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OAKS
IN THE NORTH CENTRAL STATES

ivan L. Sander. Princinad Sitvicilinnse

Ceilvnihia, Alis

This handbook applics to the broad upiund Torest
association commonly  culled oak-hickory. The ouaks,
black, white, northern red. scarlet. chestnut, post. and
blackjack predominste. und oceur in widely varving
mixtures with each other and with many other speciex
{see Appendix V, tuble 21. for scientific mames of plunty
and animals}) Hickories are consistently present in this
association but are not genecrally abundani. The repro-
duction requirements for hickory are essentially ihe
same as those for oak, a2od although hickories ure
inherently slower growers than oaks. they require abouwt
the sume growing space for good diameter and volums

ST

se ouks are by far most abundant, this
onide iy written in terms of oaks rather than oak-
hickory.

growih, Beos

The handbook was prepared to apply specifically to
the north central States of [linois, Indiana, lowa,
Michigan, Minnesoia, Missourl, and Wisconsin, However,
the oxks or vak-hickory (ype oceurs extensively over the
gasternt Uited States, und the principles on which the
tandbook is based penerally apply wherever oak stands
grow. Outside the norib central States, however, the
reconunenditions may need to be modified, so they
shiouid be applicd with caution.

SILVICAL HIGHLIGHTS

Oaks are found over a wide 1ange of =il und
topographic conditions, from sandy, rocky soils {o heavy
clay soils, and from dry upper slopes and ridges to moist
lower slopes and coves. Best growth oceurs on moist
well-drained seils in coves and on middle wnd lower
slopes.

Ouks grow in association with many other tree and
shrub species. Among thelr most important tree associ-
ates are the hickories, blackgum. red and sugar maples.
vellow-poplar, white ash, black cherry. basswood, and
black walnut. Common understery tree and shirub
associates include flowering dogwood., sassafras. castern
hophoribeam, American hornbearn, blueberry, hazelnui.
and witchhazel,

QOaks start to bear fruit at about age 25. Good seed
crops are produced af tntervals of 2 to 10 vears: ihere

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

Acomns of species in the white cak group germinate
saot after fulling: those of species in the red oak group
geaninale the spring after seedfall. Best germination
ocenrs jn mineral soil under o light covering of leaves.

To successtully produce new oak stands after harvest
cutbings, reiatively jarge oak siems (advance reproduc-
tHon) musi be preseat before the old stand is harvested.
These stems will generally be sprouts that typically have
died back to the ground and resprouted several times.
S, the stem is usually many years younger than the root
svitem. When such stems are cut off or damaged during
harvest, @ new sprout uppears that will grow rapidly in
{ull suniight. These new sprouts are the most desirable



type of osk roprodiction in stunds that develop after
clearcutting or the finul removal cut in shelterwood

cutiinigs.

The Freguency of sprisiling 1ronm stumps viies somte-
whitt aotong saks. Blick and white caks gencintly sprons
less frequently thar norilicin red, seariet. or clestnng
vitksy smalb stamps sprour more frequently than large
ones, Spoeuts that ciiginate at vz below ground leved wod
from small staimps are less lkely 1o develop heartwood
decay.

The juvenite height prowils of new ouk sprouts s

related to the size of the old stem from which they
originate. Sprouts from large stems grow fasler than
sprouls Trom smatl stems. Ouks respond well to relesse
anless they wre overtopped or have grown in dense
stunds tor loug periods of time. Sapling and pole-sive
trees that wre dominant or codominant respond hest aud
grow rapidly when given enough space.

Epicormic sprouting may be heuvy on oaks that huve
grown i {ully stocked stands for 20 years or more and
then given sudden und heavy release. Dominant and
codummninant trees ure less likely fo produce as nuany
epicarinic sprouts as intermediate o1 suppressed trecs.

MANAGEMENT OBIECTIVES AND NEEDS

Growing tull yields ol the highest value products Lhe
short time is the
this handbook.
Most of the product volume will be in high quality

site can produce in o relatively
managenment objective considered in

sawtimber and some venaser guality trees, but pulpwood
and other sipalt roundwood products will be hurvested
from thinnings or as the final crop. especialiy on puor
sites, Where i objective Is o manage For o resodree
other than timber, or for any conthinations of timber,
watter, wildlile, recreation, und range. the recommenda-
tions in this handbook should be meditied as needed,

To achieve the objective of producing high quality
sawtimber and vencer trecs. even-aged silviculture and
management are recommended. Prompt regeneration s
needed and our present knowledge suggests that this is
best aduined through clearcutting or some form of
shelterwood, But sitvicultural knowledge for intensive
munagemnent is not complete. Techniques need to be
{urther deveioped 10 ensure adequate regeneration, and

yield tubles for muanaged stands need much refinement,

KEY TO RECOMMENDATIONS

The following key describes some of the management
options and silvicubtural allernatives that will Tesd 1o
efficient timber production, Bvery possible situation
cannol be preserited in detail. so the sitvicidiurist imust
choose the alternative that best fits the situation. The
key does nst consider uses other than timber. However.
where necessary. the stlviculturul recommendations can
be moditied according to the information in the section
on other resource considerations.

Starting with the Hrst palr of numbered statements,

I, Oak site index 75 or greater
1. Oak site index less than 75

select the stutement thai belter describes the stand in
question. Hach statement will give either a number, a
partial  recomnendation  and o number. or a final
recomuendation. It o vumber s given. repeat the
selection process until g finad  recommendation s
reached. The overall recommendation is the sum of the
partial recominendations arrived at while going through
the key. Tumn to the page and letter references in the
“Timber Manugement Considerations” section for more
detail on maunagement oplions and silviculturat treat-
ments,

2 Stand in U Driftless Ares” of Wisconsin, Minnesota, and northeastern Yowa, or northem Lower

Michigun (See p. 4. A
2 Stand not inabove areas

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

for the sitey . . . .

L CONVERT TO OTHER HARDWOODS | |

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

9

-

6

£



4. Seed souree o advance reproduction of other desiruble hardwoods present . 00 . 0 0 . . REMOVE OAK OVERSTORY
DSING SHELTERWOGOD CUT o CLEARCUT thee po 10, Ky

4. Beed source or advance reproduction of other desirabie hurdwoods absente . . . . . L, HARVEST ANDHINTERPLANT

WHITE ASHL SUGAR MAPLE, OR OTHER SUITTABLE SPECILS (See p. $0, R)

5. Stand basal arca two-thirds or more inoak . . © . S CMANAGE FOR OAK O MIXED OAK O1HER HARDWOODS

t5¢e p. Y, P}

5. Stand basal aren vne-third ordessinoak 0 0 000 00000 MANAGE OTHLR DESITRABLE HARDWOODE (See p. 9. P}

6. Stund insouthern Ylinods, southern Indina, or southern Lower Michigan . . . . B A NN

6. Stuid in Owarky eegion of Missourt .~ 0 0 0 0 00000 \l \\ \( } i \JJ( OAKS (Seep 4. A 12

7. Stund wauture (owore than 38 perecnd of basad ares b trees that huve reached the desied size for the sitey . cONVERT TO

CHUFR HARDWOODS ORMINFDOARK OFTHLR HARDWOODS (See p. 10, 85)

Yoo btund mrmaiure (Jess thon 38 pereeat of basal area in trees that huve reached the desired size for thesite) o0 0 000 000 L. B

8. Stand basal area 30 percent or more inoasks . 00 000 LU MANAGE FOR DAR OR MIXED OAK - OTHER

HARIWOODE (See p. v )

8. Stand bgsal srca less than SO percentinoaks . . . . . . MANAGE FORMIXEGOAK OTHER HARDWOQODS OR

OTHER HARDWOQDS (Sec p. 9.P)

9, Ouk site index 53 thirough 7 0 0 0 L t

9. Quksite index issthen 6y 0 0 0 0 0 0 L0 L L e
[0 Stand in <outhern iinets, southern Indiana, " Driftless Arvea” of Minresor, Wisconsing, and Iowa, or Lower

Michigan . .. oo MANAGE TOR OAK OR MINED OAK OTHER HARDWOODS (See po 4 Brp o by L L 12

18, Stand in Urwmie region of Misouri or elsewhere . . . . . . 0 UMANAGE FOR OAKS (Seep.+.B) . . 12

11, Quk site indes 35 theough 64 0 0 0 0 00 L L MANAGE POR OAK ORMIXED OAK PINE(Seep.d. Bip 10.Qy . |12

1. Ouak site index bess than 85 0 0 0 0 00 000 CCONYERT TOPINE or DOXNOT MANAGE 1See p 5. Cip 10, 17

12, Stand mature inore tian 50 pereent of basal area in trees that have reached the desired size for the site} (See p. (: I}) o 13

[2. Stand immature ess than 5O percent of basal area in trees that have reached the desired size for the site)y {See p. 71 0 0L |4

13, Ook advance reproduction adeguate 0 0 0 0 0000 HARVEST (Seep. 6. )

P30 Guk advanee reproduction inmdequate 0 0 0 CESTABLISH AND DEVELGP OAK ADVANCE REPRODUCTION (S p. 6. F)

4. Maore than 3¢ pereent of stand basal arcu inone stze class - 0 . 0 0 0 0 o000 0oL R

14, No single size class contains more than 50 percent of stand basal avea (See p 9 Ky -0 00 0 00000000000 4

15. More than 50 percent of stand hasal area in saplings or pole size trees (See p. 9, 1) © . . REDUCE STOCKING TO NOT LESS THAN

o) PERCENT: THIN AT 10-YEAR INTERVALS

15. More than 50 percent of stand basalurea insawiimber size trees (See p. 3 J) 00 00000 o000 Lo Lo 16

I6. Stand fully stucked (total stocking 60 pereent orhighery 0 0 0 0 0 0 Lo 0 0oL 17

l6. Stand wndersiocked (totad stocking fess than 60 percent) or of poarquality . . 0 . 00 000 oL 0L RUNHARILITATE «r

REGENERATE {See p. 9. 03)

17, More than haif ol trees at foast 30 percent of desired rotation dimeter (Seep B L)y 0 00 000 000 000 0oL oL L8

17, More than halt of trees {oss thae 30 pescent of desired rotation diwmeter . 00 000 0000 L0 L L THIN <or WALT (See p. 2. N)

15, Stocking 80 percent ormere . . L 0L THIN LIGHTLY 10 ENFANCE OAK ADVANCE RIPRODUCTIEN tSee p 9L

18, Stocking 60 through 79 percent . © . . Lo L Lo WAIT tSec p. 9, M)

19, Muore than SO percent ot basat aren i saplings and poles .~ . . . . . COMBINE SAPLINGS POLES INTO ONE CLASS 1800 p. 2. K)

19. Mare than 50 percent of basal arez in poles and suwtimber . . . . COMBINE POLES/SAWTIMUBER INTO QNI CLASS (Sce p v, K)

TIMBER MANAGEMENT CONSIDERATIONS

Stand Size far stand size. but rhere wre sibvicullural reasens fo fimit

the minimum sizc. When an oid stand is complietcly

A minnber of factors maust b considered  when remuoved, the new staod develops in the opening. In
choosing the size ol a stad und delinesting its bounda- every opeting there is u sone around the edge i which
ries. There is no sivicuial reason to set an upper linr growth ol the new stund is returded by the surrounding



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

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

Site Quality

For the purpose of this handbook three broad site
classes have been recognized. Good sites are those with a
site index tor ouk of 75 or more, average sites have an
ouk site index of 55 1o 74, aud the oak site index for
poor sites is 40 to 54,

In determining site index. local site index curves
should be used if available. In areas where local curves
are not available, regional curves or tables can be used
{see Appendix [, tables 4 and 35, fips. 1-6). Site index
should be esthmated directly from height-uge measure-
ments if suitable trees are present. Trees selected should
be single-stemmed. dominant or codominant, and show
no signs of past suppression.

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

Site-Species Relations

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

A. On good sites {nak site index 75+), the opportuni-
ties to manage for vak will vary according (o geogruphic
focation. it will often be difficult and probably imprac-
tival to perpetuate essentially pure oak stands in many
areas ol these sites,

fy the “Driftless Area™ of souithwestern Wisconsin,
southeastern Minnesota, and northeastern fowa and i
northwestery Lower Michigan, existing vorthern red vak
stands and the northern red oak-white oak mixture are
ecologically unstable. The trend is toward species other
than oaks. Sugar maple. American elmy, American buss-
wood, white ash. and bluck cherry usually beconte
gstablished under present vuk stands, while oak advance
reproduction is scarce to nonexistent. [n these areas
managing for ouks beyond the life of presently existing
stands may not be practical. Establishing adequate cak
advance reproduction will be extremely dilficull and
costly because of {he severe competition from other
species. Future stands wili contain some noenthern red
and white oaks of stump sprowt wrigin, but the eventual
domination of these siles by more mesic species s
inevitable. Cousider munuging suceeeding stends as mix-
tures of vaks and other hardwoods {see P, p. 83, or two
converting these sites Lo other hardwouds {see R, p. 10},

In southern llinols. southem ndiana. and e parts of
Lower Michigan, yellow-poplar and other iniolerunt
species will inereuse as the present oak stands are
harvested. Future stands will probably alwuys contain
some oaks; the proportion will depend on the amount
und size of the oak advance reproduction present when
the harvest cut is made. These stands should be manuged
as Imixtures. H may be possible to manage for essenthally
pure vellow-poplar on rthese sites, but weedings by age
10 will prbb:ib}y be necessury.

I the Orarxs region of Missourl. desinable nopoak
timber species are limited and cuks will continue te be
the species (o manage bor on good sites. Even so, speciul
meusures may be necessury to ensure esteblishment und
development of adequale cak udvance reproduction.

B. The average sites {sitc index 35 to 747 are well
suited o vak management, and the perpetuation of vuks
anywherc in the region should nol be oo difficul
except for sites near the upper limit ol the class, As vak
site index increases from about 65 o 74, yeliow-poplar
and other intolerant or more mesic species will increase
in southern ilinois and ludiang. In the Driftless Area
ad in Lower Michigan species sueh os American elm,
sugir maple, white ash, and American basswood will
increase wihere adequate seed sources exisi beeutse of
their ability to becomne established and persist in the
understory. Oaks will probably be present in the stunds
that toltow harvest cutting because of their shility 10
sprout. In these situations consider managing mixtures
of vaks and other hardwoods.

"The hilly, unglaciaicd portions of these Siates,



Table 1. — Preferred species for managgement by regios and site hdex

Reglon : Site Preferred : Preferred
! index class caks assoclated species
Feet
Missourl Ozarks 75+ N. Red Qak Black Walnut
Black Cak Hickories
White Oak
55-74 Black Qak Black Walnut
White Qak Hickories
N. Red Qak Shortleaf Pine
Scarlet Qak
40-54 Scarlet Oak Hickories
Black Qak Shortleaf Pine
White Oak
N. Red Qak
Southeastern Minnesota, 15+ N. Red Cak White Ash
southern Wisconsin, White Oak Sugar Maple
northeastern Iowa American Basswood
Butternut
Black Walnut
55-74 N. Red Oak White Ash
Black Oak Sugar Maple
White Qak Black Walnut
American Basswood
White Pine
Red Pine
40-54 Black Dak Hickoriles
White Qak Red Pine
Bur Dak
Lower Michigan 75+ N. Red Oak American Basswood
Khite Oak Black Cherry
White Ash
Sugar Maple
Black Walnut
Yellow Poplar
55-74 N. Red Oak White Ash
Black Oak American Basswood
White Oak Sugar Maple
Hickories
40-54 Black Oak Aspen
White Oak Jack Pine
N. Pin Ozk Red Pine
Red Maple
Southern Illinois, 75+ H. Red Oak Yellow Poplar
southern Indiana Black Oak White Ash
White Oak Black Walout
55-74 N. Red Qak Yellow Poplar
Black QOak White Ash
White Dak Black Walnut
Chestnut Qak Hickories
4054 Black Oak Hickories
Chestnut Oak
Scarlet Cak
White Oak Iy

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

In the Ozarks und in Lower Michigan. mixtures of pine
and oak are sometimes preseni on these sites. [t should
be feasible to manage these stands us mixtures.

C. The poor sites {site index 40 to 34} are alinost
exclusively occupied by oaks. Stands are often of poor



quality, und dominated by the less desinubie oaks such as
post and bluckjuck vak i Missouri, and bur osk in
southern Minnesota und Wisconsin. Mixtures of pine and
oak also oecwr on these sites in Missouri und Lower
Michiga.

These poor sites shoold probubly be managed for
puipwoud or other snuall products if markets exist. The
best management for vak stands on the poorest sites
may be no management. When they provide o com-
mercial hevest, they shouid be harvestied, bur cultural
work shoilld be limited to that necessary 1o provide for
adeqiuite regenerution. Thinnings may be feasible in
stunds o sites i the upper part o the vange. However,
trees showid be ol merchuatable size and the thinning
operation showid pay tor isell.

Couversionl of tiese siles te pine or managing them for
pirie-oan mixties is often leasible, und should be done
i the cost ol conveniu s not probibitive Gsee “Conver-
stonn To Other Specias™. po T

Rotation Length

Do Quks are relutively tong-lived trees and rotation can
be leng. In unthinned stands. individuut tree growth is
slow and domingne trees o site 550 at age 50, will
averdge about 12 mches 10 disuncter, while those on site
75 at uge 80 will average ubout 1% inches in dismeter.

Ruotation  lengths  cun be shortened i stands are
thined cardy und regulurly. The rotation lenpths wud
tree siaes reconmunended in table 2 asseme thinonings will

be sturted curly und continued on o regulir eyvele over

B

the rotation.

Tuble 20 Reconanended votation fepeihs andd diameter
oo o swwtinber’
T'site ¢ Rotatiom : "IiB‘t"afz‘iB}T'l
index class : length  : diameter?

Feet Years Imches

75+ 60--75 24-28

55-74 75-90 20-24

40-54 3)-120 16-18

TRotation lenpths for
palpwond ave ahout 1/2 to 2/3 of
those for sawtimber,

faverage dinmetar of crop
trees,

Controlling Stand Establishment

o Two basic principles of reproducing ouks miust be
understood by siivicalturists managing this tvpe.

)

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

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

Before a final harvest cut is made, the oak advance
reproduction should be inventoried to determine if it is
adequate to ensure @ dominant oak compenent in the
new stand. {Sce Appendix 1V, “Evaluating the Adequacy
of Ouk  Advance Reproduction™) 1f the minimum
stundards of this guide are met, the old stand can be
removed. Clearcuiting is the recommended silvicultural
system. Afler the merchantable timber is harvested, any
remaining trees larger than about 2 inches d.b.h. (or
about 20 to 25 feet tall} should be removed. Desirable
naks should be cut and allowed to sprout. Species not
wanted in the next stand should be killed. This is
important because 1f left, many of these trees will
become woll trees.

F. I the oak advance reproduction does not meet the
standards in the guide, harvest culting shouid be
deluyed. I ouk advance reproduction is scarce or absent,
new secdlings will have to be established. There are no
known cultural techniques that result in new seedlings
being established. Some reduction of overstory density
should help to stimulate seed production, but because of
the periodicily of seed crops the time required Lo
cstablish enough new seedlings for adequate stocking is
likely (o be relatively long.

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

fu areas of kuown heavy deer populations and severe
browsing, or high populations of acorn-consuming wild-
lite, it will be impossible to establish natural oak
regeneration unless measures are taken to control the
consuming unimals. I control is not feasible, oak
secdlings cun be planted, but they will have to be
protected from decr.

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



existing understory will impair the growth of the planted
seedlings. its density should be reduced. Seedlings should
be planred at the rute of 500 to 600 per acre. Spacing
can be irregutar and seedlings should not be planted
close to furge overstory trees. As with natural reproduc-
thon. the planted seedlings maust be allowed to reach the
minimum size necessary before the overstory is finally
remaoved.

Plavt the turgest oak seedlings available. Seedlings
stwrald be wt least Hd-inch in diameter at the root collar.
Do ot be alraid to cull the smaller ones. The farger
secdiings hve 1 much better potential becuuse of therr
farger root systems. Size is critical in the root system’s
ability tu support vigorous shoot growth after harvest
cutting.

Planting caks after clearcutting has generally been
ensatisfactory buvause the planted scedlings do not grow
fast enough to compete with the new sprouts.

Once new seediivps are established, or if advance
reproduction is preset in sufficient numbers but below
the ninimum size, they must be sllowed 1o grow in the
undersioty untll they reach the minimum stze. Ouk
advinee reproduction grows slowly and the development
porind muy be 10 to 20 yewrs or longer. Cultural
techaiqgues to enhance oak advance reproduction growth
have vt to be developed. Maintaining the overstory at
35 to 00 percent stocking should help. And, if there is
an undersiory of competing woody stems present, ig
density  should probably be reduced by killing the
wrwan ted stems with herbicides.

Controlling Composition

G, The compuosition of oak-hickory stands can be
altered 1o some degree at any time before a stand
reaches Targe pole or small sawtimber size. However. the
testotime 1o control composition is when regeneration is
fitsy estublished. Ouks will be present in new stands in
prapuerizon te their eccurrence in the advance reproduc-
tion, And. the composition of the advance reproduction
is wren wiselsted w that of the overstory. Although one
vk spevies may  predominate in the overstory. a
dilterent ouk ey prevail in the understory.

Increasing the wnount of one oak species relative to
athers is difficwit. IF advance reproduction is well
eslublished and adequate for several species. the less
desirable species can be removed from the advance
reproduction by selective treatment with herbicides, If
advuiree reproduction is scarce and the overstary is well
siocked. the species not wanted cun be removed from

the overstory so no seed of that species will be available,
Another alternative is to underplant the wanted species,
and at the same (ime remove the unwanted species from
the overstory. In any siluation where cuomposition
contrel in the advance reproduction is needed or
wanted, the principles applicable to controlling stand
establishment must be followed (see p. 0}.

Weedings or cleanings may be necessary to control
composition and maintain oaks in the new stands. They
should be made no later than |0 years afier harvest
cutting, particularly if cak 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 (o one or two stems, and release
the fastest growing ouk 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 intennediates may be released if necessary to
maintain an adequate stocking of caks.

Controlling Growth

H. Total growth or production of wood in osk stands
will be about the same over a wide runge 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 sile. 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 4
stand as possible in order to realize the full potential
vietds of the site (table 3). When thinnings are started at
age 10 to 20, and followed by periodic thinnings i
about 10-year intervals, the time required to grow trees
to a given digmeter can be greatly reduced and the
grealest vield obtained {(see Appendix II. tables 11-19).
The first thinning in these young stands and possibly the
second may not yield commercial products unless a
marker for small roundwood exists. If precommercial
thinnings are not feasible. the lutest effeciive first
thinning age for rapid growth response is 40 or 50 years.
Previously unthinned stands older than 5O vears can and
probably should be thinned, especiully on good sites.
Although residual trees are not likely to respond very
weil, merchantable products can be recovered trom Lrees



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

SITE 55
Yields at  :Age of stand at time of first thinning (years)
age 60 : 10 : 20 30 : 40 : 50 i &0
Cubic feet 3,900 2,940 2,910 2,580 2,550 2,520
Cords 37.8 28.8 27.6 23,7 23.4 22.9
Board feet 8,340 4,680 3,360 2,700 1,500 500
SITE 65
Cubic feet 4,860 4,040 3,750 3,270 3,270 3,300
Cords 44,1 35.4 34.5 30.6 31.2 30.8
Board feet 12,000 7,680 5,220 4,680 4,600 5,160
{7,000)* (6,580)%
SITE 73
Cubiec feet 6,360 5,400 4,770 4,290 4,080 4,140
Cords 56.7 49.2 44,7 39.3 37.7 37.7
Board feet 18,840 14,100 10,080 9,000 7,800 9,288
(11,800)* (10,850)*

*Board-foot yields at age 70.

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

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

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

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

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

e

Stocking percent should be used as the measure of
stand density to control thinning intensity {see Appen-
dix {1, “Evaluating Stand Density and Growing Stock
Quality™). Generally oak stands should be thinned to
leave residual stands at about 60 percent stocking. There
arc two exceptions to this general rule: in young stands
less than 20 years old, and in stands 30 years and older,

In stands 20 years old or less, the first thinning may
reduce stocking te 50 percent. These young stands grow
rapidly and in 10 years they will again be approaching
maximum stocking. In stands 30 years and older, the
first thinning should reduce stocking to only 70 percent.
Trees that have grown in stands near maximum stocking
for 3G years or lenger have relatively small crowns that
cannot quickly expand and occupy the available growing
space if thinned too heavily. Moreover, the residual trees
will develop excessive bole sprouts which reduce quality.
A more gradual opening of these older stands will aliow
the crowns to expand gradually, utilize the increased
growing space more efficiently, and reduce bole sprout-
ing. The second and subsequent thinnings should then
reduce stocking to about 60 percent.

Thinning should generally be from below for a good
biclogical reason. Intermediate and suppressed trees have
very small crowns, are of low vigor, and respond very
slowly to release. However, dominant and codominant
trees are usually of high vigor, are the best quality trees
and respond 1o release with rapid growth. To thin oak
stands from above only lengthens rotations and lowers
the quality of the growing stock.



Leave the best trees spaced as uniformly us possible
thriughout the stand. Inoa fist thinning at age 20 or
fater it will probably be impossible to remove all of the
undesirable trees and still retain about 60 pereent
stocking and udeqguiie spacing. Remtowve as many  as
possible in the first thunning and the remainder in the
second and tlaicd thinnings,

Fully stocked, inmature stands are prime candidates
for thinniag. I such stands. the size class that will form
the wuin stand st be chosen and (he (rees in that size
class mianuged 1o maturity. o some exisling stands, two
adjucent size clusses (suplings-pole or poles-sawtimber)
might have 1o be combined in order to fuorm a main
stand with adequate stocking.

[. IF the snain soind ig saplings or poles. thinnings
should not e Jdeduyed. Reduce stocking to not less than
B level (see Appendix 1L fig. 7) and plan o make
additional thinpings ut ubout 10-year intervals.

J0 O the main stand is sawtimber, the intensity of
thinning depends on how well the stand is stecked, how
close to maturity the stand is. and on the quality of the
growing stock.

I the basal areu of ucceplabic growing stock is above C
level {sce Appendix (3, fig. 7). the stand is worth
managing, but it it is below B level it will be several years
before the good trees will fuily occupy the site. [f
acceptabie growing stock is below C level, the stand
cannot be saved without great waste of time and growing
space and should be regenerated ws soon as adequate
advance reproduction exists.

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

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

of the desired rotation diameter tor the site {tuble 2).
whether te cut or not depends un stocking and the
adequacy of the ouk advance reproduction present. Iff
stocking is 80 percent or more, 2 light thinping can be
made and is especially desirable if ouk advunce reproduc-
tion is scarce or small. However, in previcusly unthinned
stands, DO NOT reduce stocking below 70 to 75 pereent
and do not make large holes in the stund. DO NOT be
tempted to wake 2 cut in this ivpe of stand merely
because it contains good volumes of desirable trees or to
get voluime fo satisly cutting goals. Any cutting should
be desigued more {o enhunee the establistuneni or
development of advance ceproducition  ratier  than
growth. Cutting should be restricted 1o tlie poorest trees,
and primarily the lower crown clusses.

M. In stands 60 (0 80 percent stocked, wult. These
stands will usually have a fuirly dense understory, 1
there iy not much oak advance reproduciion. some
understory control s probably needed, bur turther
reduction of the overstory is probably not tecesary or
desirable because not enough trees can be removed o
benalit the entire stand.

N. 1f the majority of trees are jess than 80 percent of
the desived size for the site. the stand should be thinned
unfess the initial stocking is not much above B level. 15
the stand shows no evidence of cutting 10 1o 20 years
previously, do not reduce stocking below 70 pereent and
take note of vak advance reproduction adequacy. If the
stand was cut 10 to 20 yedrs previously, it can be
thinned to B-level stocking but heed the wariings in
section L. If initial stocking is pot much sbove B level.
do nothing uniess cak advance reproduction is scarce. In
any event, cutting should be light und designed more to
increase vak advance reproduction than promoie growth
of the overstory trees.

0. Sawtimber stands that are understocked (below B
level) or ol pour guality should be rchabilituied or
regenerated as soon as possible. Such stunds will fikely
contain heavy understories, and should be regeneruted
immediately if cak advance reproduction is adequate. If
not, measures must be taken to develop it.

MIXTURES OF OAKS AND OTHER SPECIES

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

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

9



Regilmiiog stoching 0 mised siands will depend
privoariiy an the proportion vl vaks i them. In the
puithers part i e portiecentrt reglon, whan ouks
cotprise Lwo-thirds oe nwore of the stand basal area at
aboti age 2t the recommendations o this hundhook
shoid b fodlowed. I saks acconnt for one-third or less
wt the hasa!l wews wse the recommendadions in the
lundboak ror soriher hardwoods (Tubbs 1977) Foy
Phose stunds composed about equally of oaks wnd other
fomdwoods, e s o good nforssetion on which to
buse stouxing, Thineings it sueh stands shonld favor the
best guatily . fustest growing trees. Stocking levels shoutd
probubly be intermediate between those for oaks and
tiese Tor sovthern hardwianads,

irr the senthern purl of the tegion, except in the
Ozazks wrci, stucking i stands conlaining S0 percent or
more of v basa! aren in oeks ot about age 30 can
probably be reguleied according 1o the gaidelines in this
handbook, 1 wiends contaln more than S0 percent
vellow-poplar or uther inmlelants, a somewhat higher
siocking percent than shown in flgure 7 {Appendis HI)
wili be required. but how much higher is not accurately
known, However, at o given average siand diameter,
increasing the Hgure values by 20 pereeat appedrs to be g
ressonibic comprontisc,

Q. I miixed ouk and pine stands there is no informa-
tion avalable (o guide regulation of stocking, When
ehinnings are made in such stunds. they should provide
adequate growing spuce for the best trees while main-
wining adeqguate stocking to fully utilize the site. The
pines will penerally produce more and higher qualily
tintber than oaks and should be fuvored as much as
pussible.

Conversion to Other Species

Consider  converting  existing oak stands to other
species i the Tollowing three situations.

R. The first s where the ecological trends clearly
lndicate  the replacement of ocuks with more nesic
species un pood sites. This oeecars in purts of Lower
Michigan, Minnesota, Wisconsin, and northeastern lowa
where species such as white ash. American basswood,
and sugae maple grow well.

These stunds muay be converted immediately if a seed
sotirge of desituble aonouk species is present. There wilt
ustizfly be un understory composced primarily of these
specics. Renweval of the cak overstory mav be by
shelterwoond (Tubbs 19773 or by clearcutting if the
underseory i well develuped.
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I aseed source of desirable nonogk speaies s lindted
or lacking. planting will be wequired: simphy reoving
the ouk overstory will lead 1o e lovciopinernst ol g
stand composed of undesirabie nononic specios, White
ash. sugar maple, or other sainable species shouid be
interplanted. The seedlings planied shontd be farge wnd
competing vegetation may need to be vonurolled. Herbi

cides shouid be appiied us broadesst folage spriy belore
harvest  cutting and  planting. or as seiective stom
trestments at the ihne of planting {see Pesticide Pre-

cautionary Statorment. Appaodic V)

S. The second is in southerr lHinois, southern fndiana,
antd parts of Lower Michigun, where unks will he fargely
reptaced by vellow-poplar, white ash, and other more
mesic species as existing ouk stands on good sites are
harvested. These spocics are generddly minor companenis
of existing stands and can be converted simply by
clearcutiing the mature stand. There may ulso be enough
ouks present in pew stands ro form o manugeable mixed
vak-other hardwood stand.

T. The third situation where couversion should be
cunsidered is on poor sites in Jocations where shortleaf.
red . eastern white, and Juck pines occur naturally. These
sttes will produce higher tmber vields if converted 1o
pine, und undess there is regson tu relain caks on them
{or purposes other than thinber production. they should
be converted as soun as possible.

I the southern part of the region. conversion should
be to shortleal pine. Site preparation s required for
scedbeds and o control hardwood competition. Pre-
scribed  burning or bulldoring resoles in satisfuctory
scedbeds. Bulldozing results 1 better hurdwood control
than prescribed buming. bul should be restricted 1o lovel
areas or to gentle slopes where excessive erosion will not
be a problem. Shurteut pine can bu cither direct seeded
usitg 12 to 3/4 pound of repellent-treated seed per
acre, or planting 1-0 seedlings at a rate of 300 to 700
rees per dcre.

To maintain pure seeded or planted shortlead pine
stands. they may huve 1o be relessed from hardwood
competition 2 to 4 years abter establishment, tHowever.
it the competing hardwoods are desirable oaks. consider
aanaging the stunds as mixtwres.

In the northern part of the novth central States, many
cak stands are growing on low sites that weic formerly
in pine; these sites should be refatively easv (o convert
back o pine. Red pinc is the first choice. [+ blisier rust is
not a factor, casiers white pine is also sutisfuctory. Tuck
pinc can also be used, particularly for pulpwood. und on



ery pour sites. To estublish these northery pines use the
gu.d: dues 0 the puek phie and red pine huoadbooks

(Benzie 19770, 1977h),
Pamaging Agents
Fire

Fire has had an impornnet role in the establishoient of
existing stk stunds throtighant the voevth cemiral States,
The recuerrent fores thal {oflewed cutling of the original
ipss fivc-resistant

tirabor siunds ali bue elininaed the
species. The vuks were able to survive because of their
abitity to sprout repeutedly. With the advent ot fire
proteciion and control of widespread barviey. the

present ouk stunds deveioped.

Although Tire i heen o orime factor m 1he develop-
a0 oos stands, s nse us o siviondtural

went ol rhe
ol for regener oatk et be recormmended now,
Where 1 hs heen tried. 10 has nor heen suceesstul

sy,

producing the d

Oaks are susceoshic o dumee by fire ab all stages
during o rotation. The primary damage is the killing ol
the cambial disste gl e basz of the tree and the
subrequent decuy ol the wood. Muny of the call trees in
present auk stands are cult because of fire. Fur this
resson . tire should generully be excluded from oak
stands.

Drowghi
Drought 15 ane of the most seriously dumaging agents

of oak stunds, Twelve- to [6-week perivds without
:','

raindall. especiully # recurring 0 successive years, can

severely affect ks Yor severst vears, Growih is reduged

and weakened trees are offon atlacked by msects and
root rot.

The effects ursevere drovghl are loss in thinned stands
thun in dense stands. however, Thinned stands are nere
resistant becuuse the tiees have better vigor, and cven
though growth will be lowered. trees can otten with-
stund the attack by secondary agents.

Divease

Heartwoud decay by wood rotting fungi is one of the
most serious diseases ol oaks. Although trees are seldom
kiled. decay otten renders the entire sterm unusable lor
timber products. The primary entiy points for decay
fungi are fire scars and dead branch stubs. There are
many species of wood rotting fungi. but the maost
impuriant wnes are Porla ardersonil, Sterewn gausiapa-

(o, Sterewn frusalaicnn, Herdein sy Polvpori

compaetus, Porie cocos, frpex saoll and Podvporns

stdplierens,

Losses froun these organisms cani be reduced by fiee
protection and through sifvicultursl praciices. in oak
sproul cluntps Hie upper
befire heartwood begins to form and the sprouts of

sprouts should be thinned out

tained, I thinmiongs. vne or

fowest m'igin on the S et

more sprouis separaied Trom o vompanion xpmm hy &
tow Llshaped croteh can be safely removed
sprouts that fornm a Vshaped croteh should U':{hcr be left
done or the entire clunp cut. Stand depsity in voung
stanwds shouwid be high enough to <sude out the tower
branches while they are sl

. Howeever.

Mortabity from ouk witt, o viscular fungus disease ray
be locally severe. This discase kills species ot hoth the
red and white oak groups, Red oeks usualy dic within a
few weeks after the symptoms first beeome evident,
White oaks are more 1esistant w the discase because of
the presence o tvloses in the vessels and trees usially
die over a 2- to S-vear poriod, The disense sprowds from
tree to tree through 1oot woafls and g also spread
insects, There are no kitown control megsures thut wic
completely eltective,

Lass serious diseases that aitack osks are unthrugnose.
lead blister, und the canker discuses,

fnsects

Manv insects attack the oeks, Scvere dumage and
degrade o lumber e caused by the carpenterworm, the
white oak huerer. the red ook borer. and Columbiun
timber bectle. lmportant insects that feed on the Jeaves
itelude the variable ouk lead caterpiliar. gy psy moth, oak
feaf roller, vak leal tier. torest tent caterpitlac, und the
orange-siriped odkworm. These tosects cre capable of

conpletely defoliating ouks. somerinwes over rather large
areas. A single defuliation is pol serions but mav result
in weakened trees and a loss ot growih. Detoliation cach
vedr for 2 or 3 vears or more i caase mortadity that is
sometines widespread und severe. Volume losses can be
high. Insects that attuck acorns citse heavy losses and
may even destroy the cnlire crop i vears ol fow
production. Acorn weevils are the most destructive of
the acorn-atlacking insects.

There ure no practical insect conivol ncasares for use
in ovaic stands. Chemicals can be used to contrel fie
defoliators i the cost can be justified (sev Pestivide
Precautionary Stutemeni. Appendix V). Removal of the
low vigor, defective trees during thinnings should help
reduce damage from wood baring inseets.



OTHER RESOURCE CONSIDERATIONS

Water

Silviculiural activitics in oak forests will have little
impact on water vields. Although an area that is clearcut
for regenerution will yield more water for a few years,
this yicld graduatty diminishes. Vegetation grows rapidly
following clearcutting and after 5 to 10 years the water
yield will be essentially the same as from a mature stand.
Peak [Mows may be increased somewhat from clearcut
areas, but this increuase is usually of no praclical
significunce und will not contribute to flooding. Thin-
nings will have a negligible effect on water yicld so long
as stands are maintained at Teast at B-level stocking.

Sedimentation resulting from cutltings will be minimal
if proper precautions ure tuken. Water will not flow
overlund in clearcuts unless the forest floor has been
scraped off or destroyed. Thus, disturbance of the [orest
floor should be kept as tow us possible. Careful location,
construction, and proper maintenance of roads and skid
trails is necessary. Where site preparation for regenera-
tion includes searifying or burming for seedbeds, take
extreme care in planning and executing (hese measures
to avoid excessive overland water flow and erosion.

Where water vield is of primary importance such as on
municipal watersheds. established principles of good
watershed managemnent must be followed. Timber yields
will be of secondury importance.

Wildlife

Ouk furests provide habitat for numerous wildlife
specics. The principal gante species include white-tailed
deer, turkey, fox, and gray squirrels, and in some areas
raffed grouse. Other important species include raccoon,
opossiun, red fox, bobeut. skunk. and 4 host of birds.

Creating and maintaining diverse vegetation is the key
to providing a large vuriety of wildlife with suitable
kabitat, Regencration clearcuts should be planned for a
whole rotaiion and dispersed throughout a compartment
or group of compartments t provide a well regulated
range of age classes. This will result in several vegetation
stages ranging from open. recently clearcut regenera-
tion areus. through areas of saplings, poles, immature
sawtimber, und mature sawtimber. Each of these stages
contribules to the habitat requirements of different
groups of wildlife species.

Even so, special measures to enhance the habitat for
species with specific tequirements may sometimes be
needed. Many of these measures will result in lower
timber yields, but to what extent is unknow. During
thinning operations, a few defective trees can be lefl o
provide cavities or potential cavities for hole-nesting
wildlife species. About 30 cavity-nesting bird species
inhabit oak forests. In addition to cavities, some of these
birds need an open overstory and a well developed
mid-story — conditions ofien found in old-growth or
overmature stands. Retaining selected stands beyond the
normal rotation age will provide these conditions,

Leave dead snags standing in clearcut areas und kil
unmerchantable trees during thinning operations instead
of cutting them, s¢ as to provide sites for hole-nesting
species. This should have little or no effect on timber
production.

One of the most important contributions to wildlife
from ocak stands is mast, or acorns. Acorus are, of
course, vital for regenerating ozk, and any measures that
will increase or optimize acorn production in a particular
stand will benefit both wildlife and timber production.
In general, thinnings that increase tree growth will also
stimulate acorn production. Maintaining 40 to 60
percent of the area of each compartment in stands of
masl-bearing age will be optimum for wildlife. In
compartmments that contain a relatively high proportion
of poor sites that would produce more timber if
converted to pine. this may mean {oregoing conversion
and the higher yields it would bring.

High populations of acorn-consuming wildlife can be
detrimental to establishing oak reproduction. Even in
good acorn years, essenlially the entire crop may be lost
in such areas. Acorns not dumaged by insects will be
eaten by squirrels, turkey. deer, or other acorn con-
sumers, and thus not be availabie for reproducing the
oaks.

Esthetics

QOak-hickory forests can be managed with a minimum
of visval impact if operations are planned and executed
carefully. Primarily, the cutover areas should uppear acat
and orderly. [n travel zones stumps should be low and
slash should be lopped. Logging roads and skid trails



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

Clearcutting is the most unsightly of any silvicultural
operation, but it need not be. It is very important to
design clearcuts to fit the topography and general
landscape. They should not dominate the landscape, und
if they are large, they should be irregular in shape so that
only portions are visible from one observation point.
Dead snags may be vbjectionable in some instances, but
can be left to provide sites for cavity-nesting birds.

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

To maintain visually pleasing conditions around camp-
grounds, picnic areas, ind other areas ol high recreation
use, the usual silvicultural practices have to be modified.
Thinnings should be light and the slash lopped and
scattercd. Openings can be made lor regeneration i they
are kept smuall. Perpetuation of vuks will be difficult at
best. Reproduction should be cnsured by plunting if
neeessary and care taken to develop the scediings. Costs
will he high but timber production is of secondary
importance in these arcas.
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APPENDIX i

SITE INDEX CURVES AND TABLES

Table 4.
1974)

Meight [Feet]

Black and scarlet ok site index estimates by 2-foot height and 2-year age intervals' (McQuilkin
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T
75
73
T2
0
69
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6l
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58
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tall height and age combinations in this table are within the range of the original black

within tle lines Indicate the range of the original scarlet oak data.
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Table 5. — White oak site index estimates by 2-foor heigh! and 2-vear age infervals® (MeQuitkin 1974

Age H deight {feet)
{vears} :10:!2:1&:16:l8:20:22:2ﬁ:Egigﬁ:iﬂ:"- :

10 46 4% 52 54 537 B0 A2 65 6B

12 44 4T 49 51 34 57 60 42 63 &8

14 b4 47 49 32 54 57 59 62 B4 AT by

16 L4 47 4% 52 54 58 39 61 65 bh L3 7

18 G 67 43 51 54 56 58 51 A3 5% 68 70
21 44 46 4E
2z 42 44 44
24 42 44
26 42
28

3t

iz

4

36

18 40047
4i} 4t 4
42 13
4i [
ap 39
48 4
50 4
52 3
h14 4
56 3
58 Y
60 39
62

G4

66

68

70

72

74 -
7% 4 4
78 1%
80 3% AU
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Figure L. - Site index curves for bluck ouak in the Central States. These
cirves are based on stem analvses of 200 dominant and codominarnt
black oaks growing on 120 plots located in the unglaciated
purtions of southeastern Ohio, eastern Kentucky, southern Indiana,
sowethern Hlinols, and southern Missouri {Carmean 1971).
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Figure 2. Site index curves for white oak in the Central States. These
crrves gre based on stem analyses of 112 dominant and codominant
white oaks growing on 41 plots located in the unglaciated portions
of southeastern Ohio, castern Kentucky, southern fadiana, southern
Hlinois, and southern Missouri {Carmean 1971 ),
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Figure 3. - Site index eurves for scarlet ok In the Central States. These
cuives are based on stem analvses of 88 dominunt and codominant
searlet oaks growig on 25 plots located it the wnglaciuted
portions of seutheastern Ohio, eastern Kentucky, southern Hliinois,
arid southorn Missaurd (Carmean 19711,
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Figure 4. Site index curves for chestnut oak in the Centrgl States.
These curves arve based on stem ghalyses of 59 dominant and
codominant chestnut ogks growing on 18 plots located in the
unglaciated portions of southeastern Ohiv, eastern Kentucky, and
southern indiciwe {Carimean {971
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H
i i satures and corresponding topezraphic features?
l Site T d T o - 7
quality : Site :¥umber 14-: anmu H Topogeaphy
i oindex foot logs: : FaAphy
[
|T" e e e m e e e
i Dol ol s D.4=0,0  200-3020 werataly and well- &L On refatively flat topop-
| #ilte, loams, and raphy, hrozd ridges, lower
[ where spll denth is topes, hotbtoms and wvalley
! coves; all nerth and =ast
slopes where gradients are
less than 24 percent; middle
north and east slopes where
gradients range from 20 to
35 percent.
| Medium 55-R5 ThL L. LA TnD- 200 dees (20 ta 36 &, On relatively flat laed,
qiles, loams, and upper and middle nerth and
clavs, or Jdeep sands, with aast siopes where gradients
Pino-textured bands in sch- are less than 20 percent;
soii 2 to 6 Inches in thick— middle rorth and east slopes
depehs less than 60 where gradients range from
20 to 35 percent.

B. 0o lower slopes in rolliog

and Toams, topogranhy.

. Un upper and middle south and
west zlopes where gradients
are less than 20 percent.

JI Bapr 4155 =1t 1,2 1 shaitow scils less A. On flat topography,

' tlan 20 dinches in depth E. On narrow ridges and upper

I 106G deen porous sands . slopes in hilly topography.

: suils. C. On middle south and west

§ soils, slopes where gradients exceed
' 20 percent.

Tubte 6. Soif wid topagrapliic o

Speesductivity of oak porests in dee Lake States (Aveid
cecd Nedvads funiy

1 : .
Measurements from dominant trees f{red vak group) in unmanaged stands.
hoes not apply to praivie soils and lesssial deposits.
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Table 7. — Site characteristics to be considered in classifving the

productivity of upland sites in southern Michigan for black
oaks* [Gysel and Arend 1952)

tried rof

iPosition of the:
Texture of subsoil:moist layers in:
: the substrata :

General fPosition onf
topography. slope

:5ite class

Fine Hight Flat VERY GOOD
Hight Rolling Upper GO0D
Middle GQ0D
Lower GOOD
Bottam VERY GOOD
Hight Hilly Upper MEDTUM
Middle ;00D
Lower GOOn
Medium Low Flat MEDIUM
Low Rolling Upper MEDTIRM
Middle MEDTIIM
Lower GOOD
Bottom VERY GOOD
Low Hilly Upper POOR
Middle MEDTUM
Lower GOoD
High Flat GOOD
High Rolling Middle GOOD
Coarae Low Flat VERY POOR
Low Rolling Upper VERY POOR
Middle POGR
Lower MEDTITM
Bottom GO0D
Low Rilly Upper VERY POOR
Middle POOR
Lower GOOD
High Flat GOOD
High Rolling Middle GO0D

*The combinations of site characteristics listed describe the

most common sites on which cak was found in southern Michi
this atudy.

1"High" for the fine-textured subsoill class refers to
amounts of clay.

gan during

varying




Table 8. — Gak site index and soil characteristics in northeastern lona (Einspahr and MeComb 1957}

T . : ] s I, tMolsture conditiomiy,
Soil . Textural composition Horirzon rhickness Permeability ¥atural ieternal

© due to tope ra,h_:?ercentfﬁite T
Series i A B A 8 Total' suk-saill aeration i ,'g ph=s slope index
: I . : i :  ical position :
Thebes

Chaseburg- 51ilt elay
Judson gilt loam loam 14 16 ' Moderate Good Very good 4 B4
Favetce S1lc Loam Heawvy silt

Loam 1% 16 ot Moderate Goaod Fair 15 60
Quandahl Sile leam to sandy loam 14 12 9° Moderate Good Goaod 25 57

varyiog amounts of rock
fragments.

Dubugue Silt leam Heavy =silt 10 16 30 Moderate Good Fair 18 55
loam
315 Clay loam to sandy loam -- - 18  ™Moderare Good Good 14 52
varving amounts of rock
fragments.
Steep stony Clay loam to sandy loam —- - -—  Rapid Good Poor to 40 52
Neaspect varving amounts of rock nood

fragments,

Chelsea Laamy - - —- nt Very rapid Good Fair 10 121
sand to
sand
Steep stony Clay loam to sandy loam -- - 5 Rapid Good Very pocr &0 37
S-aspect varying amounts of rock ro falr

fragmencs,

Zwingle Clay loan Heavy clay 12 15 12 WVery slow Very poor Fair 1 1f
Segn S1lt clay Clay loam -- - & Rapid Good Poor -] K]
loam

'Greater tharn 36 inches,

Table 9. — Predicred sire index for white ouk in southern fdiana (Hannuh 1968)

: Clay content of the : :
Position :lowei subsotl horizom: Al- and Az—horizon thickness~-inches
(BE) (in percent) i " 72.0-4.0 : 4.1-6.0 : 6.1-8.0 : 3.1-30.0
Ridges Less than &0 51 57 64 73
40-640 4 a0 k1 63
L e More thap 80 38 43 48 EE S
’ T Nereh South Horth South North Socuth Harth South
Upper slopes 2-50 Less than 40 61 EE] &6 41l 72 67 78 75
petcent of distance 40-60 55 48 L] 53 65 59 ¥l 65
from ridge More than AQ 50 42 54 47 59 52 63 55
Lower slopes 51-99 Less than 40 66 ot 71 685 9 0 g0 16
percent of distance 40-60 60 53 64 57 68 62 73 46
from ridge . More than 60 55 46 £ N 50 62 54 b& .55 |
Bottoms Less than 40 73 7 5] B4
40-60 68 Fa! 4 77
More than 60 £3 ] 69 72

Aspect: North slopes Include azimuths from 313 to 135 degrees and south sleopes include azimuths fram 136 to 3L4 deprees.

Slope shape: All site-index walues are for linear-shaped slopes. For concave-shaped slopes add 2 feet; for convex-
shaped slopes suhstract 2 Feet.

Stone content: All site-index values are for relatively stene-free soils (0 to 30 percent stone in the B, horizon); for
scony seils (31 to 60 parcent stane in E2) substract 2 feet; for very stony soils {more than 60 percent stond %n 52) substvace
3 feet.

Texture af the B, horizon: Site-index values ir the table are for conditions where all suhseil horlzons have the same
general texture. Fouf feet should be subtracted from the values far subsell with less than 40 percent clay 1f the B2 of this
soll is underlain with & B,, B , or € harizen having 40 to 60 percent ¢lay. Four feet should be substracted from the values
for subsoils with 40 to 60 perdent clay 1f the 32 of this soil is uaderlain bv a 53. Bx, ar € horizon with mere than &0
percent ¢lay.

Silt content; All site-index values are for soils with more than 25 percent silt in the Bl horizon. For solls with less
than 25 percent silt substract 4 feet from the frdicated sice-index walues,
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Table 10. — Predicted site index for black oak in southern [ndiana (Hannah 1968

H Depth of surface soil (A} + A2 horizons--inches)
Fosition fLess thant, 3 5.0%5.1-6.016.1-7.0/7.1-8,0/8.1-9,01™5 than
Ridges 48 54 60 66 72 79 a7
Upper slopes 1-25 percent
of distance from ridge 51 56 62 68 T4 B0 87
Upper mldslopes 26-50 per-
cent of distance from ridge 56 62 68 72 77 32 £8
Lower midslopes 51-75 per-
cent of distance from ridge 62 67 iz 16 80 B4 B9
Lower slopes 76-99 percent
of distance from ridee 69 74 78 80 84 87 90
Bottomg 73 77 B0 83 86 88 91

Stone content: All site-index valnes are for relatively stone-free soils (D to
30 percent stone in B, horizon); for stomy soils {31 to 60 percent stone in B,), and
very stony solls (moré than 60 percent stome in Bz), the following substractions
should be made:

Site index Stony soil Site index Very stony scils
<60 -2 <60 -4
61-90 -3 61-75 -5
»90 -4 76-87 -6
»87 -7

Subsoll rexture: All sire-Index values are for golls having less than 40 percent
clay in the subsoil (leams, clay loams, silty or sandy clay loams, and silt loams).
For solls with heavier subsoil textures (more than 40 percent clay), the following
zubstractions are needed:

Upper subsoil (B, herizon) has less than 40 All subsoil horizons
Site percent clay; lower subsoil (B,, B , er C Site have more than 40
index horizon} has more than 40 percént glay Index percent clay
{Reduction) {Reduction)
<52 -2 <57 -4
53-73 -3 58-69 -5
T4 -4 70-80 -6
>80 =7

Texture of the B, horizeon: Site-index values are for conditions where the B
horizon and those undérlying It have the same general texture. Subtract 4 feet i% a
B, horizon with less than 40 percent clay 1s underlain by a B,, B , or € harizon with
aﬁ to 60 percent clay. Subtract 4 feet if a B, horizon with EU t5 60 percent clay is

underlain by a BB’ Bx’ or  horizon with more than 60 percent clay.




APPENDIX II
YIELD TABLES

Table 11, - Yields per acre for separd oak i thinning
fGingrich 1971

SITE INDLX 55

: : P Average
Age :Basal: Trees treeb Yields

Larea . ;

: : diameter’:

Bquare (ubic Eoard &

Years  feet Ho.  Inehres Jeet Copda Feet
20 55 2,300 2.0 60 0.6 -
30 75 1,260 3.3 283 3.3 -
40 87 790 4.5 1,320 12.1 --
50 97 480 6.1 2,150 13.7 400
60 104 337 7.3 2,520 2.9 900
0 108 235 8.2 2,730 264 .4 2,800
2o 112 242 9,2 2,880 25.6 5,400
. SITE INDEX 55
20 59 1,830 2.4 178 1.6 -—
30 81 930 4.0 1,200 10.6 -
40 96 305 3.9 1,840 18.2 440
50 105 342 7.5 2,800 26.9 2,150
60 111 262 2.8 3,300 30.8 5,160
70 115 215 9.9 3,700 3.3 7,260
80 117 187 10,7 3,950 35.6 8,200
SITE INDEX 75

0 70 1,425 3.0 694 B4 -
3¢ 89 68D 4.9 1,670 6.7 --
40 101 41H) 5.8 2,440 23.7 1,380
30 110 279 8.5 3,315 1.1 4,100
60 114 222 9.7 4,140 37.7 9,288
7 117 187 L7 4,760 43.0 11,200
a0 120 166 11.5 3,160 46.5 12,500

"The diameter of the tree of average basal area.

Tuble 12, Yields per acre for uplewd oak; first thinning ut age 10 {Gingrich 1971
. & 5 f
SITE TNDEX 55
.wera::s?dual stand - fut stand fCumulative tofal vields
D Basal "> i ‘Basal’ . : (cut stand plus
Age T area :dE;ﬁ:ter’ ¥ield ‘area | Yield . residual stand)
Years 'Srm::re ) Cubia Pogrd | Square | (xoic Hoara  Cubie Roard
fept  Inches  feet Sords feet  feet Ffeet Cords  feet  feet Cords  Ffeet
10 0 1.9 -— - - - — — — e - __
20 48 4.1 51% 5.0 - 7 25 -— - 340 5.0 —
30 38 5.9 1,150 9.9 240 20 345 4.2 - 1,560 14.1 240
40 64 8.0 1,640 15.0 1,560 19 350 1.6 160 2,360 22.8 1,720
20 7% 1.6 1,590 18.73 3,800 16 415 4.4 390 3,125 s 4,350
&40 75 13.0 2,280 0.7 6,540 16 585 4.9 1,050 3,900 a7.8 8,340
- SLTE INDEX 65
167 23 P31 - - - - - - - - - -
20 51 4.5 775 6.8 - 8 125 1.2 - 200 8.0 -
30 59 B.4 1,443 13.1 540 25 370 3.8 -— 1,940 131 540
40 3 8.6 1,920 18.0 2,280 21 405 3.8 280 2,380 26,8 2,560
50 12 11.0 2,340 21.8 5,250 19 375 5.2 970 3,875 35.8 6,500
60 76 13.7 2,655 24,3 8,960 18 670 5.8 1,810 4,860 44,1 12,000
SITE INDEXK 72
10 25 Z.5 - - 2T = -= -- - - - -
20 S5 5.4 1,060 9.6 -— 12 200 1.6 -— 1,260 11.2 -
30 62 7.4 1,920  17.5 1,380 30 520 5.2 60 2,640  24.3 1,440
40 il 10,3 2,550 za.n 4,840 22 610 3.6 300 3,880 354 5,400
S0 75 13,2 3,025 26,8 10,300 22 745 6.8 1,540 5,100 46,0 12,400
&0 8 15.5 3,360 29.7 13,200 21 925 7.8 3,540 6,360 56.7 18,840




SITE INDEX 53

Table (3. -~ Yields per acre for upland oak; first thinning at age 20 {Gingrich 1971)

Residual stand : - Cut_stand icumulative total vields
; i ‘Basal’ (cut stand plus
Age 2:221: Yield farea f Yield residual stand}
Years Square Cubtie Board Square C(ubie Board ~Cubie Board
feet feet Cords feet feet feet Cords  feet  feet fords  feet
20 34 2.3 60 0.6 - - - - - 60 g.6 -—
30 49 4.2 600 5.1 - 15 e 0.8 - 600 6.0 -
40 58 6.1 1,220 12.2 880 16 300 2.9 - 1,520 16.0 880
50 66 8.6 1,750 16.0 2,350 15 300 3.2 150 2,350 23.0 2,500
60 71 10.6 1,980 18.6 3,960 15 360 3.2 570 2,940 28.8 4,680
70 74 12.1 2,170 20.0 5,810 14 370 3.8 820 3,500 34.0 7,350
SITE INDEX 65
20 37 2.8 160 1.6 - - 18 - - 178 1.6 --
30 50 4.6 750 7.4 - 20 132 1.2 - 00 8.6 -
40 63 7.7 1,760 16,0 1,320 15 250 3.2 — 2,200 20.4 1,320
50 69 9.8 2,150 19.7 3,500 19 625 4.1 400 3,215 28.2 3,900
60 73 12.0 2,460 22.5 6,120 18 515 4.4 1,160 4,040 35.4 7,680
70 77 14.6 2,730 24,2 9,030 16 520 4.9 2,010 4,830 42,0 12,600
SITE INDEX 75
F 20 46 3.6 476 4.4 - - 218 2.0 — 694 6.4 -
30 57 5.6 1,275 13.0 —— 26 307 3.6 - 1,800 18,6 -—
40 66 8.4 2,140 19.8 2,160 21 535 4.8 240 3,200 30.2 2,400
50 71 10.8 2,600 24,7 6,450 21 665 5.4 1,160 4,325 40.5 1,850
60 76 13.4 3,060 28.5 10,680 19 615 4.9 2,020 5,400 49,2 14,100
70 79 16.3 3,465 31.5 13,720 19 635 5.2 2,740 6,440 57.4 19,880
Table 14. — Yields per acre for upland oak; first thinning at age 30 {Gingrich 1971}
SITE INDEX 55
; Residual stand : : Cut stand ‘Cumulative total ylelds
‘Basal | ‘Basal . (cut stand plus
larsa Yield larea | tield residual stand)
Years Square Ta Board Square Cublc Board ~ Cubic Board
Ffeet feet Cords feet feet  feet Cords  feet  feet Cords  feet
30 58 4.3 528 4.8 —— 17 55 0.5 - 583 5.3 —_
40 35 5.7 1,120 9.4 200 27 265 3.1 —_— 1,440 13.0 200
50 62 7.8 1,600 14,2 1,500 15 330 3.4 - 2,250 21.2 1,500
60 67 10.2 1,950 17.4 3,000 15 310 3.2 360 2,910 27.6 3,360
70 72 11.7 2,135 19.6 5,040 12 335 3.1 550 3,430 32.9 5,950
80 75 13.0 2,280 20.6 8,000 12 345 3.7 1,010 3,920 37.6 9,920
SITE INDEX 65
30 62 4.9 1,120 9.6 - 20 80 1.0 - 1,200 10.6 —_
40 60 6.6 1,520 13.6 640 29 400 3.8 -— 2,000 18.4 640
50 67 9.0 2,000 18.5 2,450 18 470 4.2 - 2,950 27.5 2,450
60 72 11,2 2,370 21.5 4,620 17 £30 3.9 600 3,750 34.5 5,220
70 76 13.7 2,660 23.8 8,320 16 440 3.9 1,510 4,480 40.6 10,430
80 78 16.1 2,880 24.8 10,900 16 460 4,0 2,510 5,160 45.6 15,520
SITE INDEX 75
30 66 5.5 1,450 14.0 — 23 220 2,7 - 1,670 16.7 -
40 62 7.1 1,840 17.0 1,400 34 500 5.5 - 2,660 25,2 1,400
50 68 .7 2,400 22.8 4,200 20 555 5.0 650 3,775 36.0 4,850
&0 73 12.4 2,880 26,7 7,980 19 515 4.8 1,450 4,770 &b 7 10,080
70 77 15.2 3,325 29.8 13,020 17 490 4.4 2,100 5,705 52,2 17,220
80 80 17.7 3,760 31.6 15,440 16 500 4.8 3,400 6,640 58.8 23,040




Toble 15. - Yields per acre for upland oak; first thinning at age 40 (Gingrick 1971}

SITE TNDEX 55

Residual stand S
r_ s 1:&\'&1‘&5;& A "'_" - Lut stand ‘Cumuliative total vields
Age Basal, tree Yield :33531: Yield {cut stand plus
. ATeA 4/ ceter: ;area i ’ residual stand)
Years Squure Cubtic Board ~ Square Ciubie Boord  Cubic Eoard
feet Inches  feet  Cords feet  Feet feet  Cords feet Feet  Corde Feet
40 6? 5.0 1,140 10.5 - 24 130 1.6 - 1,320 12.1 -
50 62 1.4 1,538 13.0 500 23 282 3.4 -~ Z,000 1B.0 900
60 &7 9.1 1,830 15.6 2,430 15 288 3.1 270 2,580 23,7 2,700
70 72 1.0 2,065 18.6 4,445 12 300 2.7 465 3,115  29.4 5,180
80 ?ﬁ 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 3.6 1,100 4 185 41.4 11,880
SITE INDEX 63 -
40 69 6.5 1,600 15.9 440 27 240 2.3 - 1,840 18.2 440
5 66 8.5 1,910 17.7 1,800 28 410 4.0 200 2,560 24,0 2,000
60 0 10.4 2,200 20,7 4,200 13 400 3.6 230 3,270 0.6 4 680
70 74 12,4 2,485 23,1 7,210 i6 420 3.7 710 3,955 36.7 8,400
80 77 La.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 6.6 14,710 13 46Q 4.0 1,630 5,265 48.2 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 2,190 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 16 13.8 3,115 8.0 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 6450 5.3 3,000 7,155 63.4 24,120
Table V6. - Yields per acre for upland oak; first thinwing at age 50 (Gingrich 1971)
SITE INDEX 55
: Residual stand H Cut stand ‘cumulative total yields
: Basal:Average ; :Basal: : {cut stand plus
Age @ L otree Yield : : Yield
area | area residual stand)
: cdiameter: : : :
Years Square Cubte Board Sgquare Cubte Board Cuble Board
feet  Inches  feet Cords feet  feet  feet Cords  feat  feet Cords  Feet
50 69 6.5 1,627 14.9 400 28 523 4.8 - 2,150 15.7 400
60 66 8.4 1,710 14.7 1,350 23 317 3.9 150 2,550 23.4 1,500
10 63 9.3 1,855 15.4 3,585 15 280 3.2 165 2,975 27.3 3,%00
80 71 14.5 1,960 18.0 6,160 12 280 2.1 325 3,360 32.0 6,800
90 73 11.5 2,115 20,0 8,240 i 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 00 2,800 26.9 2,150
60 68 9.6 2,130 19.5 4,000 29 470 b4 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
80 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 10,305 12 275 2.7 235 & 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 INDE¥X 75
50 78 G 7,590 24,4 3,650 32 725 5.7 450 3,315 30.1 4,100
60 72 11.3 2,700 25.2 6,100 30 655 6.8 1,050 4,080 37.7 7,800
70 15 12.8 2,865 26.8 9,200 19 475 3.2 1,100 4,820 44,5 11,800
80 77 14.1 3,180 29.0 11,500 18 525 4.8 1,500 5,460 51.5 15,600
aQ 79 16,5 3,620 31,4 13,000 16 420 4.6 1,900 6,320  58.5 14,000
100 81 18.4 3,880 33,0 14,450 14 500 4.9 2,750 7,080  65.0 23,200

25




Table 17, Yields por acre for uplund oak! first thinning at age ot (Gingrich 1971)

_SITE TMDEX 55

26

n Residual stand —_ . _E@@L§F§F¥Ln_.mur———fcumulative tatal yields1
' pasa] Sverage ¢ . ‘Basal’ . (cut stand plus
Age : aiea P otree Yield :area ; Yield residual stand)
: idiameter: : : :
Years Square h tubie Boura Square Culie Hoard  Cubic Board
feet  Inches  feet Cords Ffaet  Pfeet  feet Corde  feet  feet Cords  feet
60 76 8.2 1,860 17.1 780 28 660 5.8 120 2,520 22.9 300
70 73 9.3 1,960 17.5 2,345 19 285 4.0 685 2,905 27.3 3,150
80 70 10.3 2,000 18.4 4,320 16 333 3.0 555 3,280 31.2 5,680
90 i2 11.3 2,115 19.3 5,850 10 250 2.5 530 3,645 34.6 7,740
100 74 12,3 2,200  20.8 7,300 8 270 1.9 510 4,000 38.0 9,700
110 75 13.2 2,310 22.6 8,580 7 235 2.0 570 4,345 41.8 11,550
— STIE INDEX 60
60 78 9.4 2,400 222 3,900 13 TG00 TB.& 1,260 3,300  30.8 5,160
70 75 0.2 2,450 22.1 4,550 23 360 3.6 770 3,710 34.3 6,580
80 73 12.0 2,520 23.0 5,929 20 400 3.6 810 4,180 38.8 8,760
90 77 l4.1 2,610 23.8 7,785 13 365 3.6 895 4,635 43,2 11,520
100 78 15.5 2,650 25.5 9,850 12 3z2n 3.1 915 5,000 48.0 14,500
110 80 17,2 2,750 26.6 11,770 9 35 3.1 960 5,445 52,2 17,380
SITE IWDEX 75 -
&0 82 10.2 3,060 27.0 7,848 32 1,080 10,7 1,440 4,140 37.7 9,288
70 78 11.5 3,150 27.3 8,540 21 460 4.7 870 4,690 42.7 10,850
80 76 13.5 3,320 25.4 9,760 21 420 4.2 1,290 5,280 48.0 13,360
90 78 15.6 3,510 29.9 10,935 16 425 3.6 1.665 5,895 53.1 16,200
100 80 17.2 3,725 31.5 12,204 13 415 3.3 1,835 6,525 58.0 19,300
110 82 19.1 3,795 33.0 13,530 9 465 3.2 1,920 7,060  62.7 22,550
Table I8, Yickds of well-stocked unmanaged mixed ook stands in
sensthern Michigan at 86 yvews' iArend and Scholz 196Y)
VERY POOR SITES
b.b.h., : Total trees : T
Basal 2
class of Per acre volume
{inches) : all species area
Number Sq. fi.
prer acre ver aere  u. [F Cords  Bd. ft.
5-10 194 9.7 8338 10.5 200
1-13 3 7.9 432 5.4
Total 200 TTRT6 T TTYL,2i6 15,9
_ POOR SITES
5-10 174 53.9 785 9.6 2,535
11-15 59 47.3 1,003 12,5
Total 233 101,2 1,768 22.1
MEDIUM 5TTES
5-10 89 9.4 4ia 5.9
11-22 81 B6.5 1,944 24,3 5,650
Total 170 115.9 2,419 30.2
ool STITES
5-10 81 21.7 414 5.2
11-25 85 107.7 3,080 38.5 11,440
Total 169 129.4 '3 494 43.7
VERY GOOD STTES __
5-10 35 i7.4 378 4.7
11-24 . 95 125.4 5,130 64.1 19,950
Total 150 142.8 5,508 68.8

1Adapted from Michigan Agricultural Experiment Station
Tech. Bull., 236 (Gysel and Arend 1953).

ZCubiec foot volume based on main stem, less bhark: cord
volume based on all merchantable wood to a 4-inch top, outside
bark; board foor volums by Iutermational L/4-inch log rule.




Lable 9. Gy wickds por acre of pormgd ok steneds
SUMEINVCSIORn Whconsi SO ovarkinrs wind Schiedz

[9-dN

YERY POOR STTE

. D Total wvolume
nEe T =
| (Years)® Crbic feet® © Cords? & £02Td feit
. ] L __t Scribner
70 480 — -
40 1,050 10 —
60 1,550 19 550
40 2,000 25 2,560
140 2,350 29 4,550
120 2,650 33 6,300
140 2,900 56 7.600
160 3,050 38 8,500
POOR SETE B
20 650 1 -
42 1,350 5 —
£0 1,930 25 2,300
&0 2,550 32 6,400
100 3,050 33 9, 600
120 3,450 42 11,700
140 3,750 46 13,150
160 3,90 49 14,600
e o ST STTE
Ty 850 7 _ﬁ
1ooan 1,750 21 300
|60 2,550 33 4,700
} 80 1,308 44 10, 200
1100 3,900 59 13,600
120 4,150 54 15,800
140 4,750 58 17,300
i 1eD 4,950 61 18,500
©oOv SITE
"""" 20 1,008 3 -
|40 2,050 25 1,600
i 60 3,050 39 7,600
89 3,950 50 13,400
106 4,700 59 17,200
120 5,300 66 19,600
140 5,700 71 21,000
161 5,950 T4 22,100
VERY 600D SITE
70 1,150 4 -
40 2,400 30 2,800
60 3,600 46 10,5 00
80 4,600 43 16,800
100 5,500 A9 21,100
120 f, 200 77 23,900
140 6,700 83 25,500
160 7,000 87 26,700

loross volume, excluding bark, all
treas (.6 inch 4.b.h. and larger.

iross volume, excluding bark ko
top diameter of 4 ipches, all prees 5
jincnes d.b.h. and larger.

3gcaled in 8 foot logs., T scaled
in l6-foot logs, reduce table values

Ly 11 percent.




APPENDIX ii}

EVALUATING STAND DENSITY AND
GROWING STOCK QUALITY

The basic data needed to evufuate stand stocking and
qualiiy ure basad area and number of trees per acre (by
size class and growing stock quality class). Stocking
percent and average stund diameter are determined from
figure 7 using these two duta items. The charts in Hgure
7 show how well a purticular stand is ulilizing its
growing space, and how much of the stand can be
removed in an intermediate cut. The inventory Lo cbiain
these data is left to the discretion ol the vser, but shoutd
be intense enough io provide reliable estimales of stand
parameters.” Four size clisses are defined as follows:

Matwre Timber - trees that have reached the rotation

diameter desired lor the site.

Sawtimber  trees over 11 hiches dbli but loss thun

the rotation diameter desired for the site,

Poterimber  trees 6 to L inches d.bh

Small Treey  trees 2 to 6 inches d.b.h.

The class limits were selected to conform to com-
monly accepted usage. but may be changed to meet the
needs of the user.

Two growing stock guality classes are suggested within
three of the above size classes. (They are not needed in
the mature timber class because these trees are ready for
harvest.} These quality classes ure good or “ucceptuble
growing stock™ (AGS) and “undesirable growing stock™
(UGS). AGS trees are trees of good form. quality, and
species that would be satisfactory crop trees in the final
stand on the site. or have the potential of yielding
products it a tuture intermediate cutting within 20 to
40 wvears. UGS trees ace trees that are salable for
products or that might eventually be salable if lefl to
grow, but because of form, defect, viger. or species, are
not wanted in the stand.

Crfl wrees are frees that are not and never will be
merchantable for producis and sitould be tallied without
regard for size cluss.

2 The methad suggested by Roach and Gingrich (1968}
is recommended, Tree size classes and gquality clusses are
the same as lhey suggest.
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When the stand inventory has been completed, the
stocking chart can be used 1o deteriine present stocking
and the amount of basul area that can be removed in 2
cut. Assume the [ollowing information has been ob-
tained from the inventory:

Site class 55 to 74

Rotation diameter objective 20 tu 24 inches

Number of trees per acre - 220

Basal area per acre

AGS UGS Cull Total

Mature timber — - -

Sawtimber 32 2 3 37
Poletimber 18 2 1 21
Small trees 10 20 0 30

Total 60 24 4 88

Referring to the stocking chart (fig. 7), locate the
peint where total basul wea and number of trees
intersect to find the current stocking percent (80) and
average stand diameler (8.6 inches). Then project a ling
parallel to the line denoting 8 inches average diameater to
the B and C curves to find the basal area needed for
B-level (64}, and C-level (50) stocking. Now, compare
the basat arex of acceptable growing stock from the tally
with that regubed {ur B und C levels determined from
the chart.

In the example. there are 60 square feet of basal area
in acceptabic growing stock, not quite enough for B level
but well above C level. Inspection of the duta shows the
stand i3 immuature but no single size class contaius more
than 50 percent of the basal area. The sawtimber and
pole classes must be combined to form the main stand or
stund to manage. Twenty-four square feet of basal area
cain be removed trom this stand in an intermediate cut
without falling below B-level stocking (88-24=64). Note
that not all culls and undesirable growing stock
{24+4=28} can be removed and retain B-level stocking
(64-24=40). The cut should be designed to remove the
cull trees and as much undeshuble growing stock as
possible and still retain vniform spacing.
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Figure 7. - Relation of busal area, number of trees, and average tree diameter fo stacking percent for
upland central hardwoods. For average tree digmeters 7 to 13, use the chart at left; for dianicters 3 1o 7,
use the chart at right. (Average tree diameter is the tree of average basal area.) On both charts the ared
berween curves A and B indicates the range of stocking where trees can fildly wiifize the site. Curve C
shows the lower limit of stocking necessary to reach the B level in 10 years on average sites /Gingrich
1971}
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APPENDIX IV

EVALUATING THE ADEQUACY OF OAK
ADVANCE REPRODUCTION

Ta evuluate whether the oak advance reproduction can
adequately reproduce the stand o survey must be made.
This survey can be made at the same time that the
inventory to detenmine stund stocking and quulity is
made. In fucl, the number of overstory trees per acre
from the stand stocking inventory is needed to estimate
the manbher of stivnp sprouts per dere necessary to
conpensate for ouk advance reproduction deficiencies.
The sample form {fig. 8) can be used to record the tree
count needed for eslimuting nmunber of overstory trees
per 4cre.

Use the Tollowing procedure developed by Sunder ¢f
al. (1976) tor eviluating ouk advance reproduction:

1. Take 10 or more [Q-Tactor angle gauge sample
peints in the stand being examined. At each
sumple point tally the trees on a 1/20-acre plot by
species and size class (overstory inventory. see
sample form, tigure 8).

2. Sclect the number of [/735-ucre plots (4.3
feet in radius) to use in the advance reproduction
tnventory from the following tabulation according
to the acreage of the stand being examined:

For stand size Use this number of
(acres) 1/735-acre plots

<10 25

10 to 30 40

30 to 50 60

3, Digtribute these 1/73S-ucre plots uniformiy
throughout the stand.

4. On each 1/735-acre plot look for vak repro-
duction stems 4.5 feet tall or taller and less than
2.0 inches in diameter at the ground line or not
over 1.5 inches d.bh. (stems larger thun this
should be considercd part of the overstory and
taltied as such, even if below the main canopy). If
at least one such stem is present, record the plot as
stocked. 1f no such stem Is present, record the plot
as not stocked (sec right margin of sampie form,
[igure 8).

5. Compute the percent of plots stocked. if 59
percent or more are stocked, there is adequate ok
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advance reproduction present: no further calcula-
tions are necessary and the stand may be huwe-
vested.

6. If fewer than 59 percent of the plots are
stocked, vak advance reproduction is inadequate
to reproduce the stand if it is cul. But the stund
could still be reproduced if enough stumps of the
overstory oaks will sprout after they are cut. An
example of how to compute the expected number
of stump sprouts {ollows:

a. Assume that the inventory of plots provides
the data on the sample worksheet (fig. 8}

b. Note that therc arc 26 black oaks 2 to 5
inches in diameler per acre. Multiply 26 by 0.85
(from rable 20) to find how many of the 26
stumps would be expected to sprout. 26 x 0.85 =
22. Note that 22, number of expected stump
sprouts per acre for 2- to 3-inch black oaks, is
listed at the bottom of figure 8.

¢. Similarly, compute the expected number of
stump sprouts for the other size classes of black
ozk (5 for the 6- to 1l-inch class, 4 for the 12- to
l6-in¢h class) and note that all these classes sum to
31. Do the same for all oak species.

d. Summing size classes for all oaks gives a total

ol 124 expected cak stump sprouts per acre {fig. 8).

7. Note that the sample data from figure 2 gave
17 plots stocked of a totul of 40, or 43 percent of
plots stucked (deternrined under point 4 above).
Go to the tabulation below and find the number
of stump sprouts required in combination with

Table 20. - Expected percentuge of oak stonps thut vwiif

sprowt after cufting

Size : : : :

class® :Black:Scarlet:Northern:White:Chestnut

{inches): oak : ocak - red ocak: vak ; o2k
2-5 85 100 o0 89 100
B-11 65 85 60 50 S0
12-16 20 50 45 135 75
17+ 5 20 30 Q 50

3

1ﬁu:iapl:»ad from Roth and Hepting (1943},

Wendel (1975), Johnson {1975}, and unpublished
data at Columbia, Missouri.

2p.b.h. class of parent tree.



stocked plots to meet minimum stocking require-
ments at the next fowest percent down from 43
(i.c.. 40). Opposite 40 note that 95 stump sprouts
are needed to make up the deficiency in advance
reproduction.

Stump sproats

Stocked 1/735-acre required (Number

plots {Percent’) per acre)
59 0
55 19
50 44
45 69
40 95
35 120
30 145
25 176
20 196
15 221
10 246

8. Because the computed value {124) exceeds
the tabulation value (95}, there will be enough 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
vak 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 plunt oak seedlings and protect
them from witdlife.

3f the percent of stocked plots lies between the
S-percent intervals, use the lower figure, €.8., 43 percent
stocked plots should be considered 40 percent.




L
[y

with advaiice oak reproduction,

Sample |y I Black] White [ Scarlet Chestnut| Other | Date L
point class | oak oak cak oak species | Compartment i
number Stand 1
z—il : 1/735-acre ploks
! 12-16 Total No. 40
17+ Stocked B N
2-5 o Hot RO
B-11 Stocked
2 12-16 Percent
17+ Stocked 43
2-5
6-11 Adv. Repro.
3 12-16 Adequate No
17+
2-5 Adv, Repro. + stump
6-11 sprouts Adequate Yes
M EEST:
17+
2-5 ..
6-11
’ 12-16
17+
2-5 i
6-11
6 2-16
17+
2-5 .
7 6-11
12-16
17+ i
2-5
6-11
8 12-16
17+
% 2-5
6-11
? P 1218
P17+
2-5 =
6-11
10 [12-18
17+ Total
Total 25 26 60 24 4 26 140
¥o 6-11 8 12 2 4 22 48
PET 12-16 18 8 4 2 14 46
acre 17+ 2 2 8] 2 0 6
Total 54 82 a0 2 62 240
No. of 2-3 2 48 24 4
stump | Boll 1 3 5 2 2 toral
S5prouts 17716 4 [4 2 1 )\ pfr
per 0+ 10 o} 0 0 B acre
acre [ Total ] 31 58 78 7 124
Figure 8. Fxample el jorn for recording on 1720-geve plots aind monber of 1173 5-acre plogs stacked



APPENDIX V
MISCELLANEOUS

Metric Conversion Factors

Toornrd 27 Multipln by

Aoroes .. 405
Toared Tt ) 3. 095
RBoavd Foetioviw G.012
20,117

2,605

0.437

0.025

0.070
2

(.305

3.745

5.353

Inc‘ 65 2,540
Mites 1.609
0. 447

2,477

28,350

053

0,554

1,121

G.120

Seuaye .092
Sruare fectore ¢.230
Tens 0.907
_tonsfere 3 2.262

rds to culde
tavs are based

[OLLrS e, vy the
¢hoan (e senle} per eubic
faot [ 2d materizsl.

vrrade 59 (°F-32)

Common and Scientific
Names of Plants and Animals

Anthracnose . . . ., .
Ash, white . ., . . ., ,
Aspen ., . . . ...
RBasgwood, Amerir;an .
Biackgum . . . . . . .
flister, leaf
dureernut . . . . . .
Blugberry . . . . . .
Cankerz . , , .

Cherty, black . , . . .
bogwood, flowering . . .
Elm, Americamn . . ., ., .,
Hazelnut . . . . . . . .
Heartrots . ., . , . . .

Hophornbean, eastern .
Hornbeam, Amarican .
Maple, red ., . . . .. .
Maple, sugat . . . . . .
Oak, black . « . . . .
Oak, blackjack . . . .

Oak, bur . ., . . . . .

Gak, chestnut . . . .

{Juk, northern red . . ,
dak, post . . . . . . .
Ogk, scarlee . . . . . .
Oak, white . . . . . . .
Sassafres . . . . . . .
Walpur, black . . . . .
Wile, vak . . . . . . .
Witchhazel . . . . . .

Yellow-poplar . . . . .

Boboat . . . . . . . ..
Borer, red o3k . . . . .
Sorer, white oak . . .
Carpenterwvorm . .

Caterpillar, forest tent

Caterpillar, variable oak leaf . .

Cnipmunk, eastern . . .
Taer, white-talled .

Fox, ved . .
ruffed . ., . .

frouse,

Moth, BYPBY . . . 4 . .
Oakworm, orangestriped .
Dppegsum . . . L . .
Raccoon . [
Roller, oak leaf P
Feob ol « . . . . . 4 .
Skunk - . L. 00 .
Squirrel, fax . . . . .
Squirrel, gray . . . . .
Tier, oak leaf . . . . .
Tutkey, wild . . . . . .
Weavils, acorn . . . . .

Gromonia quereing
Frazinus amerdiognz
Popralue spp.

Pilia amerioanz
Nygsa sylvatica
Taphina spp.
Juglane atneres
Vavetntwn spp.

. Strumelle spp,

Keetria spp.
Ertoies deroting

. Cormue Florida
. Ulmua amentcona

Corylug arericang

. Peria app.

Steretem spp.
Herieulm spp.

Frper spp.
Folyporug spp.
Oatrya virginiana
Corpivus caroliniang
Azep rubm

Acer aacchamen
fuereus veluting
Gueraus mart landioa
Quercue mierocarpa
Quercus pridus
Guereus rubra
fuercug stellata
Juersis coselned
Quercus albag

Sagac fras albidum

. Juglans wigra
. feratocystis fagasearm

Homamelis vingintana
Liriodendron tulipifera

Lyne rufus
Eraphalades rufulus
foes tigrinus
Frintomystus robiniae
Malocosoma disstria
Heteroeanpa mantec

. Tamilcs siriatus

Dema vinginiona
Yulpes vulpes

Bonasa wnbellue
Porthetria dispar
Anieota senatoria
Bidelpkia marsupialis

. Procyon loter
. Archips memiferanug

Armillariz mellea

. Hephitis 5PP-

Seiumes niger
Seiurus sarelinenzis

. Ergesta albieamans
. Meleagris gallopmro
. Cureulis spp.
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PESTICIDE PRECAUTIONARY STATEMENT

1.3 H . 1 1 H m S11rt g e St . .
Pesticides used improperly can be Bnjurious 1o L auimals, und plants. Foliow the
Lubels,

i
directions und heed sl precautions vn the

Store pesticides in original containers under fock and key  vut ot the reach of chitdren
ane animals - - and away frem [ood and feed.

Apply pesticides so thut they do wot endunger hurnans, livesiouk, crops. beneticid
insects, fish, and wildtife. Du not apply pesiizides when there iy dunger of drifi, when
honey bees or other pollinating insects we visiting plants, or in ways that may
contaminale water or dcave illegal residues.

Avold prolonged nhaiation of pesticide sprays or dusts: weur protective clothing und
equipment if specitied on the container.

If" your hands become contaminated with a pesticide, do not et or drink until you have
washed. In case g pesticlde is swallowed or gets in the eves. foliow tiwe (lrst-nd treatment
givenl on the label, and get prampt wedical attention. i o pesticide is spitied on your skin
or cluthing, remove clothing iminediately and wash skin thoroughty.

Do not ciean spray equipment or dwmnp excess spray material near ponds. streums. or
wells, Becatse it s difficult (o remove all truces of herbicides o equipment, do oot use
the sume cquipment for insecticides ur fimgieides that voo use for herbicides,

Dispose of crupty pesticide containers promptly. Have tiiem buried at o sunitary
band-Gill dump, or crush and bury tieo in o fever ssolated place,

Note: Some States have restrictions on the use of certain pesticides. Check your State and
loeal regulutions. Also. because registrutions of pesticudes are under constuant revicw by
the Federal Environmental Protection Asency. consult vour county agriculturd agent or
State exteusion specialist to be sure the intended wse is still registered.
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