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PREFACE TO THE FIFTH EDITION

Keeping pace with advances in knowledge means continual
changes and revisions of texts. This Fifth Edition is an at-
tempt to keep farm-forestry facts current and up-to-date.

But only a few of the facts have been changed and others
added. The purpose of this handbook is the same as it was
for previous editions: To supply in a single volume infor-
mation necessary for the application of forestry principles
to land use planning on farms and to aid in the development
and application of complete farm conservation plans based
on land capabilities.

The handbook is a compilation of the results of State and
Federal research and of the observations of Soil Conserva-
tion Service technicians as applied to farm-forestry prob-
lems in the soil conservation districts of Soil Conservation
Service's Region 3, the Upper Mississippi Region.

The material was not written for foresters, farmers, or
the general public. It is designed for use of soil conserva-
tionists who assist farmers in more than 500 soil conserva-
tion districts in Illinois, Indiana, Iowa, Michigan, Minne-
sota, Missouri, Ohio, and Wisconsin. In a sense it is a
first-aid text. By prescribing some of the simple treat-
ments, we hope soil conservationists can be helpful to
owners of sick land in need of planting, and of sick wood-
land in need of protection and management.

To take credit for any but a small part of the text would
be gross plagiarism. The forestry division has acted sim-
ply as an editor and compiler and has freely used the writ-
ings of numerous authors. Many of their publications are
listed as references and are worthy of study when more de-
tailed information is desired.

Stanley S. Locke

Regional Forester
Milwaukee, Wis. Upper Mississippi Region
August 1950 Soil Conservation Service
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TREES AND TREE GROWTH

LIST OF TREES

Except for a simple key to the pines it is not within the scope of this handbook to include a
tree identification guide. The books listed on page 4 are readily available to all farm planners.
These publications are valuable aids in learning to know the native and some exotic species that
grow or have been extensively introduced in any locality.

The trees used in planting or commonly found in the farm woods of the Upper Mississippi
Valley are listed:

Common name Botanical name

Other common names in local use

HARDWOODS
Box elder Acer negundo
Silver maple Acer saccharinum Soft maple
Red maple Acer rubrum Soft maple
Sugar maple Acer saccharum Hard maple, Hock maple

Yellow birch
River birch
Paper birch
Mockernut hickory
Bitternut hickory
Shagbark hickory
Chestnut

Hardy catalpa
Hackberry
Dogwood
Persimmon

Beech

White ash

Green ash

Honey Locust
Butternut

Black walnut

Red gum

Yellow poplar
White mulberry
Ked mulberry

Sour gum
Sycamore

Balm of Gilend
Cottonwood
Largetooth aspen
Aspen

Black cherry
Black locust
White oak

Red oak

Jack oak
Shingle oak
Bur oak
Blackjack oak
Chestnut oak
Chinquapin oak
Pin oak

(N) Betula lutea .
Betula nigra
Betula papyrifera
(S) Carya alba
Carya cordiformis
Carya ovata
Castanea dentata
(S) Catalpa speciosa
Celtis occidentalis
Cornus florida
Diospyros virginiana
Fagus grandifolia
Fraxinus americana
Fraxinus pennsylvanica lanceolata
Gleditsia triacanthos
Juglans ceneria
Juglans nigra
(S) Liquidambar styraciflua
(S) Liriodendron tulipifera
(E) Morus alba
Morus rubra
Nyssa sylvatica .
Platanus occidentalis
Populus balsamifera
Populus deltoides virg.
Populus grandidentata
(N). Populus tremuloides
Prunus serotina
Robinia pseudoacacia
Quercus alba
Quercus borealis maxima
(N) Quercus ellipsoidalis
(S) Cuercus imbricaria
Quercus macrocarpa
(S) Quercus marilandica
(S) Quercus montana
Quercus muehlenbergil
(S) Quercus palustris

White birch

Pignut
Shellbark hickory

Catalpa
Sugarberry
Flowering dogwood

White walnut

Sweetgum

Tulip poplar, whitewood, poplar
Bussian mulberry

Mulberry

Tupelo, pepperidge, black gum
Buttonwood, buttonball, plane

Poplar
Popple, poplar, aspen
Popple, poplar

Pin or Hills oak
Laurel oak
Mossycap oak
Jack oak

Rock oak

Water oak
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Common name

Post oak
Black oak
Black willow
Sassafras
Basswood
Osage orange
Red elm
American elm

Rock elm
CONIFERS:

Balsam fir

Norway spruce

White spruce

Black spruce

Jack pine

Shortleaf pine
Austrian pine
Ponderosa pine

Red pine

Pitch pine )
Northern white pine
Scotch pine

Loblolly pine (E)
Virginia pine
Douglas fir

Eastern red cedar
Tamarack

Northern white cedar
Hemlock

Botanical name

(S) Quercus stellata
Quercus velutina
Salix nigra
Sassafras variifolium
Tilia glabra

(S) Toxylon pomiferum
Ulmus fulva
Ulmus americana

(N) Ulmus racemosa

(N) Abies balsamea

(E) Picea excelsa

(N) Picea canadensis or glauca
Picea mariana

(N) Pinus banksiana

(S) Pinus echinata

(E) Pinus nigra

(E) Pinus ponderosa

(N) Pinus resinosa

(S) Pinus rigida

(N) Pinus strobus

(E) Pinus sylvestris

(S) Pinus taeda

(S) Pinus virginiana

(E) Pseudotsuga taxifolia
Juniperus virginiana

(N) Larix laricina

(N) Thuja occidentalis
Tsuga canadensis

(E) Not native to region

(S) Grows only in southern part of region
(N) Grows only in northern part of region

Other common names in local use

Yellow oak

Linden, linn

Hedge, bois d’Arc

Slippery elm

White ¢lm, soft elm, water elm

Cork elm

Fir, balsam

Variety: Black Hills spruce

Southern or yellow pine
Black pine

Western yellow pine
Norway pine

White or soft pine

Old field or southern pine
Jersey or scrub pine

Fir

Juniper, red cedar, cedar
Larch

Arbor vitae, white cedar, cedar
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IDENTIFICATION OF PINES

Pines are the most widely planted genera in the Liake and North Central States, and some
species have been introduced in localities where they do not occur naturally., Because the State
tree-identification books cover only the native trees, the identification of species of introduced
pines frequently is difficult. The following key will be helpful in distinguishing the pines which
are or have been more or less commonly used in forest planting in the Upper Mississippi Re-

gion.

First count the number of individual needles in each cluster; then note arrangement and other
needle characteristics, Examine the characteristics of the small branches and buds; if possible,

find some cones from older trees.

A, Needles always 5 to cluster ........ et e et teo et ciiietossecossscsssos. WHITE

AA. Needlés always 3 to cluster

B. Cones 2 to 3 times as long as wide, with stout
prickles; needles 6 to 9 inches long, at acute
angle with branch......... e ceesseannn it e e o e

BB. Cones less than twice as long as wide, with
slender prickles; needles 3 to 5 inches long,
standing at nearly right angles to the branch.............. i sececnonas

AAA. Needles both 2 and 3 to cluster, i.e., 2 and 3 needle
clusters on same tree

B. Needles stout and coarse; branches stout, be-
coming gray-black at end of 2 or 3 years; cones
borne near ends of branches; only one whorl of

=
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C
C
c
]

branches develops each year; buds resinous .............. WESTERN YELLOW
(Ponderosa)

BB. Needles slender and flexible; young branches
pale green or violet, becoming red-brown
tinged with purple; cones not borne at ends but
near middle of branches; more than one whorl
of branches per year; buds not or only slightly

TESINOUS 4 vt a vt vaooresoosoeoesosoesasnsassnsa coeo0eeeen s eee0o . SHORTLEAF

AAAA. Needles alwazs 2 to cluster
B. Needles 3 to 7 inches long

C. Bark on 2-year-old branches dividedinto
sharply defined scales, each peeling off
as a whole; young branches not glaucous*

D. Needles quite stiff; young branches
gray-black; cones break off com-
pletely at falling; cross section through
needles shows, with hand lens, resin
ducts midway between margin and cen-

ter of leaf tissue ......0vvuuunn. o e Co s o e AUSTRIAN

*Gloucous--covered with bluish-white or gray bloom.
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AAAA.

Needles always 2 to cluster (continued)

DD. Needles flexible; young branches
reddish-brown; cones leave a few
basal scales on stem after falling;
cross section through leaf shows
resin ducts near margin of leaf

tissue ..

#0006 0068009000008 00C000® 000G €000 S 00000 s 8 ¢ 005 o

RED or
NORWAY

CC. Barkon 2 to 4-year branches not di-
vided into sharply defined scales, peeling
off rather irregularly; young branches

glaucous*

D. Central trunk commonly forks into

two or more stems ..

BB. Needles 3/4 to 3 inches long

oo s s s e

ccssessccsssssssos JAPANESE RED

C. Cones symmetrical, not incurved

D. Only one whorl of branchlets deve-
lops each year; cones borne on ends
of branches; cone scales without
sharp prickles. Bark on old branches
orange-red brown; needles blue-

green

cee0eo0 a0

®s0e 00 e a0 a0

cie.... SCOTCH

©cee0eso00seneoesen

DD. More than one whorl of branches de-
velop each year; cones borne in mid-
dle of branches; cone scales with
sharp prickles; branchlets greenish
tinged with purple, becoming light
gray-brown; branchlets glaucous¥;

gray-green needles ..

«eo+. VIRGINIA

© 6606860600000 000000CSeO0EESCSSDOESS S

CC. Cones unsymmetrical, incurved toward branch

D. Cone scales without sharp prickles;
branchlets not glaucous*, slender,
tough and flexible, pale yellow-green;
needles yellow-green; more than one

whorl of branches develop each year ........

*Glaucous--covered with bluish-white or gray bloom.

REFERENCES

Trees, USDA Yearbook of Agriculture 1949, pages 763-798.

Manual of Trees of North America, Sargent. Houghton-
Mifflin.

Manual of Cultivated Trees and Shrubs, Rehder. Macmillan.

Trees and Tree Planting Together With a Descriptive Cata-
log of Common Forest Trees of Minnesota and the Lake
States, Anderson. Webb Publishing Co.

Trees of Minnesota, Minnesota Department of Conservation.

Forest Trees of Missouri, Missouri Conservation Commis-
sion Conservation Bulletin 7.

The Distribntion of Important Forest Trees of the United
States, USDA Miscellaneous Publication 287.

JACK

©0e000 000

Native Woddy Plants of the United States, Their Erosion-
Control and Wildlife Values, USDA Miscellaneous Publi-
cation 303.

Forest Trees of Illinois, Illinois Department of Conser-
vation.

Iowa Trees in Winter, Iowa State Extension Circular 246.

Evergreens, Michigan State College ExtensionBulletin 178.
Michigan Trees, Otis, University of Michigan.

Ohio Trees, Ohio State University Agricultural Extension
Bulletin 185.

Fifty Common Trees of Indiana, Shaw and VanCamp, Indiana
Department of Conservation and Purdue University.

Forest Trees of Wisconsin, Wisconsin Conservation Depart-
ment Publication 507.
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HOW TREES GROW

The interrelation of all parts of a tree and
the functions of its various parts can be seen
in the diagram. The three principal parts of a
tree are the crown, consisting of the leaves.
and branches, the trunk or stem, and the
roots. In its entirety the crown or top of the
tree may be thought of as a manufacturing plant.
Carbon dioxide is taken from the air. Water is
absorbed from the soil by the roots and trans-
ported up through the trunk to the leaves. In
the presence of chlorophyl (the green substance
in leaves), and with the energy supplied by the
sun, carbon dioxide and water are combined
into a series of organic compounds. Simpli-
fied, the chemical reaction is approximately:

6 CO, +6 H,O=C,H,,0, +120

Sugar (glucose), the principal product, even-
tually is transformed into cellulose and lignin
which form the woody tissues of the tree.
Oxygen is the by-product.

Water that is absorbed by the roots also
contains minute quantities of minerals. The
mineral requirements for tree growth, how-
ever, are much less than for most farm crops
and their presence does not materially affect
the essential.chemical process of producing
cellulose. This does not overlook the proteins,
which are synthesized in plants only with the
help of some 10 or more essential mineral
elements. Soils may be, and commonly are,
deficient in some of these elements in terms
of protein for animal-food production. Most
soils are not deficient in the usual elements
required for wood production.

An understanding of how plant food is manu-
factured has two very important applications:
Of the elements necessary to make cellulose,
water is most likely to be limited; carbon di-
oxide, the minor mineral chemical elements,
and sunlight generally are present in suffi-
cient quantities. There are many environ-
mental factors that affect the availability of
water and therefore influence the supply of
food needed for tree growth: Droughts, dry
soils, soils so impervious the roots cannot
get sufficient moisture, and mechanical inju-
ries to the roots all limit the water supply.

The amount of leaf surface where the food
is manufactured is the second important mea-
sure of tree growth. The crown, considered in
terms of area of green leaves, is one of the
best indications of tree vigor. A small,
crowded, thin crown, or one that is partially
dead indicates a defective or inefficient manu-
facturing plant. Full-crowned trees with no
dead branches are producing the maximum
amount of food because the plant is operating
to capacity.

Trees grow in height and diameter. Height
growth and the elongation of the individual
branches results from cell division taking
place at the extreme tip of each twig. Be-
cause there is no change in the cells once
formed, it is clear that wood stays in the po-
sition in which it was originally deposited. A
branch 10 feet from the ground today, there-
fore, always will be 10 feet from the ground.

The trunk and tree branches enlarge at the
point where bark meets the wood. The grow-
ing tissue, called the cambium, is the min-
ute layer of cells lying just underneath the
bark. The cells of the cambium layer divide
both inwardly and outwardly; those on the in-
side produce wood (the xylem), and the out-
side cells form the bark (the phloem). Theold
bark cells eventually scale off as they are pushed
toward the outside of the tree by the new cells,
but the inside cells stay in place and each year
a new layer of wood is laid over the layer
formed the previous year.

Site

As used in forestry, the term ''site' is a
generic one and includes all the factors in-
fluencing the growth of trees in any given loca-
tion. Soil is only one of these and often is of
less importance than are others such as di-
rection of slope (aspect), exposure, and cli-
matic and biotic factors.

Site is most commonly measured by the height
to which the dominant trees of a given species
will grow in a specific number of years (gen-
erally 50). Thus a site index of "80" for red
oak simply means that on a particular site
dominant red oak trees will grow to a height
of 80 feet in 50 years. Obviously this is a bet-
ter site for red oak than one expressed as 60"

Table 1 will be helpful in determining the
tree-producing capacity of any given site, par-
ticularly in appraising areas to be planted.

The site cannot be judged accurately on the
basis of single factors. Even if soil, exposure,
and drainage are '"excellent, ' more than like-
ly there would be heavy competition from brush
and herbaceous plants which will require cost-
ly site preparation and cultivation if planting
is to be successful. Also, a light sandy site
might have all the other favorable character-
istics but be so excessively drained (droughty)
as to limit its usefulness for growing trees.

The hazardous secondary effects of attempt-
ing to grow trees on deficient sites must also
be taken into account. Insects and disease us-
ually are damaging in direct proportion to site
quality (p. 29), Heavy competition of bluegrass
and quackgrass is closely correlated with win-~
ter die-back of black locust in the northern



FORESTRY HANDBOOK FOR THE UPPER MISSISSIPPI REGION

Trees increase each year
in height and spread of
bronches by adding on @
new arowth of twigs

CROWN

Heartwood (inactive)

Light and heat are required by the
leaves in the preparation ot food
obtained from the cir and soil. The
leaves give off moisture by transpiration.

Part of a Leaf
(\,/»rh(‘a' Lrnrs <e<0,\,n)

inner

\ Cambium
i
' bork

gives strength

Sapwood (xylem) carries
sap from root to leaves

Cambium (layer of cells
where growth in diameter
TRUNK  occurs) builds tissues-wood

Inner bark { phloem) carries
food made in the leaves down
to the branches, trunk, and
roots.

inside and bark outside —

\ Ou?e
‘( bark
i

Quter bark protects tree

_ from injuries.

ROOTS

Root hairs take up water
containing small quantity
of minerals in solution.

Taproot

The parts of a tree and their functions.
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TABLE 1. --Site quality

Site factors Excellent Good Fair Poor
Soil (A horizon)
Depth disregard-
ing B 12 inches 8 inches 4 inches 2 inches

Soil (B horizon)
Structure when
moist.
Structure when
dry.

Plasticity
Color of subsoil.

Loose or only slight-
ly coherent.

Mellow, crumbly,
porous, gardenlike.

Not plastic when wet.
Reddish-brown.

Mellow and friable.

Friable not diffi-
cult to dig.

Slightly plastic.
Brown or yellow.

{‘oderately compact.

Bakes into refrac-
tory clods, cracks
when dry.
Moderately plastic.
Yellow-gray;
mottled.

Very compact.

Dense and structureless
or breaks into hard
sharp pyramidal lumps.
Very plastic.

Drab or blue.

Aspect (fblling or
steep)

North and northeast.

Northwest.

East, west, or
southeast

Southwest or south.

Exposure (Degree
of protection
from drying wind
and sun)

Cove, sheltered,
steep topography.

Cove, open, mod-
erate dissection.

Slopes, open.

Pidge or flat open
terrain,

Drainage (Surface)

Terraces; rolling up-
land.

Level upland with
subsurface drainage.

Moraines; loose sand;
low areas.

Swamp with high water
table, excessively or
poorly drained upland.

Competition (Biotic)

No competition from
plants or animals,
insects or disease.

Competition limited
to low, sparse an-
nual plants; no
animals, insectsor
disease.

Moderately heavy
brush or weed com-
petition.

Heavy brush and herba-
ceous competition; in-
sects, animals, or
diseases prevalent.

part of the region. (Deficient soil moisture
causes the trees to become partially dormant

some possible exceptions, most hardwoods
seem to grow equally well on calcareous and

in midsummer; a resumption of the active
growth period following fall rains then exposes
the new plant tissue to freezing before it has
had time to harden off.) See also p.39 for da-
mage done by mice wintering in heavily sod-
ded areas.

Although various species of trees have dif-
ferent soil requirements, it can be said that
generally they are less demanding than are
agricultural crops and hence will grow on
soils of lower fertility., Summarizing the rela-
tively small amount of research that has been
done on soils in relation to tree growth, and
after the first few years of establishment,
several general facts are evident:

(1) Insofar as the mineral requirements for
trees are concerned, available nitrogen, phos-
phorus, and potassium usually are not serious-
ly deficient in forest soils. Calcareous soils
(limestone particles present, reaction pH 7 or
above) do not favor native pines in the Central
Stdates. They are suitable for red cedar. With

noncalcareous soils. Limestone-derived soils
(residual from limestone but may be acid in
reaction) are suitable for hardwoods (or pines
if the reaction is below pH 6. 5). Ligon reports
that black locust grows better on limestone-
derived or calcareous soils than on acid shale
soils,

(2) Available but not excessive soil moisture
is an extremely important requisite for good
tree growth. In soils subject to drought, such
as sands, the percent of organic matter and
the amount of silt and clay present are impor-
tant because these two factors influence water-
holding capacity.

(3) Certain physical properties of soils in
general directly influence tree growth are total
depth of the A and B horizons, plasticity and
compactness of the B horizon, drainage, and
aeration. A deep, friable, moist but well-
drained soil is best suited for tree growth.

(4) Absence of the A horizon is not serious
where there is a deep, friable, and moist soil
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profile. If the subsoil is compact and tight,

however, the amount and depth of topsoil as-
sumes the same importance in tree growth as
it does in other plants.

(5) From the above generalization, it is
clear that fertility alone, as used in an agri-
cultural sense, is not an accurate measure of
soil quality desirable to produce good trees.

For example, Auten has found that yellow pop-
lar, a species commonly thought of as requir-
ing '"good' soil, made the best growth in loca-

lities where the general 'fertility'" level was
low. The successful growth was due to the
youthful character of the soil profiles, the

deeply dissected terrain which resulted in good

drainage, and the slopes which favored slow
evaporation rates and low soil temperatures.

Tolerance

Tolerance may be considered as the ability
of a tree to grow under shade and in competi-

Relative tolerance of species:

Toleront

Balsam fir
Basswood
Beech
Cedar, white
Dogwood
Elm, white
Gum, black
Hemlock
Ironwood
Maple, hard
Spruce

Intermediate

Ash, white
Birch, yellow
Box elder
Cedar, red
Cherry, black
Elm, red

Gum, red
Hackberry
Hickory
Maple, soft
QOak, white

Pine, white

Intolerant

Ash, green
Aspen
Birch, white
Butternut
Catalpa
Cottonwood
Cypress
Locust, honey
Locust, black
Oaks, red and black
Osage orange
Pine, 2- and
3-needled
Sassafras
Sycamore
Tamarack
Walnut, black
Willow
Yellow poplar

tion with other trees. Because competition is
always relative — what species is competing
with what other species, and on what kind of a
site — the assignment of any specific degree of
tolerance to a single kindof tree cannotbe exact.

Nevertheless, the general concept of toler-
ance finds practical application when two or
more species are planted in close association.
If an attempt were made to plant a slow-grow-
ing intolerant like red oak close to more ra-
pidly growing trees such as white or loblolly
pine, probably the oak would fail to compete.
On the other hand, spruce (a tolerant species)
and white pine (which is quite tolerant when
young) would survive in proximity to black lo-
cust and under most conditions would eventual -
ly overtop and eliminate the locust.

The degree of tolerance also is important in
any woodland cutting or harvesting operations
because the manner of cutting affects the kind
of young trees that will reproduce naturally. A
farmer who wanted natural reproduction of
black walnut or yellow poplar, following cutting
operations of mature trees, would be compelled
to eliminate considerable competition before
these two intolerants could develop and grow;
it would be necessary to make large openings
in the overstory of older trees. Contrarily,
spruce, balsam, hard maple, or basswood re-
production could best be assured by the remov-
al of a single large tree or two. These tolerant
species then will reproduce to the exclusion of
some of the less desirable and less tolerant
species.

Varying degrees of tolerance in the same
species have already been mentioned. Some of
the more prominent regional variations should
also be recognized. White ash, black cherry,
and red cedar are considered relatively intol-
erant in the East, although in the western parts
of their range they seem to withstand more
competition. This is especially pronounced in
red cedar. On the other hand, the red oaks
appear to be intolerant in the Central States,
but in the East can be classed as intermediate.
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PLANT SUCCESSION

Dry soils con-
taining little
orga;mc matter

Pioneer sﬁecies with

Moist well drained soils ="

good distribution
of organic matter

Climax & sub-climax species

Wet peat soils
Water-tolerant species

Typical succession of northern forest trees in relation to soil development and moisture

If undisturbed for sufficient time, land will
develop a dominant type of vegetation through
a series of successional steps. This vegeta-
tion is called the climax type. It is charac-
terized by certain species of trees which are
called climax species. (In arid or semiarid
regions, the climax species may be grasses
or shrubs.) Once established, no other spe-
cies of plants can naturally invade and re-
place the climax, unless the type is subjected
to some external form of destruction or un-
less there is a change in one or more site

factors that brought the climax into existence.
All types of vegetation are subject to some

external form of destruction. Logging, clear-
ing land, and man-caused fires are forms of
destruction. Excessive winds, damage by in-
sects or disease, droughts, and fires caused
by lightning are other forms of destruction to.
which forests have always been exposed and
which temporarily may affect the climax type
on a site. However, the same climax, i.e.,
the same combination of species, will even-
tually reappear unless a permanent change in
the site has been brought about by the exter-
nal force. For example, if land is drained
there is a permanent reduction in the mois-
ture available, and a more xerophytic climax
results.

Despite the fact that something often hap-
pens which seems to upset the process known
as plant succession, an understanding of eco-
logical principles involved makes clear that
succession is universal and continuous. After
the cause of disturbance, either by nature or
man, has been removed, development will
proceed from the present stage to the climax
very much as before.

The concept becomes more understandable
if we view the species of trees which make up
a climax type, as end products of a series of
successional steps that began hundreds or
even thousands of years ago, with solid rock,
dry sand, or water. Certain plants which are
called pioneer species became established in
the crevices of the rocks or in water. They
were adapted to that particular kind of site.
As the soil on the barren sand or rock de-
velops to a greater depth, as the organic
matter increases, and as a foothold is built
up by an accumulation of decayed plants, the
pioneer species are gradually replaced by
others. Finally the climax species are able
to invade the site and gradually crowd out the
other species. Hence, certain kinds of plants
characteristically follow the various stages of
soil development.

The approximate relative position of some
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of the common trees in the ecological suc-
cession is shown in the following list:

Conifers

Red cedar
Virginia pine
Jack pine
Pitch pine
Shortleaf pine
Loblolly pine

Red pine
White spruce
White pine

Hemlock

Balsam
White cedar

Black spruce

Cypress
Tamarack

PIONEERS

Hardwoods

White or gray birch

Pin cherry

Aspen
Bur oak

SUBCLIMAX

White oaks
Red oaks

CLIMAX

Yellow birch
Beech
Hard maple

Basswood
SUBCLIMAX

Tulip poplar
Black walnut
White ash
Hed gum
American elm
Soft maple
(Cotton wood
Ilack ash

PIONEERS

Willow
Alder

Soil development

Dry sands or
shallow soils

\4

Deep, well-
developed soils
with good
drainage

A

Swamp, wet
bottom-land
soils

The practical application of plant succession
is obvious. The climax species which demand
the best soil development cannot be success-
fully grown on degraded sites. Conversely,
pioneer species, if planted on good sites, will
rather quickly give way to climax species.
The principle is especially important in plant-
ing on farm land where so many prospective
planting areas have been subject to destruc-
tive influences. The original cover has been
stripped; the land has been plowed up and
down the hill; the topsoil is gone. An attempt
to reestablish climax species would be futile,
even though the land at one time might have
been covered with hard maple or basswood.

Another common application of this ecolog-

ical principle occurs when the woodland
owner attempts to maintain a pine forest in-
stead of some of the less valuable hardwoods.
In most regions, the hardwoods are the cli-
max species and will succeed the pine. In the
central hardwood region on good sites this is
a desirable succession, because many of the
native hardwoods are economically more val-
uable than pines. However, the pines and
other subclimax species are the most desir-
able trees on poor, dry sites. Here, the
problem is one of holding back the succession
and checking the natural encroachment of the
less valuable hardwoods. That is why con-
trolled burning to discourage hardwoods is
considered good forestry practice in the South.

Note that this list does not recognize any
geographic range of the species. For that
reason, one would not expect white pine, a
northern tree, eventually to succeed short-
leaf pine, a southern tree. That the princi-
ple of succession assumes a change in the
soil should also be recognized. Thus, as long
as poor drainage exists, water-tolerant spe-
cies such as cypress or black spruce may
persist indefinitely.

REFERENCES

Ready Reference to Conservation Farm Planning, U. S.
Soil Conservation Service, Region 3, Milwaukee, Wis.

“Soil Characteristics, Topography and Lessefr Vegetation
in Relation to Site Quality of Second Growth Oak
Stands in Connecticut,” Herbert A. Lunt, Journal of
Agricultural Research, September 1939.

“Prediction of Site Index for Yellow Poplar,” John T.
Auten, Journal of Forestry, September 1945.

“The Role of Soil Organic Matter in Reforestation,”
Wilde and Patzer, Journal of American Society of
Agronomy, August 1940.

Forest Soils and Forest Growth, Wilde. Chronica Bo-
tanica Co.

“Some Soil Factors Associated with Site Quality for
Planted Black Locust and Black Walnut,” John T. Auten,
Journal of Forestry, August 1945.

Science in Farming, USDA Yearbook of Agriculture 1943-
47, pages 473-480.

Trees, USDA Yearbook of Agriculture 1949, pages 103,
114, 120.

Sotls of Wisconsin in Relation to Silviculture, Wiscon-
sin Conservation Department Publication 525-49.

fielation of Soil Characteristics to Site Index of Lob-
lolly and Shortleaf Pines in the Lower Piedmont Region

of North Carolina, Coile, Duke University School of
Forestry Bulletin 13.



SILVICULTURE

GENERAL

Silviculture is the growing and reproducing
of a community of forest trees on a permanent
basis. Its application to farm woodlands is
similar to the application of horticulture to an
orchard. It aims to establish trees if they are
not present, or, if they are present, to im-
prove their quality and rate of growth and to
insure their permanence.
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Number of trees per acre of different diameters in a
southern Michigan woodland. Good silviculture has been
practiced here for a quarter of a century. ’

The ideal farm woods is a community of
small, intermediate, and large-size trees--
trees of all ages (see illustration above}. The
owner of such a woodland simply harvests the
older trees annually or periodically and permits
the younger age classes to occupy the ground
where the large trees grew. He is maintaining
his woods' capital; he is insuring a permanent

operation; he is practicing silviculture. To ob-
tain these objectives he should carefully con-
sider each of the following questions when har-
vesting a tree:

Size. 1Is the tree to be cut the right size to beusable
for the product needed? For example, small trees will
not make sawlogs; it would be wasteful to cut large,
choice trees for fuelwood.

Species. Is the tree the best species available for the
intended use? Cottonwood is not good for fuel, but it is
very acceptable as pulpwood. Also, if it is a desirable
species, should it be left to furnish seed for new trees?

Maturity. Is the tree ripe? Does it show signs of de-
terioration from old age or from insects and disease?
Dead tops, evidence of insect damage, or rot are signs
indicating that the tree should be cut.

Growth. Is the tree growing fast? Does it have a full
crown and comparatively smooth bark, which indicate
thrift and vigor? If so, and if it has potentialmarket-
able value, it should be retained as a part of the grow-
ing stock -- the wood’s capital capable of bearing a
high rate of interest. See page 56 for more detailed
discussion.

Reproduction. What kind of reproduction will result
from the cut? Preventing the regeneration of brush and
comparatively worthless species is one of the principal
aims of silviculture. One of two methods of cutting, or
modifications on a small scale, generally will assure
reproduction of the more valuable trees which are
present:

‘Selection. Only scattered mature trees are cut. No part
of the ground larger than the crown of a single tree
or two is exposed.

Group selection. A modification of the above: Several
large, though not necessarily mature, trees are cut
on one area. Obviously this results in larger open-
ings than when a single tree is removed. The openings
should not exceed half an acre, preferably a little
wider than the height of the tallest trees.

Leaving a few scattered seed trees or clear-
cutting all merchantable trees are two drastic
modifications of group selection. Although rec-
ognized by foresters as applicable to some
circumstances, neither practice is generally
recommended for eastern farm woodland. Seed
trees are always subject to wind damage, and
site conditions frequently become unfavorable
to seed germination following sudden exposure
of the ground to sun and wind. Clear-cutting
likewise results in site deterioration, and

11
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commonly only the undesirable species are left
to reseed the area.

Hardwoods* have the capacity to regenerate
from sprouts, but the resulting trees, known
as coppice, do not as a rule develop so satis-
factorily as those from seed. Sprouts, there-
fore, will start from the stumps of hardwood
trees cut by any of the above methods, and in
amounts proportionate to the degree of cutting,
the age, and the kind of tree.

Young trees sprout with greater vigor than
old ones, and some species exhibit greater
capacity than others. Birch, hickory, and
shortleaf pine are among the comparatively
less prolific sprouters. Experiments indicate
that trees cut in the fall, winter, or early
spring sprout more vigorously than those cut
in midsummer,

The amount and kind of trees and tree seed
on the ground at the time of cutting, the seed
crop on the trees that are left standing, com-
petition from other woody and herbaceous
plants, and the influence of site factors on soil
moisture affect the kind of seedling reproduc-
tion obtained under any degree of cutting. As-
suming favorable conditions for germinating
seed, however, the various degrees of cutting
will result in reproduction about in proportion
to the tolerance of the species. The following
list will be useful as a general guide as to the
kind of trees most likely to reproduce from
each of three methods of cutting:

Probable resulting
reproduction, as-
suming seed trees
to be present

Method Remarks

Selection Only method recom-

mended on steep, south-

Hard maple, bass-
wood, elm, black

*Shortleaf and pitch pines are the only eastern
conifers having sprouting ability.

Method

Group
selection

Clear-cut

Probable resulting
reproduction, as-
suming seed trees
to be present

cherry, beech‘,.
hickory, white
ash, hemlock, red
and white cedar,
spruce, tolerant
shrubs.

All oaks, black
walnut, yellow
poplar, pines; in
short, most all
intermediate and
intolerant spe-
cies, in pro-
portion to seed
available at time
of cutting.

Sprouts of exist-
ing hardwoods;
light-seeded trees
such as aspen,
cottonwood, elm,
boxelder, birch;
shrubs; briars;
herbaceous
plants.

Remarks

ly facing slopes. In-
tolerant species
ordinarily will not
reproduce satistac-
torily.

Use on east, north, or
west slopes, or flats,
where desired repro-
duction is intolerant.
Too large openings on
dry sites will en-
courage site deteriora
tion and only brush
and weeds will come in.

Generally not recom-
mended for farm woods.
Yiay be necessary on
small areas in order
to secure sprout re-
production where there
is a heavy undergrowth
of shrubs and undesir-
able species. Black
locust, catalpa, Osage-
orange, and jack pine
may be reproduced by
clear cutting. In ad-
dition to heavy cut-
ting, the exposure of
mineral soil and the
lopping and scattering
of the cone-bearing
tops is necessary for
the reproduction of
Jjack pine.
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IMPROVING THE WOODS

In some respects the farm woodland islikea
garden -- a farmer cannot grow good vegeta-
bles unless he does some weeding and thinning
It is the same way in the woods. When a man
is cutting timber, he should think of improving
the quality and the conditions for growth of the
trees that are left if he expects to get a good
crop in the future. The following diagram and
the explanation will illustrate usual situations.

Trees 1, 4, 7, and 10--Good, healthy trees, with full
crowns, making rapid growth. Should not be cut. All
future wood operations should favor them until they
are big enough to be harvested as sawlogs or veneer
logs.

Tree 2--Tree with dead top. Should be cut and utilized.
This tree has no prospects of good growth; is subject
to disease and insect damage, and probably will die in
a few years. However, if the dead top is a result of
mechanical injury, say from a sleet storm, and the
tree is otherwise thrifty, it probably should be left
to grow larger.

Tree 3 --A “wolf” tree. Should be taken out or girdled*.
This tree is hindering or suppressing the growth of
nearby trees as well as reproduction underneath. It
is of little value itself.

Tree 5--Forked tree. Should be cut and utilized as soon
as possible. Its poor form will never permit itsuse
as high quality material, the older it gets the harder
it will be to cut.

*Hardwoods commonly develop basel sprouts even after
girdling. Sprouting is discouraged by removing the bark
only and not cutting into the sapwood.

Tree 6--Suppressed tree. Even though of desirable
species, this tree will never recover nor amount to
anything. It should be cut and utilized for fuel or props.

Tree 8--Crooked and poorly formed tree. Same recommenda-
tion as for tree 5.

Tree 9--Tree from a stump sprout. Probably is rotten on
the inside, or will be if it joins the old stump very
high up. Should be cut and utilized.

Tree 11--A “whip.” Too weak and narrow crowned to have
promise as a crop tree. Should be cut and used before
it dies, breaks off, or blows down.

Tree 12--Fire-scarred and decayed trunk. Cut and
utilize.

Tree 13--Dead tree. This tree probably is not damaging
the remaining stand. If it cannot be used there isno
object in cutting it. If only a limited amount of
material is needed, it is better to -take trees like
numbers 2, 3, 5, 8, and 9 than the dead ones. Con-
sider also that a dead tree may be beneficial to
wildlife.

Tree 14--Trees, 4 to 8 inches in diameter, growing too
close. Should be thinned out. Leaving only the best
formed and the most desirable ones, thus permitting
their faster growth. The trees cut may be used for
posts, pulp, or fuel. (See “Thinning”.)

The above discussion is applicable only to
woodland which has not been excessively
grazed and which has a fairly dense stand of
trees. In severely grazed woods having com-
paratively few old trees and a heavy sod or
brush:cover underneath, the best form of
woodland improvement is complete protection
Little cutting of any kind should be done until
an accumulation of leaf litter has restored
something approaching natural forest soil
conditions. :

Thinning

Contrary to the commonly held viewpoint,
trees do not grow taller as a result of close
spacing; in fact, competition for water and
sunlight may cause stagnated growth. Similar-
ly the elimination of crowding, i.e., thinning,
will not materially affect rate of height growth,
except in tolerant species that have been sup-
pressed to a point where they no longer occupy
a dominant place in the stand.

In order that trees less than 10 inches in
diameter will have sufficient growing space,
the following guide will determine roughly the
optimum spacing between trees: The average
diameter of the trees plus 4 should equal the
desired spacing in feet. Thus, trees averag-
ing 7 inches in diameter should be about 11
feet apart; if closer, thinning is needed. For
trees 10 inches or more in diameter measured
at breast height, the diameter plus 6 will
give better spacing.
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Tree height also has been used as a guide to
thinning, the rule being that for best growth the
space between trees should have the following
relation to height:

Tolerant trees - - - - - 1/6 of total height.
Intermediate trees — - - 1/5 of total height.
Intolerant trees- - - - - 1/4 of total height.

Applying this rule-of-thumb to a plantation
of jack pine 40 feet in height would indicate a
spacing of about 10 feet between trees.

Pruning

Pruning is another operation employed to in-
crease the future value of standing trees. As
used in forestry, pruning is not intended to ac-
complish the same objectives as in horticulture
or landscape work where the purpose is to in-
crease fruit production or remove unsightly
limbs. In silvicultural practice the side
branches of trees are cut off so that wood
subsequently formed will be free of knots,

In the natural forest, most trees grow close
enough to be self-pruning, and in naturally re-
produced hardwoods or closely spaced conifers
artificial pruning is infrequently practiced. In
coniferods plantations, natural pruning is slow
and with white pine particularly, the side
branches persist many years.

If pruning is to fully accomplish the purpose
intended and is to be economical, several im-
portant rules should be remembered:

(1) ,Confine pruning to the pines and possibly spruce
which are being grown for the production of high-grade
lumber. Pruning pines like jack, Scotch, pitch, or
Virginia or species raised for pulpwood or railroad
ties is a questionable venture. Neither is the pruning
of hardwoods economical except for occasional select
trees to improve form; such pruning because of the
danger of heart rot may do more harm than good.

(2) Pruning should be accomplished in two operations,
the first when the trees are not less than 3 and not
more than 5 inches in diameter, at which time all the
lower branches are cut off to a height of about 6 or 7
feet; the second several years later when the trees
reach a diameter of 7 or 8 inches, at which time the
remaining side branches up to a height of 15 to 17 feet
should be removed. If the first pruning is delayed un-
til the trees become too large, there will not be suf-
ficient clear material laid on to pay for the increased
labor of cutting the large branches.

(3) Pruning should be done with a saw, and the cut
made as close as possible to the trunk. The use of axes

or other tools which do not give a clean close cut
should be avoided.

(4) Not more than the lower one-third of the live
branches should be cut from any tree. Some prefer to
cut no more than the two lower whorls of live branches,
but experiments have proved that healthy pines can lose

the lower third of their live branches without any re-
duction in vigor. If more green growth is removed, how-
ever, the wood-producing capacity is lowered.

(5) Not more than 150 to 250 trees per acre should
be selected for pruning. These are the ones that show
promise of growing into sound healthy crop trees, the
vigorous well-formed individuals that can successfully
compete with their neighbors for growing space.

Another form of pruning, more appropri-
ately called shearing, is done to improve the
shape of conifers to be used for Christmas
trees. The object is to thicken the foliage and
give the tree a dense conical shape. It has
been successful with Scotch, red, white,
Austrian, and western yellow pine, as well
as spruce and fir. The other pines--pitch,
jack, and the southern species--because of
their indeterminate growth, do not lend them-
selves to shaping so readily as the pines
which grow but one whorl of branches each
year,

Pine is pruned after the growth has start-
ed in the spring, on the new shoots only, and
before the buds at the ends of the new branches
are fully developed. About the first week in
June in the southern part of the region up to
the middle of July in the northern IL.ake States
is the proper time to shear pine. If the cut-
ting is done too early, new growth will contin-
ue and no noticable thickening of foliage will
result. If done too late, bud formation may
not take place.

The cuts can be made anywhere on the new
shoots in order to give the tree the desired
shape. The following year, several new

(A) Typical shape of a pruned pine whose growth was cut
back a year ago, along the dotted line. (B) Normal
growth of a pine similar to A, which was not pruned.
Note the open character and poor form as compared with
the pruned tree.
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branches develop at the point of pruning. This
serves to thicken the tree and at the same
time improves its shape. If wood grown the
previous year is cut, only the objective of
shaping will be accomplished, because no new
buds will be formed at the point of cutting.

Hedge shears are about the besttool touse.
‘However, because there is a tendency to re-
move too much of the terminal leaders, some
growers recommended two operations: Cut
terminal leader first with pruning shears,
leaving not less than 12 to 15 inches of new
growth; later shape the new growth on the
lateral branches with hedge shears. Sweep-
ing cuts with a sharp hand sickle also are
effective in shearing side branches.

Trees vary in their need for shaping. A
few individuals develop into dense conical
specimens without attention. Some will be
improved by one shearing a year-and-a-half
prior to marketing. More frequently, shear-
ing for two or three successive years is
necessary to produce a first-class specimen.
For such trees the first shearing will start
about 3 years after planting and continue
annually or as needed.

Spruce and fir also are sheared to develop
more compact Christmas Trees. With these
species, however, pruning of the long leader
or side branches is done in the late summer,
fall, or winter. The central leader is cut at
a point about 6 to 10 inches above the upper-
most whorl of branches. If two or more lead-
ers grow from the point of severance the fol-
lowing year, one can be removed. In pruning
laterals, the cut should be made as close as
possible to the nearest bud or branchlet in
order to avoid a bare branch stub.

Removal of Vines

In addition to improving woodland quality
and growth by weeding, thinning, and prun-
ing, there are some pernicious vines to
consider. Wild grape, poison ivy, Virginia
creeper, and trumpet vine are a serious men-
ace to the growth of trees in many farm woods.
Wild grape has a marked capacity to sprout,
and the mere cutting of the vine does not in-
sure its destruction. In extremely dense wood
land, however, cutting in late June or early
July will eliminate the plant, because the

sprouts will not develop in complete absence
of sunlight. In most farm woods, however,
there will be sufficient sunlight to permit
sprouts to grow, and the vines will be killed
only after repeated cuttings during July and
August, over a period of about 3 years. A
team or tractor will most effectively elimi-
nate grape vines by removing the root. The
vine is severed from the roots, and by fast-
ening a chain or cable to the bulge formed by
the roots and the stem, the vital portion of
the root system can be pulled from the
ground.
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PLANTING
Forest planting, as distinguished What to Plant ?
from ornamental or windbreak planting, This question must be answered on a local
may be defined as an effort to assist basis., On pages 5 and 7 the various factors
Nature in the reestablishment of a of appraising planting sites are stated in gen-
complete cover of trees and shrubs. eral terms. To specifically name species to
Thus, on a given area to be planted, be planted under any givenlocal condition re-
an attempt is made to establish in a quires the development of a local planting quide
few years a community of woody plants inwhichthe generalized factors are restated to
which might otherwise require decades. fit local conditions. These guides, in brief,
Success requires reasonably accurate should show what species are adaptable to any
answers to three questions: What to given soil, exposure, degree of erosion, etc.
plant?  When to plant? - How to plant? There follows a listthat canbe usedas anaidin
developing a local planting quide.
Species Relative adaptability
Eastern red cedar .. ..................... Medium acid to alkaline soils; above pH 5.5.
Jack pine ..ol Most hardy of the northern pines. Wide range of pH adaptability.
Scotch pine ...vviiiiiiiiiiiiii i Adaptable to poor soils throughout region. Short lived.
Virginia pine ....ciiiiiiiiiiiiiiiiiean... The eastern counterpart of jack pine.
Pitch pine ... ciiiiiiiiiiiinniinnnnnnnnn, Acid soils. Both heavy and light soils.
Shortleaf pine .................. eveaees Fast growing. For dry upland soils.
Western yellow pine ...........cooieeunn... Slow growing. Used mostly in low-rainfall localities.
Loblolly pine ..v.eeiiiiiiiiiiiiiiiiiaian, Fastest growing of pines. Used on heavier soils than shortleaf.
Austrian pine ....i.iiiiiiiiiiiiiiiiiaen... Slightly acid to alkaline soils, pH 6.8 to 8.0. Not commonly planted.
Red pine ..ciiiiiiiiiiiinaiiiiiennnnn.ns Not adapted to soils more alkaline than pH 6.8,
American elmy Adapted to wide variety of moisture conditions; the least demanding of
Cottonwoad hardwoods. ‘Elm infrequently planted.
Green ash .......ciiiviiiniiiieniiinnnnns, Dry-land hardwood, widely used in Plains States.
White spruce .veveeiveieiniiiinininiian.. Medium acid to alkaline, relatively dry soils. Slower growing than Norway
spruce.
White pine ...ivuieriieinerinririneannnnns Subject to root rot on heavy, poorly drained sites. Most demanding of
pines.
Norway spruce Highest moisture requirements of any conifers. Moderately acid to neutral
Northern white cedar\.................... soils.
Balsam
Soft maple ...i..i iiiiiiiii i i, For wet, poorly drained areas. Rapid growing.
Bur oak
Hickory S.uiiiuieiiiiiiiiiiiiiiiiiiannnn. Very slow growing. Not frequently planted. Best started from seed.
White oak
Osage Orange ......eoeevovvnceancnnonenns Often hard to start from seedlings. Heavy or light soils. Needs topsoil.
Red oak ....vvvniiiiiiiiiiiiiiiannennnne. Best started from seed.
Black cherry .....c.icviiiiiiiiiiiiiainn. Rarely planted.
e O Southern hardwood which tolerates heavy, poorly drained soils.
Black locust .....evieineiiiiiiiiniann., Will start on poor sites, but subject to borer damage unless soil has
optimum drainage.
Catalpa ..civeiriiniieceneneannnn, e Tolerates heavy soils. Not planted so much as formerly.
White ash ...ioiiiniiiineieiiiinnennnann, Deep, well-drained soils.
Black walnut ...c.oevviviinnneneriinnnnnnn, Requires deep, well-drained loams.
Hard maple Although often occur naturally on relatively poor soils, they cannot be
Basswood - - % ... . i, successfully established artificially except where there is good
Yellow poplar drainage, slow evaporation, and low summer soil temperatures. Basswood

infrequently planted.
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The trees near the top of the list can be
established on the drier and generally poorer
sites. Species listed further down demand
progressively better sites for satisfactory
survival and growth.

The arrangement of species indicates that
conifers, especially the pines are better
adapted to soils of lower ''fertility" than are
the deciduous trees. For that reason pines
are the most widely planted, even in locali-
ties where they do nct naturally occur. With
the exception of Austrian pine, Northern
white cedar, and red cedar, the conifers pre-
fer acid soils. Some have a wide range of
tolerance to alkalinity but, in general, they
develop best on soils- which are very acid to
neutral in reaction, pH 4.5 to 7.0.

Black locust has been one of the most wide -
ly planted species on farms in eastern United
States. Its position on the list, however,
shows that it requires fairly good sites if it is
to succeed.! Locust should not be planted ex-
cept when the subsoil is moist, well-drained,
and friable. Dry sands, rocky slopes, poorly
drained, and heavy, claypan soils will not
produce good black locust trees.

The farther a tree is moved away from its
natural climatic range, the better the site
must be to insure its survival. Newly planted
white pine and spruce will withstand the
rigors of exposed sites within their natural
range. If the same species are planted in the
Central States, however, they should be con-
fined to cool slopes.

If three or more site factors are poor, the
prospective planter should begin to question
the advisability of planting trees. Many
planting failures have resulted from the mis-
conception that trees will grow anywhere a
hole could be dug in the ground. The fact
remains, however, that there is consider-
able land on farms which has been so badly
misused that tree planting is a highly ques-
tionable venture. Land can be submarginal
for trees the same as it is submarginal for
other farm crops.

Wet, poorly drained areas are not good
tree planting sites. They are better
adapted to some of the water-tolerant grasses,
such as reed canary, or for the development
of wildlife.

The planting of exotic species, in general,
should be avoided. Of all the foreign species
that have been introduced, there is none that

1Growth of locust can be stimulated on poor sites by
placing commercial fertilizer in the hole at the time
of planting. Over a period of years, however, this stim-
ulation disappears, and competent observes have reached
the conclusions that on good sites fertilizer is un-
necessary, and on poor site: pine rather than locust
should be planted.

has