOR PRE-COMMERCIAL TREATMENT IN NORTHERN

FOREST TYPES: H. W. Hocker, Jr. .. o i ittt i taavnaanes 135

FIELD EXPERIENCE SILVICULTURAL CLEANING PROJECT IN YOUNG SPRUCE AND
FIR STANDS IN CENTRAL NOVA SCOTIA: Theodore C. Tryon and Thomas W. Hartranft 151
INDICATIONS OF SILVICULTURAL POTENTIAL FROM LONG-TERM EXPERIMENTS IN

SPRUCE-FIR TYPES: Robert M. Frank....... ...t 159
FIELD EXPERIENCES IN PRE-COMMERCIAL THINNING, PLANTING AND CONTAINER
GROWING OF NORTHERN SOFTWOODS: Oscar Selin ............................. .. 179
STATUS OF FERTILIZATION AND NUTRITION RESEARCH IN NORTHERN FOREST
TYPES: Miroslaw M. CzapowsKkyl . ... .o i e e, 185
SITE CLASSIFICATION FOR NORTHERN FOREST SPECIES: Willard H. Carmean .,.... 205
NUTRIENTS: A MAJOR CONSIDERATION FOR INTENSIVE FOREST MANAGEMENT:
James W, Hornbeok ... .. o e e e e s 241
STATUS OF GROWTH AND YIELD INFORMATION IN NORTHERN FOREST TYPES:
Dale 8. SoloMoON ... i e, 251
THE STATUS OF TREE IMPROVEMENT PROGRAMS FOR NORTHERN TREE SPECIES:
David §. CaNaVeTa ... ... e e e 261
STATUS OF HERBICIDE TECHNOLOGY FOR CONTROL OF TREE SPECIES AND TO
REDUCE SHRUB AND GRASS COMPETITION: Maxwell L. McCormack, Jr. ........... 269
COMPATABILITY OF INTENSIVE TIMBER CULTURE WITH RECREATION, WATER AND
WILDLIFE MANAGEMENT: Samuel P. Shaw ....... ... it 279
PLANNING PITFALLS: James H. Freeman .......oioirrtiiinerenereovenaeenannrinnes 291
PLANNING FOR & IMPLEMENTING INTENSIVE CULTURAL LONG & SHORT RANGE
PLANNING: Lester W, Hazelton .. ... iiiuiii it iiaiara e 299
SMALL WOODLAND OWNERSHIP MANAGEMENT: Albert J. Childs ................... 307
EFFECTS OF TAXATION ON THE PLANNING AND IMPLEMENTATION OF INTENSIVE
TIMBER MANAGEMENT: David Field ..... oo i e e e 311
EFFECTS OF INCENTIVE PROGRAMS: Duane L. Green ...........ocviiiiiiivniiniann 333
POSSIBLE LEGISLATIVE CONSTRAINTS TO INTENSIVE SILVICULTURAL PRACTICES
IN NORTHERN FOREST TYPES: Brendan J. Whittaker.. ... .......................... 341
TECHNICAL ASSISTANCE FOR INTENSIVE CULTURE OF NORTHERN FOREST TYPES:
Timothy G. O'Keefe .. .. ... 351

CLOSING COMMENTS: Fred B. Knight ........o.iiiiiiiiiii i 355

iii



STATUS OF GROWTH AND YIELD INFORMATION
FOR NORTHERN FOREST TYPES

by Dale 5. Solomon, Research Forester,
USDA Forest Service,
Northeastern Forest Experiment Station,
Orono, Maine

Abstract

Existing regional growth-and-yield informa-
tion for most of the northern forest types is
summarized by species. Present research is con-
centrated on growth-simulation models, constructed
by either aggregating available information or
through individual tree growth studies. A
uniformity of more refined measurements is needed
so that future growth models can be tried for
other species and forest types.

MOST FOREST-MANAGEMENT decisions include some form of
growth information, because cultural treatments on
different sites cause growth responses to vary. Growth
data are not only some of the most sought after in-
formation, but also are some of the most difficult to
obtain. In order to report on the status of growth and
yield information in northern forest types, it is nec-
essary to realize that different forest types are com~
prised of many species within that type and that each
species grows at a different rate. Each species has
its own growth rate in height and diameter; and these
rates depend directly upon site, moisture, and
competition.

DESIRED GROWTH AND YIELD INFORMATION

The information desired most frequently would be
used to predict the long-term influence of site, stand
density, and silvicultural systems on the growth and
yield of different stands in terms of product objec-
tives. The long-term growth and yield predictions are
desired for managed and unmanaged stands growing on
different sites for varying periods of time.

Yield information is also needed for different
silvicultural treatments used for different management
objectives. In addition to different growing condi-
tions, one needs knowledge of yields by product
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classes, including various portions of whole trees.
Thus for growth and yield information to be meaningful,
different aspects of tree growth--from fiber production
to high quality sawlogs--must be considered. These
products should be described within a framework of
growing conditions and time requirements needed to
achieve the desired product or measurement classes.

AVAILABLE GROWTH AND YIELD INFORMATION

Classical growth information has been developed
for diameter and volume growth measured at 4.5 feet
above ground, or volume growth of the whole bole by
age classes.

The growth information available is primarily
stand growth over an average set of conditions, usu-
ally for a relatively short period of time. This seems
logical because it is impossible to collect data from
various aged stands, with different silvicultural
treatments, growing on different sites.

Existing yield tables are of two types. Normal
tables, based on unmanaged stands at maximum or full
stocking, show yields attained at various stand ages.
The other type is empirical tables, which are con-
structed over the life of the stand, representing
average stocking that may have varied greatly at
different periods.

Normal tables are poor indicators of attainable
product yields from thinned stands, while empirical
tables do not give accurate estimates for long-term
conditions unless stands are grown under the same
conditions as those on which the tables were based.
Yield information available gives harvest volume by
age class and frequently by site index or class.

The major northern forest types recognized by the
Society of American Foresters (1954) are: aspen-birch-
pin cherry; white pine; swamp conifers; spruce-fir;
and northern hardwoods. As a means of reviewing ex-
isting literature, I will discuss the growth and yield
information for each of these forest types. This re-
view of growth and yield information is not complete,
and it is not intended to include all available sources
of information. My purpose is to try to report the
most recent or the most significant literature dealing
with growth and yield in the northern forest types.
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Within the aspen-birch-pin cherry type, almost
pure stands of individual species occur. Therefore I
will review existing growth and yield information by
each species., TFor birch in New England, early inform-
ation is available from Dana (1909) for natural un-
even-age stands. Height, diameter, and volume growth
are given by age and regeneration classification.
Yield is given by age and quality class.

Diameter growth data for young managed birch crop
trees with different degrees of thinning are presented
by Solomon and Leak (1969). Merchantable volume
yields are also given for even-age stands of various
mean diameters and the number of years to reach that
mean stand diameter by site index for managed and un-
managed stands. Normal yield tables for birch stands
in the Midwest were reported by Plonski (1956); these
tables give yield by site class, age, height, diameter,
number of trees, and basal area. The same information
for well-stocked aspen stands is presented in a simi-
lar manner. Information about aspen stands in the
Midwest is given by Schlaegel (1972). He presents net
periodic annual basal~area growth by age and stand
density. Also, yield information is presented by age,
site index, thinning regime, and stand density.

For white pine in New England, we have yield in-
formation for well-stocked stands (Frothingham 1914),
and for old-field plantations for different locations
by age and site index. The most recent yield informa-
tion is given by Leak and others (1970) for white pine
in New England related to age, site, and stocking.
Although this and other yield information are availa-
ble for white pine, extensive stand-growth information
does not seem to be available. What growth information
is available in the literature is for specific areas
and is not presented by alternative management criteria.

For natural stands of red pine in the Lake States,
extensive growth information by age, site index, and
stand density are available (Buckman 1962). His tables
present basal area, net growth, cubiec feet, cordwood,
and board-foot growth by site index, age, and stand
density. Yield information is also presented, by site
index, age, and stand density for various residual
thinning densities.

Yield information for jack pine in the Lake States,

along with cordwood growth and basal-area growth after
thinning, is available by site and age (Eyre and

253



LeBarron 1844). Gevorkiantz (1947) published yield
information with growth rates by size class and con-
versions for less-than-normal stocking. Later, normal
yield tables for jack pine in northern Ontarioc were
developed by Plonski (1956). Therefore, tables by site
and age are available for a wide range of stand den-
sities and varying silvicultural treatments.

Since the Lake States have stands of predominately
black spruce with a low mixture of other spruce species,
black spruce will be discussed separately. The growth
and yield of black spruce in the Lake States is avail-
able for managed stands by age, site, and basal-area
density (Perala 1971). TFrom these data, equations have
been developed for estimating growth and yield for both
cubic feet and cords. Also, normal yield tables are
presented by site and age (Plonski 1956). Diameter
growth by stocking and size class, and basal-area
growth for various residual stand densities of the
swamp conifers, are also available (Skilling 1959).

In addition to black spruce information, stand
volume growth, and yields by age, site, and competition
indices are available for balsam fir (Gevorkiantz and
Olsen 1950). Growth and yield information for spruce
and fir stands in the Northeast started in 1917 with
Murphy's (1917) work on old-growth and old-field red
spruce. This work included diameter growth by size and
stand type for different locations throughout the
Northeast. It also contained basal-area growth by age
and quality class.

In the Northeast, both normal yield tables by
Meyer (1929) and empirical yield tables by Westveld
(1953) are available for spruce-fir stands. The normal
tables are by age and site index for different species.
The empirical tables are given by age, using a density
and stand-composition index.

Average cubic-foot stand growth rates for spruce-
fir stands have been presented for New England (Safford
1968). The averages are presented by density, height,
and type of stand mixture. Yield information is pre-
sented by Merrill and Hawley (1924) for hemlock stands
in southern New England. Cubic-foot and board-foot
measures, and current annual and mean annual incre-
ments, are given by age and quality class. A more
recent publication by Baskerville (1965) has given pro-
duction of balsam fir stands in New Brunswick in both
cubic feet and weight for different tree components for
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varying number of stems per acre.

Growth information for northern hardwoods began
with diameter, height, and volume growth for stands in
the Lake States and yield information for the Northeast
(Hawes and Chandler 191u4; Frothingham 1915). Both the
growth and yvield information is for fully-stocked
stands by age and site differentiation.

Later additional normal yield information was
presented by Spaeth (1820) and Gevorkiantz and Duerr
(1937). These provide yields by age and site class-
ifications for both the lLake States and New England
northern hardwoods.

Yields for managed stands in New England have been
combined and presented by Leak, Solomon, and Filip
(1969). Their tables make use of existing information,
both published and unpublished, for northern hardwcod
stands and present the number of years required to
reach a specified yield by site index. Growth informa-
tion for stands under different forms of management is
given by Erdmann and Oberg (1973). Also Solomon [in
press] has compiled stand growth responses for northern
hardwoods in New England, by size class for different
densities in uneven-age stands.

It becomes apparent from the partial listing of
existing growth and yield information that much work
has been done. Hence arises the question of "Why do
we need more?" Why not just revise or adjust existing
information?

FUTURE GROWTH AND YIELD INFORMATION

The general comparison of the desired growth and
yvield information with the actual published information
indicates the intensive need for data, especially for
managed stands. Since no two stands are alike, the
need arises for the forest manager to have separate
growth and yield information for stands of different
species composition growing under different levels of
stocking.

Stand information is usually based on average
growth and yields over a large area. A broad average
usually ignores many of the differences between indi-
vidual stands. Thus one of the functions a land man-
ager has is to determine how close his stands are to
the reported average conditions.
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Therefore, to estimate future growth rates and
yields accurately and make meaningful forest-management
decisions, the land manager needs information about the
response of his stands to a variety of environmental
and physiological conditions. He needs single tree
information rather than broad averages for specific
local cases. The use of individual tree responses to
develop an average for a whole stand should provide an
equally reliable base for future growth estimates.

There have been two basic approaches toward ful-
filling the need for determining forest growth and
yield under different silvicultural systems on different
sites. Both approaches employ simulation models of
actual responses. One method is to use stand growth
and yield data for different conditions and combine
them into a stand model. The second method is to take
specific data, usually individual tree growth, and de-
velop stand responses.

As you can see from existing information, stand
results are not reported on a similar basis, which
makes the first method of comparison or combining
difficult. Also, species combinations for mixed stands
are most difficult to deal with.

Various stand growth and yield simulators have
recently been developed for the northern forest types.
Moser (1974) has developed a system of equations for
forest stands of sugar maple in the Lake States.
Solomon (1974) presented a simulation model for dif-
ferent silvicultural treatments of even-age northern
hardwoods in New England.

The method of modeling that uses individual tree
data allows significantly more flexibilitys; however,
it requires more time to develop, and extensive field
calibration. Many different individual tree models are
available (Arney 1971; Beck 1974; Lin 1874; and
Mitchell 1969). Simulation models have been developed
for the northern forest types relying on different
expressions of competition and growth. Hegyi (1874),
for example, has developed a model for managing jack
pine. Likewise Ek and Monserud (1974) have provided a
model that deals with mixed species in even- and un-
even-age stands.

Ongoing growth and yield research within the &
northern forest types is attempting to use individual--
tree information together with stands to construct
models.
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Another urgent need is for the forester to measure
products in more specific units. If we are to intens-
ify our tree growth we need to know the responses of
different tree components and how to measure this re-
sponse. For example, volume, as measured by cords, is
unsatisfactory for branches or leaves (Young 1873).
Therefore we should bring the forestry world to a more
common and precise basis, such as cubic meters, cunits,
or weight. We need to be able to communicate as well
as understand.

SUMMARY

For the land manager to manage his forests in-
tensively, he needs growth and yield information for
different species in mixed, even-age, and uneven-age
stands on different sites with varying degrees of
density and stocking. These stands need to have
different combinations of these conditions both for
managed and unmanaged stands.

Available growth and yield information deals with
normal stands and some segments of managed stands.
There is not only a need to develop growth responses
for trees growing under different environmental con-
ditions: there is also a need for collecting data and
reporting results on a more common and conforming
measurement basis. Therefore, the development of sim-~
ulation growth models, as is being done, seems the most
logical path to follow in an attempt to bridge existing
gaps.
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