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Figure 1. Reasons for pruning.

USDA Forest Service
Northeastern Area State and Private Forestry

HOW to Prune Trees
Peter J. Bedker, Joseph G. O’Brien, and Manfred M. Mielke

Illustrations by Julie Martinez, Afton, MN

Introduction

The objective of pruning is to produce strong,
healthy, attractive plants. By understanding
how, when and why to prune, and by following
a few simple principles, this objective can be
achieved. 

Why Prune

The main reasons for pruning ornamental and
shade trees include safety, health, and
aesthetics. In addition, pruning can be used to
stimulate fruit production and increase the value
of timber. Pruning for safety (Fig. 1A) involves
removing branches that could fall and cause
injury or property damage, trimming branches
that  interfere with lines of sight on streets or
driveways, and removing branches that grow
into utility lines. Safety pruning can be largely
avoided by carefully choosing species that will
not grow beyond the space available to them,
and have strength and form characteristics that
are suited to the site.

Pruning for health (Fig. 1B) involves removing
diseased or insect-infested wood, thinning the
crown to increase airflow and reduce some
pest problems, and removing
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crossing and rubbing branches. Pruning can
best be used to encourage trees to develop a
strong structure and reduce the likelihood of
damage during severe weather. Removing
broken or damaged limbs  encourage wound
closure.

Pruning for aesthetics (Fig. 1C) involves
enhancing the natural form and character of
trees or stimulating flower production.  Pruning
for form can be especially important on open-
grown trees that do very little self-pruning. 

All woody plants shed branches in response to
shading and competition.  Branches that do not
produce enough carbohydrates from
photosynthesis to sustain themselves die and
are eventually shed; the resulting wounds are
sealed by woundwood (callus). Branches that
are poorly attached may be broken off by wind
and accumulation of snow and ice. Branches
removed by such natural forces often result in
large, ragged wounds that rarely seal. Pruning
as a cultural practice can be used to
supplement or replace these natural processes
and increase the strength and longevity of
plants.

Trees have many forms, but the most common
types are pyramidal (excurrent) or spherical
(decurrent).  Trees with pyramidal crowns,
e.g., most conifers, have a strong central stem
and lateral branches that are more or less
horizontal and do not compete with the central
stem for dominance.  Trees with spherical
crowns, e.g., most hardwoods, have many
lateral branches that may compete for
dominance.

To reduce the need for pruning it is best to
consider a tree's natural form. It is very difficult

to impose an unnatural form on a tree without a
commitment to constant maintenance.

Pollarding and topiary are extreme examples
of pruning to create a desired, unnatural effect.
Pollarding is the practice of pruning trees
annually to remove all new growth.  The
following year, a profusion of new branches is
produced at the ends of the branches.  Topiary
involves pruning trees and shrubs into
geometric or animal shapes.  Both pollarding
and topiary are specialized applications that
involve pruning to change the natural form of
trees.  As topiary demonstrates, given enough
care and attention plants can be pruned into
nearly any form.  Yet just as proper pruning
can enhance the form or character of plants,
improper pruning can destroy it.

Pruning Approaches

Producing strong structure should be the
emphasis when pruning young trees.  As trees
mature, the aim of pruning will shift to
maintaining tree structure, form, health and
appearance. 

Proper pruning cuts are made at a node, the
point at which one branch or twig attaches to
another.  In the spring of the year growth
begins at buds, and twigs grow until a new
node is formed.  The length of a branch
between nodes is called an internode.  
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Figure 2. Crown thinning - branches to be removed are
shaded in blue; pruning cuts should be made at the red
lines. No more than one-fourth of the living branches
should be removed at one time.

Figure 3. Types of branch unions.

The most common types of pruning are:

1. Crown Thinning (Fig. 2)

Crown thinning, primarily for hardwoods, is
the selective removal of branches to increase
light penetration and air movement throughout
the crown of a tree.  The intent is
to maintain or develop a tree's structure and
form.  To avoid unnecessary stress and prevent
excessive production of epicormic sprouts, no
more than one-quarter of the living crown
should be removed at a time. If it is necessary
to remove more, it should be done over
successive years.

Branches with strong U-shaped angles of
attachment should be retained (Fig 3A). 
Branches with narrow, V-shaped angles of
attachment often form included bark and
should be removed (Fig. 3B). Included bark
forms when two branches grow at sharply
acute angles to one another, producing a
wedge of inward-rolled bark between them.
Included bark prevents strong attachment of
branches, often causing a crack at the point
below where the branches meet. Codominant
stems that are approximately the same size and
arise from the same position often form
included bark.  Removing some of the lateral
branches from a codominant stem can reduce
its growth enough to allow the other stem to
become dominant. 

Lateral branches should be no more than one-
half to three-quarters of the diameter of the
stem at the point of attachment.  Avoid
producing "lion’s tails," tufts of branches and
foliage at the ends of branches, caused by
removing all inner lateral branches and foliage. 
Lion’s tails can result in sunscalding, abundant
epicormic sprouts, and weak branch structure
and breakage.  Branches that rub or cross
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Figure 4. Crown raising - branches to be removed are
shaded in blue; pruning cuts should be made where
indicated with red lines. The ratio of live crown to
total tree height should be at least two-thirds.

another branch should be removed.

Conifers that have branches in whorls and 
pyramidal crowns rarely need crown thinning
except to restore a dominant leader. 
Occasionally, the leader of a tree may be
damaged and multiple branches may become
codominant.  Select the strongest leader and
remove competing branches to prevent the
development of codominant stems.

2. Crown Raising (Fig. 4) 

Crown raising is the practice of removing
branches from the bottom of the crown of a
tree to provide clearance for pedestrians,
vehicles, buildings, lines of site, or to develop a
clear stem for timber production.  Also,
removing lower branches on white pines can
prevent blister rust.  For street trees the
minimum clearance is often specified by
municipal ordinance. After pruning, the ratio of
the living crown to total tree height should be at
least two-thirds (e.g., a 12 m tree should have
living branches on at least the upper 8 m).

On young trees "temporary" branches may be
retained along the stem to encourage taper and
protect trees from vandalism and sun scald. 
Less vigorous shoots should be selected as
temporary branches and should be about 10 to
15 cm apart along the stem. They should be
pruned annually to slow their growth and
should be removed eventually.

3. Crown Reduction (Fig. 5)

Crown reduction pruning is most often used
when a tree has grown too large for its
permitted space. This method, sometimes
called drop crotch pruning, is preferred to
topping because it results in a more natural
appearance, increases the time before pruning
is needed again, and minimizes stress (see drop
crotch cuts in the next section).

Crown reduction pruning, a method of last
resort, often results in large pruning wounds 
to stems that may lead to decay. This method
should never be used on a tree with a
pyramidal growth form. A better long term
solution is to remove the tree and replace it
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Figure 5. Crown reduction - branches to be
removed are shaded in blue; pruning cuts should be
made where indicated with red lines. To prevent
branch dieback, cuts should be made at lateral
branches that are at least one-third the diameter of
the stem at their union.

with a tree that will not grow beyond the
available space.

Pruning Cuts

Pruning cuts should be made so that only
branch tissue is removed and stem tissue is not
damaged.  At the point where the branch
attaches to the stem, branch and stem tissues
remain separate, but are contiguous.  If only
branch tissues are cut when pruning, the stem
tissues of the tree will probably not become
decayed, and the wound will seal more
effectively.

1.  Pruning living branches (Fig. 6)

To find the proper place to cut a branch, look
for the branch collar that grows from the stem
tissue at the underside of the base of the branch
(Fig. 6A).  On the upper surface, there is
usually a branch bark ridge that runs (more or
less) parallel to the branch angle, along the stem
of the tree.  A proper pruning cut does not
damage either the branch bark ridge or the
branch collar.

A proper cut begins just outside the branch
bark ridge and angles down away from the
stem of the tree, avoiding injury to the branch
collar (Fig. 6B).  Make the cut as close as
possible to the stem in the branch axil, but
outside the branch bark ridge, so that stem
tissue is not injured and the wound can seal in
the shortest time possible.  If the cut is too far
from the stem, leaving a branch stub, the
branch tissue usually dies and woundwood
forms from the stem tissue. Wound closure is
delayed because the woundwood must seal
over the stub that was left.

The quality of pruning cuts can be evaluated by
examining pruning wounds after one growing
season.  A concentric ring of woundwood will
form from proper pruning cuts (Fig. 6B). 
Flush cuts made inside the branch bark ridge
or branch collar, result in pronounced
development of woundwood on the sides of the
pruning wounds with very little woundwood
forming on the top or bottom (Fig. 7D). As
described above, stub cuts result in the death of
the remaining branch and woundwood forms
around the base from stem tissues.
When pruning small branches with hand
pruners, make sure the tools are sharp enough
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Figure 6. Pruning cuts

to cut the branches cleanly without tearing. 
Branches large enough to require saws should
be supported with one hand while the cuts are
made.  If the branch is too large to support,
make a three-step pruning cut to prevent bark
ripping (Fig. 6C).

1. The first cut is a shallow notch made on
the underside of the branch, outside the

branch collar.  This cut will prevent a
falling branch  from tearing the stem
tissue as it pulls away from the tree.

  
2. The second cut should be outside the

first cut, all the way through the branch,
leaving a short stub. 

3. The stub is then cut just outside the
branch bark ridge/branch collar,
completing the operation.

2. Pruning dead branches (Fig. 6)

Prune dead branches in much the same way as
live branches. Making the correct cut is usually
easy because the branch collar and the branch
bark ridge, can be distinguished from the dead
branch, because they continue to grow (Fig.
6A). Make the pruning cut just outside of the
ring of woundwood tissue that has formed,
being careful not to cause unnecessary injury
(Fig. 6C). Large dead branches should be
supported with one hand or cut with the three-
step method, just as live branches. Cutting large
living branches with the three step method is
more critical because of the greater likelihood
of bark ripping.

3. Drop Crotch Cuts (Fig. 6D)

A proper cut begins just above the branch bark
ridge and extends through the stem parallel to
the branch bark ridge. Usually, the stem being
removed is too large to be supported with one
hand, so the three cut method should be used.

1. With the first cut, make a notch on the
side of the stem away from the branch
to be retained, well above the branch
crotch.
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2. Begin the second cut inside the branch
crotch, staying well above the branch
bark ridge, and cut through the stem
above the notch.

3. Cut the remaining stub just inside the
branch bark ridge through the stem
parallel to the branch bark ridge.

To prevent the abundant growth of epicormic
sprouts on the stem below the cut, or dieback
of the stem to a lower lateral branch, make the
cut at a lateral branch that is at least one-third
of the diameter of the stem at their union. 

Pruning Practices That Harm
Trees

Topping and tipping (Fig. 7A, 7B) are pruning
practices that harm trees and should not be
used. Crown reduction pruning is the preferred
method to reduce the size or height of the
crown of a tree, but is rarely needed and should
be used infrequently.

Topping, the pruning of large upright branches
between nodes, is sometimes done to reduce
the height of  a tree (Fig. 7A). Tipping is a
practice of cutting lateral  branches between
nodes (Fig. 7B) to reduce crown width. 

These practices invariably result in the
development of epicormic sprouts, or in the
death of the cut branch back to the next lateral
branch below. These epicormic sprouts are
weakly attached to the stem and eventually will
be supported by a decaying branch.

Improper pruning cuts cause unnecessary injury
and bark ripping (Fig. 7C). Flush cuts injure

stem tissues and can result in decay (Fig. 7D).
Stub cuts delay wound closure and can
provide entry to canker fungi that kill the
cambium, delaying or preventing woundwood
formation (Fig. 7E). 
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When to Prune 

Conifers may be pruned any time of year, but
pruning during the dormant season may
minimize sap and resin flow from cut branches.

Hardwood trees and shrubs without showy
flowers:  prune in the dormant season to easily
visualize the structure of the tree, to maximize
wound closure in the growing season after
pruning, to reduce the chance of transmitting
disease, and to discourage excessive sap flow
from wounds. Recent wounds and the chemical
scents they emit can actually attract insects that
spread tree disease.  In particular, wounded
elm wood is known to attract bark beetles that
harbor spores of the Dutch elm disease fungus,
and open wounds on oaks are known to attract
beetles that spread the oak wilt fungus.  Take
care to prune these trees during the correct
time of year to prevent spread of these fatal
diseases.  Contact your local tree disease
specialist to find out when to prune these tree
species in your area.  Usually, the best time is
during the late fall and winter.

Flowering trees and shrubs: these should also
be pruned during the dormant season for the
same reasons stated above; however, to
preserve the current year's flower crop, prune
according to the following schedule:

? Trees and shrubs that flower in early
spring (redbud, dogwood, etc.) should
be pruned immediately after flowering
(flower buds arise the year before they
flush, and will form on the new growth).

? Many flowering trees are susceptible to
fireblight, a bacterial disease that can be
spread by pruning. These trees,

including many varieties of crabapple,
hawthorn, pear, mountain ash,
flowering quince and pyracantha,
should be pruned during the dormant
season.  Check with your county
extension agent or a horticulturist for
additional information.

? Trees and shrubs that flower in the
summer or fall always should be pruned
during the dormant season (flower buds
will form on new twigs during the next
growing season, and the flowers will
flush normally).

Dead branches: can be removed any time of
the year.

Pruning Tools 

Proper tools are essential for satisfactory
pruning (Fig.6).  The choice of which tool to
use depends largely on the size of branches to
be pruned and the amount of pruning to be
done. If possible, test a tool before you buy it
to ensure it suits your specific needs. As with
most things, higher quality often equates to
higher cost.

Generally speaking, the smaller a branch is
when pruned, the sooner the wound created
will seal.  Hand pruners are used to prune small
branches (under 2.5 cm diameter) and many
different kinds are available. Hand pruners can
be grouped into by-pass or anvil styles based
on the blade configuration. Anvil style pruners
have a straight blade that cuts the branch
against a small anvil or block as the handles are
squeezed. By-pass pruners use a curved cutting
blade that slides past a broader lower blade,
much like a scissors. To prevent unnecessary
tearing or crushing of tissues, it is best to use a
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by-pass style pruner.  Left- or right-handed
types can be purchased.

Slightly larger branches that cannot be cut with
a hand pruner may be cut with small pruning
saws (up to 10 cm)  or lopping shears (up to 7
cm diameter) with larger cutting surfaces and
greater leverage.  Lopping shears are also
available in by-pass and anvil styles.

For branches too large to be cut with a hand
pruner or lopping shears, pruning saws must be
used.  Pruning saws differ greatly in handle
styles, the length and shape of the blade, and
the layout and type of teeth.  Most have
tempered metal blades that retain their
sharpness for many pruning cuts.  Unlike most
other saws, pruning saws are often designed to
cut on the "pull-stroke."

Chain saws are preferred when pruning
branches larger than about 10 cm.  Chainsaws
should be used only by qualified individuals.  To
avoid the need to cut  branches greater than 10
cm diameter, prune when branches are small.

Pole pruners must be used to cut branches
beyond reach. Generally, pruning heads can cut
branches up to 4.4 cm diameter and are
available in the by-pass and anvil styles. Once
again, the by-pass type is preferred.  For
cutting larger branches, saw blades can be
fastened directly to the pruning head, or a
separate saw head can be purchased. Because
of the danger of electrocution, pole pruners
should not be used near utility lines except by
qualified utility line clearance personnel.

To ensure that satisfactory cuts are made and
to reduce fatigue, keep your pruning tools sharp
and in good working condition.  Hand pruners,

lopping shears, and pole pruners should be
periodically sharpened with a sharpening stone.
Replacement blades are available for many
styles.  Pruning saws should be professionally
sharpened or periodically replaced. To reduce
cost, many styles have replaceable blades.

Tools should be clean and sanitized as well as
sharp. Although sanitizing tools may be
inconvenient and seldom practiced, doing so
may prevent the spread of disease from
infected to healthy trees on contaminated tools. 
Tools become contaminated when they come
into contact with fungi, bacteria, viruses and
other microorganisms that cause disease in
trees.  Most pathogens need some way of
entering the tree to cause disease, and fresh
wounds are perfect places for infections to
begin.  Microorganisms on tool surfaces are
easily introduced into susceptible trees when
subsequent cuts are made. The need for
sanitizing tools can be greatly reduced by
pruning during the dormant season.

If sanitizing is necessary it should be practiced
as follows: Before each branch is cut, sanitize
pruning tools with either 70% denatured
alcohol, or with liquid household bleach diluted
1 to 9 with water (1 part bleach, 9 parts
water). Tools should be immersed in the
solution, preferably for 1-2 minutes, and wood
particles should be wiped from all cutting
surfaces. Bleach is corrosive to metal surfaces,
so tools should be thoroughly cleaned with
soap and water after each use.
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Treating wounds

Tree sap, gums, and resins are the natural
means by which trees combat invasion by
pathogens.  Although unsightly, sap flow from
pruning wounds is not generally harmful; 
however, excessive "bleeding" can weaken
trees.  

When oaks or elms are wounded during a
critical time of year (usually spring for oaks, or
throughout the growing season for elms) --
either from storms, other unforeseen
mechanical wounds, or from necessary branch
removals -- some type of wound dressing
should be applied to the wound.  Do this
immediately after the wound is created. In most
other instances, wound dressings are
unnecessary, and may even be detrimental. 
Wound dressings will not stop decay or cure
infectious diseases.  They may actually interfere
with the protective benefits of tree gums and
resins, and prevent wound surfaces from
closing as quickly as they might under natural
conditions.  The only benefit of wound
dressings is to prevent introduction of
pathogens in the specific cases of Dutch elm
disease and oak wilt.  

Pruning Guidelines

To encourage the development of a strong,
healthy tree, consider the following guidelines
when pruning.

General

? Prune first for safety, next for health,
and finally for aesthetics.

? Never prune trees that are touching or
near utility lines; instead consult your
local utility company.

? Avoid pruning trees when you might
increase susceptibility to important
pests (e.g. in areas where oak wilt
exists, avoid pruning oaks in the spring
and early summer; prune trees
susceptible to fireblight only during the
dormant season).

? Use the following decision guide for
size of branches to be removed: 1)
under 5 cm diameter - go ahead, 2)
between 5 and 10 cm diameter - think
twice, and 3) greater than 10 cm
diameter - have a good reason.

Crown Thinning

? Assess how a tree will be pruned from
the top down.

? Favor branches with strong, U-shaped
angles of attachment. Remove branches
with weak, V-shaped angles of
attachment and/or included bark.

? Ideally, lateral branches should be
evenly spaced on the main stem of
young trees.

? Remove any branches that rub or cross
another branch.

? Make sure that lateral branches are no
more than one-half to three-quarters of
the diameter of the stem to discourage
the development of co-dominant stems.
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? Do not remove more than one-quarter
of the living crown of a tree at one time.
If it is necessary to remove more, do it
over successive years. 

Crown Raising

? Always maintain live branches on at
least two-thirds of a tree's total height.
Removing too many lower branches
will hinder the development of a strong
stem.

? Remove basal sprouts and vigorous
epicormic sprouts.

Crown Reduction

? Use crown reduction pruning only when
absolutely necessary.  Make the
pruning cut at a lateral branch that is at
least one-third the diameter of the stem
to be removed.

? If it is necessary to remove more than
half of the foliage from a branch,
remove the entire branch.

Glossary

Branch Axil: the angle formed where a branch
joins another branch or stem of a woody plant.

Branch Bark Ridge:  a ridge of bark that
forms in a branch crotch and partially around
the stem resulting from the growth of the stem
and branch tissues against one another.

Branch Collar:  a "shoulder" or bulge formed
at the base of a branch by the annual
production of overlapping layers of branch and
stem tissues.

Crown Raising: a method of pruning to

provide clearance for pedestrians, vehicles,
buildings, lines of sight, and vistas by removing
lower branches.

Crown Reduction Pruning:  a method of
pruning used to reduce the height of a tree.
Branches are cut back to laterals that are at
least one-third the diameter of the limb being
removed.

Crown Thinning: a method of pruning to
increase light penetration and air movement
through the crown of a tree by selective
removal of branches.

Callus:  see woundwood.

Decurrent:  a major tree form resulting from
weak apical control. Trees with this form have
several to many lateral branches that compete
with the central stem for dominance resulting in
a spherical or globose crown. Most hardwood
trees have decurrent forms.

Epicormic Sprout:  a shoot that arises from
latent or adventitious buds; also know as water
sprouts that occur for on stems and branches
and suckers that are produced from the base of
trees. In older wood, epicormic shoots often
result from severe defoliation or radical pruning.

Excurrent:  a major tree form resulting from
strong apical control. Trees with this form have
a strong central stem and pyramidal shape.
Lateral branches rarely compete for
dominance. Most conifers and a few
hardwoods, such as sweetgum and tuliptree,
have excurrent forms.

Flush Cuts: pruning cuts that originate inside
the branch bark ridge or the branch collar,
causing unnecessary injury to stem tissues.

Included Bark:  bark enclosed between
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“How to Prune Trees” was written to help
people properly prune the trees they care
about.  If you doubt your ability to safely
prune large trees, please hire a professional
arborist.  Information in this publication can
be used to interview and hire a competent
arborist.

branches with narrow angles of attachment,
forming a wedge between the branches.

Pollarding:  the annual removal of all of the
previous year's growth, resulting in a flush of
slender shoots and branches each spring.
Stub Cuts: pruning cuts made too far outside
the branch bark ridge or branch collar, that
leave branch tissue attached to the stem.

Tipping:  a poor maintenance practice used to
control the size of tree crowns; involves the
cutting of branches at right angles leaving long
stubs.

Topping: a poor maintenance practice often
used to control the size of trees; involves the
indiscriminate cutting of branches and stems at
right angles leaving long stubs. Synonyms
include rounding-over, heading-back,
dehorning, capping and hat-racking. Topping is
often improperly referred to as pollarding.

Topiary:  the pruning and training of a plant
into a desired geometric or animal shape.

Woundwood:  lignified, differentiated tissues
produced on woody plants as a response to
wounding (also known as callus tissue).
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Introduction  

Trees add to our enjoyment of outdoor experiences whether in forests, parks, or urban 

landscapes. Too often, we are unaware of the risks associated with defective trees, which 

can cause personal injury and property damage. Interest in hazard tree management has 

increased in recent years due to safety and liability concerns resulting from preventable 

accidents. Recognizing hazardous trees and taking proper corrective actions can protect 

property and save lives.  

A “hazard tree” is a tree with structural defects likely to cause failure of all or part of the 

tree, which could strike a “target.” A target can be a vehicle, building, or a place where 

people gather such as a park bench, picnic table, street, or backyard.  

This brochure was created to help home owners and land managers in recognizing 

hazardous defects in trees and to suggest possible corrective actions. We recommend that 

corrective actions be undertaken by professional arborists.  

Because of the natural variability of trees, the severity of their defects, and the different 

sites upon which they grow, evaluating trees for hazardous defects can be a complex 

process. This publication presents guidelines, not absolute rules for recognizing and 

correcting hazardous defects. When in doubt, consult an arborist.  

 

Inspecting Trees  
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Inspect trees under your responsibility every year. Tree inspections can be done at any 

time of year, leaf-on or leaf-off. To be thorough, inspect trees after leaf drop in fall, after 

leaf-out in spring, and routinely after severe storms.  

Inspect trees carefully and systematically. Examine all parts of the tree, including the 

roots, root or trunk flare, main stem, branches, and branch unions. Be sure to examine all 

sides of the tree. Use a pair of binoculars to see branches high off the ground.  

Consider the following factors when inspecting trees:  

Tree Condition: Trees in poor condition may have many dead twigs, dead branches, or 

small, off-color leaves. Trees in good condition will have full crowns, vigorous branches, 

and healthy, full-sized leaves; however, green foliage in the crown does not ensure that a 

tree is safe. Tree trunks and branches can be quite defective and still support a lush green 

crown.  

Tree Species: Certain tree species are prone to specific types of defects. For example, 

some species of maple and ash in the Northeast often form weak branch unions (page 5 ), 

and aspen is prone to breakage at a young age (50-70 years) due to a variety of factors, 

including decay and cankers.  

Tree Age and Size: Trees are living organisms subject to constant stress. Pay particular 

attention to older trees, which may have accumulated multiple defects and extensive 

decay.  

 

What to Look For  

Hazardous defects are visible signs that the tree is failing. We recognize seven main types 

of tree defects: dead wood, cracks, weak branch unions, decay, cankers, root problems, 

and poor tree architecture. A tree with defects is not hazardous, however, unless some 

portion of it is within striking distance of a target.  

Dead wood  

Dead wood is “not negotiable”-- dead trees 

and large dead branches must be removed 

immediately! Dead trees and branches are 

unpredictable and can break and fall at any 

time (Fig. 1). Dead wood is often dry and 

brittle and cannot bend in the wind like a 

living tree or branch. Dead branches and tree 

tops that are already broken off (“hangers” or 

“widow makers”) are especially dangerous!  
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Take immediate action if...  

 A broken branch or top is lodged in a tree.  

 A tree is dead.  

 A branch is dead and of sufficient size to cause injury (this will 

vary with height and size of branch).  

Figure 1. Dead branches can break and fall at any time. (photo right)  

 

Cracks  

A crack is a deep split through the bark, extending into the wood of the tree. Cracks are 

extremely dangerous because they indicate that the tree is already failing (Fig. 2).  

Take action if...  

 A crack extends deeply into, or completely through the stem.  

 Two or more cracks occur in the same general area of the stem.  

 A crack is in contact with another defect.  

 A branch of sufficient size to cause injury is cracked.  

Figure 2. A serious crack like this one indicates that the tree is already failing! (photo right)  

 

Weak Branch Unions  

 

Weak branch unions are places where branches are not strongly attached to the tree. A 

weak union occurs when two or more similarly-sized, usually upright branches grow so 

closely together that bark grows between the branches, inside the union. This ingrown 

bark does not have the structural strength of wood, and the union is much weaker than 

one that does not have included bark (Fig. 3). The included bark mayalso act as a wedge 

and force the branch union to split apart. Trees with a tendency to form upright branches, 

such as elm and maple, often produce weak branch unions.Weak branch unions also form 

after a tree or branch is tipped or topped (page 15), i.e., when the main stem or a large 

branch is cut at a right angle to the direction of growth leaving a large branch stub. The 

stub inevitably decays, providing very poor support for new branches (“epicormic” 

branches) that usually develop along the cut branch.  

Take action if...  

 A weak branch union occurs on the main stem.  

 A weak branch union is cracked.  

 A weak branch union is associated with a crack, cavity, or other defect.  
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Figure 3. This weak branch union has  

failed, creating a highly hazardous situation. 

 

Decay  

Decaying trees can be prone to failure, but the 

presence of decay, by itself, does not indicate that 

the tree is hazardous. Advanced decay, i.e., wood 

that is soft, punky, or crumbly, or a cavity where 

the wood is missing can create a serious hazard 

(cover photo). Evidence of fungal activity 

including mushrooms, conks, and brackets 

growing on root flares, stems, or branches are 

indicators of advanced decay.  

A tree usually decays from the inside out, 

eventually forming a cavity, but sound wood is 

also added to the outside of the tree as it grows. 

Trees with sound outer wood shells may be 

relatively safe, but this depends upon the ratio of 

sound to decayed wood, and other defects that 

might be present. Evaluating the safety of a 

decaying tree is usually best left to trained 

arborists (Fig. 4).  

Take action if...  

Page 19 of 412



 Advanced decay is associated with cracks, weak branch unions, or other defects.  

 A branch of sufficient size to cause injury is decayed.  

 The thickness of sound wood is less than 1" for every 6" of diameter at any point 

on the stem.  

Figure 4. This seriously decayed tree should have been evaluated and removed before it failed. (photo 

right)  

Cankers  

A canker is a localized area on the stem or branch of a tree, where the bark is sunken or 

missing. Cankers are caused by wounding or disease. The presence of a canker increases 

the chance of the stem breaking near the canker (Fig. 5). A tree with a canker that 

encompasses more than half of the tree's circumference may be hazardous even if 

exposed wood appears sound.  

Take action if...  

 A canker or multiple cankers affect more than half of the tree's circumference.  

 A canker is physically connected to a crack, weak branch union, a cavity, or other 

defect.  

 

Figure 5. The large canker on this tree  

has seriously weakened the stem. 

Root Problems  

Trees with root problems may blow over in wind 

storms. They may even fall without warning in 

Page 20 of 412



summer when burdened with the weight of the tree’s leaves. There are many kinds of root 

problems to consider, e.g., severing or paving-over roots (Fig. 6); raising or lowering the 

soil grade near the tree; parking or driving vehicles over the roots; or extensive root 

decay.  

Soil mounding (Fig. 7), twig dieback, dead wood in the crown, and off-color or smaller 

than normal leaves are symptoms often associated with root problems. Because most 

defective roots are underground and out of sight, aboveground symptoms may serve as 

the best warning.  

Take action if...  

 A tree is leaning with recent root exposure, soil movement, or soil mounding near 

the base of the tree.  

 More than half of the roots under the tree’s crown have been cut or crushed. 

These trees are dangerous because they do not have adequate structural support 

from the root system.  

 Advanced decay is present in the root flares or “buttress” roots.  

Figure 6. Severing roots decreases support and increases the chance of failure or death of the tree. (photo 

right)  

 

Figure 7. The mound (arrow) at the base of this  

tree indicates that the tree has recently begun to  

lean, and may soon fail. 

Poor Tree Architecture  

Poor architecture is a growth pattern that 

indicates weakness or structural imbalance. Trees 

with strange shapes are interesting to look at, but 

Page 21 of 412



may be structurally defective. Poor architecture often arises after many years of damage 

from storms, unusual growing conditions, improper pruning, topping, and other damage 

(Fig. 8).  

A leaning tree may be a hazard. Because not all leaning trees are dangerous, any leaning 

tree of concern should be examined by a professional arborist.  

Take action if...  

 A tree leans excessively.  

 A large branch is out of proportion with the rest of the crown.  

Figure 8. This tree is decayed and badly out of balance because of poor maintenance. It is dangerous, and 

extremely unattractive! (photo right)  

 

 

 

Multiple Defects  

The recognition of multiple defects in a tree is critical when evaluating the tree’s 

potential to fail. Multiple defects that are touching or are close to one another should be 

carefully examined. If more than one defect occurs on the tree’s main stem, you should 

assume that the tree is extremely hazardous.  

 

Corrective Actions  

Corrective actions begin with a thorough evaluation. If a hazardous situation exists, 

there are three recommended options for correcting the problem: move the target, prune 

the tree, or remove the tree.  

Move the Target  

Removing the target is often an inexpensive and effective treatment for correcting a 

hazard tree. Easily moved items like play sets and swings, RV's, and picnic tables can be 

placed out of the reach of the hazardous tree with little effort and expense.  

If the target cannot be moved and a serious hazard exists, consider blocking access to the 

target area until the hazard can be properly eliminated.  

Prune the Tree  
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A hazardous situation may be caused by a defective branch or branches, even though the 

rest of the tree is sound. In this case, pruning the branch solves the problem.  

Prune when...  

 A branch is dead.  

 A branch of sufficient size to cause injury is cracked or decayed.  

 A weak branch union exists and one of the branches can be removed.  

 Branches form a sharp angle, twist, or bend.  

 A branch is lopsided or unbalanced with respect to the rest of the tree.  

 A broken branch is lodged in the crown. Remove the branch and prune the stub.  

Pruning a tree properly early in its life is a good way to effectively avoid many potential 

problems when the tree is older and larger. When done correctly, routine pruning of trees 

does not promote future defects. If done improperly, immediate problems may be 

removed, but cracks, decay, cankers, or poor architecture will be the ultimate result, 

creating future hazards.  

We recommend that the "natural target" pruning method be used. This pruning method is 

fully described in How to Prune Trees (Bedker, O’Brien & Mielke, 1995).  

Remove the Tree  

Before cutting a tree down, carefully consider the alternatives. The effects of removing a 

tree are often pronounced in landscape situations and may result in reduced property 

values. Tree removal should be considered as the final option and used only when the 

other two corrective actions will not work. Tree removal is inherently dangerous and is 

even more serious when homes and other targets are involved. Removal of hazardous 

trees is usually a job for a professional arborist.  

 

Cabling and Bracing  

Cabling and bracing does not repair a hazard tree, but when done correctly by a trained 

arborist, it can extend the time a tree or its parts are safe. Done incorrectly, it creates a 

more serious hazard. We do not recommend cabling or bracing as treatment for a hazard 

tree unless the tree has significant historic or landscape value.  

 

Topping and Tipping--Poor Pruning Practices  

Topping is the practice of pruning large upright branches at right angles to the direction 

of growth, sometimes used to reduce the height of the crown. Tipping is the cutting of 
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lateral branches at right angles to the direction of growth to reduce crown width. Both of 

these practices are harmful and should never be used. The inevitable result of such 

pruning wounds is decay in the remaining stub, which then serves as a very poor support 

to any branches that subsequently form. Trees that are pruned in this manner are also 

misshapen and esthetically unappealing (see Fig. 8).  

 

Conclusions  

Evaluating and treating hazard trees is complicated, requiring a certain knowledge and 

expertise. This publication outlines some of the basic problems that may alert you to a 

hazardous situation. Never hesitate if you think a tree might be hazardous. If you are not 

sure, have it evaluated by a professional. Consult your phone book under "Arborists" or 

"Tree Service."  

Remember that trees do not live forever. Design and follow a landscape plan that 

includes a cycle of maintenance and replacement. This is the best way to preserve the 

health of our trees and ensure a safe and enjoyable outdoor experience.  
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How to Recognize 

Hazardous Defects in 

Trees was written to 

help people identify 

potential problems with 

trees. Trees with serious 

defects can pose an 

extreme hazard and 

should be treated with 

caution. The best way 

to correct a hazardous 

tree is to hire a 

professional arborist. 

Information in this 

publication can help to 

identify trees that 

require attention. 
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FOREST SOILS & SITE INDEX 

Soil quality is the most important factor in forest management decisions. Soils will determine which 

tree species yields the greatest timber volume, the time to harvest, and ultimately, the investment a 

landowner must make to yield an acceptable economic return from forest management.  

Soils vary greatly in their ability to produce merchantable volumes of pulpwood, sawtimber, veneer, 

poles, piling or other wood products in a reasonable period of time. The old saying "plant your sorry, 

worn-out acres to trees" has been followed by many an unwary landowner. In fact, as with any other 

crop, the better the land, the more productive the forest. Landowners must be aware of soil factors that 

affect forest production before investing in forest regeneration or management.  

Site Index (SI)  

The collective influence of soil factors will determine the site index for a particular tree species on a 

given soil area. Site index is the total height to which dominant trees of a given species will grow on a 

given site at some index age, usually 50 or 25 years in the Southeast. Dominant trees are the tallest 

trees in the stand. If it is stated that an area has a site index for loblolly pine of 70 feet at 50 years, then 

we expect loblolly seedlings planted on that area today to be 70 feet tall in 50 years. Index age and tree 

species must be stated when referring to site index because the site index of one species will be 

different from the site index of another species growing on the same area.  

There is a close relationship between site index and timber yield. Volumes of merchantable wood 

increase with improvement in site index (Table 1.)  

Table 1. Relation of site index (SI) to timber yield of managed loblolly pine  

Site Index Yield at Age 40 Value 

70         6 MBF * + 26 cords **         $1,082 *** 

80 14 MBF + 37 cords $2,359 

90 19 MBF + 38 cords $3, 116 

100 29 MBF + 36 cords $4,602 

 
* Thousand board feet (International Rule) of sawtimber per acre assuming recommended 

thinnings are completed. 

** Cords of pulpwood per acre removed as thinnings. 

*** Value per acre assuming $150 per MBF and $7 per cord. 

Soil Factors 

The following factors have a major impact on forest soil productivity and site index: 

Topsoil Depth. The depth of the uppermost soil layer is a critical factor affecting tree growth. Topsoil 

is highest in organic matter and nutrients, is usually well aerated and drained, and allows maximum 
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root growth and root penetration.  

Soil Texture. The proportion of sand, silt and clay in the topsoil and subsoil layers is called texture. 

Sandy soils are normally very well drained and often lack nutrients due to constant leaching loss. At 

the other end of the spectrum are the pure clay soils comprised of very small, fine soil particles.  

Subsoil Consistence Class. Consistency of the subsoil layer is another important factor in forest soil 

productivity. The combination of soil-sized particles and the physical and chemical properties of each 

individual particle type in a given soil determine the soil's consistence class. 

Limiting Layers. A layer which restricts the downward penetration of a tree's root system will reduce 

tree growth in direct relation to the depth of layer. In rare instances, a limiting layer may increase site 

productivity, such as on sandy soils where the layer may retard leaching of nutrients and increase 

available moisture. 

Fertility. Southern pines grow over a wide range of soil fertility levels. Fertilization is normally not 

recommended early in the rotation except in the case of a critical deficiency of a major nutrient such as 

phosphorus. A soil test prior to site preparation will alert a landowner to critical deficiencies.  

Research has shown conflicting results in forest tree response to nitrogen fertilization, particulary early 

in the rotation. Growth may be suppressed if the fertilizer increases the growth of competing weeds. 

Best results from early fertilizer use arise in combination with herbicide or mechanical control of 

competing vegetation. Late rotation fertilization done 5 to 8 years before final harvest increased timber 

yields in many situations, but may not be economically practical. 

Internal Drainage. Few tree species can grow in soils which are constantly wet. Drainage can be 

improved in some cases by tilling, ditching, or adding bedding as a site preparation method. 

Measuring Site Index Site index can be determined by two methods: One method is to find on the area 

in question several dominant trees of the species of interest or a species with a known conversion 

factor to the species of interest. Using accurate age and height measurements, read the site index from 

a graph showing height over age curves for that species (Figure 1).  
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Figure 1. Site index curves for loblolly pine at index age 50 years in the Coastal Plain of Virginia, 

North Carolina and South Carolina. (These curves are based on stem analysis of 40 dominant trees in 

the middle and lower coastal plain.)  

The second method of determining site index is based on physical characteristics of the soil. Tables 

giving site index by this system are available for several important species. Necessary information 

about the soil includes depth of the topsoil and plasticity of the subsoil. In deep sands, the depth to a 

finer-textured horizon and fine particle content of that horizon are used instead of topsoil depth and 

subsoil plasticity.  

Site index can be calculated with reasonable accuracy for virtually any commercial tree species. A 

landowner should consult a professional forester to evaluate the site indexes for the tree species on a 

particular property. Site index information is included in the comprehensive soil surveys completed 

within the last few years or in progress in many counties. Your county Soil Conservation Service can 

provide information related to soil surveys.  

Species Selection  
Selecting the proper tree species to manage or plant on a particular site involves several steps. 

1. Determine objectives. If timber production is the major objective, select a species that will 

economically produce timber products. If wildlife, recreation, aesthetics or other uses are the 

objective, select species accordingly. On many tracts, several uses may be compatible.  

2. Select species with a proven track record in terms of growth and acceptance in the local 

market.  

3. If two or more species could be selected and timber production is the major objective, select 

the species that will yield the greatest dollar return in the shortest amount of time. In most 
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cases, this means selecting the species with the highest site index.  

Landowners should invest only in those species on those acres capable of producing acceptable 

economic return. Returns will vary with investment, species, and site quality. Foresters can provide 

information including site quality, yield and projected economic returns before deciding which, if any, 

species should be managed on a particular property. 

 

Related Links 
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N.C. Division of Forest Resources 1616 Mail Service Center Raleigh, NC 27699-1616  

Phone: 919-733-2162 Fax: 919-733-2835  

Questions or comments about this site? Contact the webmaster. 
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Prescribed Burning  

 
3/14/2003 

Where Applicable:  

Prescribed burning is one of the least expensive and oldest forms of site preparation. This 

technique can be used to prepare a site for planting or to prepare the seedbed for natural 

regeneration purposes.   

Description:  

Prescribed burning can be a beneficial management tool when used properly with trained 

personnel.  However, due to the risk of escaped fire, accidents caused by smoke, and other 

liability concerns, it should only be performed by experienced individuals.  Prescribed burning 

can be conducted by broadcast burning or windrow (pile) burning.  Broadcast burning is burning 

conducted over the entire treatment area while pile burning is restricted to windrows or piles of 

debris.  An acceptable burning plan should first be formulated with appropriate documentation 

prior to conducting the burn. This plan will detail all information regarding the planned 

prescribed fire and should be followed as closely as possible.  The next step is plowing firelanes 

around the area to be burned.  Depending on the size of this area, interior firelanes may be 

needed.  Neighboring landowners, the TFS, and local fire department dispatch locations should 

be notified before a burn is started.  Once the proper weather conditions (temperature, humidity, 

wind speed and direction, etc.) are available and the proper equipment (dozers, hand tools, etc.) 

and personnel are on site according to the burn plan, the fire can be started.  Burning may be 

accomplished by backfiring, strip firing, or any number of other firing methods.  All fires should 

be watched closely for spotting over the firelanes and completely extinguished before leaving the 

area.  

Benefits:  

Prescribed burning has many uses and benefits.  It can be used to reduce hazardous fuels, to 

prepare sites for seeding and planting, to improve wildlife habitat, or to temporarily control 

competing vegetation. This operation can benefit the site in several ways.  Most nutrients are 

returned to the soil in a more readily available form than they were prior to burning.  This is an 

advantage over shearing and piling where nutrients are tied up in debris piles.  Burning can be 

used to help control hardwoods less than 3” in diameter.  However, the best vegetation control 

may be achieved using a combination of chemicals and burning.  Burning also eliminates soil 

compaction and movement of soil caused by the use of heavy equipment with other site 

preparation methods.   

Other Recommendations:  

Burning season will be dependent on the goals of the burn.  For example, to prepare a site for 

planting (debris reduction), burns should be conducted in late summer so that an optimal amount 
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of slash is removed.  The increased availability of nutrients following a prescribed fire may result 

in increased growth rates of competing vegetation.  Herbicide applications for herbaceous weeds 

and grasses may be needed to reduce competition with young pine seedlings.  Burning on steep 

slopes, deep sands, or other highly erodible soils is not recommended.  

Cost:   

Approximately $25-$50/acre depending on the size and shape of the tract, hazards present, fuel 

type and loading, amount of fireline needed, topography, etc.).  The time needed to complete a 

burn will be dependent upon weather variables, possible burning ban delays, topography, size of 

tract, fuel type, etc. 
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3 in 1 plow 

 
3/14/2003 

Where Applicable:  

The 3-in-1-combination plow is primarily used on cutover or clearcut tracts that contain large 

amounts of logging slash or small undesirable stems.  This method of site preparation is 

extremely beneficial in low-lying areas or in areas that remain dry during most of the year.  The 

four rotating disks located directly behind the subsoiler (ripping blade) cultivate a planting bed 

12 inches above the normal ground level promoting root development.  In wet, low-lying areas, 

this elevated bed prevents seedling mortality due to being submerged in water for extended 

periods of time.  These cultivated beds also increase the soil’s water holding capacity in 

excessively dry areas which allows for increased water uptake through the seedling’s root 

system.  

Description:  

The 3-in-1 plow cultivates, fractures, subsoils, and beds the soil.  The plow is most commonly 

pulled with a large crawler tractor that is equipped with a V-shear blade.  The V-shear blade is 

used to push large debris to either side and shear stumps and residual non-merchantable trees.  

The combination plow contains a coulter wheel that cuts through pre-existing roots and stumps 

approximately 10 inches deep.  The subsoiler follows the coulter wheel and fractures the soil 24 

to 28 inches deep breaking any soil compaction that exists.  Finally, the rotating disks cultivate 

the soil creating a planting bed approximately 12 inches above the ground level.  This practice is 

usually applied between late-July and early-November allowing adequate time for the beds to 

settle.   

Benefits:  

Results from this practice will vary depending on the site’s soil texture and water holding 

capacity.  Most soils treated by this method will show an increased growth rate to varying 

degrees.  The planting beds concentrate nutrients and water while the loosened soil beneath the 

beds allows for increased root expansion and development.  The combination of these two 

benefits will increase seedling survival and growth on most any site, especially those more 

susceptible to soil compaction.  This practice may result in a shortened rotation for pine stands 

allowing landowners the option of harvesting pulpwood and sawlog class material at a younger 

age.  Shorter rotations should result in faster returns from the initial investment for landowners.  

Other Recommendations:  

This practice is not recommended on deep sands due to the coarse texture of these soils and low 

susceptibility to compaction.  All Best Management Practices guidelines regarding site 

preparation should be followed and beds should be constructed along the contours of the land to 

minimize erosion hazards.  Following the planting operation, it is usually recommended that a 
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release spray containing an herbicide mixture sufficient to control the herbaceous weeds and 

grasses be applied.      

Cost:  

The cost of this practice can range from $160-$230/acre depending on tract size, amount of 

vegetation and slash cover, availability of vendors, etc. 
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Disking (Harrowing) 

 
3/14/2003 

Where Applicable:  

This technique is applicable on sites suffering from light to moderate soil compaction from 

harvesting or past agricultural uses such as farming or grazing. This technique is also useful in 

incorporating organic matter into mineral soil on sites ranging from light to moderate 

vegetative/debris cover.  Limitations include sites with debris or residual stems two inches or 

larger in diameter, excessive slope, extreme wetness, and large rock or other debris incapable of 

being disked.    

Description:  

Disking is accomplished by the use of a heavy track vehicle or rubber tired skidding tractors 

pulling a stronger, more robust version of the agricultural disk. It consists of a series of large-

diameter, saucer-shaped steel blades joined at the center of an axle that allows them to roll when 

the implement is pulled.  The concave blade surfaces face the leading end of the axle. The blade 

edges are sharpened, and usually serrated, to permit deeper penetration into the soil, cutting or 

breaking small stems and roots, and rolling over larger obstructions. Usually, two axles of the 

blades are set at a fixed angle to one another and pulled as a unit.  Forestland disking should 

break a minimum of 6 to 8 inches of soil and should be done at least 2 months prior to planting 

to allow enough time for the soil to settle. After a proper site preparation burn, hand or wildland 

machine planting of seedlings can then be easily conducted.  

Benefits:  

This operation is beneficial in a number of ways. Disking is a cheaper alternative to heavier 

mechanical operations such as shearing and raking, where it can be utilized.  Disking fractures 

compacted soils to improve root growth and development and allows for better aeration and 

moisture infiltration into the soil.  Disking also reduces competition and incorporates organic 

matter into dryer soils where it will improve survival and early growth.  

Other Recommendations: 

Disking should be conducted during mid summer to mid fall followed by a prescribed-burn 6 to 

8 weeks later after brown out. Disking should also be followed up with an appropriate herbicide 

application to help eliminate or control woody or herbaceous species in direct competition with 

seedlings for moisture and nutrients.  

Cost:   
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7

loggers are more willing to purchase
small pine trees for profitability.

(2) Pine plantations are usually in
straight rows and on level terrain.
Logging equipment can maneuver
through pine stands easily, which
keeps the logging production rate
high and profitable. Hardwood
stands, normally having grown up
naturally (not planted), are mixed
species with variable spacing and
are often found on steeper terrain,
making logging slow, difficult and
expensive.

(3) Pine trees have flexible branches
with conical-shaped crowns and can
be felled and logged easily without
causing excessive damage to residual
trees. In contrast, logging younger
hardwood stands often results in
damage to the tops and bases of the
very trees you are attempting to
protect and release. For these rea-
sons, manual CTR, rather than
logging, should be considered in
releasing your younger hardwood
stands.

Conclusion
Private landowners are beginning

to view their hardwood forests as a
vital part of their farm assets. Demand
for fine-quality hardwood products
such as cabinets, flooring, furniture
and veneer has increased and is ex-
pected to continue for the foreseeable
future. As a result, prices have esca-
lated, causing astute landowners to
consider an active rather than an
incidental approach to managing their
hardwood crops.

The slow growth rates of hard-
wood trees have long been viewed as
an obstacle to forest management.
Through minimal investment, CTR is
a way to energize your forest. Growth
rate is  enhanced, forest composition
is improved, harvest rotation is
shortened and revived enthusiasm for
your forest investment results.

After
thinning

Before
thinning

Figure 3.
Response of Annual Growth Rings.
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The loss and fragmentation of the natural landscape in
southern Ontario means that private woodlots, big and
small, are more important than ever to human and
environmental health and to the wildlife species that
need forest habitat to survive. This Extension Note
provides information on assessing and improving the
health of your woodlot. 

WHAT IS A WOODLOT?
A healthy woodlot provides habitat for a wide range of
forest species. In addition to this important function,
healthy woodlots can provide wood products and a host of
other benefits. Woodlots that provide the best habitat for
wildlife contain a mix of species, including conifers and
hardwoods, and trees of all ages and sizes. They also have a
good understorey of food-producing shrubs for wildlife and
a dense layer of plants on the ground.

WHY ARE HEALTHY WOODLOTS
SO IMPORTANT?

A few hundred years ago, southern Ontario was
covered with immense forests interspersed with wetlands,
savanna, prairies and other open areas. Through
agricultural and urban development, the natural landscape
has been reduced and fragmented. The small pockets of
forest that remain provide fewer homes for plant and
animal species that need large expanses of forest to survive.
As a result, the wood thrush, the saw-whet owl, the blue-
spotted salamander, the hoary bat and many other forest
species are disappearing. Because the remaining patches of

DO YOU HAVE A HEALTHY WOODLOT?

A woodlot is a community of trees and other plant species.
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forest are so small, forest birds are also more vulnerable to
predation and to nest parasites, such as the brown-headed
cowbird which lays eggs in the nests of other birds

In many areas of southern Ontario, private woodlots are
the only forested areas that remain to support forest
species. They are also the only relief we have from the
effects of urbanization. Like all forests, woodlots clean

the air and water of pollution, prevent flooding and
erosion, maintain a sense of nature in contrast to
developed surroundings and provide green places for
rest, relaxation and recreation. Healthy woodlots that
contain a great number of different plant species play an
important role in maintaining genetic diversity within
plant species.

HOW CAN I IMPROVE THE HEALTH OF MY WOODLOT?
What you decide to do with your woodlot depends on your
priorities and long-term goals. First take stock of what you
already have in your woodlot. The size, relationship to
other forests and sources of water, tree species and other
aspects of your property will determine what you can
accomplish in the future. Once you clearly know what you
are working with, assess your priorities. Your priorities, for
example, might be wildlife habitat, wood production and
recreation, in that order. With your priorities in mind, set
your goals. Achieving them may be as simple as leaving
your woodlot and surrounding area alone for a period of
time or encouraging natural regeneration. 

Whatever your goals, a forest management plan can assist
you in attaining them. If you need help with a management
plan, contact a forestry consultant, your conservation
authority or the Ministry of Natural Resources. 

It takes time and energy to develop a healthy woodlot.
Although you may not be able to do them all, here are
some steps you can take to improve the health of your
forested property.

1. ENLARGE AN EXISTING WOODLOT OR CONNECT TWO
WOODLOTS BY NURTURING NATURAL REGENERATION OR
BY PLANTING TREES
Size is an important factor when it comes to
supporting forest species. Bigger is better for most
species and especially for neotropical long-distance
migrant birds, such as the scarlet tanager and the
cerulean warbler. These birds are threatened by the
loss of forests that are large enough to provide
secluded breeding areas.

Consider how your woodlot fits into the landscape. Is it
part of a larger forest? Are there other woodlots or
natural areas nearby? If your woodlot is part of a larger
forest, it might already play an important role in
maintaining wildlife populations in your area. If you can
expand it by nurturing natural regeneration or by
planting, all the better. Connecting nearby woodlots by
planting trees in open areas can transform a habitat-
poor area into one that can support many more species.

Encouraging the growth of natural regeneration in
and around your woodlot is less expensive and
requires less work than planting. It involves
protecting seedlings and saplings of desired tree
species from competition with other vegetation for
water, sunlight and nutrients and protecting them
from deer and rodents, which eat the bark of young
trees. If you choose to plant trees, select native
species that have been grown from local seed
sources. To get the most from your planting
investment, it is wise to seek professional advice
regarding the specific site requirements of each
species you choose to plant.

2. MAINTAIN AND CREATE WILDLIFE TRAVEL CORRIDORS 
Check to see if your woodlot is connected to other
natural areas by lushly-vegetated fence rows,
corridors of trees or other protected travel routes.
Wildlife need safe travel corridors to find food,
shelter, nesting sites and mates. 

Wildlife, such as wild turkey, need protected travel routes.
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You can improve existing corridors and create
new ones by planting trees and shrubs between
forested areas and between forested habitat and
sources of water.

3. PROMOTE NATIVE PLANTS
A healthy woodlot contains native plant species,
rather than non-native species. Non-native
plants, such as Norway spruce and Norway
maple, spread and displace native plants because
they are usually prolific seed producers and have
few insect or disease pests. Choose only native
plants when planting forests or landscaping.
Remove these non-native invaders listed below.

5. PLANT MAST SPECIES FOR FOOD
When planting or choosing trees you want to
grow in your woodlot for the future, be sure to
provide plenty of black cherry, oaks, hickories
and other mast species that provide nuts and
fruits for birds and mammals. 

Maintain at least seven mast trees in each
hectare of forest. 

6. PROTECT AND NATURALIZE THE WATER’S EDGE
Does your woodlot touch or include lake
shoreline, streams, ponds, wetlands or other
sources of water, food and aquatic habitat? If
so, is the land-water interface shaded and
protected by natural vegetation? The interface
is one of the most important areas for deer,
foxes and other large mammals that need
protected access to water. These areas are also
important sources of food for birds and
mammals that feed on insects and amphibians.  

Protect the water’s edge from disturbances and,
if necessary, plant native species to provide
protective cover and food for wildlife. Red-osier
dogwood, American highbush cranberry and
other native shrubs are excellent sources of
food and cover. They also prevent erosion by
stabilizing the soil. 

Poplars planted at the
water’s edge will
stabilize the shoreline,
and provide food and
shelter for wildlife. In
contrast, on the
opposite bank, there is
evidence of the
shoreline being
trampled, compacted
and eroded by cattle.

NON-NATIVE SPECIES
Norway maple colonizes forests 
European birch invades bogs and other natural areas
glossy buckthorn shades and crowds out native shrubs
dame’s rocket takes over moist forests and meadows
purple loosestrife chokes out plants that provide food for wildlife 
garlic mustard invades shaded areas

4. PROVIDE PROTECTIVE COVER FOR WILDLIFE 
Plant white spruce, white pine, cedar and other
conifers which provide cover for deer, grouse and
many other wildlife species. Conifers also add
greenery during the winter months. To help small
mammals, such as rabbits and weasels, construct
brush piles from branches left over when the
woodlot is thinned and trees are harvested.
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7. PROTECT SNAGS AND CAVITY TREES
FROM LOGGING
Standing dead trees (snags) and older living trees
with holes (cavity trees) are important elements of
a healthy woodlot. Wildlife use them for feeding,
nesting, denning and escaping from predators.

Keep at least five snags and six cavity trees in
each hectare of forest. Cut any trees that
present safety hazards.  

8. LEAVE DECAYING LOGS, BRANCHES AND ORGANIC
DEBRIS ON THE GROUND
Fallen logs and branches provide homes for small
mammals, salamanders, snakes, insects and fungi.
They also act as seed beds for some tree species
and return nutrients to the soil as they decay. 

9. PROTECT LARGE CANOPY TREES AND
SUPERCANOPY TREES
Large trees are sources of seed, shade, wildlife
cavities and other important elements of forest
habitat. They are also one of the features that
people enjoy most. Leave a minimum of three
large trees in each hectare of forest.

Supercanopy trees are white pines and other
conifers that poke above the forest canopy. They
provide landmarks for migrating birds, roosting
sites for raptors and safe havens for bear cubs to
hide in. Leave at least one cluster of super-
canopy trees in each four hectares of forest.

10. CREATE NATURAL BUFFERS AROUND FORESTS
Plant native shrubs and ground covers around
woodlots to act as a buffer between lawn and
forest habitat. Lawns are biological deserts
and should not be allowed to encroach upon
natural areas. 

11. HARVEST CAREFULLY 
If you intend to harvest trees, use methods that
do as little damage as possible to the forest.
Restrict forest operations to the time of year
when the ground will best support heavy
equipment. Winter, late summer and early fall are
good times. Reseed or replant the disturbed areas
of your forest. Keep access roads to a minimum.
Also, protect tall conifers near wetlands and in
areas that need conifer seed for regeneration.

DO YOU HAVE A
HEALTHY

WOODLOT?

Snags are standing trees that are dead and decaying. They provide
habitat for many species.

Decaying logs provide habitat for wildlife and are a source of soil nutrients.

Planting trees in open areas can transform a habitat-poor area into one
that can support many more species.
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12. CONSIDER THE NEEDS OF WILDLIFE BEFORE
DISTURBING NATURAL ENVIRONMENTS
Before you cut a forest or make a natural area,
consider how the changes will affect wildlife.
Will your changes disturb plant communities
that provide food and shelter for wildlife? Will
the changes isolate wildlife populations, making
it difficult to find food, migrate or mate?

Wildlife species respond to environmental
change in different ways. Habitat generalists,
such as the white-tailed deer or the northern
cardinal, which can live in a broad range of
conditions and are relatively mobile, can move
and adapt to environmental change. In
general, the loss and fragmentation of forest
habitat in southern Ontario has benefitted
habitat generalists.

Habitat specialists, on the other hand, have
more specific habitat requirements and have
more difficulty adapting to environmental
change. Some, like the woodland salamander,
may persist in small patches of habitat while
land-use changes occur around them. Others
are more vulnerable and have difficulty
surviving logging or other major habitat
disturbances. Relatively immobile species,
such as the wood frog, are particularly at risk. 

As a general rule, it is important that
woodlot owners avoid changes that could
further reduce populations of habitat
specialist species. 

13. KEEP CATTLE OUT
As they graze, cattle
trample the roots of
older trees and compact
the soil. In time, this
suffocates the roots and
kills the trees. Cattle also
trample and eat
undergrowth, making it
difficult for forests to
regenerate and exposing
soil to erosion.

Bloodroot (Sanguinaria canadensis L.) is a perennial member of the poppy
family. It is found in rich woods, blooming from March to June.

Careful use of trails protect
woodlots from human damage.
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WHERE DO I GO FOR HELP?

14. LEAVE NATIVE PLANTS IN THE FOREST
Woodlots and natural areas are not the places
to get plants for your garden. Natural areas are
often the only place left for native wildflowers
to grow. Most wildflowers, such as orchids, have
specific habitat needs to complete their life
cycles. Moving them may jeopardize the
population and they probably won’t survive in
your garden anyway.

15. STICK TO THE TRAILS
To reduce the impact of human use, limit your
travels to main trails. When developing trail
systems, design entrances and paths carefully to
minimize damage human traffic might cause.

16. RESTRICT PETS
Keep cats out of woodlots and other natural
areas where they can prey on birds and small
mammals. And keep your dog on a leash. Dogs
can stress or kill both plants and animals. 

17. AVOID FEEDING PEST SPECIES
If you live beside or near a natural area, ensure
that your bird feeder is accessible only to
animals that you want to attract. Avoid feeding
the pest species in the chart that prey on or out-
compete vulnerable native birds.

PEST SPECIES
house sparrow.........................a European species that competes 

with native birds
brown-headed cowbird............a nest parasite that lays eggs in the 

nests of other birds
blue jay ...................................an expert nest raider 
grackle ....................................an aggressive bird that out-competes

other species
starling....................................a European species that competes

with native birds
squirrels..................................preys heavily on bird eggs

and nestlings

Here are some of the agencies that can provide advice
and information on maintaining a healthy woodlot: 
• Ontario Ministry of Natural Resources
• Ontario Ministry of Agriculture, Food and

Rural Affairs
• conservation authorities
• municipal parks and recreation departments

You may also want to join a group that shares your
concern for the environment. The following is a
short list of organizations you might consider:
• Federation of Ontario Naturalists
• Canadian Wildflower Society
• Ontario Woodlot Association
• Ontario Forestry Association

The following extension notes and books are a good
source of information on developing healthy woodlots:

• The Old-Growth Forests of Southern Ontario
• Restoring Old-Growth Features to Managed

Forests in Southern Ontario
• Managing Regeneration in Conifer Plantations to

Restore a Mixed, Hardwood Forest
• Lompart C., J. Riley, J. Fieldhouse, Woodlands

for Nature: Managing Your Woodland for
Wildlife and Nature Appreciation. Federation of
Ontario Naturalists.1997.

• Hilts, S. and P. Mitchell, Caring For Your Land.
University of Guelph. 1995.

Use a tube-shaped silo feeder with small
perches to discourage blue jays, grackles and
starlings. To reduce the numbers of starlings,
house sparrows and cowbirds at your feeder use
sunflower and niger seed instead of corn and
small grains like millet. Keep the area around
the feeder clean so that the pest species have
nothing to feed on. To keep squirrels away from
the feeder, place it two to three metres high on
a pole in an open area. A cone-shaped baffle
halfway up the pole will also help to keep the
squirrels away. 

DO YOU HAVE A
HEALTHY

WOODLOT?
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	 opular sentiment is that the small trees in
	 the lower canopy when released will become
	 the large trees of tomorrow. This assump-
tion has been perpetuated in the diameter-limit 
harvests that have led to what we call high-grading 
today. The largest and best trees are repeatedly 
harvested leaving the smaller, inferior trees to per-
petuate the next stand. In reality, the trees being 
released are probably of similar age as those being 
cut. The smaller, released trees did not have a chance 
to prosper in competition with the faster-growing, 
overstory trees. These released trees are incapable of 
continued growth with their small, spindly crowns. 
The consequence of removing only highly valued 
trees with each harvest is a hardwood resource with 
ever lower levels of economically valuable trees.

Degraded, low quality or problem hardwood 
stands generally result from the historic absence of 
markets for low-value trees. After many years of only 
harvesting the most valuable trees, millions of acres 
of degraded stands in the eastern hardwood region 
have little left to manage. These stands need silvicul-
tural treatment to increase their value and productiv-
ity. Recent improvement in the markets for pallets, 
ties, chips and pulpwood increases the management 
options available for treating degraded stands.

Forest practitioners and landowners should 
understand why and how these problem stands were 
created so that fewer of these stands occur in the 

Degraded stand with fire-scarred trees and trees 
with poor form.
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future. The goal of this publication is to explain why 
hardwood stands become degraded and to describe 
corrective measures for improving degraded hard-
wood stands.

Degraded Hardwood Stands

Definition
The term “degraded” in this manuscript includes 

all low-quality and problem hardwood stands. As a 
result of past practices, degraded hardwood stands 
usually contain trees that are crooked, rotten or 
diseased; are of undesirable species; are physically 
damaged from previous logging operations and are 
not growing at a satisfactory rate. Degraded stands 
also contain patches of too many or too few trees 
and regeneration of desirable species is lacking. Most 
importantly, degraded stands usually do not contain 
large volumes or numbers of desirable growing stock 
trees (Haymond and Zahner 1985). These degraded 
stands present great opportunities, but tough chal-
lenges for forest management (McGee 1982). The 
opportunity for improving these stands is consider-
able, as many acres now produce just a fraction of 
their potential. 

It is assumed that usually, but not always, these 
stands have been cutover and only the best trees 

removed. But degraded stands also occur on low-
quality sites or as a result of fire, insects or disease. 
It is always important to determine “why” a stand 
is degraded. If the degraded stand occurs on a poor 
site, careful planning of treatment is recommended 
because there is little that can improve tree growth 
on poor sites. 

How Did These Stands Become Degraded? 
A cause of degraded hardwood stands is repeated 

cuttings through practices (commonly called high 
grading, diameter-limit cutting or select cutting), 
where the best trees are harvested and previously 
described non-marketable and defective trees are 
left. Cutting only the largest and best trees removes 
those trees that are best suited for the site and 
leaves trees for growing stock that are less adapted 
to the site. Yet, repeated high grading with no stand 
improvement has progressively removed the best 
timber and left the stand in a degraded condition.

Most of these harvests are conducted for short-
term economic gain, without consideration for the 
growth and composition of the growing stock that 
is left and regeneration of the future forest. Histori-
cally, the only markets available were for the best 
trees, which promotes high-grading. This type of 
cutting does not make provisions for the regenera-
tion of many desirable species, especially oaks and 
hickories. The mostly undesirable, shade-tolerant 
species (blackgum, red maple, sugarberry, boxelder, 
hornbeam, sourwood and beech) in the midstory and 
understory prior to the harvest remain, suppressing 
the growth and development of desirable, regenerat-
ing species. However, with the expansion of markets 
for low-quality products, landowners will have more 
options for addressing degraded stands. 

Many of these harvests were done in the name of 
good forest management (Ezell 1992). Landowners 
thought that the large trees were the older trees, so 
they removed them to give room for young trees to 
develop. We now know that small trees that are left 
are not necessarily young trees (Clatterbuck 2004) 
and that cutting the biggest and best trees out of a 
stand usually results in degraded stands.

Repeated harvesting entries into a stand usually 
result in damage to some residual trees from logging 
wounds. In addition to poor harvesting practices, 
fire, insects and disease, wind, ice, grazing and 
grapevines have degraded many trees in hardwood 
stands. What we find in many degraded stands today 
is a mosaic of degraded remnants left over from 
previous harvests, some regrowth of desirable species 
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Damaged trees usually do not improve with 
growth as shown by this fire-scarred yellow-
poplar on a good site.
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and a large proportion of shade-tolerant species that 
are undesirable for timber production (Ezell 1992). 
Often, stands have a patchy distribution of trees, 
including crowded conditions in some areas (over-
stocked) and sizable openings or widely spaced trees 
(understocked) in others (Nyland 2006).

Site quality is another cause of degraded stands. 
Some sites are so poor, they are not capable of 
growing good hardwoods. These sites might include 
the thin soils and droughty conditions found on 
exposed ridges and steep, south slopes. Typical spe-
cies composition is blackjack oak, post oak, chestnut 
oak, eastern redcedar, Virginia pine and vacciniums. 
However, many degraded stands occur on medium- 
to better-quality sites. Better-quality stands can be 
regenerated on these sites (McGee 1982). In most 
cases, rather than representing the true potential of 
stands on these sites, the trees present are often a 
result of  a combination of harvesting practices and 
other factors such as burning or grazing, and not 
just because the site is poor (Smalley 1982, McGee 
1982, Haymond and Zahner 1985). Because of the 
presence of degraded trees on these sites, many land-

A degraded hardwood stand with oak decline.
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Causes of Stand Degradation

1.	High Grading or Diameter Limit Logging

•	 Reduces stem quality 
•	 Reduces merchantable volume
•	 May change species composition
•	 Promotes canopy discontinuity
•	 Changes diameter distribution

2.	Grazing or Fire --- Increases rot and can 
reduce regeneration

3.	Repeated Logging Entries --- Logging 
damage to residual trees and 

	 regeneration

4.	Insects and disease, wind, ice storms 
and other factors 
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owners and practitioners infer that these sites are 
poor. However, with careful planning and harvest of 
poorer trees, these better sites can produce better 
stands of hardwoods.

In summary, degraded stands usually have the 
following features (Nyland 2006):

•	 few trees of desirable species, good vigor or good 
form remain as growing stock, limiting the future 
potential for volume and value growth

•	 the stand often has a patchy distribution of resid-
ual trees, resulting in incomplete site utilization 
and little control over understory development

•	 limited usable volume remains, making further 
cutting commercially marginal or infeasible

•	 few large seed trees remain, complicating attempts 
to establish a new cohort

•	understory plants may dominate the understory, 
particularly in the more open areas, further chal-
lenging chances to regenerate new seedlings across 
the stand

Why Does the Problem 
of Degraded Stands Persist?

While some causes of degraded trees are con-
trollable, the majority of degraded stands are not 
managed. The simple answer is that the landowners 
have little economic incentive to improve the stand 
(McGee 1982). Markets for degraded hardwoods are 
not generally available, and where they do exist, the 
income is marginal at best. More options are avail-
able to rectify a degraded situation when markets 
exist for small and low-value material.

Improvement of some severely degraded stands 
may require a cash outlay and the cost of removing 
poor trees may exceed the value of the stumpage. 
Many owners are reluctant or unwilling to invest in 
these stands. Often they feel that other investments 
may yield more certain results. Moreover, timber 
may be viewed as a one-time windfall rather than a 
long-term investment. Some owners, aware of the 
length of time and associated risk of forest invest-
ments, choose not to spend funds on these stands. 
Often, because they cannot properly evaluate the site 
potential and lack knowledge of stand management 
and markets, owners cannot properly evaluate the 
possible return on their investment (McGee 1982). 

With degraded stands, three options for manage-

ment are generally available: (1) rehabilitate the 
stand, (2) regenerate the stand, or (3) postpone 
action or leave the stand alone.

Unfortunately, leaving the stand alone is the 
option used too often, even on sites capable of grow-
ing quality timber. Rehabilitation of a degraded 
stand requires the measure of acceptable growing 
stock. If there is not enough growing stock to pro-
duce a new stand, then regeneration of the stand 
is necessary. Regenerating the stand often has the 
potential to create a better quality stand than what is 
currently on the site.

Corrective Measures for Degraded 
Hardwood Stands

Stand degradation can occur quickly, but usually 
develops over a long period following successive har-
vests and wildfire. Acceptable growing stock (AGS) 
refers to trees of commercial and desirable species 
that are capable of increasing in value and volume, 
and are or can become viable crop trees. Stands are 
not considered seriously degraded if they contain at 
least 50 ft2 of basal area of AGS per acre. Degraded 
stands usually lack trees in the sawtimber size class. 
Thinning is usually not economically feasible in 

Assessing Degraded Stands
(Adapted from: Ezell 1992)

1. Perform a forest inventory

2.	Determine site quality 

3.	Determine stocking and distribution of 
desirable trees (AGS) 

4.	Consider species composition (desired 
vs. unwanted trees)

5.	Estimate tree quality by considering 
tree form, potential tree grade and tree 
crowns of residuals

6.	Evaluate regeneration potential through 
a regeneration survey, both desirable 
species and control of interfering 
vegetation

7.	 Estimate age of the stand

8.	Determine objectives of management 
and markets
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degraded stands because of the lack of growing stock. 
Thus to address degradation, treatments should 
increase growing stock either by rehabilitation of 
the existing degraded stand or by regeneration. The 
major key to deciding to rehabilitate or to regenerate 
is the measure of adequate growing stock. The rec-
ognition and classification of AGS will often require 
professional assistance.

 
Determining a Course of Action

Degraded stands must be evaluated to deter-
mine the cause and the level of the problem, as well 
as their potential for value increases with treat-
ment. McGee (1982) provides a useful checklist for 
evaluating and prescribing treatments for degraded  
and problem hardwood stands. Ezell (1992) and 
McGee (1982) base stand evaluation on six crite-
ria: site quality, manageability of trees, culling of 
trees, desirability of the species, advance regenera-
tion and stand age. Highly productive sites bring a 
higher return on investment, since the site quality is 
greater. The manageability of trees is determined by 
species, stem form and the ability to respond to sil-
vicultural treatment based on crown position (dom-

inant, codominant, intermediate, overtopped) and 
condition. Crown condition is evaluated on the full-
ness or size relative to expected size of a tree of 
that height and diameter. The estimated basal area 
(measure of stand density) of desirable trees feasi-
ble for future management is 30 to 50 square feet 
per acre or about 40 to 50 small sawlog-size trees 
per acre. 

Trees to be culled may or may not be an asset to 
the stand. Although they may have little timber 
value, they may be desirable to wildlife and to poten-
tial regeneration through sprouting or seeding if they 
are of a preferred species. Undesirable species such 
as red maple, beech, hickories, dogwood and others 
are usually shade-tolerant, taking growing space 
from more valuable species, or inhibiting regenera-
tion, so they should be controlled. The amount and 
distribution of advanced regeneration and the seeding 
and sprouting of desirable species must be assessed 
to determine regeneration potential.  The ability of 
residual trees to respond to silvicultural treatments 
is related to age: young, vigorous trees with balanced 
crowns have a greater capacity to respond to release 
than older trees approaching maturity.

Degraded stand with a few acceptable growing stock (AGS) trees.
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The Decision to Regenerate
If a sufficient number of AGS trees are not 

present in the degraded stand, then the stand 
should be regenerated, because a new young stand 
generally has the potential to create a better-quality 
stand. Methods of regeneration include clearcut-
ting, patch clearcut, shelterwood and group selec-
tion. Most hardwood species can be regenerated by 
one, two or all three of these methods. The species 
likely to be present following the regeneration har-
vest will vary for each stand and will depend upon 
many factors including advance regeneration, seed 
and sprout sources. 

Obviously, desirable species should be favored 
through pre- and post-harvest site preparation. 
Equally important is the determination of the 
unwanted species that might need to be controlled; 
simply harvesting degraded stands and allowing 
nature to take its course may not improve the stand 
composition. Midstory species such as maple, black-

gum, dogwood and beech sprout prolifically, can be 
a problem and will need to be controlled (probably 
by herbicides). 

Most species have specific pathways that 
promote successful regeneration. Yellow-poplar, 
sweetgum, black cherry and ash reproduce from 
seed; oaks and walnut from advance regeneration; 
and almost all small hardwood stumps will sprout to 
some degree. Recognizing the regeneration sources, 
regeneration methods, site productivity and the 
growth habit of each species and how they all inter-
act in their associated competitive environments will 
assist in your assessment of site preparation needs for 
successful regeneration of the favored species. 

While most hardwoods regenerate quickly and 
readily following some form of clear felling, one of 
our most favored groups, the oaks, presents special 
regeneration problems (Loftis and McGee 1993). 
For the oaks, advance regeneration (pre-existing 
seedlings from 1 to 4 feet tall) must be present or 

A diameter-limit harvest leaving white oak trees with little potential to increase in value. The second 
photo is of the same tree 15 years after the harvest. Note that the tree still retains surface defects (knots 
and branches) that degrades the stem. The tree grew 1.5 inches in diameter in fifteen years after release.
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developed prior to the final harvest. Established 
advance regeneration gives oaks an initial advan-
tage over faster-growing species. Without advance 
regeneration, oak will probably not be a component 
of the new stand. Serious mistakes are often made 
assuming that small (less than 1 foot) oak seedlings 
will compete with faster-growing yellow-poplar, 
birch, ash and locust when released. On higher-qual-
ity sites, oak advance regeneration of sufficient size 
(greater than 4 feet) and number (60 to 80 per acre) 
must be cultured at least three to five years or more 
to increase the probability that oaks will become an 
overstory species (Stringer 2005). On poorer sites, 
oaks are much more readily regenerated, often from 
small stumps.

Regeneration of most degraded stands requires 
removal of overstory and midstory trees, usually 
through clearcutting. Otherwise, these trees will 
influence the growth and development of the 
regeneration. Ideally, the clearcut is achieved by a 
commercial harvest and no cash outlay is required of 
the landowner. However, many degraded stands may 
not contain enough timber value for the harvest to 
be profitable. Regardless, clearcutting is an efficient 
regeneration method to quickly remedy degraded 
hardwood stands. Fortunately, most degraded stands 
regenerate readily following clearcutting. 

The Decision to Rehabilitate 
Stand rehabilitation involves improving the 

existing degraded stand by (1) harvesting less desir-
able trees and retaining desirable growing stock, and 
(2) securing and protecting desirable regeneration in 
the open spaces. Nyland (2006) lists four steps that 
occur during the recovery of degraded stands when 
adequate growing stock is present. 

•	protect desirable residual trees or groups of trees 
by removing the poor and undesirable trees

•	growth is concentrated on residual trees of AGS

•	 regeneration fills the spaces between the widely-
spaced trees

•	enhance desirable seedling regeneration and devel-
opment success by controlling, with herbicides, 
interfering understory and midstory vegetation

The removal of less desirable trees provides more 
growing space for the residual trees. McGee (1982) 

calls this “sparse tree retention” and it leads briefly 
to two-aged stand structure (Stringer 2002) with a 
sparse, older age class and a regenerating age class. 
From a stand productivity point of view, the growth 
of the sparse trees can produce a quick return in 
10 to 20 years (Miller et al. 2004). However, when 
sparse trees are harvested, damage is likely to occur 
to the 10 to 20 year regeneration hardwoods. 

An advantage of rehabilitated stands with 
two-age structure is that regeneration of the stand 
occurs without clearcutting. Additionally, some 
future short-term income is generated from reten-
tion trees that otherwise would not be available 
if these trees were harvested. Development of 
higher-grade butt logs is possible through additional 
growth when retention trees are selected with the 
potential to increase in grade. Also, by leaving some 
larger trees on the site, sexual reproduction can still 
take place, providing seed for regeneration as well 
as mast for wildlife. 

On the other hand, rehabilitating stands does 
have several potential problems (McGee 1982). Trees 
selected for retention must have the ability to grow 
quickly into higher size and value categories. Epicor-
mic branching may reduce the grade of these retained 

Silvicultural Treatments for 
Rehabilitation of Degraded Stands

1.	 Two-age management or deferment 
cutting or sparse tree retention 

2.	Site preparation techniques (either 
pre- or post-harvest) of clearcuts and 
deferment cuts to favor regeneration of 
desired species

3.	Enrichment plantings (if prescribed) and 
control of undesirable species in the 
midstory and understory  

4.	Crop tree release of acceptable growing 
stock (AGS)

5.	Adjusting harvest opening size to 
target advantageous conditions based 
on regeneration present, site-quality 
conditions and AGS 

6.	Consider mixed pine-hardwood stands 
on lower-quality sites
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trees. In addition, trees must be logged and culls 
controlled without physically damaging the retention 
trees. Many smaller trees must be cut, lopped and 
injected, which is usually done as an expense. Once 
these smaller trees are controlled, then the regenera-
tion will have an opportunity to grow unhindered. 
As retention trees reach harvestable size, there must 
be a means to harvest these trees with minimal dam-
age to the developing regeneration.

Rehabilitating degraded stands is not a panacea. 
It is a stop-gap treatment that provides some benefit 
while shaping the stand to be more productive in the 
future. Many degraded stands do not have enough 
desirable trees to make the effort worthwhile. The 
decision to rehabilitate rather than regenerate should 
be based on an objective evaluation of available grow-
ing stock. If the rehabilitated stand can provide some 
income and logs in the future, the stand can be reha-
bilitated; otherwise, the stand should be regenerated. 
Regardless, rehabilitated stands will probably need to 
be regenerated in 10 to 30 years. 

Choosing Other Options
Sites on upper slopes, ridges and eroded soils 

have inherently poor productivity and tend to slowly 
grow short-bodied hardwood trees. Many of these 
trees have been subjected to fire and occasional 
cutting, which has further degraded stand quality. 
These sites may be better managed for other uses 
such as wildlife habitat. Another possibility is mixed 
hardwood-pine stands where pine is planted at a 
wide spacing (perhaps 100 or more pines per acre) 
and natural hardwoods are allowed to grow between 
the pines (Mullins et al. 1998). Pines are well-
adapted to and grow at a faster rate than hardwoods 
on these poorer and drier sites. The attractiveness of 
this two-stage method is that the pine can provide 
an earlier income, while hardwoods grow for a lon-
ger time.

Many degraded hardwood stands on low produc-
tivity sites can also be converted to pine. However, 
control of hardwood competition can be costly. 
Markets for degraded hardwoods can substantially 
reduce site preparation needs. 

Forked and poor quality trees remaining after repeated high-grading.
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Action is postponed or many degraded hardwood 
stands are left alone with some hope that they may 
improve. Degraded stands are not likely to improve 
much without treatment. A few trees per acre may 
increase in value, but the culls, damaged, poorly 
formed and undesirable trees will also continue to 
grow. A degraded stand today will, without some 
type of treatment, remain a degraded stand. Owners 
should carefully assess their property and determine 
the priority of degraded stands within their manage-
ment goals. 

Enrichment planting is a low-cost compromise 
between doing nothing and spending the time 
and money to completely harvest and regenerate 
the stand (Haymond and Zahner 1985). Where a 
certain species is sparse or absent, enrichment plant-
ing would allow the introduction of one or more 
desirable species without completely regenerating 
the stand. Competing vegetation in the vicinity 
of the planted seedling must be controlled to give 
the planted seedling a chance to prosper. Another 
method is to plant seedlings after complete vegeta-
tion removal (clearcutting) to enhance a species 
that may not be part of the natural regeneration 
pool. Enrichment planting has been discussed by 
practitioners and researchers, but few trials have 
been conducted, especially in planting hardwood 
seedlings in a residual hardwood stand. Although 
recommendations can not be made based on research 
data, introducing pines in hardwood stands to create 
a diversified, mixed stand has been successful on 
medium- to low-quality sites (Mullins et. al 1998). 

Another alternative might be to adjust manage-
ment so only portions of the stand are treated with 
a prescription rather than treating the entire stand. 
This alternative is appropriate in targeted areas 
where stocking (AGS) is favorable or on better-qual-
ity sites. In these circumstances, methods to enhance 
individual tree development may be more positive 
than stand level treatments. Managing the size of 
openings is a means of providing regeneration to tar-
geted areas within stands (LeDoux 1999). Crop-tree 
release (Mercker 2004; Stringer et al. 1988) can be 
particularly useful when focusing on individual trees.

Summary
Degraded hardwood silviculture is complex, due 

to the range of species, sites and level of degradation. 
Degraded stands often result from mistreatment 
and neglect, but some poor stands result from 
natural causes. Most any set of treatments that 
can be prescribed that will improve the stand will 

Factors That May Affect 
Degraded Stands

1.	Stands with more than 50 square feet of 
basal area per acre of acceptable growing 
stock (AGS) are generally not considered 
degraded.

2.	Normal thinning is generally not practical in 
degraded stands, but timber stand improve-
ment (TSI) to remove unwanted trees may be. 
There is not enough AGS to justify a thinning. 
Regeneration harvesting and thinning are 
separate operations with different purposes. 
Thinning is an intermediate operation to pro-
mote residual trees. Regeneration harvesting 
is to initiate and develop regeneration.

3.	Capital is usually limited for improving 
degraded stands. The costs and benefits of 
practices should be carefully considered. 
Dividing stands may be necessary because 
degraded stands often have areas that 
should be regenerated and areas where 
residual trees can be managed. It might be 
acceptable to culture portions of the stand 
rather than implementing treatments across 
the entire stand.

4.	Generally treat high-quality sites first.

5.	Stand regeneration is the better alternative 
than stand rehabilitation when AGS is not 
adequate. 

6.	Two-age methods are suggested for treat-
ment of degraded stands in establishing 
viable and desirable regeneration as well 
as some potential increase in value of trees. 
Favored residual trees or groups of trees 
should be widely spaced with regenera-
tion being promoted in the open spaces 
between trees.

7.	Treatment of a tolerant, undesirable midstory 
and understory is usually necessary. Pre-
harvest site preparation costs may be lower 
in hardwood stands than post-harvest 
activities.

8.	On lower-quality sites, consider mixed     
pine-hardwood stands. 
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result in better conditions and increased productivity, 
but come at a cost that may be a serious deterrent. 
Judging whether enough acceptable growing stock is 
present is key in determining whether to rehabilitate 
or to regenerate degraded stands. There is no perfect, 
one-size-fits-all method for success. Individual stand 
conditions must be assessed and techniques applied 
that would bring the stand closer to conditions favor-
able for producing desirable trees, while keeping costs 
at a minimum. Most landowners are interested and 
prefer to do something environmentally positive to 
return degraded stands to more desirable conditions. 
Stand rehabilitation, where appropriate, and regenera-
tion, where necessary, will set the stage for a gradual 
stand recovery.  
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Regeneration Potential Recommendations for Degraded Stands  

Species Acceptable Unacceptable

Stem 
Quality Good Poor Good/Poor

Vigor/Age Vigorous/Young Poor/Old Vigorous/Young Poor/Old Vigorous/Young Poor/Old

Regeneration 
Potential 

Adequate
Present

Complete 
regeneration 
possible 
 
Concentrate site 
preparation for 
regeneration 
on unwanted 
overstory and 
midstory trees
OR 

Culture sparse 
overstory trees

Complete 
regeneration 
required in 
near future

Concentrate 
site preparation 
on overstory 
and midstory 
trees

Complete regeneration required

Concentrate site preparation 
for regeneration on unwanted 
overstory and midstory trees

Complete regeneration 
required

Concentrate site preparation 
for regeneration on unwanted 
overstory and midstory trees

Regeneration 
Potential 
Currently 

Inadequate
Present, but 
in need of 
culturing 

to become 
adequate

Postpone harvest

Use midstory removal.

If harvest is required, leave groups 
of overstory trees
  
Concentrate site preparation 
for regeneration on competing 
understory vegetation

Postpone harvest  

Use midstory 
removal

If harvest is 
required, leave 
groups of 
overstory trees  

Concentrate 
site preparation 
on competing 
overstory and 
midstory trees

Postpone 
harvest  

Use midstory 
removal

If harvest 
is required, 
concentrate 
site preparation 
on overstory 
and midstory 
trees

Postpone harvest. Use 
midstory removal to culture 
regeneration

If harvest is required, 
concentrate site preparation 
for regeneration on overstory 
and midstory

Regeneration 
Potential 

Inadequate 
Not present

Postpone 
harvest

Culture spare 
overstory until 
adequate 
regeneration is 
established

If harvest is 
required, 
consider leaving 
groups of 
overstory trees

Complete 
regeneration 
required

Consider 
complete or 
partial artificial 
regeneration 
(species 
enrichment, 
mixed pine/
hardwood, or 
complete pine 
conversion)

Postpone harvest

Retain poor - 
formed overstory 
as a seed source 
for regeneration 

If harvest is 
required, 
consider leaving 
groups of 
overstory trees

Complete 
regeneration 
required

Consider 
complete or 
partial artificial 
regeneration 
(species 
enrichment, 
mixed pine/
hardwood, or 
complete pine 
conversion)

Complete regeneration 
required

Consider complete or partial 
artificial regeneration (species 
enrichment, mixed pine/
hardwood, or complete pine 
conversion)

Source:  Adapted from Dr. Jeff Stringer, Dept. of Forestry, University of Kentucky

11 Page 103 of 412



R12-4910-026-002-06     SP680-1.5M-6/06   06-0335

A Regional Peer-Reviewed Technology Extension Publication

Professional Hardwood Note #6 for Tennessee and Kentucky

Published as University of Kentucky’s Cooperative Extension publication FOR-104

Published as Southern Regional Extension Forestry publication SREF-FM-009

Partial funding of this publication provided by Tennessee Department of Agriculture, Division of Forestry

Programs in agriculture and natural resources, 4-H youth development, family and consumer sciences, and resource development.
University of Tennessee Institute of Agriculture, U.S. Department of Agriculture and county governments cooperating.

UT Extension provides equal opportunities in programs and employment.

Page 104 of 412



 

 

 

 

 

 

 

 

Great Trinity Forest Management Plan 

HARDWOOD SILVICULTURE 

Improving Species Composition in 
Mismanaged Bottomland 

Hardwood Stands in Western 
Alabama 

(Connor F., ed. 2004. Proceedings of the 12th biennial 
southern silvicultural research conference. Gen. Tech. 

Rep. SRS-71. Asheville, NC: U.S. Department of 
Agriculture, Forest Service, Southern Research Station. 

594 p.) 

Page 105 of 412



565

INTRODUCTION
There are thousands of mismanaged acres of bottomland
forests that exist in Alabama today from past highgrading
and other destructive practices. As a result, the proportion
and quality of oaks retained in these forest stands has
been diminished. The consequence has been the establish-
ment of a higher fraction of stems that are composed of
non-oak and other undesirable tree species. Stands that
typically have included moderate proportions of high-value
tree species, such as cherrybark and Nuttall oak, have
been reduced to mixed-species stands of lower economic
value.

A decrease in the number of mature oaks growing on
productive bottomland hardwood sites can create special
problems in successfully regenerating them after a harvest.
Even when good seed years occur, the stocking densities
and spatial arrangement of oak reproduction is sporadic at
best and sometimes non-existent. Much of this is due to a
lack of silvical knowledge concerning the natural reproduc-
tion dynamics of oaks within these productive sites. Limited
knowledge of the formulae to successfully recruit and
establish oak seedlings is largely stochastic in nature; that
is, we know what silvicultural methods should encourage
oak seedlings to become established, but success cannot
be predicted with any certainty. As a result, numerous plant
species have been able to capitalize on the high light
environments created during harvest operations.

Many plant species that have the ability to flourish in these
highly productive bottomland hardwood forests are shade
tolerant (e.g. Carpinus caroliniana, Halesia diptera, etc.).
This is one of the primary reasons that oak regeneration is
futile in these environments. Stand prescriptions that
encourage oak regeneration are often similar to those that
favor the development of potentially faster growing compe-
titor species (Kormanik and others 1995). The ramifications
are that oak reproduction is often subject to well-developed
understories dominated by shade tolerant species. The
lower stratum of these forests often includes Vitis, Smilax,

Arundinaria, and numerous other tolerant non-commercial
tree species. These undesirable species have the ability,
unlike the oaks, to become established and persist in an
understory almost completely lacking in direct sunlight for
many years. As a result, these species create a dense mat
of vegetation that covers the forest floor so completely that
penetration by direct sunlight is almost fully impeded.

These predicaments are extremely problematic for bottom-
land oak seedlings, because they are notoriously slow in
attaining the vertical height required to rise above this layer
of vegetation. They are so slow, in fact, that even when
ample light is available they still are shorter in height relative
to adjacent vegetation. A large proportion of oak reproduc-
tion present in this type of understory usually experiences
mortality caused, at least in part, by their inability to become
fully established. Extreme low-light environments at the
ground level in these forests creates a situation where
many desirable oak species cannot compete successfully
for the necessary light, nutrients, and other resources that
limit plant growth.

The initial inability of oak seedlings to grow rapidly in height
makes them especially vulnerable to animal browse.
Although a number of seedlings experience mortality due
to stresses associated with competing vegetation, there
still are many that become established in these conditions.
Those seedlings unable to rise above 1.25 m (Castleberry
and others 1999) however, will in many instances experi-
ence heavy browse pressure from the high population
densities of both white-tailed deer (Odocoileus virginianus)
and feral pigs (Sus scrofa). The potential impact of animal
browse on desirable hardwood regeneration is poorly
understood. Herbivory of naturally-regenerated commercial
species has adversely impacted other habitat types by
changes in species composition (Anderson and Loucks
1979, Hough 1965, Marquis 1981, Ross and others 1970,
Tilghman 1989, Walters 1993). The presence of these
animals makes it especially difficult to regenerate valuable
timber, because they feed heavily on seedlings and sprouts
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of preferred species. These problems are further exacer-
bated by the fact that these animals tend to stay within
small pockets in the forest until the area is overbrowsed
(Moore and Johnson 1967). Although light browsing usually
will have no detrimental effects on the future stands in
these areas, heavy browse damage can potentially lead to
stem deformities, changes in species composition, reduced
stocking, or extended rotations.

High population densities of herbivores and heavily shaded
understory environments in mature forests have led to oak
regeneration failures (Gillespie and others 1996) and
stimulated an increase in the number of stems of undesir-
able species. In southern forests, undesirable shade-toler-
ant species have been increasing in dominance over time
at the expense of the oak component. The fate of these
forests that were once heavily stocked with oak trees is in
question; quality oak seedlings are now scarce, and sap-
ling-size specimens are virtually non-existent. Techniques
to recruit oak reproduction using natural regeneration
methods are still being developed and, as yet, are not
reliable.

If some assurance of oak species’ stature in recently cut-
over floodplain forests is desired, the supplemental estab-
lishment of oaks through planted seedlings could partially
alleviate some of the problems associated with natural
regeneration methods (species composition, density,
spatial distribution, etc.) (Pope 1993). In order for artificial
oak regeneration to be successful, however, two factors
need to be considered: (1) faster growing competitor
species (vines, herbaceous weeds and undesirable tree
species), and (2) high population densities of both white-
tailed deer and feral pigs.

Rapid early height growth is the key to overcoming both
herbivory and the dense mat of vegetation that is present
in the lower strata of these forests. In an effort to promote
this growth, some measure of seedling protection may be
necessary to ensure that plantings are successful. Efforts
to protect seedlings from animal browse damage led to the
invention of plastic tree shelters in England in 1979. These
plastic tubes were approximately 4 feet tall and allowed
enough light to the seedling so they were able to survive
and become established, and also protected seedlings
from animal browse until they emerged from the end of the
tube. Not only did the tree shelters protect seedlings from
browse damage, but improved seedling survival and rapid
early height growth were also observed (Manchester and
others 1988). Since that time, many different styles of tree
protection devices have been tested throughout the world.
In the United States, research programs in Michigan have
shown that tube shelters effectively increased oak seedling
survival and early height growth (Lantagne 1995, Lantagne
and Miller 1997, Lantagne and others 1990). Comparable
tests in North Carolina, Pennsylvania, and Connecticut
also showed similar trends (Manchester and others 1988,
Walters 1993, Ward and others 2000). In the Southeastern
United States, several studies have investigated the
effectiveness of tree shelters in urban environments (West
and others 1999, West and others 2002) and in abandoned
agricultural fields as a method of reforestation (Schweitzer
and others 1999) with excellent success. While Dubois and

others (2000) investigated the growth and establishment of
cherrybark oak in a harvested area in eastern Alabama,
there have been no reportings of tree shelters being used
to aid in the establishment of bottomland oak species on
recently cutover bottomland hardwood floodplain forests.

If protection from animal browse is the main factor limiting
oak regeneration success, then any method of seedling
protection (i.e., tube shelters or wire cages, for example)
should afford similar results. However, if plastic tube shel-
ters can stimulate greater height growth than by browse
protection alone, then their use in southern bottomland
forests should be encouraged. Our objectives were to
examine the synergy of browse protection type and
enhanced height growth on oak reproduction at the site of
a recent clearcut in west Alabama. Specifically, we inves-
tigated the difference in the growth, survival, and animal
browse intensity on planted Nuttall oak (Quercus nuttallii
L.) that have been subjected to various combinations of
plastic tree shelters, wire cages, and fertilization.

METHODS AND PROCEDURES
Nuttall oak seedlings were purchased in January 2000 and
stored in a cooler at 40 oC until they were transported to
the planting site. Prior to outplanting, the root systems of
each seedling were dipped in a 10 g solution of Viterra to
aid in keeping the roots moist.

This study was conducted in a second-bottom mixed hard-
wood community adjacent to the Black Warrior River in
Greene County, AL, approximately 10 miles due north of
Demopolis. The landowners’ intent originally was to plant
the area with pine. As a result, the area was clearcut and
the site prepared by shearing and windrowing following
logging operations. Pre-harvest vegetation on the study
area ranged from the swamp chestnut oak/cherrybark oak
type on drier sites to the willow/water-laurel oak type on
wetter sites (Shropshire 1980). The swamp chestnut/
cherrybark stands contained a large proportion of water
oak (Quercus nigra L.) and sweetgum (Liquidambar
styraciflua L.) but also included green ash (Fraxinus
pennsylvanica Marsh.), white oak (Q. alba L.) and hickory
species (Carya spp.). Also present in smaller numbers
were American elm (Ulmus americana L.), winged elm (U.
alata Michx.), and southern red oak (Q. falcata Michx. var.
falcata) (Shropshire 1980).

Two planting areas were located in close proximity to each
other, situated with an east-west orientation, and sepa-
rated by a windrow approximately 3 m in width. A portable
laser-distancing device and flagging were used to delimit
each planting area and to establish planting rows. The
planting area on the north side of the windrow measured
approximately 82 m by 40 m and accommodated six plant-
ing rows. The planting area south of the windrow measured
approximately 90 m by 41 m and received seven planting
rows. Each planting spot within each row was then differen-
tiated using color-coded pin flags to discern which treat-
ment was to be applied at each particular location. In the
spring of 2000, a total of 324 Nuttall oaks were planted in
holes dug using a portable gas-powered auger with a 15
cm bit. A total of 144 seedlings were planted on the north
side of the windrow, while 180 were planted on the south
side.
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Seedlings were watered one time with approximately two
cups of water 1 week after planting to aid in their establish-
ment due to a coincident drought. After planting, baseline
measures of seedling height and groundline diameter were
recorded. Groundline diameter was measured at approxi-
mately 2.5 cm above true groundline to avoid swelling that
is common at the base of all trees. Seedling height and
groundline diameter data were again measured at the end
of each growing season in October 2000, 2001, and 2002.
Due to the high population density of both white-tailed deer
and feral pigs, a measure of browse intensity was docu-
mented as well. Browse incidence was quantified based
on the presence or absence of the terminal bud and
the amount of forking along the seedling bole as a result
of herbivory. Treatment differences were tested at the
α = 0.05 level.

Herbicides were applied around seedlings of each protec-
tion type several times during the first two growing seasons
to control competing vegetation. The first application was in
May 2000 using a 4 percent (by volume) RoundUp Pro
solution. To more effectively control some of the more tole-
rant weed species, subsequent herbicide applications were
amended with 0.5 percent (by volume) of an additional
surfactant (Timberland 90). Applications were made in
late June and August of 2000, and May and July of 2001.
Most competing vegetation was controlled by the use of
the chemicals, but some stems were manually severed.

EXPERIMENTAL DESIGN
Three hundred twenty-four Nuttall oaks were planted in a
completely randomized design at the study area in February
2000 at 3 m by 6 m spacing. One-third of the seedlings
were placed in 1.2 m tall opaque plastic tube shelters, one-
third in 1.2-m-tall wire cages, and the remaining one-third
of the seedlings were unprotected. One-half of all seed-
lings within each treatment received 2 10-gram fertilizer

tablets (20-10-5, NPK) at the time of planting, for a total of
six treatment combinations with 54 seedlings each. Black
plastic mulch mats (approximately 1 m by 1 m) were
employed at each planting hole across the study to further
reduce the effects of competing vegetation.

RESULTS
Of the 324 Nuttall oak seedlings planted for this experi-
ment in spring 2000, 309 (95.4 percent) were still alive
after two growing seasons. While there were no significant
differences in survival among treatments, 18.75 percent
(3) of the seedlings that died were from the control group
while 43.75 percent (7) and 37.5 percent (6) were from the
wire cage and tube shelter protection type, respectively.
Sixty-two percent (10) of the seedlings that experienced
mortality had received a one-time fertilizer application at
the time of planting, 38 percent (6) had not.

General Linear Model analyses (α = 0.05) were used to
examine the relationships between treatment/protection
type and seedling height and groundline diameter growth
after two growing seasons. Height growth differed signifi-
cantly (P < 0.0001) among treatments (fig. 1). Treatment
type was significant (P < 0.0001) as was fertilizer use (P =
0.0019). Groundline diameter growth differed significantly
(P < 0.0001) between the different treatment combinations
(fig. 2). Treatment type was significant (P < 0.0001) as was
fertilizer use (P = 0.0002).

Duncan’s Multiple Range Tests indicate the use of plastic
tube shelters stimulated significantly greater height growth
among seedlings than either the use of wire cages or
control (table 1). Height growth by seedlings in wire cage
protection was also significantly greater than for those in
the control group, and fertilized seedlings exhibited greater
height growth after two growing seasons than those unfer-
tilized. Groundline diameter was also affected by seedling
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Figure 1—Height growth (cm) of planted Nuttall oak seedlings by seedling protection type
and fertilizer use after two growing seasons.
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Figure 2—Groundline diameter growth (mm) of planted Nuttall oak seedlings by seedling
protection type and fertilizer use after two growing seasons.

protection type. Seedlings in plastic tube shelters were
significantly larger in caliper than those in the wire cages,
and seedlings in wire cages were larger than the control.
Similarly, fertilized seedlings exhibited greater groundline
diameter growth than unfertilized.

Analysis of variance (ANOVA) results suggest there were
significant differences in herbivory among the protection
types over the duration of this study. Post-hoc tests reveal
that the degree of browse incidence on the control seed-
lings was significantly greater than either the wire cages or
plastic tube shelters. Ninety-five percent of the unprotected
(control) seedlings were damaged by animal browse and

no longer retain their terminal buds. Twenty-eight percent
of those were browsed heavy enough to cause extensive
forking along the bole while 67 percent sustained only
slight browse damage. In contrast, less than 5 percent of
seedlings in tube shelters or wire cages sustained browse
damage to the terminal leader. There were no significant
differences in browse incidence between the wire cage and
plastic tube treatments.

DISCUSSION
Results from the first growing season indicated that fertili-
zer use significantly affected seedling height growth but not
groundline diameter growth. Data from the second growing
season indicated that fertilizer enhanced diameter growth
but not height growth. Total seedling height and diameter
growth was significantly elevated by the use of fertilizer
over the 2-year period. Over the course of the study the
groundline diameter of seedlings increased approximately
15 percent while height growth increased 25 percent by the
use of fertilizer, compared to those unfertilized. Based on
these results it appears that the use of fertilizer does pro-
vide an initial boost in seedling height growth which may
help them overcome the destructive influences of both
competing vegetation and herbivory. Whether or not these
effects are lost over time is of little importance if the initial
height gains in enable seedlings to rise above browse level
(1.25 m).

The use of seedling protection devices significantly increased
both groundline diameter and height growth after two grow-
ing seasons. Seedlings in wire cage protection were approx-
imately 300 percent taller than those in the control group,
whereas seedling which utilized plastic tree shelters were
nearly 650 percent taller than those in the control group.
These figures are slightly higher than those previously
reported in the literature. Lantange and Miller (1997)
reported gains in height of 375 percent, and Manchester

Table 1—Mean height and diameter growth of
planted Nuttall oak seedlings by protection type
and fertilizer use after two growing seasons

Mean heighta Mean GLD
N growth growth

cm mm
Protection

type
S 102 167.18a 17.10a
W 101   84.18b 14.99b
C 105   28.46c 10.94c

Fertilizer
usage

Yes 152   99.12a 15.31a
No 156   87.43b 13.08b

S = plastic tube shelter; W = wire cage; C = control.
a Means followed by the same letter within the same column are
not significantly different (α = 0.05) using Duncan’s New Multiple
Range Test.
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and others (1988) report gains of 132 percent after two
growing seasons for trees in shelters compared to those in
the control group. Differences in growth may be attributable
to the fact that those studies were done in the Northern
United States where growth rates are typically slower.
However, previous studies in the South also suggest height
growth differentials may indeed be in the 300-400 percent
range (Dubois and others 2000, Schweitzer and others
2000) even without intensive competition control. Differ-
ences in height growth between this study and others may
be due to the fact that there was nearly 100 percent vege-
tation control surrounding all planted seedlings at this
study site. In addition, there was virtually no competition
for light, nutrients, or other factors that limit plant growth.
This likely enhanced the growth rates and may be atypical
of results found in less intensive planting regimes. The
nearly complete vegetation control may also have impacted
survival rates across all treatments. Some studies involving
tree shelters reported high mortality rates for control seed-
lings (Manchester and others 1988), and this was not true
for this study, where we had 95 percent survival across all
treatment groups.

The intense browse pressure evidenced in seedlings in the
control group may also have been an artifact of our vegeta-
tion control. There are abundant white-tailed deer in the
area; however, because competing vegetation had been
treated with herbicide and was either dead or dying, alter-
nate browse was unavailable. Planted oaks were the main
vegetation within the planting areas in early spring. Wire
cages and plastic tube shelters protected two-thirds of the
seedlings from browse with the remaining one-third of
seedlings in the control group free to be browsed. This
resulted in a high proportion of the control seedlings actu-
ally losing height, some by nearly 23 cm, from repeated
browse since the time of planting. This not only affected
tree height, but subsequent tree form was drastically
altered. Control seedlings tended to be short and shrubby
compared to the taller and typically single-stemmed form
of protected seedlings.

The control treatment was the least costly of the protection
types, but poor growth rates and tree form are an outcome
of herbivory that can often lead to poor success rates in
re-establishing a forest stand. Costs of both the wire cages
and the plastic tube shelters are comparable but have dif-
ferent qualities associated with them. For example, the wire
cages do protect seedlings from browse damage to the
terminal leader, but do not protect seedlings from side
browse as branchlets extend through the wire. As a result,
cage-protected seedlings are not as straight and generally
have poorer form compared to those in plastic tube shelters.
Unless side branches are removed, the cage protection
devices will be very difficult to remove when the seedlings
rise above browse level. Plastic tube shelters are the most
costly of the treatments studied, but their use ensures that
requisite rapid early height growth, coupled with good tree
form, can be attained for desirable species. Although not
investigated, plastic tube shelters might have a lower cost
per successful seedling compared to other methods.

SUMMARY
The 1.2-m-tall opaque plastic shelters stimulated both
greater seedling height and groundline diameter growth
over two growing seasons compared to those enclosed in
wire cages or those in the control treatments. Partially as a
result of the growth rate differential, tree form also was
superior with increasing levels of protection with the best
form attained through the use of plastic tube shelters and
the worst form for seedlings in the control treatment. The
effects of fertilizer on planted Nuttall oak seedlings were
demonstrated through enhanced seedling height and
groundline diameter growth compared to those unfertilized.
Incidence of animal browse was significantly reduced by
the presence of seedling protection devices. The use of
protection devices and fertilizer, either separately or in
concert, can enhance early seedling growth and aid in the
establishment of artificially regenerated bottomland hard-
wood species.
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If you’re planning to harvest trees from your woodlot, a forest
management plan can help you achieve the highest economic
returns possible and ensure the long-term health of your
forest. One of the most important steps in developing a plan is
choosing a silviculture system. Silviculture systems are
different approaches to harvesting, regenerating and growing
forests. The three main silvicultural systems used in Ontario
include: the selection system, the shelterwood system, and the
clearcut system.

This Extension Note describes the silvicultural systems and
some of the factors you should consider as you select a
system that’s right for you and your property. 

THE SELECTION SYSTEM
HOW IT WORKS 
Individual trees or groups of mature, unhealthy or other
selected trees are harvested periodically. Most of the trees are
left to regenerate the stand naturally. Before any harvesting is
done, an inventory of the forest is completed. The inventory
identifies the tree species, the different sizes of trees, the
quality and health of the trees and the availability of habitat in
the forest. Based on this information, a tree marking
prescription is written and all trees to be cut are marked with
yellow paint. Crop trees are usually marked with blue paint.
Crop trees are the trees you want to grow for their future
commercial value, for their value to wildlife or as sources of
seed for regenerating desired tree species. Every eight to 15
years, the stand is thinned to give crop trees room to grow,
and some unhealthy and mature crop trees are harvested. Care
is taken during the thinning and harvesting operations to

CHOOSING A SILVICULTURE SYSTEM

Silviculture is the science of growing trees
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avoid damaging the site and the crop trees. Damage to young
and old trees can lower the future value of the wood.

Road access and a good network of skid trails are important.
Good access will improve the efficiency of each thinning and
also minimize the damage to crop trees.

The selection system can be adapted to encourage the growth
of different species. Cutting individual, mature trees in the
canopy encourages the growth of shade-tolerant species, such
as maple, beech and hemlock, which are growing in the
understorey. Cutting groups of trees, in an adaptation called
the “group selection system,” encourages the growth of
intolerant species, like poplar, and mid-tolerant species, like
oak, basswood, cherry and white pine. The group selection
system creates sunny gaps in the canopy where these species
can grow.

THE RESULTS
This system maintains a diverse, all-aged forest with a wide
range of species of different sizes and ages. These natural-
looking forests provide continuous supplies of wood,
fuelwood and other forest products, as well as habitat for
wildlife and attractive areas for recreation. 

WHERE IT WORKS BEST
The selection system is well-suited to the mixed hardwood
forests of southern Ontario, where the small periodic cuts mimic
the forest’s natural cycle of renewal. Mixed hardwood forests
rely on small-scale natural disturbances, such as lightning, fire,
wind, ice storms and disease, to kill individual trees or groups of
trees and create the space that young trees need to grow.

BENEFITS
• preserves the genetic diversity of the forest
• full canopy protects site from erosion
• maintains natural-looking, diverse forest
• provides good wildlife habitat and areas for recreation
• generates long-term income and a steady supply of wood

products

DISADVANTAGES
• requires investments in evaluating the forest, selecting and

marking crop trees, thinning and harvesting
• assistance from forestry experts is recommended
• large areas are required to generate sufficient volumes of

wood and income
• crop trees and regeneration can be damaged during

harvest operations

The selection management system maintains a diverse, all-aged forest with a wide range of species of different sizes and ages.
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SHELTERWOOD SYSTEM
HOW IT WORKS
Mature trees are harvested in a series of two or more
partial cuts. The cuts stimulate the germination and
rapid growth of a new forest in the shelter and the shade
of mature trees. The mature trees usually provide seed
for regenerating the site, but sometimes regeneration is
achieved by seeding, planting or stimulating coppice
growth. You will need good roads and skid trails to
access the site to complete each harvest. Care is taken at
each harvest not to damage the site or the regeneration. 

This system can involve three different kinds
of harvests:

1. Preparatory cut
The preparatory cut is a thinning operation that gives
selected trees room to grow large crowns. Trees with

large crowns provide more seeds than trees with
small crowns. A preparatory cut is only done if there
is a shortage of trees with large crowns on the site.
The first harvest is usually done when the trees are 60
to 80 years old.

2. Seed cut
The seed cut removes about half the mature trees in the
stand. It opens up the stand, allowing sunlight to reach
the forest floor, where it stimulates the germination
and growth of seedlings. The second harvest is usually
done when the trees are 80 to 100 years old. 

3. Removal cut
The removal cut harvests all the mature trees. It can
be done as a single harvest or as a series of partial
harvests. The removal cut is conducted after a dense

The shelterwood system maintains a forest canopy to protect, shade and shelter a new crop of trees.

The shelterwood system can involve three different kinds of harvests: the preparatory cut (left), the seed cut (centre) and the removal cut (right).
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carpet of saplings (trees taller than 1.5 metres) is
established in the shelter of the mature trees. By giving
the saplings full sunlight, the removal cut encourages
the rapid growth of a new forest. The final harvest is
usually done when the trees are 100 to 120 years old.

THE RESULTS
The shelterwood system produces an even-aged, fast-
growing forest. It favors mid-tolerant species, such as oak,
white ash and white pine, which can germinate in shade but
later require some sunshine to survive. This system can be
adapted to quickly regenerate maple sugar bushes.

WHERE IT WORKS BEST
This system is well-suited to mixed hardwood and conifer
forests in southern Ontario that lack sufficient natural
regeneration to grow desired species. The shelterwood
system mimics major disturbances, like wind, fire and

insects, that create large gaps in the forest canopy where
mid-tolerant species can grow.

BENEFITS
• preserves the genetic diversity of the forest
• partial canopy protects site from erosion while new

growth is getting established
• maintains some wildlife habitat
• can be used to regenerate oaks which provide food

for wildlife 

DISADVANTAGES
• requires investments in evaluating the forest, select-ing

and marking crop trees, thinning and harvesting
• assistance from forestry experts is recommended
• can cause loss of habitat for animals that 

require a mature closed canopy, such as the red-
shouldered hawk

CHOOSING A
SILVICULTURE

SYSTEM
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CLEARCUT SYSTEM
HOW IT WORKS
All the trees are harvested in one cutting operation. In a
modification of the clearcut system, called the “seed-tree
method,” individual trees or groups of trees are left
standing to provide seed for regeneration. The seed trees
are large-crowned (capable of producing large quantities of
seeds) and able to survive in windy, exposed conditions.

The clearcut area can be regenerated by:
• windborne seeds from nearby areas
• seeds from trees left on the site, singly, in strips or

in groups
• coppice growth (the shoots that grow from the stumps

of trees when they are cut or stressed) 
• artificial seeding 
• planting seedlings or trees

You may need to thin the regenerating forest and protect
the young trees from competition with other vegetation
and from small mammals. 

THE RESULTS
Clearcutting produces an even-aged forest with trees that
are about the same age. Although maple and other shade-
tolerant species can become established in clearcut areas,
clearcutting strongly favors the growth of shade-
intolerant species, like jack pine, poplar, cedar and white
birch. These species, which need full sunlight, grow fast
and quickly dominate clearcut areas. 

WHERE IT WORKS BEST
Clearcutting is a good choice for the Boreal forests of
northern Ontario, where it mimics the natural

disturbances that perpetuate this kind of forest ecosystem.
In Boreal forests, large catastrophic occurrences, like
forest fires and insect infestations, kill extensive areas of
forest, which regenerate naturally to even-aged growth.

Clearcutting is not recommended for general use in the
mixed hardwood forests of southern Ontario.

BENEFITS
• simplest harvest method with no need to protect

remaining seed-trees from damage
• generates highest immediate financial returns 
• favors intolerant species, which do not grow well

in shade

DISADVANTAGES
• makes land more vulnerable to erosion from wind

and rain
• erosion can carry silt into streams and rivers, reduc-ing

water quality and damaging aquatic habitats
• regeneration in hot, exposed areas can be difficult and

may require investments in preparing the site for
seeding or planting, thinning, controlling competition
and protecting young trees from small mammals

• can reduce the genetic diversity of the tree species in
the new forest if the seed came from a few seed trees

• unpleasant to look at and of little value for recreation

Page 116 of 412



FACTORS TO CONSIDER WHEN CHOOSING A SILVICULTURE SYSTEM

C
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Choosing a silviculture system isn’t easy. There are many
factors to consider and many decisions to make. The most
important ones are your personal goals, the condition of
the stand today and your property’s potential. The
following considerations and questions will help you
choose a system.  

1. GOALS
Assessing your priorities will help you establish short-
and long-term goals for your property. Begin by ranking
the following possibilities in terms of importance to you:

• Immediate revenue from wood products or fuelwood
• Long-term revenue from wood products or fuelwood
• Wood products for personal use
• Fuelwood for personal use
• Wildlife habitat
• Natural-looking forest for recreation
• Revenue from maple syrup production 
• Maple syrup for personal consumption

2. CLIMATE AND SITE CONDITIONS
Many tree species can grow in a range of conditions.
However, their growth and survival rates vary greatly 

with climate, bedrock type and soil type. Assess your site
to determine the tree species that are best suited to it.

• What forest region is your stand located in? 
Great Lakes-St. Lawrence...............❒
Deciduous........................................❒
Boreal ..............................................❒

• What type of bedrock lies under the stand? 
Canadian Shield ..............................❒
limestone .........................................❒

• How deep is the soil?
0–50 centimetres .............................❒
50–120 centimetres .........................❒
greater than 120 centimetres ...........❒

• What kind of soil is it? 
sandy ...............................................❒
silty..................................................❒
clay ..................................................❒

• How much rain and snow falls on the site?
• How hot does the site get in summer?
• How long is the growing season?
• What native species grow best in your area?
• Is the site so steep that cutting the forest will make it

vulnerable to erosion that could damage the site and the
nearby streams and rivers?

The clearcut system mimics natural disturbances, like forest fires, that kill extensive areas of forest which regenerate naturally.
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CHOOSING A
SILVICULTURE

SYSTEM

3. STAND AND SPECIES CHARACTERISTICS
Assessing the tree density, health and species composition
of your forest will help you determine the volume and
value of the trees in your forest and how much work you
need to do to realize your goals.

• How big is the area that your stand covers?
• How many trees are in the stand? 
• What species are present in the stand?
• How old and how big are the trees of each species?
• How many of the trees in your stand are mast

species, which provide fruit and nuts for wildlife?
• How many cavity trees and snags are there in your

stand to provide nesting, denning, escaping and
feeding holes for birds and mammals?

• Is there a carpet of organic matter and decaying
wood on the ground to enrich the forest soil and
provide habitat?

• Are there any tall pines poking through the canopy
that should be preserved for their value as nesting
and roosting sites for birds? 

4. DESIRED SPECIES
The three silviculture systems favor different species.
Identifying the species you want to regenerate or grow
will help you choose a system. If you want to regenerate
shade-intolerant species like poplars or cedar, choose the
clearcutting system which provides the sunlight these
species need. If you want to regenerate mid-tolerant
species like red oak or white pine, choose the shelterwood
system. If you want to regenerate tolerant species, like
maples, beech or hemlock, or to maintain a forest with
many different species, choose the selection system.

You also need to consider the amount of labor and the
costs involved in regeneration. Here’s some questions
to consider:

• What species do you need to regenerate to achieve
your goals?

• What methods work best for regenerating your
desired species?

• Are there sources of seed for natural regeneration in
the present forest?

• Are there sources of seed for natural
regeneration nearby?

• Can you regenerate desired species by stimulating
coppice growth? 

• Can you afford the time and costs of artificially
regenerating the site by seeding or planting?

• Are you willing to weed or use mulches, fire or
herbicides to hold back grasses and other plants that
might compete with the regeneration?

MAKING A CHOICE
Are your goals compatible? Here are some points to
review as you consider your options and
possible compromises:

• If you want a natural-looking forest that provides
wildlife habitat, as well as continuous supplies of
timber, fuelwood, maple syrup or other forest products,
the selection system may be right for you and your
land. While the costs of regeneration are low, the costs
of tree marking and thinning can be significant. 

• If you want to regenerate mid-tolerant species like
oaks or quickly establish a new sugar bush, the
shelterwood system may be the best choice. By
keeping a partial forest-canopy until regeneration is
established, this system maintains wildlife habitat
and does not increase the potential of erosion or fire.
However, the costs of selecting and marking crop
trees, tending and harvesting can be significant.

• If you want the fastest returns and/or to regenerate
intolerant species like poplar, clearcutting may be the
system you need. However, regenerating a clearcut
takes a long time and can be difficult and costly.
Clearcutting also removes the forest canopy which,
in turn, reduces the diversity of habitat available to
wildlife and makes the site more vulnerable to forest
fires and erosion. 

For more information on silviculture systems or arrange
for assistance preparing a forest management plan for
your property, contact your nearest office of the
Ontario Ministry of Natural Resources or a local
forestry consultant.

For more information contact:
LandOwner Resource Centre
P.O. Box 599, 5524 Dickinson Street
Manotick, Ontario K4M 1A5
Tel 613 692 2390 or 1 800 387 5304
Fax 613 692 2806 
E-mail: lrc@sympatico.ca
Product Ordering: 1 888 571 INFO (4636)  
Internet: http://www3.sympatico.ca/lrc
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	 he two-age system is designed to main-		
	 tain two distinct age classes in a forest.
	 This system is generally initiated using 
a deferment harvest, sometimes referred to as a 
shelterwood or clearcut with reserves (Figure 1). 
The deferment harvest retains a limited basal area 
of canopy trees while allowing the majority of the 
area to regenerate. The harvest initially creates a 
stand that contains scattered or small groups of 
older trees, typically one rotation length in age, 
surrounded by a regenerating age class. The canopy 
trees that are left are termed reserve trees. At the 
end of a second rotation length the stand contains a 
limited number of large reserve trees, two rotation 

lengths in age, and a larger number of trees that are 
one rotation length in age.  

The two-age system is a viable method for 
managing many hardwood stands where longer-lived 
species are present. The system provides for vigorous 
regeneration and the development of average size and 
valued sawtimber trees and a significant component 
of older and larger high-value veneer and grade saw-
timber trees. The system also provides for structural 
components that are lacking in even-aged stands. 
These structural components can benefit wildlife 
populations and provide old-growth characteristics. 
Like any silvicultural option, the two-age system has 
benefits and constraints and is not appropriate for 
every management objective or stand condition. The 
system does provide landowners and managers with 
options not available with other systems; however, 
proper implementation is required. 

Benefits and Constraints of the 
Two-Age System  

The two-age system initiated by a deferment 
harvest provides a number of benefits, including:

•	 Development of large-diameter sawtimber or 
veneer trees

•	 Production of a wide range of forest products from 
pulp to veneer in the same stand at the same time

•	 Ability to regenerate shade-intolerant and inter-
mediate-shade-tolerant species

Figure 1. Typical two-aged stand after a deferment 
harvest and site preparation treatment.

Extension

T

Two-Age System 
and Deferment 
Harvests 
Jeff Stringer, Extension Professor of Hardwood Silviculture, Department of Forestry, University of Kentucky

SP679
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•	 Improved aesthetics compared to clearcutting
•	 Increased structural diversity and retention of 

habitat components compared to clearcutting
•	 Increased initial revenue compared to other types 

of non-clearcut regeneration techniques
•	 Development of old-growth structural character-

istics
•	 Maintenance of sexual reproduction in reserve 

trees throughout the entire rotation and the abil-
ity to “life boat” species that would otherwise be 
eliminated if the area was clearcut

While the two-age system has several benefits, it 
also has several constraints and effects that must be 
considered prior to its prescription, including:

•	 Lack of appropriate long-lived species to maintain 
the system

•	 Forest fragmentation and habitat effects similar to 
clearcutting

•	 Reduction in initial revenues compared to 
clearcutting and possibly diameter-limit harvests 

•	 Limited development of shade-tolerant species
•	 Damage to new age-class trees if a portion of 

reserve trees are removed prior to the end of the 
second rotation length

The benefits and constraints of the system must 
be carefully considered before prescribing its use. 
One of the more important issues that determine 
if the two-age system is an appropriate silvicultural 
option is the presence of relatively long-lived species. 
If these species are not present, then the two-age 
system is probably not appropriate and traditional 
even-age or group selection methods should be 
considered if shade-intolerant and/or intermediate- 
shade-tolerant species are managed. However, if 
the system meets management objectives and can 
be used with the species present, then a deferment 
harvest and the use of the two-age system represents 
a reasonable regeneration alternative. 

The two-age system requires the long-term 
retention of reserve trees, and their characteristics 
and selection are critical for successful implementa-
tion of the system. Reserve-tree characteristics can 
vary considerably and are based on management 
objectives. Regardless, the reserve trees must be able 
to maintain themselves when challenged with an 
open environment. The selection of the reserve trees, 
their individual characteristics, position in the land-
scape, number and distribution must be carefully 
determined and managed. Research and operational 

experience has provided information on a number 
of these criteria for several of the more important 
hardwood species and forest types. 

Deferment Harvests
Two-aged stands are typically developed using 

a deferment harvest. However, deferment harvests 
are also used as a means of establishing even-aged 
stands, so it is important to understand how defer-
ment harvests differ based on their intended purpose. 
When deferment harvests are used for developing 
even-aged stands, the initial reserve tree densities are 
relatively high, around 30 square feet of basal area 
per acre, compared to reserve tree densities recom-
mended for the two-age system. Trees are removed 
10 to 15 years after the initial harvest, leaving only 
the regenerating age class. This type of deferment 
harvest differs from a traditional shelterwood in 
that the density of reserve trees is less than that of a 
shelterwood overstory and the reserve tree density 
is not intended to affect (or shelter) the regenerating 
age class. Most often this type of deferment harvest 
is used to alleviate the bleak appearance of a clearcut 
(Figure 2). When a deferment harvest is used for 
aesthetic purposes, the characteristics of the reserve 
trees are less important and rigorous than when 
the deferment harvest is being used in the two-age 
system. When implementing a deferment harvest as 
part of the even-age system, the reserve trees should 
contain enough surviving merchantable volume (and 
value) that a commercial harvest can be used to 
remove them 10 to 15 years after the initial harvest. 
Issues such as longevity of the species selected are not 
important considerations of reserve trees in defer-
ment harvests when used in the even-age system. 

When a deferment harvest is used in the two-
age system, the reserve tree density is much lower 
than when used with the even-age system. Typically, 
reserve tree density is not above 15 square feet of 
basal area per acre and the selection criteria for these 
trees are more rigorous than when a deferment har-
vest is used to establish an even-aged stand. 

Shelterwood Harvests and the 
Two-Age System

The two-age system also can be initiated using 
a shelterwood. In this instance, the shelterwood 
overstory density is adjusted to encourage the proper 
regeneration of intermediate-shade-tolerant spe-
cies (typically 45 to 60 square feet per acre). After 
regeneration establishment, normally 10 to 20 years, 
the shelterwood overstory should be reduced to 10 
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to 15 square feet per acre. The remaining trees are 
termed reserve trees and this method of regeneration 
is referred to as an irregular shelterwood. Whether 
to use an irregular shelterwood or a deferment 
harvest to develop a two-aged stand is based on 
the regeneration requirements at the time of the 
initial harvest. The irregular shelterwood is used to 
encourage intermediate-shade-tolerant species and a 
deferment harvest is used to establish shade-intoler-
ant and intermediate species. One problem with the 
irregular shelterwood is that is requires that enough 
volume and value be retained in the stand to allow 
for a commercial harvest 10 to 20 years after the 
initial cut, while still retaining 10 to 15 square feet 
of basal area per acre. Regardless, the end result is 
the same – a two-aged stand is developed with a 
limited number of reserve trees being maintained for 
two rotation lengths with the remainder of the stand 
occupied by a younger regenerating age class.  

Basics of the Two-Age System
The challenge of implementing the two-age 

system is to ensure that both age classes maintain 
long-term growth and development. This requires 
that the older reserve trees be carefully selected to 
ensure survival and maintain growth and vigor over 
a second rotation and that their density (number or 
basal area) is limited so that they will not signifi-
cantly hinder regeneration of the younger age class 
over the long-term. 

In its simplest form, the two-age system is 
initiated by a deferment harvest typically retaining 
between 10 to 15 square feet of basal area per acre. 
This level of retention is especially important, as all 

of the reserve trees are left for the entire second rota-
tion length. Initial research involved the use of much 
higher basal areas, in some cases as high as 30 to 35 
square feet per acre. However, as research progressed 
it became apparent that these basal areas dramati-
cally affected the long-term height growth of the 
regenerating age class. Research also found that the 
regenerating stems directly under the reserve tree 
crowns were stunted with a large number exhibiting 
significant sweep and stem deformation. By limiting 
the reserve tree densities, both of these problems can 
be minimized.

Generally, the 10 to 15 square feet of basal area 
per acre of reserve trees is obtained through the 
retention of scattered individual sawtimber-sized (> 
10 inches dbh) stems. The large area between reserve 
trees leaves abundant room for regeneration to flour-
ish in full sunlight over an extended period, in many 
cases over an entire rotation length. This allows the 
initial 10 to 15 square feet of basal area of reserve 
trees to be retained for a second rotation length, 
with the majority of the trees in the regenerating age 
class experiencing minimal impacts from the reserve 
trees. Reserve trees can also be grouped rather than 
retained as scattered individuals. The grouping of 
reserve trees has advantages in certain situations, 
including protection from wind-throw, and the 
minimization of deformation of regenerating stems 
compared to leaving scattered individual trees. How-
ever, in all cases the intent is to provide two distinct 
age classes, with the older class providing as little 
interference with the young age class as possible. 
This is especially true if volume growth and timber 
quality are objectives. 

Figure 2. Simulated comparison of a clearcut and a deferment harvest showing the aesthetic differences 
between the methods.  
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At the end of the second rotation, all of the large 
reserve trees are harvested, as well as the majority of 
the trees that are one rotation length in age. Only 10 
to 15 square feet of this one rotation age class is left 
as reserve trees for the next rotation. Cultivation of 
these future reserve trees should be considered dur-
ing intermediate treatments. 

Reserve Tree Criteria
Reserve tree criteria are based on management 

objectives. For example, the system can be used 
to initiate the development of old-growth forests, 
maintain mast production for wildlife, as well as 
develop large, high-value sawtimber and veneer 
trees. Each of these objectives will produce a differ-
ent set of reserve tree characteristics and criteria. In 
some instances, a specific characteristic can meet the 
needs of more than one objective. 

The majority of the interest and research in the 
two-age system and deferment harvests is focused on 
timber objectives. To this end, the primary charac-
teristics of individual reserve trees include:

•	 long-lived commercial species
•	 appropriate crown characteristics including live 

crown ratios (typically > 40 for hardwoods), 
well-balanced crown proportions and overall 
crown vigor

•	 stem form and maintenance of potential veneer or 
high-quality sawtimber

•	 ability to withstand harvest 
•	 located to avoid wind-throw and other post-har-

vest perturbations
      
These characteristics help assure that the reserve 

trees emerge unwounded from the deferment har-
vest, respond positively in growth and vigor after 
the harvest, maintain themselves and their value 
to the end of the next rotation, and can withstand 
environmental stresses associated with the open-
grown status of the reserve trees. If objectives other 
than timber are being considered, then reserve 
tree characteristics are often altered. For example, 
leaving trees that are heavy mast producers may be 
important for wildlife objectives. Regardless, the 
reserve trees need to be carefully selected to ensure 
that they survive and provide the required benefits.

DBH and Crown Characteristics 
of Reserve Trees

To ensure harvest survival and long-term growth 
response, reserve trees are generally selected from 

dominant and co-dominant crown classes. Figure 3 
shows examples of good and poor two-age reserve 
tree candidates. Note the live crown ratio (lcr) of 
more than 40 percent and the well-balanced crown 
shape of the good-candidate trees (column A). 
Research has found that some species (ex. white oak) 
exhibit dieback and mortality when the lcr is below 
30 percent. Poor candidates (Figure 3B) generally 
have thin or deformed crowns, dead major canopy 
branches, flat-topped crowns or lcr’s below threshold 
levels. Most reserve trees should come from dominant 
and co-dominant trees, because sub-dominant trees 
often have significant vigor problems as indicated 
by their crown characteristics. There are instances 
where intermediate crown class trees have sufficient 
characteristics to warrant consideration as reserve 
trees. However, these trees need to be carefully eval-
uated to ensure that they possess the correct charac-
teristics and they are able to survive the harvest.   

While there is a need to select reserve trees 
from the main canopy, this should be done with an 
eye to minimizing timber value of the reserve trees. 
Holding reserve trees of significant monetary value 
when not necessary decreases timber revenues and 
reduces money available for management. Table 1 
compares the stumpage value of reserve trees of 
average dominant/co-dominant size to those selected 
with the smallest diameters and value that still meet 
reserve tree criteria for vigor and future value. The 
data from these seven upland oak hardwood tracts 
(encompassing 25 different stands) indicate that 
significant increases in timber revenues can be gener-
ated if dbh is considered in selecting reserve trees. 
However, considerations that minimize value and 
thus diameter of reserve trees should not outweigh 
considerations of vigor, value and the ability to sur-
vive harvests. 

Figure 4 shows the relationship between the 
average dbh of potential reserve trees by species 
compared to the average dbh of dominant and co-
dominant trees in seven upland hardwood tracts on 
the Cumberland Plateau in eastern Kentucky. The 
bold diagonal line shows a 1:1 relationship between 
the average dbh of reserve trees and average dbh of 
dominant and co-dominant trees. This means that 
reserve trees, if they were of the same size as domi-
nant and co-dominant trees, would lie along this 1:1 
line. The average minimum diameter at breast height 
(dbh) targets are shown by dashed lines, representing 
the average minimum dbh of reserve trees of each 
species group compared to the average dbh of all of 
the dominant and co-dominant trees in the stand. 
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Figure 4. Minimum average dbh for reserve trees for 
species groups based on the average dbh of dominant 
and co-dominant trees in each stand for seven tracts 
on the Cumberland Plateau in eastern Kentucky. The 
diagonal line shows a 1:1 relationship. 

Figure 3. Comparison of good (column A) 
and poor (column B) reserve tree candidates 
associated with a deferment harvest. Note 
overall crown size, balance and live crown 
ratios of the two sets of reserve tree candidates. 
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In the case of white oak, appropriate reserve 
trees were very close in dbh to the average dominant 
and co-dominant trees, generally not deviating more 
than 3 inches in dbh from the dominant and co-dom-
inant average. It should be noted that many stands 
in these seven tracts contained large numbers of 
intermediate and overtopped white oak trees. How-
ever, they did not possess the crown characteristics 
required for retention as reserve trees and the average 
minimum diameter for reserve white oak trees was 
relatively close to the average dbh of dominant and 
co-dominant trees. The potential reserve maples are 
significantly less in dbh (resulting from their shade 
tolerance) than the average size of dominant and co-
dominant trees. However, it is improbable that many 
of these potential reserve trees could survive logging 
and would not typically be selected as reserve trees.

Unfortunately, when the two-age system was 
first used in the United States, reserve tree selec-
tions were made so that their dbh’s were minimized, 
having as little impact as possible on timber receipts 
from the deferment harvest. However, problems 
quickly arose with the reserve trees’ ability to satisfy 
long-term timber objectives. 

Figure 5 shows the difference in dbh between 
reserve trees that were marked according to proper 
reserve tree criteria provided (open circles) and 
reserve trees that were marked with the primary 
objective of not significantly altering timber revenues 
at the time of harvest (+). Note that the dbh for the 

latter group of trees falls well below the average 
dbh of appropriate reserve trees when the average 
dbh of dominant and co-dominants reaches 14-16 
inches. Essentially, to avoid timber volume and value 
being left in reserve trees in these tracts, appropri-
ate reserve tree criteria were ignored, leading to 
the selection of small-diameter, sub-canopy trees. 
Unfortunately, these small-diameter trees did not 
possess the necessary attributes for two-age reserve 
trees. These data indicate that when the average size 
of the main canopy trees reaches grade-sawtimber 
size, some merchantability can be expected to be 
unavoidably retained in the reserve trees. Results 
from research and operational trials indicate that it 
is important to maintain proper reserve tree criteria 
and only minimize the diameter of reserve trees once 
other criteria have been considered.

Once the average dbh of reserve trees and their 
basal area has been determined, approximate reserve 
tree spacing can be established (Table 2). The deter-
mination of an approximate spacing is helpful in 
marking individually scattered reserve trees, provid-
ing field personnel with a reasonable target to assist 
in maintaining the proper level of retention. 

Stem Form and Quality 
of Reserve Trees

Stem form and future tree quality and value are 
important criteria for reserve tree selections where 

Average DBH Minimum DBH

Tract $/acre
Percent 
of sale $/acre

Percent 
of sale

1 301.50 23.0 238.59 18.4

2 334.09 32.1 186.85 16.9

3 289.03 22.6 245.00 20.2

4 322.82 22.5 223.97 22.5

5 328.41 17.9 273.72 14.6

6 281.36 23.3 248.41 20.7

7 327.63 32.5 189.79 13.9

Mean 312.12 24.8 229.48 17.1

Table 1. Stumpage value per acre 
of reserve trees (20 ft2/acre basal area) 

of average dominant and co-dominant dbh 
compared to reserve trees of minimum dbh 

that meet criteria for timber objectives 
for seven tracts in eastern Kentucky. 

Figure 5. Comparison of average dbh of appropriate 
upland hardwood reserve trees (open circles and blue 
line) and the average dbh of inappropriate reserve trees 
(plus signs and red line) that were retained to avoid 
reduction in timber revenues with little concern to long-
term reserve tree growth. 
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timber is an objective. Stems should be straight, 
free of rot and have limited defect indicators on the 
butt log. Typically, reserve trees should be capable 
of producing veneer-quality logs or high-quality 
sawlogs when they are ultimately harvested (poten-
tial U.S. Forest Service (USFS) tree grade =1). One 
of the problems associated with exposing reserve 
trees is a potential loss in their long-term timber 
quality due to the development and maintenance of 
mainstem branches that can degrade tree quality and 
value. These branches develop from epicormic buds 
that form epicormic branches, and if retained long 
enough, become large branches that can significantly 
degrade timber value.

Research has shown that the basal area reten-
tion recommended for deferment harvest (10 to 15 
square feet of basal area per acre) provides for regen-
eration that quickly grows up around butt logs. The 
developing regeneration quickly reduces light levels 
near the boles of reserve trees, leading to shedding 
of many epicormic branches that initiate due to the 
harvest. It is important to remember that the epi-
cormic branches are formed from suppressed buds 
that are present on the trees prior to harvest. They 
are defect indicators or are associated with defect 
indicators prior to the harvest and only become 
added problems when they sprout and the resulting 
epicormic branches remain long enough to become 
large branches. This results in prolonged knot for-

mation. Upper logs are at greater risk for degrade 
compared to the butt logs in a deferment harvest. 
Regardless, it is important to understand which 
defect indicators harbor suppressed buds that can 
turn into epicormic branches and can potentially 
result in long-term degrade. 

Table 3 provides information on defect indicators 
that provide a risk for epicormic branching in white 
and chestnut oak. Only a few of the defect indicators 
on the bark of these species contain suppressed buds 
resulting in epicormic branches. Figure 6 shows epi-
cormic branches originating from a suppressed bud 
cluster on the butt log of a white oak reserve tree 
one year after a deferment harvest. Those marking 
reserve trees should understand the risks associated 
with epicormic branching and be able to recognize 
defect indicators that harbor suppressed buds in the 
species being marked. 

Other Risk Indicators and Factors
Reserve trees should also be able to withstand 

stress-inducing factors such as challenges from 
insects, pathogens and disease complexes. While it is 
not possible to plan for attacks from all insects and 
diseases, it is prudent to plan for challenges from 
known problems. For example, potential defoliations 
by gypsy moth and endemic insects should be con-
sidered where appropriate. In some instances, crown 
characteristics have been shown to be associated with 
a trees’ ability to withstand the initial front of gypsy 

Reserve 
Tree
DBH

Ft2 Basal Area per 
Acre of Reserve Trees

10 15 20
------------ feet -------------

6 29 24 21
8 39 32 28
10 49 40 34
12 58 48 41
14 68 56 48
16 78 64 55
18 88 72 62
20 97 80 69
22 107 88 76
24 117 96 83
26 127 103 90
28 136 111 97
30 146 119 103

Table 2. Spacing (feet) between 
scattered reserve trees.

Figure 6. Multiple epicormic branches developed 
from a suppressed bud cluster on the butt log of 
a white oak reserve tree one year after deferment 
harvest. 
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moth invasion. These characteristics can be added 
to the list of reserve tree criteria. Another example 
is the issue of oak decline. Characteristics associated 
with oak decline should be included in the selection 
of oak reserve trees. Other factors involving wildlife 
considerations may need to be included in reserve 
tree criteria. For example, the need for bat habitat 
may require the retention of scaly-barked trees like 
shagbark hickory as reserve trees. All of these factors 
could alter the species of reserve tree candidates, 
crown condition and other reserve tree criteria.     

Longevity of Reserve Trees
Longevity is an issue that must be thoroughly 

addressed in the selection of reserve trees. Table 4 
provides a list of species, their mean operational ages 
and their suitability for use as reserve trees. While 
this list was developed from a survey of silvicultural 
experts in the eastern U.S., it does provide a general 
guideline for the appropriateness of species for 

Defect Indicator

White Oak Chestnut Oak
# 

Suppressed 
Buds2

# 
Epicormic 
Branches3

# 
Suppressed 

Buds2

# 
Epicormic 
Branches3

live branch 10.02 2.50 0.00 0.00
multiple epicormic branches 9.14 1.14 0.00 0.00
single epicormic branch 7.67 1.33 0.17 0.17
suppressed bud cluster 4.73 0.95 0.28 0.09
single suppressed bud 0.04 0.01 0.00 0.00
dead branch (knot) 3.94 0.74 0.10 0.03
heavy distortion 0.12 0.03 0.00 0.00
medium distortion 0.00 0.00 0.00 0.00
light distortion 0.00 0.00 0.00 0.00
barrel swell 0.00 0.00 0.00 0.00
surface rise 0.00 0.00 0.00 0.00
bump 0.00 0.00 0.20 0.20
seam 0.00 0.00 0.00 0.00
bird peck 0.00 0.00 0.00 0.00
wound – old 0.00 0.00 0.00 0.00
wound – new 0.00 0.00 0.00 0.00
1Data collected from 2,340 defect indicators on 280 reserve tree butt logs on 8 tracts on the 
Cumberland Plateau in eastern Kentucky.
2 # of live suppressed buds at each defect indicator
3 # of epicormic branches produced at each defect indicator 3 years after harvest

Table 3. Butt log defect indicators, suppressed bud numbers and epicormic branching of white oak 
(Quercus alba) and chestnut oak (Q. prinus) reserve trees.1

consideration as reserve trees. Species that can not 
remain alive or maintain vigor through a second rota-
tion length should not be considered as reserve trees. 
In some instances, this may preclude the use of the 
two-age system in stands dominated by short-lived 
species. It should be noted that these species might 
be appropriate for a deferment harvest associated 
with even-age management or as a part of an irregu-
lar shelterwood where they will be removed 10 to 20 
years after the initial harvest. 

Topographic Location 
of Reserve Trees

The topographic position of reserve trees can 
be important relative to their ability to withstand 
knockdown associated with harvest and/or wind-
throw, the most common post-harvest damage to 
reserve trees. Research in steep upland terrain has 
indicated that reserve trees, regardless of species, 
occurring on shallow soils or where soils are at or 
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near saturation during periods of the winter are more 
susceptible to wind-throw. 

Table 5 provides wind-throw data of more than 
250 reserve trees from eight 20-acre deferment 
harvests. These harvests encompassed a range of 
topographic positions common to upland hardwood 
stands in the south and east. Wind-throw averaged 
less than 5 percent in hollows and lower slope posi-
tions and increased to 7 to 10 percent on ridges and 
upper slopes. The greatest wind-throw, 40 percent, 
was found on noses of ridges having relatively thin 
soils. While not indicated in the table, a high percent-
age of reserve trees growing directly on the banks of 
the exposed stream and drainage channels on these 
sites were also subjected to high wind-throw. 

Figure 7 shows a map indicating topographic 
positions where post-harvest wind-throw can be 
significant. It should be noted that harvest knock-
down associated with manual felling in steep terrain 
is also more prevalent on relatively shallow soils. On 
topographic positions that are not suitable for the 
retention of exposed individual reserve trees, remove 
all of the trees or retain reserve trees in groups on 
these areas. 

Harvest Damage 
Operational and research experience with defer-

ment harvests indicates that reserve trees should be 
clearly marked so that they can be easily seen from 
all sides. Marking reserve trees rather than marking 
cut trees saves significant time and helps ensure a 
reduction in reserve tree harvest damage. On rela-
tively gentle terrain, skidding should be controlled 

Species Mean Range Species Mean Range

American beech 168 100-250 black walnut 131 75-200
white ash 129 80-150 sassafras 69 30-175
black cherry 115 70-175 black locust 75 15-150
bitternut hickory 133 100-150 Nuttail oak 125 80-163
mockernut hickory 127 75-175 southern white oak 127 80-150
shagbark hickory 137 80-200 pin oak 116 80-170
pignut hickory 117 60-200 water oak 130 80-200
sugar maple 162 75-225 swamp white oak 157 100-200
red maple 106 50-175 overcup oak 135 80-165
northern red oak 151 90-200 cottonwood 79 50-100
scarlet oak 105 65-150 black willow 65 40-100
black oak 129 75-200 pecan 117 60-200
chestnut oak 141 75-200 green ash 98 60-150
white oak 194 90-250 silver maple 78 50-100
cherrybark oak 139 90-200 water tupelo 123 90-175
post oak 137 70-190 baldcypress 264 150-500
bur oak 181 125-250 Virginia pine 76 40-125
sweetgum 112 80-125 shortleaf pine 110 75-150
blackgum 116 80-150 pitch pine 110 75-200
yellow-poplar 136 80-300 eastern white pine 140 75-200
1Ages developed from a survey of silvicultural experts in the eastern U.S. by Dr. George Hopper at 
the University of Tennessee, Department of Forestry, Wildlife and Fisheries

Table 4. Estimated life expectancies (years) of common species in the eastern U.S.1

Topographic position Wind-throw 
percent

Cove/hollow 4.34

Lower slope 5.00

Upper slope 10.31

Ridge 7.69

Nose 40.01

Table 5. Post-harvest wind-throw of upland 
hardwood reserve trees in eastern Kentucky 

based on topographic position. 
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to reduce basal wounding. In steep terrain, where 
manual felling is used, the majority of harvest dam-
age will come from felling. 

A recent study of harvest damage to reserve trees 
in two-age deferment harvesting on steeply sloping 
terrain in eastern Kentucky found that 78 percent 
of the damage was top damage, knock-down and 
bent-over stems from felling operations and only 
22 percent of the damage was from basal wounding 
due to skidding. This study also found that reserve 
tree damage from logging firms previously engaged 
in clearcutting varied widely from 34 to less than 10 
percent. Proper marking of reserve trees and placing 
a bounty on reserve tree damage in sales contracts 
substantially reduced damage to less than 10 percent.

The marking of reserve trees must also ensure 
that their location does not make their protection 
from harvest damage impossible. This concern is 
more important for harvests in steep terrain. For 
example, if reserve trees are marked directly down 
slope from large, leaning, cut trees, it may be difficult 
or dangerous for manual fellers to avoid reserve trees. 
Also, the smaller the reserve tree dbh is compared to 
cut tree dbh, the greater the propensity of damage to 
the reserves. All of these factors must be taken into 
account in the selection of individual reserve trees.   

The season of harvest also will affect the wound-
ing of reserve trees. Research on skidding damage of 
shelterwood overstory trees indicates that harvest-
ing in the fall and winter yields significantly less 
wounding to residual stems compared to spring and 
growing-season harvests. This indicates that timing 

two-age deferment harvests from November through 
February will significantly reduce basal wounding. 

Site Preparation of the 
Regenerating Age Class

The deferment cut will create an environment 
where initial stand regeneration is similar to that 
attained after a clearcut. Therefore, treatments to 
enhance natural regeneration should be prescribed. 
This could entail the use of a site preparation treat-
ment to enhance natural regeneration or pre-harvest 
cultivation of oak advance regeneration using a mid-
story removal. Regardless, regeneration potentials 
should be considered prior to scheduling a deferment 
harvest. The timing of the harvest and associated 
site preparation treatments should be carefully con-
sidered to aid in maximizing the development of the 
regenerating age class.

Typically, post-harvest site preparation treatments 
entail the cutting of all residual commercial species 
other than the reserve trees and the deadening of non-
commercial species. One exception to this prescrip-
tion is that small-diameter residual stems shading or 
growing directly adjacent to reserve tree boles should 
be retained to shield butt logs. Also use of site prepa-
ration treatments in areas directly adjacent to reserve 
trees will yield little long-term value, because trees 
regenerating directly adjacent to reserve trees typi-
cally incur growth reductions and pronounced sweep 
due to overtopping effects of the reserve trees.

It is important when using herbicides in site-
preparation treatments to take into consideration 
the species of the reserve trees. While rare, cases of 
significant herbicide damage have occurred to reserve 
trees when an extremely large number of stems of 
the same species or genera were being treated directly 
adjacent to reserve trees. Herbicide movement 
to reserve trees was suspected from root grafting 
between reserve trees and treated intermediate and 
overtopped crown class trees of the same species. 

Expected Growth and Response 
of Reserve Trees

The exposed reserve trees, if selected correctly, 
will respond quickly to full release. Leaf area of 
reserve trees will increase, with a resulting increase 
in dbh and volume growth. While some degradation 
of upper logs will occur, the resulting increase in butt 
log diameter and value will more than offset the loss 
in sawlog height. Eight year post-harvest dbh mea-
sures from white oak and chestnut oak reserve trees 
found a doubling of annual growth for both species. 

Figure 7. Topographic map of 30-acre deferment 
harvest in an upland hardwood tract in eastern 
Kentucky. Hatched areas indicate topographic 
positions associated with high wind-throw of 
reserve trees. 
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Average mean annual increment for white oak reserve 
trees was 0.277 inches compared to 0.118 inches for 
control trees. Chestnut oak responded the same as 
white oak, averaging 0.243 inches per year compared 
to 0.099 inches for control trees. 

Reserve tree crowns will respond to the release 
as indicated by the above mentioned increases in 
dbh. Some species, such as northern red oak, cher-
rybark oak and yellow-poplar can be expected to 
significantly increase their horizontal crown area. 
Other species such as white oak will thicken and 
drop their crowns. Crown response indicates diam-
eter growth increases, regardless of whether the 
crown increases in diameter or depth.

Use of Two-Age System 
for Maintaining Species at Risk

The two-age system can be used to maintain 
species in a stand that might be lost if even-aged or 
individual tree selection methods are used. This is 
especially true if canopy species are not properly 
regenerating. A widespread example is oak species on 
intermediate and high-quality sites. If advance regen-
eration is not present at the time of a regeneration 
harvest, then these species can be lost from the stand. 
This often occurs when clearcutting is used without 
the presence of oak advance regeneration. The two-
age deferment harvest can be used to retain these 
species as reserve trees (where appropriate), allowing 
them to continue sexual reproduction and acorn pro-
duction throughout the next rotation. Research has 
shown that properly selected reserve trees can create 
new advance regeneration that can be cultured prior 
to the second harvest, thus providing the potential for 
long-term maintenance of these species. 

Marking Guidelines
The following guidelines are to be used in stand 

assessment for the two-age system and for the mark-
ing of reserve trees in deferment harvests associated 
with the two-age system. 

1.   Determine whether the two-age system is appro-
priate for the stand. The stand must contain spe-
cies and tree ages that are capable of maintaining 
vigor if left for another rotation length. Stands 
that contain predominantly short-lived species 
are generally not suitable for deferment harvests 
or the use of the two-age system. The exception 
may occur when removal of a portion or all of 
the reserve trees associated with a deferment 
harvest is planned. In these instances, reserve 

trees that will be removed relatively soon after 
the harvest may be shorter-lived. However, 
reserve trees that will be retained until the end 
of the second rotation length must be long-lived 
(Table 4).  

2.   Delineate topographic positions that are not 
suited for the retention of reserve trees. These 
generally include areas with shallow soils or with 
other soil conditions that would lead to wind-
throw or knock-down during harvest. In these 
areas, mark all the trees for removal or leave 
reserve trees in groups (Figure 7 and Table 5).

3.   Determine the average dbh of dominant and 
co-dominant trees in the stand and establish 
appropriate target diameters for reserve trees 
(Figure 4).  

4.   Determine spatial distribution of reserve trees. 
If left scattered throughout the stand, determine 
an approximate spacing of reserve trees given 
retention basal area (10 to 15 square feet of 
basal area per acre for long-term reserve trees). 
If reserve trees are to be grouped, determine the 
size of the groups (Table 2).  

5.   Based on objectives, determine other criteria for 
reserve trees of appropriate diameter including 
species, crown shape, lcr, stem form, defect 
indicators and other characteristics associated 
with management objectives. This coupled with 
the dbh guideline developed in step 3 provides 
individual tree marking guidelines for the stand. 

6.   Using the information from steps 1 through 5, 
mark reserve trees so they can easily be seen 
from all sides.

7.   Do not mark reserve trees where they are likely 
to be unavoidably damaged during the harvest. 

8.   Specify harvest timing to avoid bark damage 
either due to felling or basal wounding attribut-
able to skidding. 

9.   Provide incentives for reserve tree protection in 
harvest contracts. Harvests, regardless of terrain 
or harvest system, should damage less than 10 
percent of the reserve trees. It is useful to specify 
a monetary penalty for reserve tree damage 
above this level.
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10. Develop a site preparation prescription for the 
regenerating age class where appropriate. This 
could entail the use of post- or pre-harvest site 
preparation or the use of the oak shelterwood 
treatment where improvement of oak advance 
regeneration is required prior to a regeneration 
harvest.  
 	

Summary
The two-age system is a viable system for man-

aging many hardwood stands where longer-lived 
species are present. The deferment harvest used 
to initiate the system can provide for vigorous and 
dense regeneration of the stand, while the care-
fully selected reserve trees provide a potential for 
large-diameter, high-quality timber production. The 
system can also be used as an aesthetic alternative to 
clearcutting and can provide long-term stand struc-
tural components that are often not present with 
even-age methods. These structural components can 
benefit wildlife populations and provide old-growth 
characteristics in the stands. Regardless, proper 
selection of the two-age reserve trees and appropri-
ate site preparation treatments associated with the 
deferment harvest are critical to maximizing benefits 
from this system. 
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	 he oak shelterwood method has been 
	 developed to enhance the regeneration 	 	
	 potential of oaks growing on intermediate 
and high-quality sites. The method involves a well-
timed mid-story removal to improve the number 
and vigor of oak advance regeneration and a subse-
quent overstory removal to facilitate regeneration of 
the stand (Figure 1). 

Oak Regeneration Dynamics
Successful regeneration of oak on intermediate 

and high-quality sites (upland oak site index > 65 
to 70 feet) is limited due to the lack of the vigorous 
advance regeneration and/or saplings/pole-sized 
trees that are capable of sprouting. Vigorous advance 
regeneration and/or stump sprouters are required at 
the time of regeneration on intermediate and high-
quality sites, due to the abundance of competing 
species. Oak advance regeneration that is small in 
stature and low in vigor can quickly become over-
topped by co-occurring species after a regeneration 
event. On poorer-quality sites, oaks are subjected 
to less competition, and often contain an adequate 
pool of advance regeneration or trees that are 
capable of sprouting. 

In many instances, oak stands on intermediate 
and high-quality sites contain well-developed, mid- 
and under-stories of shade-tolerant species typically 
composed of red maple, sugar maple and American 
beech. This stand structure leads to light levels at 

Figure 1. Oak shelterwood method and the 
implementation of the mid-story removal 
treatment in a typical upland oak stand.

Untreated with well-developed mid-story.

First growing season after mid-story removal.
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the forest floor that are not sufficient to 
provide for the long-term growth and 
development of oak advance regenera-
tion. When a cohort of new seedlings is 
established under an intact canopy with 
a well-developed mid-story, the cohort 
languishes. The seedlings peak in height 
growth between 6 inches and 2 feet 
and mortality quickly reduces numbers. 
Ultimately, their ability to respond to 
increased light levels from a canopy dis-
turbance is limited or non-existent. 

The more shade-intolerant the spe-
cies of oak, the more pronounced the 
effect. Figure 2 shows the height growth 
and survival of a cohort of northern red 
oak, one of the most shade-intolerant 
oaks, which has established and grown 
under an intact canopy on a high-quality 
site. After 10 years, only 10 percent of 
the original cohort is left, with an average 
height of less than 1 foot. Figure 3 shows 
similar height growth development for 
white oak, one of the most shade-tolerant 
oaks, on an intermediate-quality site. 
Both of these indicate that under undis-
turbed canopies with well-developed mid- 
and under-stories, the cohort establishes, 
grows negligibly in height and over time dies 
off. This process repeats itself throughout 
the life of the forest unless a disturbance 
occurs at the right time to break the cycle. 

Basics of the 
Oak Shelterwood Method

The oak shelterwood method has been 
developed to culture vigorous oak advance 
regeneration. It accomplishes this through 
a well-timed mid-story removal, improving 
light levels for adequate oak advance regen-
eration development, followed by a canopy 
release after the advance regeneration has 
reached a height where it can compete suc-
cessfully with co-occurring species. The 
basic science behind the oak shelterwood 
method is well-documented. While species- 
and site-specific information for this method 
is under development, enough is known that 
recommendations can be made regarding its 
use in many oak-dominated stands.

Figure 2. Northern red oak advance regeneration cohort height 
growth and survival under a typical mid-story on a mesic site. 
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Figure 3. Height of white oak advance regeneration
growing under a typical red maple mid-story.
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The methods concept is simple. After the initial 
establishment of a cohort of oak seedlings, the mid- 
and under-stories are removed using herbicides. Typi-
cally, approximately 20 percent of the total stand 
basal area is removed, starting from the smallest 
trees that can be operationally treated (typically ½ to 
1 inch dbh) increasing in diameter but stopping short 
of removing trees that would open holes in the main 
canopy. The removal of leaf area close to the ground 
without opening up the canopy increases diffuse 
light levels to a point where the newly established 
seedlings are not severely suppressed and can main-
tain continued height growth. Survival of the cohort 
will also improve. 

It is important to note that opening the canopy 
can easily allow for sufficient amounts of direct 
sunlight to reach the forest floor, spawning the 
regeneration of many co-occurring species. Many of 
these species can quickly overtop small oak advance 
regeneration and lead to their demise. Therefore, it 
is imperative that the mid-story removal is aimed at 
increasing diffuse light levels and minimizing main 
canopy openings. 

The ultimate aim of the mid-story treatment is 
to provide for an adequate number of high-vigor oak 
advance regeneration that can successfully compete 
when the overstory is finally removed. If the num-
bers and size of advance regeneration are sufficient, 
site preparation treatments at the time of overstory 
removal will not be required.

Vigor of Advance Oak Regeneration
Vigor, as used in the context of the oak shelter-

wood method, describes the ability of the advance 
regeneration to respond quickly in height growth at 
the time of its full release, typically associated with 
some type of regeneration harvest. While all aspects 
of vigor are not thoroughly understood, vigorous 
advance regeneration is typically indicated by height 
and stem diameter and form. In turn, these provide 
clues to the strength of the root system that is a 
function of its size and available carbohydrate supply. 
Ultimately, it is this factor that has much to do with 
the success of advance regeneration upon full release. 

While it is true that the sprouting nature of 
oak can lead to root systems that are older and can 
be much larger than indicated by the top, there is 
a general relationship between height, root mass 
and root carbohydrate stores for a young developing 
cohort of oak seedlings. As a cohort languishes under 
a dense mid-story, root carbohydrate reserves are 
reduced and stems lose apical dominance. Figure 4 

shows an advanced regeneration white oak that has 
been suppressed under a red maple mid-story for 14 
years. It is less than 2 feet in height and has lost api-
cal dominance. 

The key to the mid-story removal is to imple-
ment it directly after seedlings are established and to 
provide seedlings with enough light to generate root 
systems stocked with carbohydrates, allowing them 
to maintain apical dominance. The vigorous root 
system is especially necessary to ensure good sprout-
ing if the stem is severed during a regeneration event. 
Even if the stem remains intact after a regeneration 
event, the crown must quickly develop a main leader 
and the root system must be well-developed to allow 
the advance regeneration stem to rapidly increase 
in height. At a minimum, oak advance regeneration 
stems should be 3 to 4 feet tall. It is also helpful 
if the oak advance regeneration possesses apical 
dominance. However, this latter attribute can be 
overcome if the root system is vigorous enough.      

Figure 4. Suppressed oak advance regeneration.

� Page 135 of 412



Which Stands Can Benefit 
The system has been developed for stands 

that currently have oak-dominated overstories 
on intermediate to high-quality sites (site index 
> 65 to 70 feet for upland oak). Generally, these 
are bottomland sites with well-drained, silty loam 
soils. Upland high-quality sites are found in coves 
and north or northeast slopes with significant A 
horizons. Intermediate-quality sites are common on 
upper east- and lower south- and southeast-facing 
slopes. When site indices drop below 65 feet on 
upland sites, oaks are generally capable of regener-
ating themselves. This is because these stands carry 
less leaf area and the under-stories are generally 
higher in diffuse lighting, allowing for the devel-
opment of vigorous advance regeneration. Also, 
poorer-quality sites have less vigorous competition 
from co-occurring species. 

On sites above 65 to 70 feet site index, mid-
stories are much more developed, limiting advance 
regeneration growth. Also, the challenge from co-
occurring species can be significant upon full-canopy 
release. Bottomland sites are highly variable and 
may or may not contain well-developed mid-stories. 
When mid-stories are present, these stands can ben-
efit from the oak shelterwood treatment.

Typically, this system has been used in stands 
where the overstory has the potential to provide 
adequate acorn crops of appropriate oak species 
and develop advance regeneration. However, when 
oak advance regeneration is lacking, this system has 
the potential to be used with underplantings of oak 
seedlings. Oak seedlings can be planted directly after 
the mid-story treatment and have been shown to 
respond well to mid-story removal. The overstory 
should be removed after the seedlings have accli-
mated to the environment and obtained heights of at 
least 6 feet.

There may be stands where the oak advance 
regeneration occurs in groups or clumps. In these 
cases, implementation of the mid-story removal 
treatment should only occur in and around the 
areas where the oak regeneration exists. It should 
be noted that there may be reasons to treat all 
unwanted mid-story species throughout the stand, 
even in areas where no advance regeneration is 
present. This could be done to remove or reduce 
unwanted species and might be advantageous for 
long-term management and reducing the need for 
a site preparation treatment in association with a 
regeneration event.  

Timing of the Treatments 
This system was designed to be implemented 

when oak advance regeneration is present. 
Implementing the mid-story removal prior to the 
establishment of an oak cohort is risky. If abundant 
numbers of seedlings are not established within a 
year or two after the mid-story removal, the advance 
regeneration of shade-tolerant species (typically 
present in most oak-dominated stands) will respond 
to the treatment, and oaks that establish themselves 
after the treatment will be in jeopardy. Recent stud-
ies also indicate that implementing the mid-story 
removal when the seedlings have been suppressed 
for several years may severely limit their ability to 
respond quickly to the treatment. These studies 
indicate that the seedlings lose vigor quickly. When 
provided improved diffuse lighting from the mid-
story removal, it takes several years for the seedling 
to respond with detectable height and diameter 
growth. Generally, the longer the period of suppres-
sion of individual cohorts of seedlings, the smaller 
their numbers, the less vigor they have and the lon-
ger they take to respond, if at all. 

Implementation of the Oak 
Shelterwood Method

Step 1. Candidate Stands
Implementation of this method should start with 

the identification of stands that could benefit from 
the method. Selection criteria include:
•	 intermediate to high-quality sites (> 65 to 70 feet 

site index for upland oak, or the equivalent),
•	 co-dominant and dominant oaks present (unless 

underplanting is possible)
•	 management objectives require maintenance of an 

oak component
•	 requiring regeneration now or in the near future 

Step 2. Determining Oak Regeneration 
Potential of Candidate Stands 

Once candidate stands have been defined, 
they should be scouted for their oak regeneration 
potential. Regeneration targets for maintenance of an 
oak-dominated canopy typically require a minimum 
of 50 to 100 dominant or co-dominant oaks at the 
time of canopy closure after a regeneration event 
(typically 10 to 15 years after regeneration). This 
requires that stands contain, prior to a regeneration 
event, advance regeneration at least 3 to 4 feet tall or 
sapling/pole oak stems that have the ability to stump 
sprout. The latter should be trees less than 10 inches 
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in diameter and 65 years old for white 
oaks and 35 years old for red oaks.

Due to differences in competition 
pressure and condition of the advance 
regeneration, it is difficult to determine 
the exact number of advance regeneration 
stems per acre that are required to 
successfully regenerate an oak-dominated 
stand. However, if advance regeneration 
is non-existent or less than 2 feet tall 
(regardless of the numbers), then the 
stand is lacking in oak regeneration 
potential and the oak shelterwood 
method could be employed to improve 
this condition. If there are less than 
100 advance oak regeneration greater 
than 3 to 4 feet in height and/or stump 
sprouters per acre (normally 100 to150 
per acre), then some successful oak 
regeneration can be expected. Use of the 
oak shelterwood method in these stands 
would improve the oak percentage in the 
regenerating canopy. If stands contain 
the proper advance regeneration pool 
and/or adequate stump sprouters, then 
a regeneration harvest can be scheduled 
immediately and the oak shelterwood 
method is not required.   

As indicated previously, this system 
could also be used with artificial regen-
eration. This would involve the under-
planting of seedlings prior to a regen-
eration event and the oak shelterwood 
method used to improve their vigor prior 
to a regeneration harvest. Research has 
indicated that bare-root seedlings cul-
tured in this fashion do have the ability 
to positively respond to the system.

Step 3. Timing the Mid-Story 
Removal

Proper timing of the mid-story 
removal is important for the overall 
success of this method. If an abundant 
acorn crop in the last several years has 
generated a large number of seedlings 
that still have apical dominance, then 
the mid-story removal treatment should 
be implemented as soon as possible 
(see below). If the seedlings are few in 
number, are extremely small (< 2 foot in 
height) with the majority of them having 

A. correct mid-story removal

B. correct mid-story removal

dense
mid-story and 

understory
removed

-
main canopy 

intact

mid-story,
understory and 

intermediate
crown class trees 

removed
-

main canopy 
intact

mid-story,
and main

canopy trees
removed

-
gaps in 

main canopy

partial 
mid-story,
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canopy trees 
removed

-
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mid-story
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C. incorrect application

D. incorrect application

Figure 5. Correct and incorrect application of mid-story removal.
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lost apical dominance, then the mid-story removal 
should be delayed until an abundant acorn crop 
produces a new cohort. The small, poorly formed 
advance regeneration present may not be capable of a 
reasonable response to the mid-story treatment, and 
waiting for a new cohort to develop may be required. 
Once a cohort of seedlings has established, imple-
ment the mid-story removal.

As a general recommendation, if there is no 
advance regeneration present, do not attempt the 
mid-story removal. There are two reasons for this. 
First, there is no evidence that implementing the 
treatment will improve oak seedling establishment. 
Second, the improved light conditions from the mid-
story removal will stimulate the advance regeneration 
of competing species if present. Even if a good acorn 
crop occurs several years after a pre-emptive mid-
story removal, the newly established cohort may be 
significantly behind in height growth, ultimately lead-
ing to its demise. 

It is important to note that under conditions 
where there is no competing advance regeneration 
and there is reason to expect a reasonable mast crop 
in the next year or two, the pre-emptive mid-story 
removal might prove beneficial. However, caution 
should be exercised in implementing the mid-story 
removal prior to establishment of oak advance 
regeneration. The only other situation that would 
reasonably allow for a mid-story removal without 
the presence of advance regeneration is if oak is 
artificially established in the stand. This is typically 
accomplished using 1-0 or 2-0 bare-root seedlings.  

Step 4. Implementing the Mid-Story Removal
The objective of the treatment is to remove the 

mid-story and understory to provide a significant 
increase in diffuse lighting without opening up the 
main canopy. Typically, a target removal of approxi-
mately 20 percent of the stand basal area should be 
planned. While determining the basal area removal 
is good for planning purposes, typically the treat-
ment is implemented by removing sub-canopy trees, 
starting with the smallest trees that can be treated. 
Begin with the smallest, and move up in size but 
stop short of removing co-dominant or dominant 
trees (Figure 5). 

In some stands, the under- and mid-story may 
all be overtopped crown class trees and they can be 
completely removed (Figure 5a). In some cases, the 
under- and mid-story trees may include overtopped 
and intermediate crown class trees. Removal of 
intermediate crown class trees can occur as long as 

co-dominant or dominant crown-sized gaps are not 
created (Figure 5b). Figures 5c and 5d show cases 
where main canopy openings were created, allowing 
direct radiation to enter the forest. Figure 5d shows 
a mid-story that was left intact coupled with open-
ings in the main canopy. Under these conditions, the 
remaining mid-story trees will flourish and increase 
their leaf area and crown size, further decreasing 
light levels on the ground. 

In almost all cases, the under- and mid-story 
trees should be treated with herbicides. Simply 
cutting shade-tolerant under- and mid-story trees 
will lead to sprouting and cause a greater shade 
problem for advance oak regeneration than if they 
had been left standing as single stems. Using herbi-
cides ensures the elimination or significant reduc-
tion of competing species and also has the added 
bonus of removing or reducing the seed source of 
competing species from the stand. Because oak 
advance regeneration can not be harmed, individual 
tree treatments must be used. Methods usually 
include tree injection, hack and squirt, or basal bark 
application. Selection of herbicides is generally not 
critical. However, there have been instances where 
a significant number of trees per acre have been 
treated with herbicides with soil activity and some 
effects on the advance regeneration pool have been 
observed. Conduct the mid-story removal during 
the season that is most appropriate for the herbicide 
treatment prescribed. 

Step 5. Monitoring the Advance Regeneration
In the years after the mid-story removal, inspect 

the stand to ensure that the oak advance regenera-
tion is progressing in growth and to determine if any 
competition problems have arisen. If there is a seed 
source of shade-tolerant species in the area, then new 
advance regeneration of these competing species may 
establish. These can be taken care of as appropriate 
through a follow-up herbicide treatment.

Unfortunately, oak seedlings may take some 
time to respond to the treatment. Response may 
occur the first year or two after the treatment, 
especially if the seedlings are of a fast-growing 
species, are young and exhibiting good apical 
dominance, and are growing on a good-quality site. 
Examples of these species and sites would be north-
ern red oak on mesic upland sites or cherrybark oak 
on bottomland alluvial sites. It may take several 
years for a slower-growing species such as white oak 
on an intermediate-quality site to respond.
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Step 6. Full Release
The timing of the final release treatment, usu-

ally a regeneration harvest, should coincide with 
the oak advance regeneration attaining a height of 
3 to 4 feet or more, the taller the better. The more 
intense the competition is estimated to be upon 
release, the larger the advance regeneration should 
be. Once the advance regeneration has reached the 
appropriate size, the overstory can be removed by 
the most appropriate regeneration harvest. Complete 
clearcuts, patch clearcuts or group openings are 
generally recommended. Regardless of regenera-
tion harvest, make sure that enough overstory is 
removed to ensure vigorous regeneration response. 
If necessary, a site preparation treatment for natural 
regeneration can be employed to aid in regeneration 
success. However, successful implementation of the 
oak shelterwood treatment would negate the need 
for this treatment.

Other Considerations
There is evidence that oak advance regeneration 

that has been suppressed for a number of years can 
respond positively to coppicing. This allows for the 
root system to produce a top with apical dominance 
and possibly in better balance with the root system. 
However, thorough testing of this technique has not 
been conducted.

The role of prescribed fire in the oak shelterwood 
method is also a question. Prescribed fire can be used 
to top-prune poorly formed advance regeneration. 
However, the intensity of prescribed fire that could 
be used would only top kill under- and mid-story 
shade-tolerant trees, resulting in significant sprout-
ing and ultimate interference with oak advance 
regeneration development. It is possible to combine 
a prescribed fire with herbicides (either pre- or post-
fire treatment). However, the results of this method 
of competition control have not been thoroughly 
tested. There have been instances where prescribed 
fire has been used to successfully remove competing 
species that were shade-intolerant (ex. yellow-poplar) 
or where the shade-tolerant competition was newly 
established from seed. Regardless, prescribed fire 
might have potential to use in this method, but the 
risks, benefits and the specific stand and competition 
conditions must be closely evaluated. 

Summary
The oak shelterwood method is a useful tool to 

help improve the ability of oak to regenerate. Proper 
timing and implementation are critical for the effec-
tive use of this method. Application steps include:
•	 Determination of appropriate stands based on 

site quality, oak dominance and oak regeneration 
potential

•	 Proper timing of the mid-story removal treatment 
to ensure that oak advance regeneration is present 
prior to implementation

•	 Proper removal of under- and mid-story trees so 
as not to open the main canopy and to kill treated 
trees

•	 Implementation of the final regeneration harvest 
after the advance regeneration has reached 
adequate size. 
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Preface

Hardwood forests represent an extremely diverse and valuable assemblage of
species. To some, hardwood management is a confusing and difficult concept to grasp.
Unfortunately, past harvests in many hardwood stands removed only the best quality stems of
a few select species, leaving poor quality often less desirable species in the wake. Because of
past practices in many hardwood stands, some may not believe that hardwood forests can be
properly managed for pulp, lumber, water quality, aesthetics, wildlife habitat, and a host of
other amenities. We hope this publication will serve to expand the private forest landowners'
horizon to the possibilities of hardwood management. We have assembled chapters on the
various hardwood forest types found across the South. Other chapters address management
practices designed to regenerate and maintain stand and site quality, plus many other
benefits.

As more demands are placed on hardwood resources, chapters 18 and 19, which
deal with water management regulations and wildlife considerations, will be of special interest
to many landowners. Incentive programs such as the Conservation Reserve Program, and
Forest Stewardship, have great promise in advancing the active management of hardwood
resources.
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SOUTHERN HARDWOOD MANAGEMENT

1. Southern Hardwood Management:
Make Every Acre Work

Kim Coder
Extension Forest
Resources University of
Georgia Athens, GA
30602

Within the management of forest resources, few endeavors carry such potential as the
silviculture and use of hardwood trees. Those broadleaved trees (and cypress) of the southeastern
forests can produce tremendous numbers of distinct, valuable and unique values. Managing
hardwood forests is challenging and rewarding. From the bottomland forest of the river edge swamp
to the ridge lines of the mountains (and all the land between), hardwood tree species provide a host
of products.

As with any natural resources, there are always opportunities to better manage for value
production. Whether you want increased recreational opportunities, screening, firewood,
birdwatching, hunting, pulpwood, water, aesthetics, mushrooms, or lumber, careful management of
your hardwood resources can help you generate these values. Professional foresters along with your
clear management objectives can create almost any combination of values you want.

There are several interesting features of hardwood tree management. The first -is the
diversity of species usually present in any forest. Hardwoods, like pines, can be effectively farmed
as plantations to produce any forest product desired. Many times, plantations of hardwood trees
may not economically produce the products you want. Multiple-species forests with many trees of
different ages are usually what most people think of when hardwood forests are mentioned.

The great diversity of species within a hardwood forest system can all be part of some
management objective. From the wildlife benefits from food and cover to the specialty wood market,
a number of trees play limited and unique roles in the life of the woods. The small, medium, and
large-sized trees all play a role in the beauty and utilization of the hardwood forests. These different
kinds of trees can also support portions of your present and future management plans.

As you walk in your woods you may start to notice that what at first looked like tremendous
diversity from the road is actually clumps, groups, and limited mixtures of trees. Site differences
such as slope, moisture, aspect toward the sun, and soil depth all can change the complexion of
the hardwood forest. On some sites you may only find one or two of the most welladapted and
successful trees present. Other sites may have multiple layers of many species.
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The clumps and groupings you find in hardwood forests is primarily the result of trees
reproducing in the local areas. You could consider these stands of trees "family" groups. Some
reproduction strategies result in widespread trees of the same species over a hillside or clumps of
trees in small pockets.

An important feature of hardwood forests is that they reproduce from both seeds and from
stump and root sprouts. Many times, this means that once a tree becomes established, sprouts can
keep that species of tree present for many years. Many hardwood management practices use
sprouting to reproduce a hardwood forest of a desired species at a low cost.

Another aspect of hardwood forest diversity that can be valuable for producing a number of
different products is the number of trees per acre. Depending upon your management objective,
perhaps 75 crop trees are all you will harvest. Clearing the rest of the trees is not cost effective and
can lead to damage of the crop trees. Noncrop trees are valuable for their nurse crop role and other
values.

Many management systems employ natural successional patterns to reach landowner
objectives. Succession of one species or set of species by other species is part of our natural
heritage. These natural patterns of forest change can be used to produce your objective -- whether
it's an increase in wildlife, timber, or other goals. At the same time, these changing patterns can help
protect your forest from pests and loss of productivity.

A complex natural system is difficult to perfectly organize for production of a single product.
Small changes in tree regeneration or in pest cycles can initiate major shifts in the mixture of ages,
species, and health of your trees as well as other changes in the composition and value of your forest,
over time. Working with what is available, enriching production potential, and patient, 'knowledgeable
and objective-driven management can help you reach your goals for a specific hardwood site. Contact
a professional forester to help you develop a management plan for your forest. (See chapter 21.)

Hardwood management is easy -- but it's a long cycle. While you cannot master hardwood
forest management in a lifetime, you can easily produce some valuable products while e4oying the
wildlife, scenic vistas, and other natural resources. Land ownership has great privileges. It also
carries with it some major responsibilities. Living things constantly change with continual shifting of
product mixes. Being a good steward of the land means keeping the system healthy and productive.

Hardwood management is fun. If you have a small woodlot or a large acreage, working with a
complex and ancient forest system is enjoyable. The things and stories you can find in the woods
surpass the best books or television mini-series. Family traditions, summer work, chores, or small
business all can be tied to your hardwood resource. Reasonable and timely inputs to your hardwood
forests can more than repay the investment.

Hardwood management is profitable. Profit can be calculated many ways for many different
products. In a world where natural resources are becoming rarer, populations are increasing and a
world market is developing for many products, values from the basic soil and forest production unit
will increase. Future market potentials may he with fee hunting and urban firewood, pulpwood and
water quality protection or Shitake mushrooms and acorns, but the productivity and health of the
hardwood forest will remain of value.

Hardwood forests occupy a large acreage across the South. The potential values of most
have not been realized. Through proper and conscientious management you can turn that
"wasteland, weedy brush, worthless slope, tree junk and swamp" into productive acres without
massive time and money investments. Make every acre work for you while you enjoy the values
that hardwoods can bring.
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SOUTHERN HARDWOOD MANAGEMENT

2. Hardwood Site and Stand Inventory

Dan Sims, Retired
USDA Forest Service
1720 Peachtree Rd, NW
Atlanta, GA 30367

SITE EVALUATION

A particular forest site is defined as an area relatively uniform in its capacity to grow trees,
characterized by interacting combinations of plant and animal life, climate, landform, and soil
conditions.

The success or failure of a forest management plan depends on correct evaluation of forest
sites, and sound judgement in fitting species to site to meet landowner objectives. This is especially
true for the more site-sensitive hardwoods.

Quality of the site will dictate to a large extent: species composition; ease or difficulty of
getting desired regeneration; cultural practices; and ultimately, growth and yield of the stand.

Generally, hardwoods grow best in deep (60 inches or more), moist, medium-textured
(loamy) soils. They have a well-developed layer of topsoil more than 6 inches deep. These soils are
adequately drained (no mottling), with moisture-retaining subsoils (no mottling). These soils occur
most often along stream and river bottoms within the Piedmont and Coastal Plain, upland coves, and
lower slopes and benches, especially on north and east exposures in the uplands.

Site quality is often more variable in the mountains. Here, topography features such as
elevation, aspect and slope steepness, slope position, length and shape, strongly influence site
quality.

Characteristics of Good Hardwood Sites:

* Well-drained stream and river bottoms (with alluvial soil);
* Mountain coves and gulfs; Benches (natural terrace
     formations on side slopes);
* Mid and lower slopes facing north or east;
* Lower slopes facing northwest or southeast;
* Gradual/concave slopes.
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Characteristics of Good Soils

* More than 3 feet deep, with a well-developed layer of top soil;
* Medium-textured loams (little or no heavy clays or deep sands);
* Moist, well-drained topsoil with moisture-holding subsoil;
* Less than 65 percent rock content.

Characteristics of Poor Hardwood
* Sites Upland ridges (especially narrow ridges);
* Upper and mid-slope facing south, southwest, west;
* Steep/convex slopes;
* Poorly drained or excessively drained sites.

Characteristics of Poor Soils
* Shallow (less than 24 inches to bedrock);
* More than 65 percent rock or gravel;
* Poorly drained, or excessively drained soils (often organic soils

 or deep sands);
* Excessively high clay or sand levels in upper soil layers;
* Hardpan or impermeable layer near surface.

Methods to Determine Site Quality

1. Direct Determination of Site Index

Site index (SI) is expressed as the height in feet of a dominant, free-to-grow tree of a particular
species in a 50-year growth period. Example: A 50-year-old yellow-poplar that has been in a free--
to-grow dominant or co-dominant crown position within the stand throughout its life is 100 feet tall. The
site index for yellow-poplar on this site = 100 SI (50).

Site index is the most common method used to determine site quality. It is accurate and
simple to use when: (a) suitable trees are available for the required height and the age
measurement and, W when accurate site index curves are available.

Suitable site index trees must be:
 --Free to grow, dominant or co-dominant crown position;
 --Free of past suppression or top breakage.

Such trees are most commonly found in well-stocked, even-aged stands, undisturbed by past cutting
and preferably 40 to 60 years old.

Unfortunately, direct site-index determination is not reliable in many degraded hardwood stands
that no longer represent true potential for the site. Reliable site-index trees are often hard to find in
stands logged poorly by high-grading, or damaged by fire, grazing, ice or snow. Poorly stocked,
uneven-aged stands or stands where desired species are not present are also poor candidates for
direct site-index measurement. Some species are better suited to direct site-index determination.
Intolerant species with single, well defined leaders and ring porous hardwoods with distinct annual
rings such as oak, ash, and yellow-poplar are well suited.
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The following site-index ranges for upland oaks (base age 50 years) indicate site quality.

WEST OF THE MISSISSIPPI RIVER

Site Red Oak White Oak
Good SI more than 70 SI more than 65

Medium SI 55 to 70 SI 50 to 65

Poor SI less than 55 SI less than 50

EAST OF THE MISSISSIPPI RIVER

Site Red and white oaks

Good SI more than 80

Medium SI 65 to 80

Poor SI less than 65

Bottomland site ranges in the South will be about 10 points higher than for upland sites east of
the Mississippi.

2. Volume

Site productivity can be ranked according to growth in cubic feet per acre per year.

85+       cubic feet/acre/year Good
50-85 “  “  “  “   Medium
20-50 “  “  “  “   Poor

This alone is impractical for most hardwood stands because of lack of growth-and-yield
information.

3. Soil Series

Soil series (soil mapping unit) descriptions have been prepared by the Soil Conservation Service
(SCS). They list preferred species and site-index estimates. However, much of the forest land has not
been soil mapped and soil series alone does not account for all factors.

4. Indicator Plants and Experience Factors

Certain plants, especially lesser understory plants, are so sensitive to site quality that their
presence or absence, or relative abundance may serve to classify site quality. Understory vegetation
can be affected by species and stocking conditions of the overstory and by forest history. Being able
to "read the site" includes taking note of indicator shrub and herb vegetation and effects of past
land-use.
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Examples Of Indicator Plants

Good Sites Poor Sites

Wild hydrangea Vaccinium. species (blueberry)
False Solomons-seal
Trillium Scrub oak (Post, Blackjack)
Wild geranium
Broadleaf sedge Pitcher plant
Pawpaw
Wild ginger
Beech

5. Indirect Methods

Possibly the most accurate methods of assessing hardwood site quality involves e factors other
than the growth and condition of current vegetation. Researchers are deve practical methods for
estimating site quality based on factors such as landform, climate, soil condition, past use and other
environmental effects. These methods accurately assess site quality without relying on the type and
condition of the vegetation that happens to occupy the site at any given time.

Tables 2-1 to 2-3 show how environmental factors are used to determine site suitability for
various species and species mixtures.

Table 2-1. Site guide for Coastal Plain.
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Table 2-2. Site guide for mountains.
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FOOTNOTES FOR TABLE 2.2 SITE GUEDES TO MOUNTAINS

1 / Deep = 30 inches ; shallow = less than 30 inches. 4/ U = upper 1/2; L = lower ½
2/  Winter weather risk. 5/ Broad ridges.
3/  Especially where bark beetles are a problem. 6/ Narrow ridges.

7/ Above 2,000 feet.

Table 2-3. Site guide for Piedmont and Cumberland Plateau.

1 /w/w oaks = water willow oak
2/ (White pine could also be suitable for ridges and side slopes above 2,000 feet elevation.
3/ Broad ridges
4/Narrow ridges
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The following definitions apply to the terms used in tables 2-1 to 2-3.

Wet - Periods of excessive moisture because of flooding, perched water tables (soil  hardpans),
and poor drainage. Presence of mottled soils.

Moist - Well-drained soils, but with enough moisture to maximize tree growth throughout the year.
Usually associated with loamy soils with some moisture-retaining clays in the subsoil.

Dry - Sites with insufficient moisture for maximum tree growth at least part of the year because of
excessive drainage or topographic position.

Droughty - Excessively drained, usually very shallow, except for deep sands. Insufficient moisture
for quality hardwood tree growth.

Texture - The relative proportions of the various soil separates in a soil material.

Fine  - usually associated with clay-textured soils.

Medium - Usually associated with loamy-textured soils.

Coarse - Usually associated with sandy-textured soils.

 Skeletal - A soil with more than 35 percent by volume of gravelly material. Such material is less
 than 3 inches in diameter or is cobbly -- 3 to 10 inches in diameter.

Scientists have developed other evaluation methods for southern species and published them
as technical reports. See the references at the end of this chapter.

SITE-REQUIREMENT CHARACTERISTICS

Yellow-poplar

Best growth and form occurs in the rich loamy coves of the mountains or on deep, well-drained
stream bottom terrances in the Piedmont and mountains. Yellow-poplar grows better than other
hardwoods on a relatively wide variety of sites. It usually is not well-adapted to sites with a SI50 less
than 70 to 75. This species cannot tolerate excessively wet sites. Neither will it perform well on dry,
shallow soils (less than 30 inches deep).

Oak

Oaks demand the best sites for high-quality timber. Northern red oak in the uplands and
cherrybark in the bottomlands are examples of high-value oaks that are site demanding. They
require deep soils, preferably loamy, well-drained, but with a moisture-retaining capacity in subsoils.
Northern red oak grows well on benches and lower slopes with north and east exposure. Cherrybark
oak is usually found on second bottoms, which are terraces slightly more elevated than the current
flood plain. It often grows with Shumard and swamp chestnut oak. White and black oak are less
demanding and often grow together on medium quality sites.

Scarlet oak and chestnut oak are better adapted to poorer, ridge sites on high plateaus and
lower mountains. Post oak and blackjack oak may dominate the poorest sites. These sites are often
targeted for pine conversion. Water oak and willow oak often dominate forest bottoms (active flood
plain) with overcup oak and water hickory associations on poorer, water-logged sites.
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Sweetgum

Sweetgum grows over a wider range and tolerates wider soil-moisture conditions than do most
other high-value hardwoods. R grows well on well-drained sites that receive ample precipitation. Such
sites include well-drained stream and river bottoms. Sweetgum grows well in association with both
upland and bottom species. It does well in small stream bottoms and deep loamy soils of upland
slopes and ridges.

Hickories

A major component in many hardwood stands, hickories usually grow in association with oaks.
They are seldom a preferred timber species because of slow growth and poor quality, especially on
upland sites. Hickories may be more valuable as a stand component for wildlife mast production.

Other Hardwoods

Other species found in association with those mentioned above include: black walnut, ash,
maple, sycamore, basswood, elm, blackgum and others.

STOCKING GUIDES

Stocking is often a problem in hardwood stands. More often than not, these are remnant stands,
following years of high-grade or diameter limit cutting, wildfires and grazing. The stocking in these
stands is often inadequate and does not reflect the true potential of the site for either quantity or
quality. Often the best management alternative is to harvest what remains of the stand and
regenerate it. However, if the stand contains adequate growing stock, trees of favorable species, age,
and quality potential, then other management alternatives are available.

First, let's define acceptable trees. These "crop trees" are favored in management throughout
the life of the stand, with the very best trees carried to final harvest. Acceptable growing-stock trees
are characterized as follows:

Sawtimber, 11 inches or more in diameter at breast height (d.b.h.). Salable trees may not be
large enough to be "mature," but would be of desirable species, good form and quality. They're
satisfactory as crop trees in a final stand, or as a potential product for an intermediate cut within 20
years.

Poletimber, 6 to 11 inches d.b.h., provide salable trees for small products if markets e3dst. Of
such species, form and quality that they are suitable for crop trees if this size class is managed as the
main stand. They could also be retained for future intermediate cuts within the next 20 to 40 years.

Small trees, 2 to 5 inches d.b.h. These trees are of acceptable species, form, and quality, and
could be selected as future crop trees if this size -class were selected as the main stand. They may
be suitable to leave for 20 to 60 years for future intermediate cuts.
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Stands adequately stocked to carry the present stand to rotation age will contain about the
following number of crop trees:

Size* Number
       of trees

6 200-340
8 140-240
10 90-150
12 70-115
14 50-90
16 40-100
18 35-60
20 30-50
                           

* Diameter, in inches, measured 4 1/2 feet above the ground.

This is merely a guide and does not mean that all the trees must be outstanding in quality and
form. Many of these potential crop trees will be cut during intermediate thinnings. Others will
undoubtedly succumb to insects, disease or other causes. The guiding principle should be to favor
and carry to final harvest the best 40 to 50 trees per acre. All intermediate cutting and cultural work
should be done to promote the growth and value of these better trees.

REGENERATION EVALUATION

When too few acceptable growing-stock trees are available or when the stand reaches maturity,
evaluate the stand for natural regeneration potential before the harvest.

On most hardwood sites, natural regeneration will be sufficient to replenish the stand. Go
through a stand before the harvest cut to see if you can expect to have enough seedlings, seedling
sprouts, root sprouts, or stump sprouts of the desired species to develop into an adequately stocked
stand following overstory removal. Tolerance of species to shade, and whether the species is heavy
or light-seeded, will govern the steps needed to start a new stand.

Intolerant, light-seeded species such as yellow-poplar, ash, and cottonwood will regenerate from
seed if the seedbed conditions are favorable and sunlight is available. Seed from species such as
yellow-poplar and ash remain viable on the forest floor for several years. They are usually plentiful if
these species were present before harvest. Also, birds, animals, and wind transport seeds from
nearby stands. Logging activity is usually sufficient to scarify the forest floor and provide the mineral
seedbed needed for germination. Removal of the overstory and brush will enable sunlight to reach
the forest floor, helping the light-seeded species to germinate and grow fast enough to compete with
other plants. Usually, seed trees are unneeded on hardwood sites.

When regenerating heavy-seeded species of intermediate shade tolerance, such as the oaks,
well-established seedlings should be in the understory at the time of harvest. These seedlings
develop after germination under the shade of the forest canopy. Many seedlings die quickly, others
die back and resprout, but some endure under closed canopies for several years, and become
advanced regeneration. Their top growth may be very slow, but the root system continues to
develop.

Advanced regeneration is particularly important for oaks because new seedlings are produced
sporadically, and grow too slowly to compete successfully with other species. Oak saplings, at least
4 to 5 feet high, with well-developed root systems, are most desirable as advanced regeneration.
These young trees will respond quickly and vigorously to sunlight after the harvest cut, and should
grow fast enough to compete with other species. Logging usually does not harm advanced
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regeneration because sprouts will grow vigorously from the root collars of saplings and seedlings
that are broken or cut during harvest. Sometimes measures must be taken before final harvest to
develop advanced regeneration if it is not already present and oak is desired in the new stand.

Young hardwood stands almost always contain some stump sprouts, and occasionally entire
stands can develop from stump sprouts. Because of their vigorous early growth, stump sprouts often
dominate other forms of reproduction. The quality and longevity of trees resulting from stump sprouts
are sometimes questioned, but stems that start from small stumps below or near the ground line are
usually good risks. Some hardwoods also produce root sprouts. Species such as black locust,
sweetgum and sassafras produce them prolifically and may regenerate almost entirely from root
sprouts.
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SOUTHERN HARDWOOD MANAGEMENT

3. Mixed Appalachian (Cove) Forest Type

Douglas McLaren
Department of Forestry
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Lexington, KY 40546

The Mixed Appalachian (Cove) Forest Type is a very complex and diverse forest located in
the east-central parts of the United States. This type is found in three physiographic provinces: (1)
Appalachian Plateau (2) Blue Ridge and (3) Ridge and Valley.

The three provinces consist of the geographic regions ranging from southwestern Ohio
through central Pennsylvania, south along the coasts of Delaware and northern Virginia. The
region continues through the western ridge and valleys of Virginia, North and South Carolina to the
northwestern sections of Georgia and Alabama. The western boundary extends north through the
eastern ridges and valleys of Tennessee and Kentucky.

SPECIES

The Mixed Appalachian (Cove) Forest Type is also described by foresters as the mixed
inesophysic forest. It contains the most diversified and richest mixtures of tree species found.
These species develop best in well-drained, moist, upland sites. The dominant species, when
managed, can provide high economic returns. They include sugar maple, American beech, yellow-
poplar, white basswood, yellow buckeye, northern red oak and white oak. Those species that exist
in smaller numbers are sweet and yellow birch, black cherry, white ash, red maple, blackgum, black
walnut, cucumbertree, bittermit hickory and shagbark hickory. Conifers make up a very small
percentage of the total growing stock in this type.

PHYSIOGRAPHY and SOILS

The elevation differences that exist in the Mixed Appalachian (Cove) Forest Type range as
much as 1,000 feet on the western and eastern slopes of the region. Deeply-eroded valleys exist in
the mountainous regions of West Virginia in the northern section of the area. The southern region
has well-defined, narrow ridges that continue into Alabama and Georgia. Broad valleys in this
section lie "several thousand feet lower than the mountain ridges that surround them.

The best known mountains in the section consist of the Blue Ridge range, characterized by
elevations of up to 3,000 feet. They culminate in the North Carolina Smokies at 6,000 feet. The
mountains in this area are typically very broad as well as high.
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SOILS

Two major soils exist in the Mixed Appalachian (Cove) Forest Type. The northwestern
sections of the area consist primarily of sandstone and shale. The soils are strongly acid in nature
with limestone reducing pH when present. The soils are moderately to excessively drained.

The southeastern soils are comprised of sedimentary rock including granite, but reflect the
same soil characteristics as the northern section.

STATISTICS

Nearly 62 percent of the Mixed Appalachian (Cove) Forest Type is classified as commercial
forestland. About 80 percent of it is in private ownership. The public section owns 12 percent while 8
percent is owned by the forest industry.

At the turn of the century the forests of the Mixed Appalachian (Cove) Forest Type were cut
over extensively for the high quality and value of the species of black walnut, black cherry, yellow-
poplar, basswood and white oak. Later in the century the black, scarlet and red oaks, beech and
maple were cut.

Land clearing and eventual abandonment of the steeper slopes converted the original, high
quality stands to low quality, low grade stands of mixed hardwoods and conifer.

Reduced wildfires in the area have not reduced the need for continued education to
 eliminate fire in quality hardwood production. Continued forest management of these stands will
eventually reduce the number of stems that have been reduced in value, resulting from wildfires.
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SOUTHERN HARDWOOD MANAGEMENT

4. Oak-Mixed Hardwoods Forest Type
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Clemson University
262 Lehotsky Hall
Clemson, SC 29634

WHERE SOUTHERN HARDWOODS GROW BEST

The oak-mixed hardwood forests (oak-hickory complex) of the South occupy the largest area of
any hardwood group in the region. The oak-mixed hardwoods are found throughout the Southern
Appalachians and eastward to the Piedmont plateau and Coastal Plain where they join with the
oak-pine forest type. To the west the oak-mixed hardwoods extend through the Cumberland
highlands, the Ozarks, and merge with the Central Hardwood region. While many species of both
hardwoods and conifers are found throughout this 60 million acres of forests, the oaks predominate,
occurring both in pure stands and as mixtures with a wide variety of hardwoods and conifers. See
figure 4-1 and table 4-1.

. Growth and productivity of these forests range from very poor to excellent, depending upon such
factors as soil depth and fertility, elevation, availability of soil moisture, slope and aspect of sites,
temperature extremes, and to a great degree on past land-use practices. In general, best growth is
found on moist, well-drained north and east facing slopes, in coves, and along major and minor
water courses and drainages. Reproduction of the oak-mixed hardwood forests is primarily by
natural means-- seed, root sprouts, and stump sprouts. The oaks and many species associated with
them tolerate shade. They can live in the understory for long periods as sprouts and seedlings,
growing vigorously once the overstory is removed. Other species, yellow-poplar for instance, do not
have this capacity to survive under heavy shade and must have full sunlight as young seedlings.

Several distinct forest cover types are recognized within the oak-mixed hardwood region. These
serve as examples of forest cover and only provide reference points for natural systems, which have
become confused. The complexity of soils, topography, weather, drainage patterns, and especially
the influence of past land practices interact to present a confusing mixture of species associations
over large portions of the area. The discussions below relate to general characteristics of forest
types. Exact characterization of specific localities and individual stands, and hence silvicultural
prescriptions for their management, can only be made after detailed on-the-ground analysis.
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TYPE PRIMARY
SPECIES

GEOGRAPHIC
DISTRIBUTION

ALTITUDE
RANGE

ECOLOGICAL
RELATIONS

Post-
blackjack
oak

Post oak
blackjack
hickory other
oaks pines
redcedar elm
blackgum
sourwood

Texas east to
Atlantic Coast of
Fla. To NC.
Southern
Appalachians

400 to2,500 ft. Droughty sites.
Shallow clays
and deep sands.
Climax on dry
sites.  Subclimax
on moist sites.

Chestnut
oak

Chestnut and
other
   oaks

hickory
sourwood
birch
gums
poplar
walnut
maple
cherry
pines

Throughout
Appalachians into
the Piedmont.

Primarily on
the ridge tops
and dry slopes.
1,500 to 4,600
ft.

Sprout origin.
Intermediate
shade tolerance.
Tenacious on
dry sites.  Poor
competition on
better sites.

White oak,
black oak,
northern
red oak

White oak,
black oak,
northern
  red oak
other oaks
hickory
yellow-poplar
maples
blackgum
ash
elm
sweetgum
pines

Throughout
Appalachians and
Piedmont into the
Coastal Plain

500 to 4,000
ft.

Prevalent on
many soils.
Subclimax to
climax
dependent on
soil type.

Table 4-1. Characteristics of natural southern forest sites covered with oak-mixed
hardwood forest types.
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Type Primary
Species

Geographic
Distribution

Altitude
Range

Ecological
Relations

yellow-
poplar,
white oak,
northern
red oak

Lower
elevations:
ash
walnut
black locust
Higher
elevations:
black cherry
ash
beech
maples
pines

Appalachian
Mountains,
Piedmont plateau,
and west into the
central forest
region.

500 to 4,500 ft. Typically found on
deep, moist,
loose-textured
soils.  Favors
mountain covers
and moist north
and east facing
slopes.  Yellow-
poplar'’ shade
intolerance and
susceptibility to
fire often
eliminate species
from type.

yellow-
poplar

Maple
beech
ash
northern red
  oak
white oak
blackgum
hickories
pines
sweetgum
blackgum

Louisiana east to
the Atlantic coast
and north to
central Michigan
and New
England.

Up to 3, 500 ft. Prevalent on
moderately deep
to deep, moist,
medium, and fine
textured, well-
drained soils.
Subclimax
species but will
replace itself if
severely
disturbed.
Intolerant to
shade.  Seed
remains dormant
on forest floor for
years.

white oak Northern red
  oak
black oak
chestnut oak
scarlet oak
post oak
hickory
blackgum
yellow-poplar
ash
maples
pines

Texas east to
Atlantic Coast
excluding most of
Florida and north
to Great Lakes
and New
England.

400 to 2,000
ft.

Most common on
moderately dry to
moderately wet
sites.  Climax on
drier sites.
Subclimax on
moist sites.

Table 4-1, continued
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