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RED PINE
IN THE NORTH CENTRAL STATES

John W. Benzie, Principal Silviculturist
Grand Rapids, Minnesota

SILVICAL HIGHLIGHTS

A century ago red pine! made up about a third of the
22 million acres of pire forests in Minnesota, Wisconsin,
and Michigan; today it covers onty a little more than |

. million acres — mostly acreage ‘planted since 1930.

Red pine on the drier sites grows in pure stands and in
mixtures with jack pine, aspen, paper birch, and scrub
oaks; on the more moist sites with white pine, red
maple, red oak, balsam fir, and white spruce. Red pine
grows best on well drained sandy to loamy soils but the
tree is most common on sandy soils where site index
may range from 45 to 75 feet at 50 years of age.

Red pine is shade intolerant and long-lived; some
stands reach 200 years of age, and some individual trees
about 400 years, but commercial rotation ages are

generally between 60 and 120 years. Red pine often
succeeds its less tolerant and shorter-lived associates such
as jack pine, paper birch, and the aspens; in turn jt is
succeeded by its more shade tolerant associates that
regenerate in the understory more easily. Wildfires
occasionally disrupt ecological succession and a few
thick-barked, old-growth trees usually survive to estab-
lish a pure seedling stand or a mixed stand of red pine
and other intolerant species.

Seed production in mature red pine is irregular; heayy
Crops occur at intervals of 10 years or more. Red pine
phenotypes are very homogenous showing little variation
over the entire range. In some localities red pine suffers
losses from diseases, insects, mammals, and weather, but

. it generally has fewer natural enemies than its associated

species.

MANAGEMENT OBJECTIVES AND NEEDS

Management objectives considered in this handbook
are to control the establishment, composition, and
growth of red pine forest stands so that intermediate
thinnings will provide useful products such as pulpwood,
posts, poles, cabin logs, piling, and small sawtimber, and
the final harvest will yield high quality sawtimber and
veneer. The management of red pine forest stands
throughout their rotation for other uses such as recrea-
tion, wildlife habitat, and watersheds is also covered and
suggestions are given for increasing these benefits.

Although it is possible to grow red pine in either
even-aged or uneven-aged stands, even-aged silvicultural

'For scientific names of plants and animuals, see
Appendix, p. 20,

systems give better results because red pine grows best in
full sunlight.

Red pine seed crops are too variable to depend on for
natural regeneration, so seed must be collected during
good seed years for direct seeding, growing container
seedlings, or growing bare root planting stock. Seedling
establishment requires site preparation on areas where
slash or vegetation, particularly sod or shrubs, covers the
seedbed or planting site. Reg pine seedlings often require
tending for several years after they are established to
release them from regrowth of competing vegetation and
protect them from damage by fire, insects, and disease.

Periodic thinning of young stands is recommended to
pul the growth on the best trees available, mainlain
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TIMBER MANAGEMENT CONSIDERATIONS
Stand Conditions Type
Red pine stands and potential red pine sites need to be The .red pine type includes both pure red pine stands
carefully examined on the ground to best determine and various mixtures in which red pine is the predomi-

nant species. In addition to the species composition of
the main stand, important understory tree or shrub

other sources of information should not be overlooked. species should be evaluated for site preparation needs
The stand —~ or site — condition. which is the basis for and multiple use values. Nonstocked areas, poorly
recommendations, includes type, age, size, density. risk, stocked red pine stands. and other forest 1ypes may be
quality, produciivity, and aperability. suitable sites to establish red pine scedlings.
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Insect control may involve removal of alternate host
plants as in the case of sweetfern to control the
Saratoga spittlebug; medifying the habitat such as
pruning the lower branches to control the European pine
shoot moth, and removing the duff to contro the pine
root collar weevil; or in some cases by using chemicals?
te protect the trees. An entomologist should be con-
sulted for recommended control measures.

Animal injury to red pine may be caused by deer, hare,
porcupine, or mice in local areas. Measures short of
animal control may not be sufficient but eliminating
protective grass and shrub cover will help reduce hare
and mice activity in the area.

Trees with large fire scars may be a risk for wind
breakage and decay. They should be salvaged in one of
the thinning operations. Young stands are susceptible to
fire injury and should be protected with a fire break, A
narrow strip of deciduous trees that are less flammable
than red pine can be used to break up large blocks of
pine. Pruned trees will reduce the risk of ground fires
crowning in sapling stands. In pole-size and larger timber
periodic understory burning can control build-up of fine
fuels and help reduce the risk of wildfire.

Quality

Red pine tree quality is related to size, form, straight-
ness, and a clean bole. In managed stands the poorer
quality trees should be removed in the periodic thinnings
favoring the best quality crop trees. Even-aged stands
managed neaf the recommended upper limit of stand
density will have less taper, smaller branches, and a
greater number of trees from which to select the fina]
ciop trees. Crop trees should be low risks, free of
defecis, ang vigorous. Stands should have 100 to 150
acceptable crop trees per acre. Clean boles can be
obtained by pruning.

Productiviry

Site index is used to estimate productivity of the site
(see p. 9 and fig. 8, Appendix) but the productivity of
the siand depends not only on the site but how well it is
EBeing used. The productivity of a stand can be estimated
with the atd of the growth and yield tables in the
Appendix. Yields in cubic fest, cords, and board feet are
shown Tor site indices 45,55, 65, and 75 feet at several
giffarent ages and for stand densities of 30, 60, 90. 120,
130, and 180 square feet of basal area per acie {tubles 5,

—_—
See Posticide Frecautionery Stuterment, P21

7, and 9, Appendix). Current annual growth is also
shown for these same stand conditions so that growth of
any stand can be projected for the next growth period
(tables 6. 8, and 10, Appendix). If projections are made
for more than 10 years, it would be best to interpolate a
few curreatl annual growth from the table or use the
equations given in the table to compute the periodic
annual gzowth for the period.

‘Operability

Markets, access, and volume of products that can be
removed in a thinzing or final harvest determine
operabilit_v. The minimum volume required depends 1o a
large extent on the value of the product so that
managing & stand for higher value products will usually

-make it operable with lower volumes. Harvested volume

per landing is more important than the volume per acre
in determining operability. One landing cf about 1/2
acre is recommended for up to 40 acres in managed
stands. Although 40 zcres is the recommended area for
establishing new stands on large forest ownerships,
minimum size for general forest management is 1C acres.
Smaller areas can be managed 1o meet spaciai neads or
owner’s objectives but costs will usually be higher.

Controlling Composition and Growth

Red pine trees grow best in full suniight; that is, they
are intolerant of overhead shade. In mixed stands with
species less tolerant than red pine such as jack pine and
aspen, red pine growih is reduced by the shading from
the trees that have fasier height growth as seediings and
saplings. Ii: mixed stands with more tolerant specizs red
pine may bz crowded out by the severe competition.
Cultural practices can be used to Kkeep the red pine crop
trees free irom overiwad shade and to provide the
needed growing space for rapid growing, high quality
trees.

Release

Compiete release of red pine scedlings 1rom shrubs and
other low cempetition may be needed by the end of the
third growinrg season. Cutting by hand requires « lot of
labor and regrowth of the competition may negessitate
several cutiings at 2. or 3-vedr intervals. The most
practical reiease method where there are more than just
a few rees or shrubs is chemicai control with brondcast
ioliage spravs.

most useful herbicides wre 24D and

Two ol

iy I H P . S
Fngse iwo chemicels Cutl coltiyor s o e
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- Thinning

One of the most important ways stand composition
and development can be controlled is by periodic
commercial thinnings (fig. 3). Stands should be thinned
before "they exceed the recommended upper limit of
stocking for managed stands {(fig. 7, Appendix). A
uniform distribution of . the best quality trees with at
least the minimum recommended stocking for the
average stand diameter should be left, but not over half
— and preferably less — of the basal area should be
removed in any one thinning. Stands managed near the
minimum recommended stocking wil have the most
rapid diameter growth but the opportunity for selecting
crop trees will be more limited because of the fewer
trees per acre. Asa more general guide, pole stands (5 to
9 inches average diameter) should be considered for
thinning when the basal area is 140 square feet or more
per acre and they should be thinned to leave about 90
square feet.

Figure 3. — Periodic thinning of red pine stands can
provide useful products and control the growth and
development of the final crop trees,

If a system of access trails for management of the
stand has not already been developed during precom-
mercial thinning, it should be done during the first
commercial thinning. Removal of complete rows in
plantations may serve as strip roads but more often than
not strips sheuld cross some rows to provide the most
useful access into and out of the stand from the landing
or working area. A convenient spacing for access strips is
50 to 60 feet which will usually leave a good supply of
trees betwesn sirips froim which (o select the crop trees.

Thinnings between access strips should generally be
from below to remove the smaller, slower growing
intermediate and codominant trees and favor the larger
crop trees, but high risk, poor quality, or damaged trees
should also be removed. In some dense stands where
only the largest trees are merchantable, a commercial
thinning would require thinning from above. This is
preferable to delaying the first thinning in very dense
stands because growth loss from crowding may be even
greater. Row thinning is also an alternative that may be
considered for the first thinning but all other thinnings

~ should be from below.

Sawtimber trees should be thinned periodically to
maintain uniform growth rates on the <rop trees. Small
sawtimber stands (9 to 13 inches average diameter) grow
well at densities around 120 square feet of basal area per
acre. Larger sawtimber stands also grow well at these
densities but the fewer, larger trees will be using less of

“the growing space because the crown area of large forest

grown trees doesn’t increase at the same rate ag their
basal area. Sawtimber stands averaging 15 inches d.b.h.
or more can be managed at densities of 150 or even 180
square feet of basal area per acre (150 or fewer trees)
without serious crowding.

In mixed stands red pine crop trees should be favored
in each thinning but other species should be left where
needed to maintain uniform spacing and avoid large
openings.

Pruning

Managed red pine stands that are thinned regularly to
provide adequate growing space for the crop tirees,
especially those managed near the minimum recom-
mended stocking, will need artificial pruning to produce
high quality, strong, clear wood. Crop trees should be
pruned when they are pole size {5 to 9 inches average
diameter) (fig. 4). Branches should be cut off flush with
the bole to facilitate fapid healing of wounds. Wounds
up to 1 inch will heal over in 5 vears or less on healthy
trees. Prune live branches no higher than half of the
tree’s total height. Mechanical pruners are more efficient
than hand pruning above 12 feet and will usually be
necessary to prune higher than 17 feet.

Regulating the Forest

Farest regulation involves long range planning to
assure @ continuous systematic development of forest
stands and a more uniform flow of useful products. Some
importani aspects of forest regulation are harvesting

T




Conversion Opportunities

In building the red pine resource for the future, new
stands should be established as rapidly as possible so the

forest will be fairly well regulated as the stands mature. _

Red pine should be restored on former pine land that is
now poorly stocked or stocked with Jess desirable
species. Conversion of nonstocked brush areas and aspen
or ozK types tc red pine on a regular basis will establish a
fully regulated red pine forest in one rotation, Priorities
for conversion will vary somewhat with the forest
owner’s objective and capabilities, but general recom-
mendations are nonstocked areas, poorly stocked mature
stands, other mature stands, poorly stocked immature
stands, and other immature stands, in that order. Stands
with a ot of high risk or low quality trees should be
converted before stands with fewer such trees. Conver-
sion of stands that will be merchantable in 20 years or
less should be delayed so the harvesting operation can
help clear the site and aid the Job of site preparation.

Controlling Stand Establishment

Site Evaluation

Before establishing a red pine stand, some estimate of
its potential growth on the area should be obtained. If
there are red pine trees over 30 years old on the area
that have never been suppressed, the best estimate of site
index is from site index equations or curves based on the
total height and total age of the dominant and codomi-
nant trees (fig. 8, Appendix).

Red pine trees starting at about 15 years of age can
also provide good estimates of site index based on the
following tabulation:

Length of 5 internodes

above 8 feet Site index®

(Feet) {Feet)
4 ' 38
5 46
6 52
7 56
8 : 61
9 65
10 68
11 72
12 76

Based on a revised equaiion adapred from Alban
(1972); site index = 36.9 + 3.356(x) - 192 474 (x)2:
where x equals length of 5 interiiodes abore 8 feed

Other growth intercept methods based on 1 to § years’
growth above breast height (4.5 feet) have been used but
estimates of site index are less reliable, Their advantage
is that they can be used on red pine trees with only a
few years’ growth above breast height. The following
simplified tabulation shows approximate site index

based on average annual height growth for one to five

years above breast height:

Average annual height Approximate
growth above breast height site index*
(Inches) (Feet)
10 45
13 55
17 65
24 75

Considerable variation in annual growth can be expec-
ted from-year to year so whenever possible the full 5
years’ growth should be measured-to obtain the average
annual growth for estimating site index. Site index will
be slightly underestimated when based on 1 year’s
average and slightly overestimated when based on the
average of 5 years’ growth using this table.

Site index for red pine can also be estimated from the
site index of other trees growing on the area if they have
not been suppressed. Jack pine, white pine, white
Spruce, or aspen site index can be used to estimaté red
pine site index as in the following generalized tabula-
tion:

Red pines  Jack pine White pine  White Sprlice Aspen
- T T = = = = (Feet) - — - - _ o _ _
45 50 45 35 40
55 60 55 50 60
€5 76 65 65 80
75 80 75 80 100

If no suitable trees are available for site index
measures, soil properties can be used to estimate red
pine site index on sand to sandy loam soils (table 1,
Appendix). The factors needed are the depth of the A
and B horizons, the percent gravel in the surface 10
inches, and the presence or absence of finer textured soil
bands or layers totaling at least 6 inches within 8 feet of
the surface. These factors will permit estimates of site

*Adapted from Day et al. (1960), and Schallau and
Miller (1966 ).

* Adapted from Carmean and Vasitevsky (1977 ). and
Alban (1976 ).
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Figure 6. — Conrrolied Summer fires can eliminate most
of the woody understory i red pine stands before
harvesting and help prepare favorable conditions for
establishing red pine seedlings at the end of the
rotation,

Direct seeding has not enjoyed widespread success, but
in northeast Minnesota it has been successful ol well
prepared sites if fiequent rain storms occur during the
first few months after germination. Seed should be
coated with bird and rodent repellants and sown at the
tate of 15,000 viable seeds per acre (zbout § ounces)
early in the spring to take advantage of snowmelt waters
for germination. Somewhat better fresults have beep
experienced by covering red pine seed with 1/4 inch of
soil but it may be more ¢xpedient to broadcast more
seed on the surface than to use less seed and cover it, [t
Is easier to cover the seed when sowing 5 to 10 seeds in
prepared spots. Even though direct seeding can be
successful jt generally has not been because of inade-
quate site preparation, inadequate precipitation, or loss
of seeds to birds or rodents. '

The most relizble method of establishing a red pine
stand is to plant nursery-grown tress. Planting of bare
100t stock should be done in the Spring setting the trees
at least as deep as they grew in the nursery, On drier
sites  planting (rees Up 1o 2 inches deeper may be
beneficial, but planting trees 100 deep increases the risk
of injury by root collar weevils. The more difficult sites
should be planted with bare root transplant stock or
large  vigorous seedlings. Container-grown trees show
promise for planting throughout the growing season.

The spacing of planted trees determines how the trees
will develop during their early years and how soon the
stand will close in and affect the ground cover, Spacings
closer than 5 feet will not provide the minimum growing
Space recommended for seedlings, and spacings greater
than 10 feet will not provide the minimum number of
seedlings recommended per acre. The time to reach pole
size {5 inches diameter) will vary from 15 to 30 or more
years depending mostly on the spacing or number of
trees per acre established and to a lesser extent on the
site quality (table 2, Appendix). The closer spacings will
require cleaning (precommercial thinning) during the
sapling stage (2 to 5 inches average diameter) to provide
the recommended 50 square feet of growing space for
each crop tree, and the wider spacings may need an extra
release or two to control grass, shrub, and hardwood
competition.

Planting recommendations depend op many things
including the forest owner’s objective, planting chance,
and management intensity. Planting 400 trees peracre (a
little more than 10- by 10-foot Spacing) will be the least
costly, crop trees will have rapid diameter growth,
commercial thinnings can be made by the time trees
need more growing space, and c¢rown closure will not
shade out ground vegetation for about 20 years. Planting
1,600 trees per acre (a little more than s. by S-foot
spacing) will allow greater flexibility in selecting crop
trees and controlling early stand development, CTop trees
will have less taper and smaljer branches, and the stand
will have more total volume. '

Trees should be planted at wide spacings up to 10 by
10 feet if: all or most of the planted trees have a good
chance of surviving, precommercial thinnings are not
feasible (or not planned), and favoring ground vegetation
is a management objective. On the other hand trees
shouid be planted at close spacings down to 5 by 5 feet
if: tree quality such 4 taper and branch size is
mportant, early crown closure to SUppress competition
is desired, precommercial and early thinnings are plan-
ned to control stand development, and frequent thin-
nings are wanted throughout the rotation. Most planta-
tions will be established a1 spacings between these two
extremes. Commonly useqd spacings are 6 by 8 and § by
10 feet. Machine planting costs can be reduced by using
wider rows and closer spacing of trees in the row but
Plans for access and future mandgement operations
should atso be considered at the time of stand establish-
ment.




APPENDIX

Stocking Chart
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PESTICIDE PRECAUTIONARY STATEMENT

Pesticides used improperly can be injurious to man, animals, and plants. Follow the
directions and heed ail precautions on the labels,

Store pesticides in original containers under lock and key — out of the reach of children
and animals - and away from food and feed.

Apply pesticides so that they do not endanger humans, livestock, crops, beneficial
insects, fish, and wildlife. Do not apply pesticides when there is danger of drift, when
honey bees or other pollinating insects are visiting plants, or in ways that may
contaminate water or leave illegal residues. -

Avoid prolonged inhalation of pesticide sprays or dus-ts; wear protective clothing and
equipment if specified on the container, '

Do not clean spray equipment or dump excess spray material near ponds, streams, or
welis. Because it is difficult to remove all traces of herbicides from equipment, do not use
the same equipment for insecticides or fungicides that you use for herbicides.

Dispose of empty pesticide containers promptly. Have.them buried at a sanitary
land-fill dump, or crush and bury thenrin a level, isolated place.

Note: Some States have restrictions on the use of certain pesticides. Check your State and
local regulations. Also, because registrations of pesticides are under constant review by
the Federal Environmental Protection Agency, consult your county agricultural agent or
- State extension specialist to be sure the intended use is still registered.
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OAKS |
IN THE NORTH CENTRAL STATES

Ivan L. Sander, Principal Silvictdnwist
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 volurne

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, Iowa,
Michigan, Minnesota, Missouri, and Wisconsin. However,
the oaks or oak-hickory type occurs extensively over the
eastern United States, and the principles on which the
handbook is based generally apply wherever oak stands
grow. QOutside 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 stopes 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
hophorabean, American hornbeam, blueberry, hazelnut,
and witchhazel.

Oaks start to bear fruil al about age 25. Good sced
crops are produced at intervals of 2 1o 10 years; there

may be complete failures some years. Acorn numbers
vary widely by vears 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
occurs 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 stemns will generaily be sprouts that typically have
died back to the ground and resprouted several times.
So, the stem is usually many years younger than the root
system. When such stems are cut off or damaged during
harvest, a new sprout appeusrs that wili grow rapidly in
full sualight. These new sprouts are the most desirable




4. Seed source or advance reproduction of other desirable hardwoods present . . . . . . .. . _. REMOVE OAK OVERSTORY
. USING SHELTERWOOQD CUT, or CLEARCUT (See p. 10, R}
4. Seed source or advance reproduction of other desirable hardwoodsabsent . . . . . .. ... HARVEST AND INTERPLANT

WHITE ASH, SUGAR MAPLE, OR OTHER SUITABLE SPECIES (See p. 10, R)
5. Stand basal area two-thirds ormoreinoak . . . ., , ... ... MANAGE FOR OAK OR MIXED OAK OTHER HARDWOODS
. (See p. 9, P)
5. Stand basal area one-third orfessinoak . . . . ... ... . ... .. MANAGE OTHER DESIRABLE HARDWOQOODS (See p. 9. P)
6. Stand in southern Iflinois, southemn Indiana, or southern Lower Michigan . . . . . . . PRV {(Seep.4,A) . . 7
6. Stand in Ozarksregionof 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 HARDWOOQDS OR MIXED QAK — OTHER HARDWOQQGDS (Sce 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 ormoreinoaks . . ... . .. ... . ... . MANAGE FOR OAK OR MIXED QAK — OTHER
HARDWOODS (See p. 9, P)
8. Stand basal area less than 50 percentinoaks . ... .. ... .. MANAGE FOR MIXED OAK — OTHER HARDWOODS OR
: 7 OTHER HARDWOQODS (See p. 9, P)
9. Oaksiteindex 65 through 74 . . . . . . . ... e 10
9. Oak site index less than 65 . . . . . C e e e e e e e e e e e e e e e e e e e e e e e e e e e e 11
10. Stand in southern 1llinois, southern Indiana, “Driftless Area’ of Minnesota, Wisconsin, and Towa, or Lower
Michigan . . . . . . o - 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 (Seep.4,B) . . 12
1 1. Oaksite index 55 through 64 . . . . . . .. .. . .. MANAGE FOR OAK OR MIXED OAK—PINE (See p.4, B; p. 10,Q) . . {2
11. Qaksiteindex lessthan 55 . . . . . . . . . .. ... ... ... 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 site} (See p. 6, D) . . . . 13
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. Oak advance reproduction adequate . .. . . . .. .. D HARVEST'(See p. 6,E}
13. Oak advance reproduction inadequate . . . . . .. ESTABLISH AND DEVELOP QAK ADVANCE REPRODUCTION (See p. 6, F}
14. More than 50 percent of stand basal areainonesizeclass . . . . . . . ... ... ... . ... ... ... L., 15
14. No single size class contains more than 50 percent of stand basal area (See p. 9,K) . . . . . . .. e e e e 19
15. 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 sawtimbersize trees (See p. 9, J) . . . . . . . . .. L. 16
16. Stand fully stocked (total stocking 60 percentorhigher) . . .. . . . ... ... 0oL 17
16. Stand understocked (total stocking fess 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 (See p. 9, L) . . . . ... ... 15
17. More than half of trees less than 80 percent of desired rotation diameter . . . . . . .. .. .. .. .. THIN or WAIT (See p. 9, Nt
18. Stocking 80 percent ermore . . . . . . .. THIN LIGHTLY TO ENHANCE OAK ADVANCE REPRODUCTION (See p. 9. L)
18. Stocking 60 through 79 percent . . . . . . . . .. Lo SRR WAIT (See p. 9. My
19. More than 50 percent of basal area in saplings and poles . . . . . . COMBINE SAPLINGS/POLES INTG ONE CLASS (Sec p. 9, K}
19. More than 50 percent of basal area in poles and sawtimber . . . . COMBINE POLES/SAWTIMBER INTO ONE CLASS (Se¢ p. 9. K)
TIMBER MANAGEMENT CONSIDERATIONS
Stand Size : . for stand size. but there are silviculiural reasons to limit
the minimum size. When an old stand is completsiy
A number of factors must be considered wlien removed, he new stand develops in the opening. In
choosing the size of a stand and delinesting its bounda- every opening there is 4 zone sround the edge in which
ries. There is no silvicultural reason to set an upper limit growth of the new stand is returded by the surrounding




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

Region : Site i Preferred : Preferred
! Index class @ ocaks . asgociated species
Feet
J‘.
Missouri Ozarks 75+ N. Red Oak Black Walnut
Black Qak Bickories
White Qak
55-74 Black Oak Black Walnut
White Oak Hickories
| N. Red 0ak Shortleaf Pine
,I Scarlet Oak
: 40-54 Scarlet Oak Hickories
Black Oak Shortleaf Pine
White Oak
N. Red 0ak
] Southeastern Minnesota, 75+ N. Red Oak White Ash
i southern Wisconsin, White Oak Sugar Maple
! northeastern Iowa American Basswood
i Butternut
Black Walnut
55-74 N. Red Qak 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 Qak
Lower Michigan 75+ N. Red Oak American Basswood
B White Ozk Black Cherry
‘White Ash
Sugar Maple
Black Walnut
Yellow Poplar
55-74 N. Red Oak White Ash
Black Qak American Basswood
White Oak Sugar Maple
Hickories
40-54 Black Qak Aspen
White Qak Jack Pine
N. Pin Qak Red Pine
: Red Mapie
. Southern Illinois, 75+ K. Red 0Oak Yellow Poplar
southern Indiana Black Qak White Ash
White Qak 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 Qak
White Qak )
: Management for essentially pure oak on these sites In the Ozarks and in Lower Michigan, mixtures of pine
should be feasible anywhere in the region, except as and oak are sometimes present on these sites. It should

noted above. However, special measures may be neces- be feasibie 1o manage thess stands as mixtures.

sary to ensure establishment and development of ade- C. The poor sites (site index 40 to 54) are almost

exclusively occupied by oaks. Stands are often of pour

3

quate oak advance reproduction.
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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 cul] the smaller ones. The larger .

seedlings have a much berter potential because of theijr
larger root systems. Size is critical in the root system’s
ability to support vigorous shoot growth after harvest
cutting. S

Planting oaks 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 unti they reach the minimum size. Oak
advance reproduction grows stowly and the development
period may be 10 to 20 years or longer. Cultural
techniques to enhance oak advance reproduction growth
have yit to be developed. Maintaining the overstory at
55 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 ozk-hickory stands can be
altered to some degree at any time before g stand
reaches large pole or small sawtimber size. However, the
best time to control composition is when regeneration is
first established. Ouks will he present in new stands in
preportion to their cecurrence in the advance reproduc-
tion. And, the composition of the advance reproduction
is often unrelated 1o that of the overstory. Although one
ozk species may  predominate in the overstory, a
different oak may prevuil in the understory.

Increasing the smount of one ouk spectes relative to
others is difficuli. It advance reproduction is well
estublished and adeguute for severyl specics. the less
desirable specics can he removed from the advance

reproduciion by

advance reproducii carce and the overstony js weil

stacked, the species o waned can be removed from

Sircaimen! with herbicides. i

the overstory so no seed of that species will be available.
Another alternative is to underplant the wanted species,
and ai 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 conirolling stand
establishment must be followed (sec 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 undesirable 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
maintair an adequate stocking of oaks.

Controlling Growth

H. Total growth or production of wood in oak stands
will be about the same over 2 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 vield obtained (see Appendix I, tables 11-19).
The first thinning in these young stands and possibiy the
second may not yield commercia] products unless a
market for small roundwood exists. If' precommercial
thinnings are not feusible. the latest effective first
thinning age for rapid growth response is 40 or 50 Veurs,
Previousty unthinned stands older than 30 yeurs can and
probably should be thinned, especially on aa0d sites.
Although residual trees are not likely to respond very
well mercintable products can he recovered from trees




Leave the best trees spaced as uniformly as possible
throughout the stand. In a first thinning at age 20 or
[ater it will probably be impossible to remove all of the
undesirable trees and still rerain 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,

I If the main stand is saplings or poles, thinnings
should not be delayed. Reduce stocking to not less than
B level (see Appendix IlI, 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 I, 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 ares, combine two adjacent
size classes for a manageabie stand. In such cases the
recommendations for the size class with the most basal
area should generally be foliowed when making inter-
mediate cuis. There are probably exceptions to this
general rule, and goed 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 cak 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

undesstory contrel is probabily needed, but further
reduction ¢f 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 desised 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 nots of cak advance reproduction adequacy. If the
stand was cut 10 to 20 vears previously, it can be
thinned 1c B-level stocking but heed the Wwarnings in
section L. If initial szocking is not much above B level,
do nothing unless oak advance reproduction is scarce. In
any <vent. cutting siwould he light and desigred more to
increase oak advancs reproduction than promoie growth
of the overstory trees.

Q. Savtanber stands that are undersrocked (beiow B
level) or of poor quality should be rehabilitated or
regenerzted as so0n as possibie. Such stands will likely
contain heavy understories, and should be regencrated
immediately if ouk advince reproduction is adequate. If
not. measures must be taken to develop it

MIXTURES OF OAKS AND OTHER SPECIES

P. Harvesting existing ozk stands in the “Driftless
Area” of Wiscansin, Minnzsotz, and fowa, and in Lower
Michigan, southern {ilincis, and southern Indiana often
resuiis in the new stends of mixed composition. 11 oaks

are few in number but well distribuied in these repro-

duction stunds, it may he possible 1o create a stand with
a good cak component by the time it reaches sawtimber
size. To ¢ this will require eafy weeding — possibly as
early as age 3 - and careind wricniion to the oaks that

QEC PrEseiit.




very poor sites. To establish these northern pines use the
guidelines in the jack pine and red pine handbooks
(Benzic 1977a, 19770}

Damaging Agents
Fire

Fire has had an important role in the establishment of
existing oak stands throughout the north central States.
The recurrent fires that followed cutting of the original
timber siands all but eliminated the less fire-resistant
species. The oaks were able to survive because of their
ability to sprout repeatedly. With the advent of fire
protection and control of widespread burning. the
present oak stands developed.

Although fire has been a prime factor in the develop-
ment of the present oak stands, its use as 4 silvicultural
tool for regenerating cak cannot be recommended now.
Where it has been tried. it has not been successful in
producing the desired results.

Oaks are susceptible to demage by fire at all stages
during a rotation. The primary damage ts the killing of
the cambial tissue at the base of the tree and the
subsequent decay of the wood. Many of the cull trees in
present oak stands are cull because of fire. For this
réason, fire should generally be excluded from oak
stands.

Droughr

Drought is one of the most seriously darnaging agents
of oak stands. Twelve- lo 16-week periods without
rainfall, especially if recurring in successive years, can
severely affect ouks for several years. Growth is reduced
and weakened trees are often attacked by msects and
100t 1ot.

The effects of severe drought are less in thinned stands
than in dense stands, however. Thinned stands are mere
resistant because the tiees have better vigor. and even
though growth will be lowered, trees can often with-
stand the attack by sccondury agents.

Disease

Heartwood decay by wood totting fungl is ane of the
most serious diseases of onks. Although trees are scidom
Killed. decay viien renders the entire stem unusable {or
thuber products. The pimary enliy puints for decay
fungi arc fire scars and dead brunch siubs, There ure

many specize ol woed rotting fungl bul the most

Bmpor Lol enes A it

o osiidersoendi, Steroui gausiapd-

fum, Stereum frustulatum, Hericium spp., Polyporus
compactus, Poria cocos, Irpex molli, and Polyporus
sulphureus.

Losses from these organisms can be reduced by fire
protection and through silvicuitural practices. In oak
sprout clumps the upper sprouts should be thinned out
before heartwood begins to form and the sprouts of
jowest origin on the stump retained. In thinnings, one or
more sprouts separated from a companion sprout by a
low U-shaped crotch can be safely removed. However,
sprouts that form a V-shaped crotch should either be left
alone or the entire clump cut. Stand density in young
stands should be high enough to shade out the lower
branches while they are small.

Mortality from oak wilt, a vascular fungus disease, may
be locally severe. This disease Kills species of both the
red and white oak groups. Red oaks usually die withina
few weeks after the symptoms first become evident.
White oaks are more resistant to the disease because of
the presence of tyloses in the vessels and trees usually
die over a 2- to 3-year period. The disease spreads from
tree to tree through root grafts and is also spread by
insects. There are no known control measures that are
completely effective.

Less serious diseases that attack oaks are anthracnose,
leaf blister, and the canker diseases. )

Insects

Many insects attack the oaks. Severe damage and
degrade to lumber are caused by the carpenterworm, the
white oak borer, the red oak borer, and Columbian
timber beetle. Important insects that feed on the leaves
include the variable oak leaf caterpillar. gvpsy moth, oak
teaf roller, oak leaf tier, forest tent caterpillar, and the
orange-striped oakworm. These insecis are capable of
completely defoliating oaks, sometimes over rather large
areas. A single defoliation is not serious but may result
in weukened trees and a loss of growth. Defoliation each
year for 2 or 3 years or more ¢an cause rmortality that is
sometimes widespread and severe. Volume losses.can be
high. Insects that attack acorns cause heavy losses and
may even destroy the entire crop in years of fow
production. Acorn weevils are the most destructive o}
the acorp-attacking insects.

There are no practical insect coniroi MEusures for ust
in oak stands. Chesicals can be used 1o control the
defoliators if the cost can be justitied {sce Desticid
Precautionary Statement. Appendix V). Removal of th
fow vigor. defective trees during thinnings should el
reduce dumage rom wood boring msedts




should be located and constructed to cavse the least
landscape disruption possible. Trash shc_d not be
allowed to accumulate.

Clearcutting is the most unsightly of any slvicultural
operation, but it need not be. It is very im.gortant to
design clearcuts to fit the topography :-d general
tandscape. They should not dominate the lar Zscape, and
if they are large, they should be irreguar in smipe so that
only portions are visible from one observi-ion point.
Dead snags may be objectionable in some ir:iances, but
can be left to provide sites for cavity-nsszing birds.

Occasionally small groups of trees can be left to add
variety.

To maintain visually pleasing conditions around camp-
grounds, picnic areas, and other areas of high recreation
use, the usual silvicultural pracfices have to be modified.
Thinnings should be light and the slash lopped and
scattered. Openings can be made for regeneration if they
are kept small. Perpetuation of oaks will be difficult at
best. Reproduction should be ensured by planting if
necessary and care taken to develop the seedlings. Costs
will be high but timber production is of secondary
importance in these areas.




Table 5. — White vak site index estimates by 2-foot height and 2-year age intervals' (McQuilkin 1974)

hge @ Height (feet})
(years) :10:12:14:16:18:20:22 2-’v:26:23'.30:32:3-5::36:38:40:42;4&:46:48:50:52:54:56:53:60:62:6&:66:68:70:72:74:76:78:80:82:84:86:85:90:92
10 46 49 52 54 57 60 02 65 A2
12 44 47 &9 52 54 57 50 62 &5 B3
14 46 47 49 32 54 57 59 62 54 67 69
16 44 &7 49 52 55 56 59 61 64 66 68 71
. 18 46 47 43 31 54 56 55 61 63 65 68 70
20 44 56 48 51 53 33 57 60 62 64 66 69
27 42 &4 46 48 51 31 55 S7 60 62 64 66 69 71
4 43 44 46 43 51 53 S5 57 59 62 64 66 68 71 )
26 42 44 46 48 2 64 66 68 70
! 28 : 47 L4 LD 61 64 66 68 JG
¢ 42 44 59 61 63 66 68 70
32 L0 42 57 59-61 64 66 68 70
34 ! 55 57 59 62 64 66 68 70
36 53 55 57 60 62 64 66 68 70
38 9 51 53 55 57 60 62 64 66 68 70
40 49 51 53 55 58 60 62 64 66 68 70
42 48 50 52 54 56 58 60 62 64 66 68 71
44 " 46 48 50 52 54 57 59 61 63 65 67 69 71
46 45 47 &9 51 53 55 57 59 61 63 65 67 69 71
48 39 41 43 45 &7 49 52 5S4 56 58 60 62 64 66 68 70
50 38 40 42 44 46 48 50 52 54 56 5B 60 62 €4 66 68 70
52 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71
54 40 42 44 46 48 50 52 54 56 58 60 62 63 65 67 6971
36 ) 39 41 43 45 47 49 51 53 55 56 58 60 62 64 66 68(70
58 . 40 42 46 46 48 50 51 53 35 57 59 61 63 65 67[68 70
60 39 41 43 45 47 48 S50 52 3% 56 58 60 61 62 65167 69 71
62 : 41 &2 L& 46 4B 49 51 53 55 57 58 6D 62 54 (66 67 69 71
64 40 &2 43 45 47 49 50 52 54 56 57 5% £1 62 {54 66 63 69 71
66 39 41 43 44 &6 L8 49 SL 53 54 56 59 59 61[63 64 66 68 70
68 : 39 40 42 44 45 47 49 50 52 54 55 57 58 60|61 63 65 66 68 69
70 40 41 43 45 46 48 49 51 52 54 55 57 SB60D 62 64 65 66 68 &9
72 39 41 42 44 46 47 49 50 52 53 55 56 58(5% 61 63 64 66 67 6% 70
74 39 50 42 43 45 47 4% 50 51 53 54 56 57|59 61 €2 &4 65 67 6B 70
76 - 40 41 43 45 46 4B 49 51 52 54 55 57|58 60 62 63 €5 66 68 69 71
78 - 39 41 42 44 46 47 49 50 52 53 55 56 (S8 52 61 63 64 66 &7 69 70
80 39 40 42 43 45 47 48 50 S1 53 54 56 (57 59 60 62 64 65 67 68 70 71

‘211 heipht 3nd age combinatiens t> the lefr of the line are within the range of the original data; combinations to the right
of the line are excrapniztions.
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Figure 3. — Site index curves for scarlet oak in the Central States. These
curves ave based on stem analyses of 88 dominant and codominant
scarlet ocaks growing on 25 plots located in the unglaciated
portions of southeastern Ohio, eastern Kentucky, southern Illinois,
and southern Missouri {Carmean 1971 ).
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Figure 4. - Site index curves for chesmur oak in the Central States.

These cuves are based on stem analvses of 39 dominan: and
codominant chestnut oaks growing on I8 plots located in the
unglaciated portions of sowtheastern Ohio, casiern Kentucky, and
senechern indiava {Canaeant 7971




Table 6. — Soil and topographic features affecting site productivity of oak forests in the Lake States {Arend
and Scholz 1969)

: Site index and growth potential 2

-$0il features and corresponding tbpographic features

: at _age 80! : -
Site : : Mean :Periodic: H
quality : Site :Number 16-: annual : annual ; - :
index : foot logs: growth : growth Soil : Topography
LR tper tree:per _acre:
Cu. ft. Bd. ft.

Good 70+ 24+ 0.4-0.6 200-300 A. Deep, moderately and well- A. On relatively flat topog-
drained silts, loams, and raphy, broad ridges, lower
clays where soil depth is slopes, bottoms and valley
3 feet or more to parent coves; all north and east
rock; sands where water slopes where gradients are
table is within 4 to 10 less than 20 percent; middle
feet of the surface. north and east slopes where

~ gradients range from 20 to
35 percent.

Medium 55-65 1k-2% +3- .4 100-200 A. Moderately deep (20 to 36 A. On relatively flat land,

" inches) silts, loams, and upper and middle north and
clays, or deep sands, with east slopes where gradients
fine-textured bands in sub- are less than 20 percent;
soil 2 to 6 inches in thick- middle north and east slopes
ness at depths less than 60 where gradients range from
inches. 20 to 35 percent.

B. Deep sands. B. On lower slopes in rolling
C. Deep silts and loams. topography. ’
€. On upper and middle south and
west slopes where gradients
are less than 20 percent.
Poor 40-55 -1l .1- .2 TLess A. All shallow soils less A. On flat topography.
than than 20 inches in depth B. On narrow ridges and upper
100 and deep porous sands. slopes in hilly topography.
B. All soils. C. On middle south and west
C. All soils. slopes where gradients exceed

20 percent.

!Messurements from dominant trees {red oak group) in unmarnaged stands.
Does not apply to prairie soils and loessial deposits.




Table 8. - Oak site index and s0il characteristics in northeastern lowa (Einspahr and McComb 1951 )

»S01l f Textural composition fHorizon thicknessfPermeabilitnya;ural 1nterna1fﬁgijt::etsgzgigéggfPercentfSite
Series : A B ;A B Tocal; sub-s0il ; aeration ; ical position ; slope ;1ndex
Inches
Chaseburg- Sile elay -
Judson Silr loam loam 14 16 p!  Mederate Good Very good 4 64
Fayette Silt loam Heavy silt
loam 10 16 D' Moderate Good : Fatr 15 60
Quandahl Silt loam to sandy loam 14 12 p!  Moderate Good Good 25 57
varying amounts of rock
fragments.
Dubuque Silt loam Heavy silt 10 16 30 Moderate Good Fair : 18 55
. loam )
315 Clay loam to sandy loam —- - 18 Moderate Good Geood 10 52
varying amounts of rock
fragments.,
Steep stony Clay leam to sandy loam -— - —-—  Rapid Good Poor to 40 52
N-aspect varying amounts of rock good
fragments.
Chelsea Loamy - - -— D'  Very rapid Goed : Fair 10 &4
sand to
sand
Steep stony Clay loam to sandy loam --— - 5 Rapid Good Very poor 40 37
S—aspect varying amounts of rock to fair
fragments.
Zwingle Clay loam Heavy clay 12 15 12 Very slow Very poor Fair 1 36
Sogn 511t clay Clay loam  -- - 8 PRapid Good Poor 8 33
loan

lgreater than 36 inches.

Table 9. — Predicted site index for white oak in southern Indiana { Hannah 1968)

: Clay content of the
Position :lower subsoil horizon: Al‘ and Az-horizon thickagss—inches
{B,} {in percent) H 2.0-4.0 B 4.1-6.0 : 6.1-8.0 : 8.1-10.¢
Ridges Less than 40 51 57 64 73
6060 44 50 56 63
More than 60 38 43 48 55
. Nerch South North South North South Sorth South
Upper slopes 2-50 Less than 40 . 61 55 66 61 72 67 78 75
percent of distance 40-60 53 48 60 53 65 59 71 65
from ridge More than &0 5Q 42 54 47 59 52 65 58
Lower slopes 51-99 Less than 40 65 60 71 65 75 70 80 76
percent of distance 40-60 60 53 64 57 68 62 73 66
from ridge More than 60 55 46 58 50 62 5S4 56 5%
Bottoms Less than 40 73 i7 30 84
40-60 68 71 74 77
More than 60 63 66 69 72

Aspect: North slopes include azimuths from 315 to 135 degrees and south slopes include aziwmuths from 136 to 314 degrees.

Slope shape: All site-index values zre for linear-shaped slopes. For concave-shaped slopes add 2 feer; for couvex-
shaped slopes substract 2 feet.

Stone contenr: All sjice-index values are for relatively stone-free seils {0 to 30 percent stone in the B, horizon}; for
stony soils {31 te 60 percent stone in 32) substract 2 feer; for very stony soils (move than 60 percent stond In BZ) substract
3 feet.

Texture of the B, horizon: Site-index valurs ir the table are for condirions where all subsoil horizons have the same
general texture. Foul feet should be subtracted from the values for subsoll with less than 40 percent clay if the B, of this
soil is underlain with a B,, B_, or € horizon having 40 to 60 percent clay. TFour fest should be substracted from thé values
for subsoils with 40 ro €C7cercent clay if the 2, of this soil is underlain by a 53, St, or C horizon with more than 60
percent clay. - )

Silt content: All site-index walues are ‘or seils with more than 25 percent silt in the BI hotrizan. For scils with less
than 25 percent silt substracr & feet from rhe indicated site-index values.




APPENDIX II
YIELD TABLES

Table 11. — Yields per acre Jor upland oak; no thinning
{Gingrich 1971)

. SITE INDEX 55

r :Basal: : Average :
Age torea | Trees : tree . Yields
H H rdiameter®:
v Square Cubice Board
Years  feet No.  Inches feet Cords feet
20 55 2,500 2.0 60 0.6 -
30 75 1,260 3.3 583 5.3 -
40 87 790 4.5 1,320 12.1 -
50 97 480 6.1 2,150 19.7 400
60 104 157 7.3 2,520 22.9 900
70 108 295 8.2 2,730 24.4 2,800
. 80 112 242 g.2 2,880 25.6 5,400
SITE INDEX 65 i
20 59 1,880 2% 178 1.6 —
30 81 930 4.0 1,200 10.6 -
40 96 505 5.9 1,840 18.2 440
50 105 342 7.5 2,800 26.9 2,150
60 111 262 8.8 3,300 30.8 5,160
70 115 215 9.9 3,700 33.3 7,200
80 117 187 10.7 3,950 35.6 8,200
SITE INDEX 75

70 70 1,425 3.0 €94 6.4 .
; ) 30 89 680 4.9 1,670 16,7 —
i 40 101 400 6.8 2,440 23.7 1,380
50 110 279 8.5 3,315 30.1 4,100
5 60 114 222 9.7 4,140 37.7 9,288
; 70 117 187 10.7 4,760 43.0 11,200
; 80 120 166 11,5 5,160 46.5 12,500

= LThe diameter of the tree of average basal area,

Table 12. — Yields per acre for upland oak: first thinning at age 10 ( Gingrich 1971 )

SITE INDEX 55

r : Residuzl stand . Cut stand Cumulative torzl yields

| BasaliAVerage : : ‘Basal’ » X {cut stand plus

Age : : tree H Yield : H Yield . T

. area sdismeter: .area residual stend)
Years Square Cubic Zoard Square Cwiic BoarZ [uble Soar
Jeet  Inches  feet Cords feet  feet feet Cords  feet feot Cords  feet
E 5 10 20 1.9 - -~ ~— - -= - - ~— — -
20 58 4.1 515 5.0 - 7 25 - - 540 5.0 -
30 58 5.9 1,190 9.9 240 20 345 4.2 - 1,560 14.1 240
40 64 8.0 1,640 15.0 1,560 19 350 3.6 160 2,360 22.8 1,720
-~ 50 71 10.6 1,990 18.3 3,800 16 415 4.4 590 3,125 30.5 4,550
60 75 13.0 2,280 20.7 6,540 1& 485 4.9 1,050 3,900 37.8 8,340

p SITE INDEX 65
] 10 23 2.1 - - -- - -— - -~ -— -— -
20 51 4.5 775 6.8 - 8 125 1.2 ~— 900 8.0 -
30 59 6.4 1,445 13.1 540 25 370" 3.8 - 1,940 18.1 540
40 66 8.6 1,920 18.0 2,280 21 465 3.8 280 2,880 26.8 2,560
50 7z 11.0 2,340 21.8 5,250 19 575 5.2 970 3,875 35.8 6,500
) 60 76 13.7 2,655 24.3 8,940 18 670 5.8 1,810 4,860 46.1 12,000
: SITE INDEX 75

10 25 2.5 - - -— - - - - - - -
20 55 5.4 1,060 9.6 - 12 200 i.6 - 1,260 1.2 -
30 52 7.4 1,920 17.5 1,380 30 520 5.2 60 2,650 24.3 1,440
40 71 10.5 ° 2,550 23.0 4,840 22 610 5.6 500 3,880 35.4 5,400
50 75 13.2 3,025 268 10,300 2z 745 6.8 1,540 5,1c0 46.0 12,400
_60 78 15.5 3,360 29.7 13,200 21 925 7.8 3,540 6,360 56.7 18,840




Table 15. — Yields per acre for upland oak; first thinning at age 40 (Gingrich 1971}

SITE INDEX 55

: - Residual stand Cut stand ‘cumulative total yields
N Basal.Average : ‘Basal’ : (cut stand plus
Age : area & ‘¢ : Yleld farea Yield " residual stand)
: tdiameter: : : :
Years Square Cubic Board Square Cublc Board  Cuble Board
feet  Inches  feet Cords feet  feet  feet Cords  feet  feet Cords feet
40 63 5.0 1,140 10.5 - 24 180 1.6 -— 1,320 12.1 -
50 62 7.4 1,538 13.0 900 23 282 3.4 - 2,000 18.0 900
60 67 9.1 1,830  15.6 2,430 15 288 3.1 270 2,580 23.7 2,700
70 72 11.0 2,065 18.6 4,445 12 300 2.7 465 3,115 29.4 5,180
80 74 12.7 2,240 21.6 6,880 12 "350 2.8 865 3,640 35.2 8,480
.90 76 13.8 2,430 24.8 9,180 9 355 3.0 1,100 4,185 41.4 11,880
N SITE INDEX 65 N
40 69 6.5 1,600 15.9 440 27 240 2.3 -~ 1,840 18.2 440
50 66 8.5 1,910 17.7 1,800 28 410 4.0 200 2,560 24.0 2,000
60 70 10454 2,200 20.7 4,200 18 400 3.6 280 3,270 30.6 4,680
70 74 12.4 2,485 23,1 7,210 1é 420 3.7 710 3,955 36.7 8,400
80 77 14,5 2,720  24.8 8,960 15 410 4,0 1,050 4,600 42.4 11,200
90 79 16.5 2,925 26.6 10,710 13 460 4.0 1,630 5,265 4B.2 14,580
SITE INDEX 75
40 73 7.4 2,130 20.2 1,380 28 300 3.0 - 2,440 23.2 1,380
50 68 9.6 2,390 21.8 3,450 31 635 6.2 300 3,325 31.0 3,750
60 73 11.6 2,730 24,9 7,680 19 625 5.2 1,020 4,290 39.3 9,000
70 76 13.8 3,115 28.0 11,200 19 610 4.8 1,620 5,285 47.2 14,140
80 79 16.5 3,480 30.8 14,080 17 590 5.2 2,340 6,240° 55.2 19,360
90 81 18.7 3,735 33.7 - 15,810 15 650 3.3 3,000 7,155 63.4 24,120
Table 16. — Yields per acre for upland vak; first thinning at age 50 {Gingrich 1971)
SITE INDEX 55
; :Averazzsidhal stand ; : Tut stand ;Cumulative total yields
Age : Basal: tree Yield :Basal: Yield . (cut stand plus
. area . area residual stand)
: tdiameter: : : :
Years Square . Cubie Board Square Cubic Board — Cubtc Board
feet  Inches  feet Cords feet  feet  feet Cords  feet  feet Cords feet
50 69 6.5 1,627 14.9 400 28 523 4.8 - 2,150 19.7 400
60 66 8.4 1,710 14.7 1,350 23 317 3.9 150 2,550 23.4 1,500
- 70 68 9.3 1,855 15.4 3,585 15 280 3.2 165 2,975 27.3 3,900
80 71 10.5 1,960 18.0 6,160 12 280 2.1 325 3,360 32.0 6,800
90 73 i1.5 2,115 20.0 | 8,240 10 220 2.2 620 3,735 36,2 9,500
100 74 12.7 2,250 22.8 8,900 9 230 1.5 1,240 4,100 40,5 11,400
SITE INDEX 65
50 75 8.0 2,130 19.6 1,850 30 670 7.3 300 2,800 26.9 2,150
60 68 9.6 2,130 19.5 5,090 29 470 4.4 210 3,270 31.2 4,600
70 70 10.4 2,240 20.6 6,160 18 400 3.7 330 3,780 36.0 7,000
8¢ 74 12.2 2,480 22.8 8,240 14 300 2.6 520 4,320 40.8 9,600
90 77 14.8 2,745 25.2 14,305 12 275 2.7 935 4,860 45.9 12,600
100 79 17.0 3,000 28.5 10,700 10 235 1.8 1,905 5,350  51.0 14,900
SITE INDEX 75
50 78 9.0 2,390 24 .4 3,650 32 725 5.7 450 3,315 30.1 4,100
60 72 11.3 2,700 25.2 6,300 30 655 6.8 1,050 4,080 37.7 7,800
7C 75 12.8 2,965 26.8 2,200 19 475 5.2 1,100 4,820 44,5 11,800
80 77 14.1 3,18¢ 29.0 11,500 18 425 4.8 1,500 5,460 51.5 15,600
20 79 16.5 3,620 31.4 13,000 16 420 4.6 1,800 6,320 58.5 19,000
100 81 18.4 3,880 33.0 14,450 14 500 4.9 2,750 7,080 65.0 23,200




Table 19. — Gross yields per acre of niormal oak stands
in southvwesrern Wisconsin (Gevorkiantz and Scholz

1948)
VERY POOR SITE
Age Tot?l volume.
(Years)  Cubic feet! | Cords® ' Board feet
- : : Scribner
20 480 — p—
40 1,050 10 -
60 1,550 19 550
80 2,000 25 2,500
100 . 2,350 29 4,550
120 2,650 33 6.300
140 2,900 36 7,600
POOR SLTE
! 20 650 1 —
) 40 1,350 15 _
60 1,950 25 2,300
80 2,550 32 . 6,400
100 ' 3,050 k1:] 9,600
120 3,450 42 11,700
140 3,750 46 13,150
160 3,900 49 14,000
" MEDIM SITE
20 850 7 -
40 1,750 21 100
60 2,550 33 4’700
50 3,300 41 10,200
100 3,960 49 - 13,600 ,
120 4,350 54 15,800
- 140 4,750 58 17,300
160 4,950 61 18,500
GO0D SITE
20 1,000 3 —
40 2,050 25 1,600
60 3,050 39 7,600
80 3,950 50 13,400
100 4,700 - 59 17,200
120 5,300 66 19,600
140 5,700 71 21,000
160 5,950 74 22,100
VERY GQ0OD SITE
20 1,150 7 —
40 2,400 30 2,800
60 3,600 46 10,500
80 4,600 59 16,800
100 5,500 69 21,100
120 6,200 77 23,900
140 6,760 83 25,500
160 7,000 87 26,700

l¢ross volume, excluding bark, all
trees 0.6 inch d.b.h. and larger.

2Gross volume, excluding bark to
top diameter of 4 inches, all trees 5
inches d.b.h. and larger.

35caled in 8 foor logs. If scaled
in 16~foot logs, reduce table vzlues
by 11 percent.
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stocked plots to meet minimum stocking require-
ments at the next lowest percent down from 43
(i.e., 40). Opposite 40 note that 95 stump sprouts
are needed to make up the deficiency in advance
reproduction.

Stump sprouts

Stocked 1/735-acre required (Number

plots (Percent®) per acre)
59 . 0
55 19
50 44
45 69
40 95
35 120
30 < 145
25 170
20 . 196
15 221
10 ] 246

8. Because the computed value (124) exceeds
the tabulation value (95), there will be encugh oak
stump sprouts to make up the advance reproduc-
tion deficiency. Thus, the oak component of the
new stand will be adequate and the old stand can
be harvested. )

9. If the number. of expected stump sprouts does
not compensate for advance reproduction deficien-
cies, harvesting should be delayed until adequate
oak advance reproduction is established and
reaches the minimum size of 4.5 feet in height. .

10. Unless the stand is protected or the wildlife
controlled, it will probably be impossible to get
adequate natural oak reproduction in areas where
deer browsing is heavy and where there are high
populations of acorn-consuming wildlife. The
alternative is to plant oak seedlings and protect
themn from wildlife.

If the percent of stocked plots lies between the
S-percent Riferrals, wse the lower figure, e.g., 43 percemnt
starcked plods stiowdd be considered 40 percent.




APPENDIX V
MISCELLANEOUS

. ' Common and Scientific
Metric Conversion Factors ‘Names of Plants and Animals

To convert to - Multiply by . Plants
: Anthracmose’ . . . . . . . . ... .. Giomonia quercina
Acres Hleectares 6.405 Ash, white . . . . . . . . ..., .., Frerinug ewericana
Poard feet! Cublic meters 0.005 Aspett . . . . .. .. ... .. .., Populus spp.
i Board feet/acre! " Cuble meters/hectare 0.012 Basswood, American . . . . . . . . . . Tilig americena
‘ Chains Meters 20.117 Blackgum . . . . . . ... ... .. . Hyssa sylvatice
Cotds Lubic metexs . 2,605 Blister, leaf . .. ... ...... Tephina spp.
Cords/acre! Cukic meters/hectare 6.437 Buttermut . . . . . ... ... ... Juglews cineres
Cubic feot Cutic meteors 0.028 31“:"3“5' fesc s s e e e o e .. Vaceinium spp.
Cubic feet/acre Cubic meters/hectare ¢.070 Camkers . . . ...l Strumella spp.
N . - P Neetria spp.
Pegrees Fahreaheit Degrees Celsius . Cherry, black . o + . . . . . . . . . Eroms serosiva
Feet Meters ) © 0.303 Dogwood, flowering . . . . . . . . . . Cornus florida
Gallons Liters 3.785 Elm, American ., . . . . . . . .. ., . Ulmus enericona
Gallons/acre Liters/hectare 9.353 Hazelaut . . . . . . . . . ... ... Corylus americana
Inches Centiroters . 2.540 Heartrots . . . . . .. .. .. ... Poria spp.
Miles Kilometers 1.60% Stereum spp.
Miles/hour Feters/second 0.447 ' Hericuin spp,
Hunberfacre . Rumber/heetzre 2,47, Irpex spp.
Ounces Grams 28.350 Polyporus spp.
Ounces/acre Crams/hectare 70.053 Hophornbeas, eastern . . . . , . . . . Ostryc virginiana
Pounds Kilosrams 0.456 Hornbeam, dmerfecan . . . . . . . . . . Carpimus caroliniana
Poundsfacre Kilograms/hectare 1.121 ::pi:' Ted . ::tex’ zubn:-.-
Pounds/gallon Kilogiens/liter 0.120 0ak, Black - « - . o110 Querens veluting
Square feer Square meters 0.093 Oak, blackjack . . ... . . . . . .. . Quercus marilandica
Square feetfacre ‘Square reters/hectare ¢.230 Oak, bur . . . . . . ... ......CQuereus meérocarpa
Tons Helric tons 0.907 Oak, chestrut . . . . . . . . .. .. Quercus primus
Tons/acre Kerric tonnfhectare 2,252 Oak, northern red . . . . ., . . . . Quercus rubra
IThe conversien of hoard feet and cords to cubic Oak, pest . . . . . . .. .. .... Guercus stellata
l meters can only be zppro tz: the factors are based Oak, scarlet . . . . ... ...... Qureus coccinea
on an assumed 5.663 beard foar (leg scale) per cubic Oak, white . . . . . . .. ... ... Qurcus alba i
} foot and 2 cord with 92 cutic fcet of selid material. Sassafras . . .. ... ....... Sassafras albidun
To convert ‘I te °C, use thie formulz 5/9 (°F-32) R::_alnul:, Plack wow v v e Jugz"fw nigre
or “F-32. 5\1:’.[, ogk .. w Lo o (_:'em.,ocy.-fws.fagczgeaﬂm
W Witchhazel . . . . . . . . .., ... . Hemwonelis virginiana
: Yellow-poplar . . . . . . . .. .. . Liriodendron tulipifecra
Animals
Bobcat . . . . . . . .. oL L L. L Lyne rmufus
Borer, red oak . . . . . , .. . . . . Enaphalodes rufulus
Borer, white oak . . . . . , . . . . . Gogs figrinus
Carpentervorm . . . -+« « . . . Prinoxystus rokbiniac

Caterpillar, forest tent . . . . . . . Malccosomz disstria
Caterpillar, variable oak leaf . . . . Heterocampa manteo
Chipmunk, eastern . . . . ., . . . . . Tawias striatus
Deer, white-talled . . . . ., , . . . . Doz virginiana

Fox, Ted « . . o . . . . . .. . .. . Vulpes vuipes
Grouse, ruffed . . . . . . . . . . . . Bonasa wbellus

* Moth, gypsy . . - . . . . . . . . . . Porthetria dispar
QOakworm, orangestriped . . . ., ., . . . Anisota sematoria

) Oppessun - . . . . . . . . . ., . . . Didelphris marsupialis -

| Raceoon . . . . . . . . . . . .. .. Procyon loter

i Roller, oak leaf . . . . . . . . . ., . Archkips semiferanus
Reort rot . . . . - . . . . . . . ... Am;illaria mellec
Skunk . . . . . . . . ... . . . . . Mepkitis spp.
Squirrel, fox . . . . . . ., ., . . . . Selurus niger
Squirrel, gray . . . . . . . ., . . . . Scturus ccrolineorgis
Tier, osw leaf . . . . . . . . . . . ., Eroesic alslcomang
Tutkey, wild . , . . . . . . . . . . . Meleagris yallopavo

, ac c v o v o . i . . . . . Curculis spp.
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ASPEN
IN THE NORTH-CENTRAL STATES

Donald A. Perala, Silviculturist
Grand Rapids, Minnesota

SILVICAL HIGHLIGHTS

The bulk of the aspéh' in the north-central States is in
Minnesota, Wisconsin, and Michigan where 13 million
acres (one-fourth of the commercial forest land} of
aspen type contain 80 percent of the aspen growing
stock; the rest of the growing stock is in conifer types (7
percent) and other hardwood types (13 percent). Quak-
ing and bigtooth aspens occur on nearly every soil type
but grow best on deep, well drained soils.

Aspens are highly sensitive to shade, soif compaction,
fire, and mechanical injury to the root system. The
species grows rapidly, thins itself naturally from compe-
tition, insec_ts, and diseases, and matures in 30 to 70

years; occasional trees will survive 100 vears or more.
Without disturbance, aspen stands wili be replaced by
more tolerant or longer-lived associates.

Aspen typically sprouts many thousands of suckers per
acre from the shallow parent root svstein after a stand
has been opened by fire, windthrow, or cutting. The
suckers arising from the same tree are genetically
identical to the parent and are called a “clone”. Suckers
of the same clone havé uniform characteristics, but
suckers of different clones can vary widely — especialiy
in bigtooth aspen. Single ciones typicaily covar 1/10 to
1/5 acre, occasionally up 10 4 acres,

MANAGEMENT OBJECTIVES AND NEEDS

About one-third of the aspen-birch forest type in
Minnesota, Wisconsin, and Michigan is growing much
below potential. The management objectives considered
in this handbook are to limprove yields of timber, water,
or wildlife in this forest type whiie minimizing impact
on the landscape.

The recommended silvicultura! svstem for growing and
reproducing aspen is complete clearcutting at rotation
age to regenerate pure, fully stocked stands of suckers.

In young stands that were not esiablis

density are nseded to greatly ciense he vieid and
shorten rotations tor saw togs and vepedr. mu wminniag is
noi recorunended for iiber production. The g
wiil need considerable skiii and
output of timber, water, und wildli
pleasing landscape.

KEY TO RECOMMENDATIONS

The following kev recommends the managamen? tech-
niques that will improve e viclds of timber and water.

3 - P . : f .
CFor scientijic naines of oims and animals. see
Appendix p 27

or increase wildhiz for cion woane

aitd - objectives, N
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‘Estimating Site Productivity
Site Index Curves

Site index is commonly determined by comparing the
mean total height and age of dominants and codomi-
nants with published site index curves. Site indices are
expressed in even units of 10 feet at age 59, the class
interval being 56 to 65 for site index 60, for example.
Use sile index curves (see Appendix, fig. 12} to estimate
site index for quaking aspen. Up to age 50 the estimates
will be reasonably accurate throughout most of the
north central area; after age 50 accuracy can drop
significantly because of local variation in height growth.
The only curves for bigtooth aspen are from northern
Lower Michigan (see Appendix, fig. 13). When these
curves are used elsewhere for bigtooth aspen, the site
index estimates are likely to be less accurate.

The genetic variation between clones can sometimes
cause considerable error in aspen site index estimation
{see Appendix, fig. 14). To accurately estimate site
index where clonal growth differences are pronounced,
measure two dominant aspens in each of three clones
representative of the stand. The average height of the
three clones along with tree age will give relizble site
index walues. Sampling only the tallest clone or clones
could o erestimate site index by 5 to 10 percent.

Soil Examination

Site index curves are not reliable for stands less than
20 vears old, or in stands where growth was slowed
because of fire, or because partial cutting left dense
overstories. To estimate site index in such stands, use
soil and topographic feaiures instead of heights (see
Appendix. tables § and 2). Soil surveys by the USDA
Soil Conserviiion Service and other agencies can also be
very useful {fig. 1}

Alternative Species

Qnly site index 60 or beter should be considered for
aspen timber management aithough poorer sites can be

managed for aspen for other purposes. Conifers are

usually more oroductive than aspen on poorer sites so

the land mianuesr nw isiy Lo convert to conirers. The

Tand i

o convert betler uspen sites

to othaey ~ iebhuletion sives guaking

MR M R I T T T T
T S .;n};ln_‘}i_.t;:lﬂ!n‘&' il ge s

Figure 1. — This aspen stand has a measured site index
of 42. Since the stand originated after fire, the hue
site index of the stand Is underestimated. A soil
examination is needed to accurarely assess the poten-
tial productivity of the site.

if quaking aspen Then site index for these species is:

site index is: Red pine  Basswood Paper Birch
40 46 44 40
50 50 50 47
50 54 56 55
70 59 62 62
80 &3 65 70

Regenerating Asper
Basic Requirements

For best aspen sucker regeneration: {1} the soil must
= well drained and serated. and (2) the parent siand
must huve a minhmam aspen density of 50 irees or 20
square feet ! ca per scre. To stimulate suckering,
:

allow heat

Haln 7o reach the forest [loor by

nossible, prefer-

Lol fhe overstory as

romovi

raes 2 inches or more i d b fas e oy

Doverstony wil

dred of residuc
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Prescribed burning should be used only by personnel
expericticed In fire' behavior and fire weather. It is
recommended only when other site preparation methods
are impractical or in poorly stocked, brushy, or sodded
stands. Although burning increases suckering, it also
tends fo slow sucker growth. Harvested stands should be
burned within § vear; the best time is in the spring
before growth staris. If snow still lies in the surrounding

timber, or if the surrounding timber is hardwood, the

burn can be essily confined to the harvested area (see
“Prascribad Burning’™ and table 4 in Appendix).

Stocking Stendards

By age 2, when most suckering will have occurred,
sucker stands should exteed 85 percent milacre stocking,
or about 4,000 to 5,000 stems per acre (fig. 4). As
stocking drops below 4,000 per acre at age 2, the
chances that the stund will develop to an economically
operable density decrease rapidly with small increases in
mortality. The development of sucker stands should be
checked periodicaily (see “Forecasting Future Opera-
bility™ and fig. 15, Appendix).

ey
]

of dense sucker stands is the
Gest gligrpnios of Bigh aspein productiviry,

Figure 4. — Regensection

Divonerdy regencrated ot maturity,

ol cepmeon e onern ;o these thep

may develop as an understory. Overtopping trees left
after harvest, however, strongly suppress aspen growth,
and should be removed in initial site preparation or by
cleanings and thinnings within 10 years.

Growing Conifers with Aspen

Only white spruce and balsam fir can easily be
managed concurrently with aspen. In fact it is difficult
to manage spruce and fir to the exclusion of aspen, and
vice-versa, where they exist together. The total fiber
yield may be greater in these mixed stands than if pure
stands of any one species are grown (fig. 5).

gvg _

Figure 5. — dspen and baisam fir can be grown together
for landscape variety and forest crop diversity.

Where mature aspen has an understory of immature
spruce-fir, clearcut the aspen at age 30 to 50 to relcase
the conifer undersiory. Openings in the conifer canopy -
will be large enough to allow good aspen sucker
development in scattered patches. Manage the conifers
either by group selection, shelterwood. or diameter
limits according to age structure and the proportion of
aspen. Make shelterwood and diameter limit cuttings to
encourage advance spruce-{ir regeneration when the
aspen compoiient is minor or scattered. Clearcut mature
aspen and conifers to regencrate a fully stocked aspen
sucker stanl. I advance reproduction is sparse, clzurcuts
should bBe small (preferably Jess than 20 agres): farge

clearcuts shuind not exceed 200 feet in width and their




Yietds can be inoreased by (1) thinning and (2}
adjusting rotation sges to maximize wean annwval incre-
ment. Both opticny are recommended for wrowing
sawtimber and vencer; for fiber, only adjusting the
rotation age is reconmnended,

Thinning

Quly well-formed, discase-resisiant civues cn sites 70
and better can yieid significant amounts of sawtimber
and veneer. Generally, a single commerciai thinning is
recommended (sclicduls A as follows). However, site
index 80 or bettar stands will progduce substunt
more sawiimber sud vonser iF precomimereind
as well (schiedule B). Ton'schcduic A, iliin ouce at ubout
age 30 when basal arcy has surpissed 120 10 15€ square
feet. Leave uholi 2l i

3
:

acre. In sciiedude i3 e

F s T Ejuare seet per

dould

Proveiannncia? L

leave 550 irees per nos ab ahoms Loc Y vl trees
are sl synoll cnonng o e e e T s B Bt T
Thin a sccvss e o o 0 0 Wb d LU s

surpassed a0 squars w9 g wocs euve Z0L ey and
80 o S0 square fecr o avre, Doley the régehiznrtion cut

in cither schedule as tong as the stand is healthy and
shhows little sign of heart rot - age 50 to 60 in most
cases. -

Assuming a regeneration cut at age 55, schedules A
and B in site index 80 aspen would average 12 tc 14
inches d.b.h., compared to 9.5 inches without thinning.
Thinning produces up to 140 percent more veneer and
up o 4( percent more sawtimber than without thinning,
with the greatest gains from the two-thinning scheduf®
{sce Appendix, fig. 17). Thinning can produce the same
amount of sawtimber in 10 years less time, or the same
amount of veneer in t4 years less time than without
thinning.

The smualler trees and tops of crop trees could give
these additional yields of whole chips:

Commercial  Regeneration Rotation
Schedule  thinning cul total
—— (fresh weight, {ons par acre) ——
£ 54 (4.3)° 63 117
2 41 (5.7) 65 106

* Mean dizimeters in parentheses.




Figure 9. - Conk of Phellinus igniarins — the main
deterrent to grawing aspen o old ages.

Insects

Once past the juvenile stage, aspen is seldom killed
directly by insects. However, insects such as the poplar
borer may enhance mortality by weakening the tree or
providing infection courts for pathiogens. A number of
other wood borers can damage and kill young suckers.
Polesize and mature stands are more susceptible to
defoliating insects such as the forest tent caterpillar and
the large aspen tortrix. Even repeated defoliation does
not cause much direct mortality. except on sites with
high water tzbles — the muoin effect is temporary loss in
growth. No direct insect controf is now practiced in
aspen aithough dense sucker stands should be regener-
ated to minimize borer damage.

Fire

Aspen stands are relaiively low in fAammability and
fires are easily controlied. However, even surface fires
can either kill or injure aspens and cause significant
growth foss and early stand breakup. Fire should be
excluded from aspen stands except for regeneration and
even then excessively hot fires should be aveided.

Weather

New spring growth can be killed by frost, but growth
resumes and little permanent dumnage results. Aspen is
prone to windthrow or breakage, particularly when
weakened by boring insects or disezse. Young sucker
stands can be seriously damaged and sometimes killed
back by hail. -

Improperly Timed Silvicultural Practices

Soil compaction from heavy machines can reduce
future aspen yields 5 to 10 percent by lowering soi)
aeration required for vigorous suckering. Thé potential
for compaction is most severe on wet soils having a high
clay content, and is minimal on dry sandy soils. Disperse
skidding to minimize compaction during the summer by
mechanized logging. Winter logging causes iess soil
compaction than summer logging. but dees not disturk
competing vegetation as much — a factor to coasider or
brushy aspen sites. Shearing for aspen regenerztior
should always be done when soils are {rozen.

Conversion to Conifers

Aspen stands to be converted to conifeis should firs
be harvested of ali usable marterizi. Prepare the sitc
mechanically by shearing. roller chopping, or barre
scarifying, or treating chemically between July 13 anc
August 15 with picloram plus 2.4-Id (0.5 pounds + 0
pounds per acre) in 10 1o 20 gulions water per acre.
Plant suitable conifers the foliowing spring.

Release conifers from asgen suckers as needed using
2,4-D or a 50 percent mixture with 2.4,5-T when oak o
other hardwoods are present. Use total mates
per acre in 4 to 5 guilons water wixiure
spraying; 3 pounds per acre in 10 to 20 galions fo
ground spraying. White spruce and red pine are safe t
release after July 1 but releass is best after July 15 Juc!
pine is not safe to release until Avwust i, Complete oy
release operations by August i3, Where chegiud
cannot be used, hand release during the growing sc
(June, July, early August) to lessen regrowth of asper

i

A8

OTHER RESCURCE CONSIDERATIONS

Waier

Aspen forests con have consideraple impact on waiey
yield, depending on how ihoy are mzniged.
(etther intermiedizxte thinnivres o regeneviion clapcuts)

urvesting

Hiide impuct on

on a sustained vield Hwosio il

water yield, quality, vr tin
1/60 of the total acrcuge i
However. an individuai swaierns

clearcut may vield 3 10 158
few vears after cutiing, Thic

after 0 1o 7 years i
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Smaller Birds and Mammals

Beaver populations should be controlled so they will
not over-utilize riparian aspen forests by repeatedly
cropping sucker stands. Repeated cropping can result in
death of the stand and food scarcity for future popula-
tions.

Cavity nesting birds and mammals can be encouraged

by leaving standing dead snags. These will not interfere
with sucker regeneration of the new stand. Numerous
songbirds, such as the Nashville warbler, a variety of
sparrows, hermit thrush, and others, need all elements of
food and cover — from herbaceous openings and early
stages of forest succession (such as aspen) to stands of
mature and old-growth timber.

Rare and Endangered Species

Three rare or endangered species using the aspen type
are the bald eagle, osprey, and eastern timber wolf. All
are protected by Federal and State laws. The {ollowing
tabulation lists restrictions on management activities for
osprey and eagle nest trees:

Distance

from nest Osprey nests Eagle nests

Up to 350 ft. No activity anytime No activity anytime

350 to 650 ft. No activity March to  Thinning 2nd pruning

July OK {ne clzarcutting)

QOctober to mid-
February; no activity
rest of vear

700 and Normal activitiess Ok —

beyond .

700 ft. to - Normal activities Qcto-
ber to mid-February

1/4 mile
' only; no activities rest
of year

If areas more than 1/4 mile away are visibie from the
¢agle nest, the outer zone can be extended to 1/2 mile in
that direction. Roads and trails within 1/4 mile of eagle
nests should be closed where possible. Scattered old-
growth trees, particularly the pines, should be reserved
as much as possible for future nest trees.

The timber wolf generally requires no special habitat
management beyond geod management {or deer, moose,
and beaver. These arc the primary prey of wolves and
habitat manipulation for them will serve the waoll as
well.

Landscape

Aspen is dominant and highly visible in the landscape
of northern forests. Because it is abundant and pre-
dominantly maintained through clearcutting, how it is
manzged will have important impacts upon the land-
scape and recreation experiences. Aspen landscape
maragement is needed most in stands in the foreground
of scenic areas, travel corridors, use areas, and water
bodies frequented by and readily visible to large num-
bers of forest visitors. lmpertant factors to be con-
sidered in avoiding unsightly management practices are
viewing distance, size, shape, edge, distribution or
spacing, timing, vistas, and operations.

The foreground (0 to 1/2 mile) and middleground (1/2
to 3 miles) landscape zones are most important because
they are most readily seen. The background zone (3
‘miles +) is impertant when it is highly visible and
provides a scenic backdrop.

Foreground landscapes can be enhanced by:

1. Providing vistas that exposs and frame scenic
features. _

2. Utilizing clearcuts “to create visual variety by
opening up dense stands, and breaking up straight lines
of timber with curved lines 2nd irregular openings.

3. Leaving attractive trees and snags and those of
special interest.

4. Providing diversity in plant species. age class. size,
and wpe.

5. Using transition vegetation sleng edges.

6. Varying the sizes and shapes of cuts.

7. Converting to other vegetative types.

An aspen regeneration cut has less imnpact if its size
does not dominaie and if it is varied and in scale with
natural or man-made openings that may occur in the
landscape. The apparent size of a cut can be reduced by
restricting the amouni of cut area seen from anv one
viewing position. Factors such as distance, shape, and
screening provided by intervening ridges or other land-
forms and islands or clumps of vegetation help 10 limit
the apparent size of cuts. ‘

Irregular, free-form shapes that follow natural projec-
tions. indentations. soils, and topographic features ex-
pose smaller areas of clearcu: 1o view. Avoid cutting
boundarics in long straizht mnatury! edges or in
geometrie shapes which clash with noetural landscaps
forms.

Cleareut openinas wiv
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Figure 12. — Site index curves for quaking aspen in the north-central States (Lundgren and Dolid 1970).




Table 1. — Estimated site index for quaking aspen in the Lake States based on soil texture and moisture
regime [Sroeckeler 1960)

Pt : Percent silt-plus-clay in
Moisture regime : top 36 inches
2 <10 @ 10-20 : 21-50 : 51-70 : 71+
Height at §0 years, feet'
Water table 2.5 to 8 feet 70 70 70 70 70
; Well drainedz, with improved )
f water holding capacity3 65 70 75 80 70
. Well drained’ 50 60 70 80 70
]’ Poorly aerated" 60 60 60 50-60 50-60
Excessively drained® 40 40 55 70 70

'Calcareous parent material will increase site index about
5 feet., Stands exposed to wind or subject to rapid surface
drainage (ridges, knolls) or on the upper half of 30 percent
; slopes with SE, S, SW, or W aspects will have 10 to 15 feet
! _ lower site index.
‘ ' ~ *No strong wottling within 1 foot of surface. Water tables
deeper than 8 feert.
*Underlain at 2 to 3 feet with soils of greater water holding
capacity (30 to 90 percent silt + clay).
“Strong mettling within I foot of surface, or water table
closer than 2.5 feet,.
5Droughty gravel is within 2 vo 3 feet of surface soil and
greater than 3 feet in rhickness. Also includes soils where
rock content exceeds 50 percent of the top 3-foot soil volume.

Table 2. — Estimated site index for bigtooti or quaking aspen' on well-drained sandy soils, northern Lower
Michigan (adapted from: Grahain et al. [ 963)

: Soil moisture category
:Permeable s o 2
- subsoil, : Decth o impermeable stratum : . Water
drv to 3 ¢ 13 inches :19 inches: Subsoil : table
Topography : feet in :12 inchas: to : to -+ mottled : within
T summer > or less @ 18 inches : 5 feet : 5 feet
Felght at 50 wecrs, feat®
Flat uplands 30 30 £3-50 530-60 60-70 70-80
Brow of slope 30-40 35-40 30-50 40-50 50-¢£0 60-70
steep 30 kit 30-40 40-50 50-40 60-70
Upper : moderare 30-40 30-40 . 30-50 40-50 - 30-60 60-70
slope :
gentle 30-40 30-40 30-5C 40-60 50-70 70-80
Lower slope 30-40 L-30 50 60 70 80-90
Base of slope 30 5 5G-60 60-70 8C 90-100
Flood plain #’ o 86 © 80-100
‘For quaking aspen reduce siie index bv 5 feer,
Hardpans, clays, and fine spacted silts.,
3Converging slopes or draws will raise site qualirv 10 feet above table
values. Gravel {(net washed lavers) mixed in upper soil z2lso will tend to raise
site index. South-facing slepes will bhe Ivower than nerth-faeing slopes. Where
a vange is given, the lower valuss are associated with cearse sands and the

higher values with leamy sands; Jine sands are intermediate.




Prescribed Buming ‘ Divide the number of dead stems by the total live ang
At least 10 tons (fresh weight) of slash less than 3 dead stems to estimate the present mortality rate.

inches diameter are needed per acre for a burn hot Using the mortality rate and present age, use figure 15

enough to kill standing residuals. Generally, mature to determine a base number of stems per acre.
stands exceeding 60 to 80 square feet basal area will

have at least 10 tons of slash after conventional Also, on figure 15 find 2 ‘correction factor that
harvesting. The more evenly the slash is distributed, the corresponds to the site index.

more overstory will be kitled. Stands that have not been
harvested normally will not have sufficient fuel to burn
hot enough to kill much of the overstory. In these cases
fire will nevertheless reduce understory competition and
blacken the forest floor which will elevate spring soil

Multiply the base number by the correction factor to
determine the minimum number of stems per acre
needed at present to assure a yield of 10 cunits per acre
(total bolewood) at age 40.

temperatures to encourage suckering. Surviving trees — An example: a site 70, age 10 stand has 2,000 live
especially aspen — should be felled to maximize sucker- stems  and 400 dead. The mortality rate is
ing. _ (400/2,000 + 400) = 0.17. Entering figure 15 we find-
An 8- to I2-foot wide fireline should surround the the base number is approximately 3,500 (interpolate
burn. Paper birches within 100 feet inside of the fireline when necessary). Adjusting for site, 3,500 x 1.5 = 5,250
should be felled to avoid burning birch bark being blown live stems are presently needed to yield 10 cunits per
outside the line. After backfiring the downwind side of acre at age 40. Unless the mortality rate drops to about
the burn, start headfires just upwind of the backfire in 0.14, 2,000 stems are inadequate. Therefore, this stand
progressive strips 50 to 100 feet wide. After a safe area should be inspected annually to determine if the high
has burned out, a single headfire can be lit from the mortality rate continues. Keep in mind that mortality
upwind side. can vary considerably from year to year so a several-year
Table 4 prescribes the burning weather needed for the trend is needed to predict the probable fate of the stand.
kinds of slash typical of harvested and unharvested aspen ~ For stands at age 20 or older, busal area is 2 more
stands. The buming weather components must be calcu- reliable indicator of future yields. These minimum basal
lated by using the reference ciied. areas are needed to assure 10 cunits per acre at age 40:
Forecasting Future Operability Age
To forecast the future operability of poorly stocked 20 30 40
stands, estimate:
(1) Site index , Site index (minimum basal area, ft* facre) -
(2) Present age 30 6 19 34
(3) Present number of live siems per acre over 6 inches 70 8 22 38
tall 60 12 27 43
(4) Number of stems that died during the last year. 50 22 38 52
(These are easy to distinguish from stems that died
earlier; leaf buds, fine twias. and bark will be nearly Figure 15 should be consulted also a5 described above
intact compared to older martality.) to assess risk based on estimated mortality rate.

Table 4. — Prescribed burning weather for aspen

Observed and computed :  Continuous slash : Continucus slash ‘Litele slash
buraing variables 1 (<25 percent conifer):(>25 percent conifer):
Fuel Model! D I F
Air temperature >65°F >50°F >65°F
Relative humidirty <35 percent <50 percent <35 percent
Ignition component’ 40-50 40-50 40-50
Energy releass component' 14-17 14-17 6-8
Spread component’ 4-7 2.6 2-4
. Burning index' 13-21 10-21 . 3-4
= Wind : 6~12 mph 6-12 mph 6-12 mph
5 Number of days since rain
exceeding 0.1 inch ) >3 >5

*See Deeming, 2t al. (1972) for description and calculation.
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Figure 16. — Management scheme o increase the extent of plus clones. Kzllmg the minus
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previously unthinned stand, age 50.




Table 5. — Roration ages' for aspen in'the Lake States
based o cubmination of mean annual increment

Without Thinning

] Product
Site : Fiber : s 1ub ¢ Veneer
Index : H Bolt to : a‘ft mber . g-inch
. : Chips . 4-ineh top? : 6-inch top, top
' Feet - - - « - Rotation age, years - - - - -
. 50 35

e NOT RECOMMENDED
60 35 60 \—————I_
70 35 - 55 © 60 |
80+ 30 50 60 . 70
With Thinning

70 NOT RECOMMENDED 60 NOT RECOMMENDED |
~ 80 : 50 60

lRotations beyond 40 or 50 vears are not
practical in many areas because of early
stand deterioration.

2Top diameters are inside bark,
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Table 7. — Gross bolewood volwme without bark
{cunits), bolewood + bark fresh weight (tous), and
complete tree fresh weight (tons), all per acre; all
trecs greater than 0.6-inch d.b.h. (Schiaegel 1975)

:;:Zi ; Mean stand height, ft

area : 30 : 40 : 50 : 60 : 70 : 80 : 90 : 100
Fte/acre

20 2t 3 4 5 6 7 7 8
72 9 12 14 17 19 21 24
93 11 14 17 20 23 25 28
40 5 6 8 10 11 13- 15 i6
14 19 24 28 33 38 43 47
17 23 28 34 39 45 50 56
60 7 10 12 15 17 20 22 25
21 28 36 43 50 57 64 71
25 34 42 50 59 67 75 83
80 10 13 16 20 23 26 29 33
28 38 47 57 66 75 85 94
34 45 56 67 78 89 100 111
100 12 16 20 23 29 33 37 41,
36 47 59 71 82 94 106 118
42 58 70 84 98 111 125 138
120 — 20 25 30 34 39 Gh 49
-— 57 71 85 99 114 128 142
-—— 67 B4 100 116 133 150 156
140 —— 23 23 34 &0 &6 51 57

- 66 82 99 116 132 148 165
- 78 98 116 i36 155 174 193

160 _— - 33 39 46 52 59 65
-— - 94 113 132 151 170 188
-— -~ 111 133 155 177 199 220

180 - - 37 44 51 59 66 73
- -- 106 128 148 170 191 212
-— -— 125 150 174 199 224 248

61 &9 57 65 73 82
— - 118 147 165 - 188 212 236
—— —— 138 166 194 220 248 275

I
o]
&

1

1

|

1

220 - — 45 54 63 72 81 90
- —-= 130 156 182 208 234 259
—- — 152 18z 212 242 272 302

240 —- -— 49 59 68 78 88 98
- - 142 170 1938 226 254 282
—- 166 199 232 264 236 329

‘Bolewood vnlume from 6-inch. stump to tip of tree.

“Bolewood + .bark fresh weight from 6-inch stump to
tip of tree.

3Complete tree fresh weight, including branches,
from 6-inch stump to £ip cf tree.

Note: The values in Table 7 can be estimated
quite azccurately from stand bhasal areaz (8) and
dominant stand height (H) by rules cf thumb:

(0] jié%§gl = holewcod volume, cunits (without bark)
v
BxH ; , . .
(2) i bolewood + bark fresh weight, tons
"
3 B% = total tree fresh weight, tons

Equation (1) will be 2 percent low, equations {2) and
(3) will be 6 and 4 percent high, respectively,
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Table 10. — Normal vield tables for quaking aspen; all trees 0.6-inch d.b.h. and larger (adapted Sfrom
Brown and Gevorkiantz 1934, Schlaegel 1974, 1 975)

. SITE INDEX 80

s : :Number. of: Basal : _ Gross yield per acre
Age :Dﬁminant: Mean itrees per: area :Complete;b-inch:6-inch:8-1nch
eight dbh 1 1 1.
H z H acre :per acre: tree H tOp H top : top
Years Feet Inches Sq. Ft. Tons  Cordg® - Cunits® -
fresh wt. -
20 44 3.3 1490 88 53 - —_ —-—
30 59 4.8 880 110 89 7 - —
40 71 6.3 600 129 125 31 5 -
50 80 8.1 400 143 160 ‘52 25 -—
60 88 10.3 265 153 191 67 44 26
70 94 12.6 185 161 212 77 58 46
STTE INDEX 70
20 38 2.9 1800 83 46 - - -
30 52 4.2 1065 102 76 - — -
40 62 5.4 760 120 105 17 - -
50 70 7.0 495 133 138 39 12 ° —
60 77 9.0 330 144 163 55 31 8
70 82 10.9 235 151 184 65 45 31
SITE INDEX 60
20 33 2.5 2300 76 37 - - -
30 44 3.5 1400 94 62 - - -
40 53 4.5 980 110 86 2 - —_—
50 60 5.9 645 122 107 23 - -
60 66 7.6 422 133 130 40 16 -
70 70 9.3 295 139 145 49 29 10
SITE INDEX 50
_ 20 28 1.9 3200 60 25 —_ - f—
30 37 2.7 1310 75 40 - —_— -
40 44 3.5 1300 28 56 —_ - s -
50 50 4.6 856 98 75 3 - -
60 55 5.8 580 105 88 18 - -
70 58 7.1 400 109 95 27 ki -
SITE INDEX 40
20 22 1.3 4100 38 12 - —_— -
30 29 1.9 2420 46 20 - - —
40 35 2.4 1660 54 29 - -— -
50 40 3.2 1110 60 37 —— - -

1Top diameters are inside bark.
2Cords and cunits are without bark.
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