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FOREWORD

This is one of a series of manager’s handbooks for important forest
types in the north central States. The purpose of this series Is to present
the resource manager with the latest and best information available on
handling these types. Timber production is dealt with more than other
forest values because it is usually a major management obiective and
more Is generally known about it. However, ways to modify manage-
ment practices to maintain or enhance other values are included where
sound information is available.

The author has, in certain instances, drawn freely on unpublished
information provided by scientists and managers outside his specialty.
He is also grateful to the several technical reviewers in the region who
made many helpful comments.

The handbooks have a similar format, highlighted by a “Key to
Recommendations™. Here the manager can find in logical sequence the
management practices recommended for various stand conditions,
These practices are based on research, experience, and a general silvical
knowledge of the predominant tree species.

All stand conditions, of course, cannot be included in the handbook.
Therefore, the manager must use technical skill and sound judgment in
selecting the appropriate practice to achieve the desired objective. The
manager should also apply new research findings as they become
available so that the culture of these important forest types can be
continually improved.
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OAKS
IN THE NORTH CENTRAL STATES

Ivan L. Sander, Principal Silviculiurist
Columbia, Missouri

This handbook applies to the broad upland forest
association commonly called oak-hickory. The oaks,
black, white, northern red, scarlet, chestnut, post, and
blackjack predominate, and occur in widely varying
mixtures with each other and with many other species
(see Appendix V, table 21, for scientific names of plants
and animals). Hickories are consistently present in this
association but are not generally abundant. The repro-
duction requirements for hickory are essentially the
same as those for oak, and although hickories are
inherently slower growers than oaks, they require about
the same growing space for good diameter and volume

growth. Because oaks are by far most abundant, this
guide is written in terms of oaks rather than oak-
hickory.

The handbook was prepared to apply specifically to
the north central States of Illinois, Indiana, lowa,
Michigan, Minnesota, Missouri, and Wisconsin. However,
the oaks or oak-hickory type occurs extensively over the
castern United States, and the principles on which the
handbook is based generally apply wherever oak stands
grow. Outside the north central States, however, the
recommendations may need to be modified, so they
should be applied with caution.

SILVICAL HIGHLIGHTS

Oaks are found over a wide range of soil and
topographic conditions, from sandy, rocky soils to heavy
clay soils, and from dry upper slopes and ridges to moist
lower slopes and coves. Best growth occurs on moist
well-drained soils in coves and on middle and lower
slopes.

Oaks grow in association with many other tree and
shrub species. Among their most important tree associ-
ates are the hickories, blackgum, red and sugar maples,
yellow-poplar, white ash, black cherry, basswood, and
black walnut. Common understory tree and shrub
associates include flowering dogwood, sassafras, eastern
hophornbeam, American hornbeam, blueberry, hazelnut,
and witchhazel.

Oaks start to bear fruit at about age 25. Good seed
crops are produced at intervals of 2 to 10 years; there

may be complete failures some years. Acorn numbers
vary widely by years and by trees within the same stand.

Acorns of species in the white oak group germinate
soon after falling; those of species in the red oak group
germinate the spring after seedfall. Best germination
oceurs in mineral soil under a light covering of leaves.

To successfully produce new oak stands after harvest
cuttings, relatively large oak stems (advance reproduc-
tion) must be present before the old stand is harvested.
These stems will generally be sprouts that typically have
died back to the ground and resprouted several times.
8o, the stem is usually many years younger than the root
system. When such stems are cut off or damaged during
harvest, a new sprout appears that will grow rapidly in
full sunlight. These new sprouts are the most desirable



type of oak reproduction in stands that develop after
clearcutting or the final removal cut in shelterwood
cuttings.

The frequency of sprouting from stumps varies some-
what among oaks. Black and white oaks generally sprout
less frequently than northern red, scarlet, or chestnut
oaks; small stumps sprout more frequently than large
ones. Sprouts that originate at or below ground level and
from small stumps are less likely to develop heartwood
decay.

The juvenile height growth of new oak sprouts is

related to the size of the old stem from which they
originate. Sprouts from large stems grow faster than
sprouts from small stems. Oaks respond well to release
unless they are overtopped or have grown in dense
stands for long periods of time. Sapling and pole-size
trees that are dominant or codominant respond best and
grow rapidly when given enough space.

Epicormic sprouting may be heavy on oaks that have
grown in fully stocked stands for 20 years or more and
then given sudden and heavy release. Dominant and
codominant trees are less likely to produce as many
epicormic sprouts as intermediate or suppressed trees.

MANAGEMENT OBJECTIVES AND NEEDS

Growing full yields of the highest value products the
site can produce in a relatively short time is the
management objective considered in this handbook.
Most of the product volume will be in high quality
sawtimber and some veneer quality trees, but pulpwood
and other small roundwood products will be harvested
from thinnings or as the final crop, especially on poor
sites. Where the objective is to manage for a resource
other than timber, or for any combinations of timber,
water, wildlife, recreation, and range, the recommenda-
tions in this handbook should be modified as needed.

To achieve the objective of producing high quality
sawtimber and veneer trees, even-aged silviculture and
management are recommended. Prompt regeneration is
needed and our present knowledge suggests that this is
best attained through clearcutting or some form of
shelterwood. But silvicultural knowledge for intensive
management is not complete. Techniques need to be
further deveioped to ensure adequate regeneration, and

yield tables for managed stands need much refinement.

KEY TO RECOMMENDATIONS

The following key describes some of the management
options and silvicultural alternatives that will lead to
efficient timber production. Every possible situation
cannot be presented in detail, so the silviculturist must
choose the alternative that best fits the situation. The
key does not consider uses other than timber. However,
where necessary, the silvicultural recommendations can
be modified according to the information in the section
on other resource considerations.

Starting with the first pair of numbered statements,

1. OQaksiteindex 75 or greater . . . . . . . ... .. ... ..
1. Oaksiteindexlessthan75 . . . . . . . . ... ... .. ..

select the statement that better describes the stand in
question. Each statement will give either a number, a
partial recommendation and a number, or a final
recommendation. If a number is given, repeat the
selection process until a final recommendation is
reached. The overall recommendation is the sum of the
partial recommendations arrived at while going through
the key. Turn to the page and letter references in the
“Timber Management Considerations” section for more
detail on management options and silvicultural treat-
ments.

2. Stand in “Driftless Area” of Wisconsin, Minnesota, and northeastern fowa, or northern Lower

Michigan (See p. 4, A) . . . . . . .. .. .. ... ...
2. Stand notinaboveareas . . . . . . . ... . ... ..

3. Stand mature (more than 50 percent of basal area in trees that have reached the desired size

forthesite) . . . . . . . ... ... ... ...

............ CONVERT TO OTHER HARDWOODS . .

3. Stand immature (less than 50 percent of basal area in trees that have reached the desired size for the site) ... oL



4. Seed source or advance reproduction of other desirable hardwoods present . . . . ..., . REMOVE OAK OVERSTORY
USING SHELTERWOOD CUT. or CLEARCUT (See p. 10, R)

4. Seed source or advauce reproduction of other desirable hardwoods absent . . . . . . . . HARVEST AND INTERPLANT
WHITE ASH. SUGAR MAPLE, OR OTHER SUITABLE SPECIES (See p. 10, R)
5. Stand basal area two-thirds or more inoak . . . . . . .. . ... MANAGE FOR OAK OR MIXED OAK — OTHER HARDWOODS
(See p.9,P)
5. Stand basal ares one-third or lessinoak . . . . . ... ... ... MANAGE OTHER DESIRABLE HARDWOODS (See p. 9, P)
6. Stand in southern Jinois, southern Indiana, or southern Lower Michigan . . . . . .. ... .. . (Seep. 4, A). . 7
6. Stand in Ozarks region of Missouri . . . . . . .. . ... ... MANAGE FOR OAKS (Seep. 4, A) . . 12
7. Stand mature (more than 50 percent of basal area in trees that have reached the desired size for thesite) . . . . . . .CONVERT TO
OTHER HARDWOODS OR MIXED QAK - OTHER HARDWOODS (See p. 10, S)
7. Stand immature {less than 50 percent of basal area in trees that have reached the desired size for thesite) . . . . . ... . ... 8
8. Stand basal area 50 percent or more inoaks . . . . . . .. . . ... MANAGE FOR OAK OR MIXED OAK — OTHER
HARDWOODS (See p. 9, P)
8. Stand basal area less than 50 percent inoaks . . . . . . . . . .. MANAGE FOR MIXED OAK — OTHER HARDWOODS OR
OTHER HARDWOODS (See p. 9, P)
9. Oaksiteindex 65 through 74 . . . . . .00 10
9. Oaksiteindexlessthan 65 .. . .. . it
10. Stand in southern Hlinois, southern Indiana, “Driftless Area” of Minnesota, Wisconsin, and fowa, or Lower
Michigan . . . . . .. ... MANAGE FOR OAK OR MIXED OAK - OTHER HARDWOODS (See p.-4,B:p.9,P) .. 12
10. Stand in Ozarks region of Missouri orelsewhere . . . . . . . . . .. . ... ... MANAGE FOR OAKS (See p. 4,B) . . 12
11, Oak site index 55 through 64 . . . . . . . .. . . MANAGE FOR OAK OR MIXED OAK—PINE (See p.-4.B;p. 10,Q) . . 12
11, Oaksiteindex lessthan S5 . . . . . . . . .. .. .. .. CONVERT TO PINE or DO NOT MANAGE (See p. 5. C; p. 10, T)
12. Stand mature {more than 50 percent of basal area in trees that have reached the desired size for the sitej (See p. 6, D) . . . . I3
12. Stand immature (less than 50 percent of basal area in trees that have reached the desired size for the site) (See p. 7,H) . . . 14
13. Qak advance reproduction adequate . . . .. . .. HARVEST (See p. 6, E)
3. Oak advance reproduction inadequate . . . . . . ESTABLISH AND DEVELOP OAK ADVANCE REPRODUCTION (See p. 6, F)
14. More than 50 percent of stand basal areain one size class . . . . .. . .. ... ... ... ... 15
14. No single size class contains more than 50 percent of stand basal area (See p. 9,K) . . . . . ... ... ... ... 19
5. More than 50 percent of stand basal area in saplings or pole size trees (See p. 9, 1) . . . REDUCE STOCKING TO NOT LESS THAN
60 PERCENT; THIN AT 10-YEAR INTERVALS
15. More than 50 percent of stand basal area in sawtimber size trees (Seep.9, ) . .. 16
16. Stand fully stocked (total stocking 60 percent or higher) . . . . . . . ... ... ... 17
16. Stand understocked (total stocking less than 60 percent) or of poorquality . . ... ... . . ... .. . REHABILITATE or
REGENERATE (See p. 9, 0)
17. More than half of trees at least 80 percent of desired rotation diameter (Seep. 9, L) . ... 18
17. More than half of trees less than 80 percent of desired rotation diameter . . . . . . . . . . . . . . . THIN or WAIT (See p. 9, N)
18. Stocking 80 percent ormore . . . . . . . . THIN LIGHTLY TO ENHANCE OAK ADVANCE REPRODUCTION (See p. 9, L)
18. Stocking 60 through 79 percent . . . . .. ... WAIT (See p. 9, M)
19. More than 50 percent of basal area in saplings and poles . . . . . . COMBINE SAPLINGS/POLES INTO ONE CLASS (See p. 9, K)
19. More than 50 percent of basal area in poles and sawtimber . . . . COMBINE POLES/SAWTIMBER INTO ONE CLASS (See p. 9, K)
TIMBER MANAGEMENT CONSIDERATIONS
Stand Size for stand size, but there are silvicultural reasons to limit
the minimum size. When an old stand is completely
A number of factors must be considered when removed, the new stand develops in the opening. In
choosing the size of a stand and delineating its bounda- every opening there is a zone around the edge in which
ries. There is no silvicultural reason to set an upper limit growth of the new stand is retarded by the surrounding



stands. For best development of the new reproduction
the proportion of the stand area in this zone should be
kept as low as possible. As stand size is reduced below
about 2 acres the percent of area in this zone increases
rapidly. Thus, for silvicultural reasons the minimum
stand size should be 2 acres (for metric equivalents, see
p. 33, Appendix V).

Silvicultural prescriptions are easier when a stand is
relatively uniform and occupies relatively uniform site
conditions. The stand should be large enough so it can
be readily mapped and entered into records, and so it
can be accurately located for future silvicultural opera-
tions. Stand size can be smaller for small forest
properties than for larger properties because on small
properties small stands are easier to keep track of.

Site Quality

For the purpose of this handbook three broad site
classes have been recognized. Good sites are those with a
site index for oak of 75 or more, average sites have an
oak site index of 55 to 74, and the oak site index for
poor sites is 40 to 54.

In determining site index, local site index, curves
should be used if available. In areas where local curves
are not available, regional curves or tables can be used
(see Appendix I, tables 4 and 5, figs. 1-6). Site index
should be estimated directly from height-age measure-
ments if suitable trees are present. Trees selected should
be single-stemmed, dominant or codominant, and show
no signs of past suppression.

If suitable trees for direct estimation of site index are
not available, site index may be estimated from soil and
topographic features in areas where soil-site relations
have been studied and correlations made (Appendix I,
tables 6-10).

Site-Species Relations

Oaks occur in varying mixtures over the entire range of
upland sites in the north central States. Other hardwood
species may occur in mixture with the oaks, especially
on the good sites, and on average to poor sites pines may
be present. The preferred species for timber production
are listed in table 1.

A. On good sites (oak site index 75+), the opportuni-
ties to manage for oak will vary according to geographic
location. It will often be difficult and probably imprac-
tical to perpetuate essentially pure oak stands in many
areas on these sites.

In the “Driftless Area”! of southwestern Wisconsin,
southeastern Minnesota, and northeastern Iowa and in
northwestern Lower Michigan, existing northern red oak
stands and the northern red oak-white oak mixture are
ecologically unstable. The trend is toward species other
than oaks. Sugar maple, American elm, American bass-
wood, white ash, and black cherry usually become
established under present oak stands, while oak advance
reproduction is scarce to nonexistent. In these areas
managing for oaks beyond the life of presently existing
stands may not be practical. Establishing adequate oak
advance reproduction will be extremely difficult and
costly because of the severe competition from other
species. Future stands will contain some northern red
and white oaks of stump sprout origin, but the eventual
domination of these sites by more mesic species is
inevitable. Consider managing succeeding stands as mix-
tures of oaks and other hardwoods (see P, p. 9), or to
converting these sites to other hardwoods (see R, p. 10).

In southern Hlinois, southern Indiana, and in parts of
Lower Michigan, yellow-poplar and other intolerant
species will increase as the present oak stands are
harvested. Future stands will probably always contain
some oaks; the proportion will depend on the amount
and size of the oak advance reproduction present when
the harvest cut is made. These stands should be managed
as mixtures. It may be possible to manage for essentially
pure yellow-poplar on these sites, but weedings by age
10 will probably be necessary.

In the Ozarks region of Missouri, desirable nonoak
timber species are limited and oaks will continue to be
the species to manage for on good sites. Even so, special
measures may be necessary to ensure establishment and
development of adequate oak advance reproduction.

B. The average sites (site index 55 to 74) are well
suited to oak management, and the perpetuation of oaks
anywhere in the region should not be too difficult
except for sites near the upper limit of the class. As oak
site index increases from about 65 to 74, yellow-poplar
and other intolerant or more mesic species will increase
in southern Ulinois and Indiana. In the Driftless Area
and in Lower Michigan species such as American elm,
sugar maple, white ash, and American basswood will
increase where adequate seed sources exist because of
their ability to become established and persist in the
understory. Oaks will probably be present in the stands
that follow harvest cutting because of their ability to
sprout. In these situations consider managing mixtures
of oaks and other hardwoods.

Y The hilly, unglaciated portions of these States.



Table 1. — Preferred species for management by region and site index

Region : Site : Preferred Preferred
: index class : oaks asgoclated species
Feet
Missouri Ozarks 75+ N. Red Oak Black Walnut
Black Oak Hickories
White Oak
55-74 Black Oak Black Walnut
White Oak Hickories
N. Red 0Oak Shortleaf Pine
Scarlet Oak
40-54 Scarlet Oak Hickories
Black Oak Shortleaf Pine
White Oak
N. Red OQak
Southeastern Minnesota, 75+ N. Red Oak White Ash
southern Wisconsin, White Oak Sugar Maple
northeastern Iowa American Basswood
Butternut
Black Walnut
55~74 N. Red 0Oak White Ash
Black Oak Sugar Maple
White Oak Black Walnut
American Basswood
White Pine
Red Pine
40-54 Black Oak Hickories
White Oak Red Pine
Bur Oak
Lower Michigan 75+ N. Red Oak American Basswood
White Oak Black Cherry
White Ash
Sugar Maple
Black Walnut
Yellow Poplar
55~74 N. Red Oak White Ash
Black Oak American Basswood
White Oak Sugar Maple
Hickories
40-54 Black Oak Aspen
White Oak Jack Pine
N. Pin Oak Red Pine
Red Maple
Southern Illinois, 75+ N. Red Oak Yellow Poplar
southern Indiana Black Oak White Ash
White Oak Black Walnut
55-74 N. Red Oak Yellow Poplar
Black Oak White Ash
White Oak Black Walnut
Chestnut Oak Hickories
40-54 Black Oak Hickories
Chestnut Oak
Scarlet Oak
White Oak

Management for essentially pure oak on these sites
should be feasible anywhere in the region, except as
noted above. However, special measures may be neces-
sary to ensure establishment and development of ade-
quate oak advance reproduction.

In the Ozarks and in Lower Michigan, mixtures of pine
and oak are sometimes present on these sites. It should
be feasible to manage these stands as mixtures.

C. The poor sites (site index 40 to S4) are almost
exclusively occupied by oaks. Stands are often of poor



quality, and dominated by the less desirable oaks such as
post and blackjack oak in Missouri, and bur cak in
southern Minnesota and Wisconsin. Mixtures of pine and
oak also occur on these sites in Missouri and Lower
Michigan.

These poor sites should probably be managed for
pulpwood or other small products if markets exist. The
best management for ouak stands on the poorest sites
may be no management. When they provide a com-
mercial harvest, they should be harvested, but cultural
work should be limited to that necessary to provide for
adequate regeneration. Thinnings may be feasible in
stands on sites in the upper part of the range. However,
trees should be of merchantable size and the thinning
operation should pay for itself.

Conversion of these sites to pine or managing them for
pine-oak mixtures is often feasible, and should be done

if the cost of conversion is not prohibitive (see “Conver-
sion To Other Species™, p. 10).

Rotation Length

D. Oaks are relatively long-lived trees and rotation can
be long. In unthinned stands, individual tree growth is
slow and dominant trees on site 55, at age 80, will
average about 12 inches in diameter, while those on site
75 at age 80 will average about 18 inches in diameter.

Rotation lengths can be shortened if stands are
thinned early and regularly. The rotation lengths and
tree sizes recommended in table 2 assume thinnings will
be started early and continued on a regular cycle over
the rotation.

Table 2. -~ Recommended rotation lengths and diameter
for oak sawtimber'

Site : Rotation : Rotation
index class : length : diameter?
Feet Years Inches
75+ 60-75 24-28
55~74 75-90 20-24
40~54 90-120 16-18

TRotation lengths for
pulpwood are about 1/2 to 2/3 of
those for sawtimber.

2Avarage diameter of crop
trees,

Controlling Stand Establishment

E. Two basic principles of reproducing oaks must be
understood by silviculturists managing this type.

6

1. The newly reproduced stand will contain oaks in
proportion to the advance oak reproduction on the area
before the overstory is removed.

2. Advance oak reproduction must be relatively large,
with a well established root system, in order to compete
successfully with other woody vegetation in the new
stand.

Before a final harvest cut is made, the oak advance
reproduction should be inventoried to determine if it is
adequate to ensure a dominant oak component in the
new stand. (See Appendix IV, “Evaluating the Adequacy
of Oak Advance Reproduction”.) If the minimum
standards of this guide are met, the old stand can be
removed. Clearcutting is the recommended silvicultural
system. After the merchantable timber is harvested, any
remaining trees larger than about 2 inches d.b.h. (or
about 20 to 25 feet tall) should be removed. Desirable
oaks should be cut and allowed to sprout. Species not
wanted in the next stand should be killed. This is
important because if left, many of these trees will
become wolf trees.

F. If the oak advance reproduction does not meet the
standards in the guide, harvest cutting should be
delayed. If oak advance reproduction is scarce or absent,
new seedlings will have to be established. There are no
known cultural techniques that result in new seedlings
being established. Some reduction of overstory density
should help to stimulate seed production, but because of
the periodicity of seed crops the time required to
establish enough new seedlings for adequate stocking is
likely to be relatively long.

Site preparation by soil scarification has not proven
beneficial in establishing new oak seedlings. Even where
many new seedlings are initially found on scarified areas,
after a few years there are just as many present on
unscarified as on scarified areas.

In areas of known heavy deer populations and severe
browsing, or high populations of acorn-consuming wild-
life, it will be impossible to establish natural oak
regeneration unless measures are taken to control the
consuming animals. If control is not feasible, oak
seedlings can be planted, but they will have to be
protected from deer. '

Where advance reproduction is scarce or absent, oak
seedlings can be planted under an overstory and allowed
to develop as advance reproduction. This practice has
not been tried and proven and its ultimate success or
failure is unknown. The overstory should be maintained
at about 60 percent stocking and if competition from an



existing understory will impair the growth of the planted
seedlings, its density should be reduced. Seedlings should
be planted at the rate of 500 to 600 per acre. Spacing
can be irregular and seedlings should not be planted
close to large overstory trees. As with natural reproduc-
tion. the planted seedlings must be allowed to reach the
minimum size necessary before the overstory is finally
removed.

Plant the largest oak seedlings available. Seedlings
should be at least 1/4-inch in diameter at the root collar.
Do not be afraid to cull the smaller ones. The larger
seedlings have a much better potential because of their
larger root systems. Size is critical in the root system’s
ability to support vigorous shoot growth after harvest
cutting.

Planting ocaks after clearcutting has generally been
unsatisfactory because the planted seedlings do not grow

fast enough to compete with the new sprouts.

Once new seedlings are established, or if advance
reproduction is present in sufficient numbers but below
the minimum size, they must be allowed to grow in the
understory until they reach the minimum size. Oak
advance reproduction grows slowly and the development
period may be 10 to 20 years or longer. Cultural
techniques to enhance oak advance reproduction growth
have y:t to be developed. Maintaining the overstory at
35 to 60 percent stocking should help. And, if there is
an understory of competing woody stems present, its
density should probably be reduced by killing the
unwanted stems with herbicides.

Controlling Composition

G. The composition of oak-hickory stands can be
altered to some degree at any time before a stand
reaches large pole or small sawtimber size. However, the
best time to control composition is when regeneration is
first established. Oaks will be present in new stands in
proportion to their occurrence in the advance reproduc-
tion. And, the composition of the advance reproduction
is often unrelated to that of the overstory. Although one
oak species may predominate in the overstory, a
different oak may prevail in the understory.

Increasing the amount of one oak species relative to
others is difficult. If advance reproduction is well
established and adequate for several species, the less
desirable species can be removed from the advance
reproduction by selective treatment with herbicides. If
advance reproduction is scarce and the overstory is well
stocked, the species not wanted can be removed from

the overstory so no seed of that species will be available.
Another alternative is to underplant the wanted species,
and at the same time remove the unwanted species from
the overstory. In any situation where composition
control in the advance reproduction is needed or
wanted, the principles applicable to controlling stand
establishment must be followed (see p. 6).

Weedings or cleanings may be necessary to control
composition and maintain oaks in the new stands. They
should be made no later than 10 years after harvest
cutting, particularly if oak advance reproduction was
barely adequate or stump sprouts were depended on to
furnish the oak component of the new stands.

When these weedings or cleanings are made, reduce
stump sprout clumps to one or two stems, and release
the fastest growing oak stems. Do not attempt to
eliminate all undesirabie stems. Select potential crop
trees on a spacing of about 15 feet and release only
those that need it. Generally, dominant and codominant
trees should be selected for crop trees. However, some of
the better intermediates may be released if necessary to
maintain an adequate stocking of oaks.

Controlling Growth

H. Total growth or production of wood in oak stands
will be about the same over a wide range of stocking,
provided there are enough trees in the stand to fully
utilize the site. However, individual tree growth will be
greatest near the lower limit of stocking that fully
utilizes the site. Although total growth cannot be
increased, regulation of stocking by thinning results in
growing merchantable products quicker, increased pro-
duct yields, and shorter rotations.

Thinnings should be started as early in the life of a
stand as possible in order to realize the full potential
yields of the site (table 3). When thinnings are started at
age 10 to 20, and followed by periodic thinnings at
about 10-year intervals, the time required to grow trees
to a given diameter can be greatly reduced and the
greatest yield obtained (see Appendix II, tables 11-19).
The first thinning in these young stands and possibly the
second may not yield commercial products unless a
market for small roundwood exists. If precommercial
thinnings are not feasible, the latest effective first
thinning age for rapid growth response is 40 or 50 years.
Previously unthinned stands older than 50 years can and
probably should be thinned, especially on good sites.
Although residual trees are not likely to respond very
well, merchantable products can be recovered from trees

~3



Table 3. — A comparison of yields per acre at age 60 when thinning is
begun at different ages; thinning interval 10 years (Gingrich 1971)

SITE 55
Yields at  :Age of stand at time of first thinning (years)
age 60 10 20 : 30 : 40 : 50 : 60
Cubic feet 3,900 2,940 2,910 2,580 2,550 2,520
Cords 37.8 28.8 27.6 23.7 23.4 22.9
Board feet 8,340 4,680 3,360 2,700 1,500 900
SITE 65 v
Cubic feet 4,860 4,040 3,750 3,270 3,270 3,300
Cords 44,1 35.4 34.5 30.6 31.2 30.8
Board feet 12,000 7,680 5,220 4,680 4,600 5,160
(7,000)* (6,580)%
SITE 75
Cubic feet 6,360 5,400 4,770 4,290 4,080 4,140
Cords 56.7 49.2 44,7 39.3 37.7 37.7
Board feet 18,840 14,100 10,080 9,000 7,800 9,288
(11,800)*(10,850)*

*Board-foot yields at age 70.

about to die and the overall vigor and health of the
remaining trees will improve.

Poor sites are the only exception to this. On poor sites
the cost of precommercial thinnings probably cannot be
recovered because of the long period of time these costs
will have to be carried at compound interest.

In young stands of sapling or small pole (15 to 20
years old) size, the first thinning can be a crop tree
release. For crop trees select only dominant or co-
dominant trees on a 15- to 20-foot spacing, and release
only those that need it. This spacing should provide
acceptable stocking of crop trees by the time the trees
average large enough for commercial thinnings.

Thinnings cannot be continued indefinitely. Maintain-
ing good growth on the trees left in the stand requires
that they be spaced so the site is fully occupied and that
the effect of a thinning is distributed throughout the
stand. When the trees become large, removal of only a
few trees does not benefit the entire stand, and may
leave large holes in the canopy — a situation that should
be avoided. In general, if a stand has been thinned
regularly, stop thinning oaks at 60 to 70 years on
average sites, and 50 to 60 years on good sites, or about
three-fourths of rotation age.

Twenty to 30 years prior to the contemplated harvest
age, managers should be establishing and developing oak
advance reproduction to replace the current stand. Thus,
some cultural measures may be required beyond the age
when thinnings to maintain growth are stopped.

Stocking percent should be used as the measure of
stand density to control thinning intensity (see Appen-
dix I, “Evaluating Stand Density and Growing Stock
Quality”). Generally oak stands should be thinned to
leave residual stands at about 60 percent stocking. There
are two exceptions to this general rule: in young stands
less than 20 years old, and in stands 30 years and older.

In stands 20 years old or less, the first thinning may
reduce stocking to SO percent. These young stands grow
rapidly and in 10 years they will again be approaching
maximum stocking. In stands 30 years and older, the
first thinning should reduce stocking to only 70 percent.
Trees that have grown in stands near maximum stocking
for 30 years or longer have relatively small crowns that
cannot quickly expand and occupy the available growing
space if thinned too heavily. Moreover, the residual trees
will develop excessive bole sprouts which reduce quality.
A more gradual opening of these older stands will allow
the crowns to expand gradually, utilize the increased
growing space more efficiently, and reduce bole sprout-
ing. The second and subsequent thinnings should then
reduce stocking to about 60 percent.

Thinning should generally be from below for a good
biological reason. Intermediate and suppressed trees have
very small crowns, are of low vigor, and respond very
slowly to release. However, dominant and codominant
trees are usually of high vigor, are the best quality trees
and respond to release with rapid growth. To thin oak
stands from above only lengthens rotations and lowers
the quality of the growing stock.



Leave the best trees spaced as uniformly as possible
throughout the stand. In a first thinning at age 20 or
later it will probably be impossible to remove all of the
undesirable trees and still retain about 60 percent
stocking and adequate spacing. Remove as many as
possible in the first thinning and the remainder in the
second and third thinnings.

Fully stocked, immature stands are prime candidates
for thinning. In such stands, the size class that will form
the main stand must be chosen and the trees in that size
class managed to maturity. In some existing stands, two
adjacent size classes (saplings-pole or poles-sawtimber)
might have to be combined in order to form a main
stand with adequate stocking.

[ If the main stand is saplings or poles, thinnings
should not be delayed. Reduce stocking to not less than
B level (see Appendix III, fig. 7) and plan to make
additional thinnings at about 10-year intervals.

J. If the main stand is sawtimber, the intensity of
thinning depends on how well the stand is stocked, how

close to maturity the stand is, and on the quality of the

growing stock.

If the basal area of acceptable growing stock is above C
level (see Appendix III, fig. 7), the stand is worth
managing, but if it is below B level it will be several years
before the good trees will fully occupy the site. If
acceptable growing stock is below C level, the stand
cannot be saved without great waste of time and growing
space and should be regenerated as soon as adequate
advance reproduction exists.

K. When no single size class contains more than 50
percent of the total basal area, combine two adjacent
size classes for a manageable stand. In such cases the
recommendations for the size class with the most basal
area should generally be followed when making inter-
mediate cuts. There are probably exceptions to this
general rule, and good professional judgment must be
used to make the final decision.

L. If the majority of the trees are 80 percent or greater

of the desired rotation diameter for the site (table 2),
whether to cut or not depends on stocking and the
adequacy of the oak advance reproduction present. If
stocking is 80 percent or more, a light thinning can be
made and is especially desirable if oak advance reproduc-
tion is scarce or small. However, in previously unthinned
stands, DO NOT reduce stocking below 70 to 75 percent
and do not make large holes in the stand. DO NOT be
tempted to make a cut in this type of stand merely
because it contains good volumes of desirable trees or to
get volume to satisfy cutting goals. Any cutting should
be designed more to enhance the establishment or
development of advance reproduction rather than
growth. Cutting should be restricted to the poorest trees,
and primarily the lower crown classes.

M. In stands 60 to 80 percent stocked, wait. These
stands will usually have a fairly dense understory. If
there is not much oak advance reproduction, some
understory control is probably needed, but further
reduction of the overstory is probably not necessary or
desirable because not enough trees can be removed to
benefit the entire stand.

N. If the majority of trees are less than 80 percent of
the desired size for the site, the stand should be thinned
unless the initial stocking is not much above B level. If
the stand shows no evidence of cutting 10 to 20 years
previously, do not reduce stocking below 70 percent and
take note of oak advance reproduction adequacy. If the
stand was cut 10 to 20 years previously, it can be
thinned to B-level stocking but heed the warnings in
section L. If initial stocking is not much above B level,
do nothing unless oak advance reproduction is scarce. In
any event, cutting should be light and designed more to
increase oak advance reproduction than promote growth
of the overstory trees.

O. Sawtimber stands that are understocked (below B
level) or of poor quality shouid be rehabilitated or
regenerated as soon as possible. Such stands will likely
contain heavy understories, and should be regenerated
immediately if oak advance reproduction is adequate. If
not, measures must be taken to develop it.

MIXTURES OF OAKS AND OTHER SPECIES

P. Harvesting existing oak stands in the “Driftless
Area” of Wisconsin, Minnesota, and Iowa, and in Lower
Michigan, southern Ilinois, and southern Indiana often
results in the new stands of mixed composition. If oaks
are few in number but well distributed in these repro-

duction stands, it may be possible to create a stand with
a good oak component by the time it reaches sawtimber
size. To do this will require early weeding — possibly as
early as age 5 — and careful attention to the oaks that
are present.



Regulating stocking in mixed stands will depend
primarily on the proportion of oaks in them. In the
northern part of the north-central region, when oaks
comprise two-thirds or more of the stand basal area at
about age 20, the recommendations in this handbook
should be followed. [f oaks account tor one-third or less
of the basal area, use the recommendations in the
handbook for northem hardwoods (Tubbs 1977). For
those stands composed about equally of oaks and other
hardwoods, there is no good information on which to
base stocking. Thinnings in such stands should favor the
best quality, fastest growing trees. Stocking levels should
probably be intermediate between those for oaks and
those for northern hardwoods.

In the southern part of the region, except in the
Ozarks area, stocking in stands containing SO percent or
more of the basal area in ocaks at about age 30 can
probably be regulated according to the guidelines in this
handbook. If' stands contain more thun 50 percent
yellow-poplar or other intolerants, a somewhat higher
stocking percent than shown in figure 7 {Appendix 11I)
will be required, but how much higher is not accurately
known. However, at a given average stand diameter,
increasing the figure values by 20 percent appears to be a
reasonable compromise.

Q. In mixed oak and pine stands there is no informa-
tion available to guide regulation of stocking. When
thinnings are made in such stands, they should provide
adequate growing space for the best trees while main-
taining adequate stocking to fully utilize the site. The
pines will generally produce more and higher quality
timber than oaks and should be favored as much as
possible.

Conversion to Other Species

Consider converting existing oak stands to other
species in the following three situations.

R. The first is where the ecological trends clearly
indicate the replacement of oaks with more mesic
species on good sites, This occurs in parts of Lower
Michigan, Minnesota, Wisconsin, and northeastern lowa
where species such as white ash, American basswood,
and sugar maple grow well.

These stands may be converted immediately if a seed
source of desirable nonoak species is present. There will
usually be an understory composed primarily of these
species. Removal of the oak overstory may be by
shelterwood (Tubbs 1977), or by clearcutting” if the
understory is well developed.

10

If a sced source of desirable nonoak species is limited
or lacking, planting will be required; simply removing
the oak overstory will lead to the development of a
stand composed of undesirable nonoak species. White
ash, sugar maple, or other suitable species should be
interplanted. The seedlings planted should be large and
competing vegetation may need to be controlled. Herbi-
cides should be applied as broadcast foliage spray before
harvest cutting and planting, or as selective stem
treatments at the time of planting (see Pesticide Pre-
cautionary Statement, Appendix V).

S. The second is in southern Illinois, southern Indiana,
and parts of Lower Michigan, where ouaks will be largely
replaced by yellow-poplar, white ash, and other more
mesic species as existing oak stands on good sites are
harvested. These species are generally minor components
of existing stands and can be converted simply by
clearcutting the mature stand. There may also be enough
oaks present in new stands to form a manageable mixed
oak-other hardwood stand.

T. The third situation where conversion should be
considered is on poor sites in locations where shortleaf,
red, eastern white, and jack pines occur naturally. These
sites will produce higher timber yields if converted to
pine, and unless there is reason to retain oaks on them
for purposes other than timber production, they should
be converted as soon as possible.

In the southern part of the region. conversion should
be to shortleaf pine. Site preparation is required for
seedbeds and to control hardwood competition. Pre-
scribed burning or bulldozing results in satisfactory
seedbeds. Bulldozing results in better hardwood control
than prescribed burning, but should be restricted to level
areas or to gentle slopes where excessive erosion will not
be a problem. Shortleaf pine can be either direct seeded
using 1/2 to 3/4 pound of repellent-treated seed per
acre, or planting 1-0 seedlings at a rate of 500 to 700
trees per acre.

To maintain pure seeded or planted shortieaf pine
stands, they may have to be released from hardwood
competition 2 to 4 years after establishment. However,
if the competing hardwoods are desirable oaks, consider
managing the stands as mixtures.

In the northern part of the north central States, many
oak stands are growing on low sites that were formerly
in pine; these sites should be relatively easy to convert
back to pine. Red pine is the first choice. If blister rust is
not a factor, eastern white pine is also satisfuctory. Jack
pine can also be used, particularly for pulpwood, and on






