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This publication explains tree health and environmental considerations and details how to preserve trees.

Updated: August 30, 2022

Why Preserve Trees?

By their very nature, trees and green space provide benefits and add value to developments. The ability of trees to improve and maintain the
quality of water, soil, and air and to remove pollutants from the air is well known. Trees also provide shade and help lower temperatures
during hot weather. Trees enrich people's lives and beautify landscapes. Preserving trees has positive effects on the image and

attractiveness of developments and enhances developers' reputations and profits.

Preserving trees in developments increases a project's attractiveness, monetary value, and marketability by providing aesthetic and

functional values. Lots where trees are preserved can be sold more quickly and at higher prices.

Research has shown that mature trees increase the worth of a property up to 12 percent. Developers who understand these values realize

that it is in their best interest to encourage the preservation of trees and green spaces.

Developers can take advantage of different opportunities when considering the preservation of trees. Individual historic, landmark, and
ornamental trees are all good choices for preservation, as are native trees in groves and woodlots. Opportunities differ from one

development to another, but many of the recommendations for preserving trees remain the same.

Various people, such as arborists, engineers, architects, planners, and municipal officials, may become involved in preserving trees. Properly
preserving trees in development takes time, good design, communication, and money. However, the results are worth the effort. This
publication provides helpful information to those who want to preserve trees, but know little about tree preservation techniques. Tree

preservation starts with a basic understanding of the health of trees and the soils that support trees.

Tree Preservation Takes Place Over Time
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Preconstruction
e Tree inventory
¢ Planning, design, negotiations
e Removals
¢ Staking of construction footprints under trees—required limb pruning
¢ Insect control or other care

e Fencing preserved trees

Construction
e Communication and education
¢ Protection zones
¢ Required root pruning
e Maintenance of fencing
¢ Monitoring tree health

e Tree care

After Construction
e Communication and education
e Protecting

e Tree care

Tree Health

Preserving trees is not very complicated if you understand how they function and what they need to grow. Trees are living organisms that
respond to what is done to them and to the environment that they occupy. To stay healthy and vigorous, trees need air, water, and soil
nutrients. They need a pollution-free and compaction-free soil that allows unhampered movement of water and air. Trees also need
protection from insects, disease, and physical damage. Trees have roots, bark, a trunk, branches, and foliage, and they will thrive only if

these organs remain healthy and undamaged.

Roots are essential to tree health. They support tremendous weight, store food, and take up water and nutrients from the soil. Tree roots
need to be well anchored into a soil to hold the tree safely erect. Although the large, woody roots that sup-port the weight of a tree and
resist strong winds may reach deep into the soil, most roots that absorb water and nutrients can be found in the upper 12 to 18 inches of
the soil. Roots are not confined to the area beneath a tree canopy—in fact, some roots can grow to more than three times the spread of the

tree's branches.

Bark serves as a living barrier to insects, disease, and water loss, and as a transport system. On the inner side of the bark is the cambium, a
single layer of cells that produce a new layer of xylem (wood) and phloem (bark) each year. Together, the xylem and phloem make up the
circulatory system of the tree. Water and soil nutrients move upward in the wood, while manufactured food (carbohydrate or sugar) and

growth substances (such as hormones) move downward and outward in the phloem.
A tree trunk provides height to the canopy of the tree, space for storing food materials, and support for the branches and leaves.

Tree limbs, branches, and twigs sup-port leaves, where most of a tree's food is produced in a process called photosynthesis. The green
chloroplast cells in a tree's leaves combine carbon dioxide, water, and radiant energy absorbed from the sun to produce oxygen and
carbohydrates. Through the process of respiration, living cells in buds, leaves, roots, and other structures consume oxygen and convert the
carbohydrates into other chemicals and energy the plant can use for growth, reproduction, and defense against decay. The production, or

use, of energy in a tree is affected by a number of factors, including temperature, the amount of stored and available carbohydrates, the
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concentration of oxygen and carbon dioxide in the air, the amount of water in tree tissues, light levels, and whether the tree is injured. Tree
injuries increase the rate of respiration and the use of stored carbohydrates. Repeated depletion of stored carbohydrates because of injury

can threaten the tree's health at the time of injury and in the future.

Wounds that penetrate through the bark into the wood enable insects and fungi that cause decay or diseases to pass through the outer
defenses of the tree. There is a misconception that trees are able to "heal their wounds." A tree does not heal, or fill, a wound. Instead, it
defends against decay and discoloration by compartmentalizing the wound. Compartmentalization of decay in trees is a process that
protects the unwounded part of a tree from decay through the development of physical and chemical boundaries that resist the spread of

disease into surrounding wood.

If a tree is damaged by equipment or workers, it can be marred for life or killed. Wounds and pockets of decay do not fill, but are
compartmentalized and covered by wound wood. As a result, pockets of decay never disappear, even if they are covered by new wood.
Some trees decline slowly over a number of years because of construction injury, while others may die quickly. During construction, trees
can be damaged by soil compaction, grade changes, root crushing and pruning, damage to the bark, improper pruning of branches, in-

correct storage of construction materials, and dumping of construction wastes.
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Figure 3. All of the important parts of a tree must be kept healthy for a tree to thrive.
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(https:/lextension.psu.edu/media/wysiwyg//extensions/catalog_product/336b1aa4f0894deb896f140420a91b86/f/i/figure4-jpg_1.jpg)
Figure 4. Trees do not heal wounds, but their "walls" resist the spread of decay by the process of Compartmentalization of Decay in Trees
(CODIT). Wall 1 is the vessels in the xylem; Wall 2 is the annual rings; Wall 3 is the rays; and Wall 4 is the new wood cells of wound wood.

Wall 1 is the least resistant to decay. Wall 4 is the most resistant.

Soil for Healthy Trees

Soil means different things to different people. To engineers and contractors, soil is the material that supports foundations, roads, and other
structures. To horticulturists and foresters, soil is the medium in which plants grow. Soil can be a few inches deep in some places and

several feet in others. Soil supports tree establishment, growth, and reproduction. To remain healthy, trees need soil for water, nutrients, and

structural support.

Each soil type has unique characteristics of texture and structure. Soil texture is the relative proportion of the individual particles of sand, silt,
and clay found within a soil. Sand particles are the largest and range from 0.05 to 2.0 mm in diameter. Silt particles are intermediate in size,
ranging from 0.002 to 0.05 mm. Clay particles, the smallest soil particles, are less than 0.002 mm in diameter. Construction activity will not

change soil texture unless new soil or debris is brought to the site, but it can change soil structure.

There are many types of soils (see Figure 6). Soil structure is determined by the way in which individual particles of sand, silt, and clay are

combined into aggregates over time. Structure is important because the fine spaces between soil particles hold water and air, which sup-
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port plant growth, while the larger pore spaces between aggregates allow for the infiltration of rainfall and air.

Sandy soils consist of relatively large particles with large pore spaces between them and can have granular or crumb aggregates. Sandy
soils are well drained and aerated, but have poor water- and nutrient-holding capacity. Clay soils consist of small particles with little pore
space between them and can have blocky aggregates. They have a high water- and nutrient-holding capacity, but may be poorly drained
and aerated unless the soil has a well-developed structure. Because of their high water- and nutrient-holding capacity, clay soils can be

highly productive, but they are easily compacted.

In addition to inorganic particles of sand, silt, and clay, decaying matter shed by plants (leaves, bark, branches, and decaying roots) forms a
loose organic layer, or mulch, on the soil surface, which is gradually incorporated into the soil. This layer promotes the infiltration and
retention of water, supports populations of beneficial soil organisms, reduces the risk of erosion, increases the development of soil structure,

and provides a slow release of nutrients.

A good soil for plant growth is a mixture of clay, sand, and silt called a "loam." The ideal soil for tree growth is a loam that is well drained
and aerated, contains 1 to 5 percent organic matter, has a covering of leaves and other organic material, and has an established population

of living organisms such as fungi, bacteria, and earthworms.

Healthy trees need healthy roots and healthy roots need good soil structure. Care must be taken during construction to protect the structure
of soil. Compacting soils harms trees by decreasing the ability of their roots to take up water, oxygen, and nutrients. Compacting soil with
heavy equipment or stored materials destroys good structure of the soil by crushing and closing the pore spaces. Even foot traffic beneath
trees in parks and around buildings can compact soils enough to be detrimental to tree health. Soil compaction slows or stops rainwater
from infiltrating and also increases runoff, which reduces the amount of water available for plant growth. Compaction also interferes with
the aeration of the soil, which lowers oxygen levels and raises carbon dioxide levels around tree roots. In areas where trees are to be

preserved, soil should be protected from compaction by using the techniques discussed in later sections.

SAND PARTICLES SILT PARTICLES CLAY PARTICLES

(https:/fextension.psu.edu/media/wysiwyg//extensions/catalog_product/ad6e4447a4c5484e817d4273939310a4/f/i/figure5-jpg_1.jpg)
Figure 5. The amount of sand, silt, and clay particles found within a soil make up a soil's texture. Structure is how these particles are

grouped together.
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Figure 6. An ideal soil for tree growth is a mixture of sand, silt, clay, and organic matter, called loam.

Preconstruction Activities

The goal of preserving trees in development projects is to protect adequate space for trees with the best health, structure, and appearance,
while removing hazardous trees, lower quality trees, and others that are in the way of construction. Above all else, preserved trees need
adequate space for root and canopy function and growth. The first preconstruction action is to decide how a tree inventory will be

completed.

Tree Inventory

A tree inventory provides information used to make decisions on which trees can be preserved and what measures are needed to protect
them. It takes both common sense and professional advice to plan for and complete a tree inventory. Development parcels can have
different types of trees arranged in different ways. They can range from large solitary trees to a complex array of species and sizes. The
amount of time, effort, and money devoted to an inventory should match the characteristics of the tree resource, physical constraints
imposed by the property, and the wishes of the developer. In some municipalities, tree preservation ordinances dictate the type and sizes of

trees that must be inventoried. In others, the developer can decide freely how the inventory will be conducted.

There are two approaches to a tree inventory. The preferable way is to inventory trees before building pads, lot lines, and streets are

engineered. The other is to collect information on trees after deciding upon lots and street locations.

For parcels with little variability in the size and species of trees, or no unique or special trees, a developer may choose to do a limited amount
of inventory work after lot lines and streets have been surveyed. The developer may first want to stake the footprints, or outlines, of
structures, streets, driveways, utilities, and grading. After staking these, trees that must be removed and trees that will be encroached upon
by development can be identified. Hazardous trees on the property should also be identified and marked for removal. Developers can use
the recommendations found in this guide, such as those for root and canopy pruning, to ensure the survival and long-term health of trees

that remain, some of which may be affected by grading or other construction activities.

For development parcels with diverse, large, unique, or special trees, a developer should arrange a more thorough inventory. This type of
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inventory is completed before lot lines are placed, so that inventory information will be used by engineers and landscape architects in
subdivision design. The inventory can be coordinated with initial survey work so information on tree condition, canopy size, and trunk
location can be gathered at the same time as information on topographic and other physical features. A basic rule of this type of inventory is
that information is collected on all trees in which there is an interest in preserving. If a parcel has many valuable trees and considerable

development activity, all trees may be inventoried. In other situations, the developer can decide which categories of trees will be inventoried.

The first step in either approach is for the developer to conduct an initial walk-through of the property with a qualified arborist, forester, or
landscape architect. During the walk-through, decisions are made about which trees should be tagged and inventoried. A number of factors

influence decisions about what kinds of trees should be tagged and inventoried:

e Species—It is important to concentrate on the highest quality tree species. If a developer wants to remove all trees of an inferior
species, they need only to be marked, but not inventoried.

¢ Size—Although most people prefer larger trees, smaller trees such as dogwood, eastern redbud, and serviceberry should not be
overlooked because they can be very valuable and add to the beauty of the property. The developer and consultant should decide the
minimum diameter size of trees that will be inventoried for each species. Trees that are not inventoried are candidates for transplanting
or removal.

¢ Forest Structure and Tree Location—Groups or groves of trees on the edges of a property, trees in riparian areas, and trees clearly
away from development activities need not be inventoried individually. De-pending on the location of development, inventorying trees
at the edge of groups and groves may be warranted.

¢ Hazardous Trees—Hazardous trees should be identified and marked for removal, wherever they occur.

¢ Site Characteristics—Site characteristics such as fixed entrance points, steep slopes, and wetlands should be considered in deciding

which trees to inventory.

Advice for Conducting a Tree Inventory

Itis important to retain qualified people who are knowledgeable about the relationship between trees and construction and about species
characteristics, tree health, and tree structure when conducting an inventory. In an inventory, a form is used to gather information on tree
species, trunk diameter, height, crown size, condition, suitability for preservation, and maintenance needs. To allow identification of trees in
the field, a prenumbered aluminum tag available through forestry and horticultural sup-pliers is attached to each inventoried tree with an

aluminum nail.

Location and size

To prevent untimely conflicts with buildings, streets, and equipment, the location and dimensions of trees must be established. Accurate
information is important for preserving trees. Variations as small as several feet between actual and mapped tree locations can drastically
affect the amount of root and canopy pruning needed to fit construction. For trees growing in large clusters or woodlots, developers only
need information about the trees growing on the edge. For trees growing individually or in small clusters, more detailed information is
required. For these trees, tree canopy dimensions should be measured at four compass points, and the location and elevation of each tree
trunk should be surveyed. This information is then placed on a grading or site plan. Accurate information on tree size and location allows
developers, engineers, and landscape architects to compare the location of trees with the location of buildings, cuts, fills, retaining walls,

streets, utilities, routes of heavy equipment, and other proposed construction activities.

Condition
Tree condition is a combination of tree health and tree structure and is a major factor in determining suitability for preservation and tree
removal priorities. Tree health should not be confused with tree structure. A tree can be very healthy but have very poor structure because

of decay. Similarly, a tree can be very unhealthy, but have a good structure because of a lack of decay.

It is important to preserve only those trees that are healthy and structurally safe. Dead and dying trees and trees that are hazardous should
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be removed. Tree health is evaluated by observing crown density, foliage color and size, insect and disease problems, injuries, and amount

of deadwood. Tree structure is a system of many interactive factors. To assess the structural safety of trees, evaluate the following:

¢ signs that the tree has dropped large branches in the past

¢ the condition of the root system, including past injury from root pruning

e trunk wounds, decay, cankers, or conks

e amount and size of deadwood or storm damage in the canopy

e abnormal branching habits, tree form, or weak crotches

e severity of leans and other structural irregularities

Evaluating tree structure and hazard is complicated, so a qualified arborist should be consulted, especially about older and larger trees that

will be close to people, buildings, play areas, sidewalks, and cars. Costly measures have been taken to preserve trees in poor condition, but

which have great historical or aesthetic value.

Guide for Assigning Condition Class of Trees

Condition = health and structure

Condition Deadwood

Good Dieback limited to less than 10
percent of smaller branches.

Fair Dieback includes 10-20 percent
of smaller branches and 1 to 2
large, dead branches.

Poor Dieback includes more than 30
percent of small branches, 3 or
more major branches.

Foliage

Normal for species in size
and color. Crown density is

normal.

Reduced in size. Lighter in
color than normal. Crown

density is sparse.

Greatly reduced in size and
yellow. Crown density is

very sparse.

Tree InvenTorY Form

Inspector:

Trunk

Less than 20 percent of trunk has any decay. No
decay fungus mushrooms present.

20-33 percent of trunk has decay. Decay fungus
mushrooms may be present.

More than 33 percent of trunk has decay or is hollow.
Decay fungus mushrooms may be present. More

than 33 percent of roots removed or decayed.

Date:

Distance to
Tree No.| Species| DBH | Tree Height Driﬁline

W E
S

Tree
Direction low | Condition

or unusual | Good, Fair,
branhclzhing Poor
W E
S

Suitability for
Preservation
Good, Fair,
Poor

Maintenance
Recommendations
and Comments

(https:/fextension.psu.edu/media/wysiwyg//extensions/catalog_product/27e4f1472f414e8195d0eadaf7907ada/f/i/figure7-jpg.jpg)

Figure 7. A tree inventory form is used by a qualified individual to gather information for a tree report.
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Suitability for preservation

Species, condition, size, age, and other factors are used by a qualified inspector to evaluate the suitability of a tree for preservation. In
general, certain tree species are more desirable for preservation than others. For example, because white oaks and sycamores are
structurally stronger and live longer than silver maples or cottonwoods, they should be given a higher suitability for preservation. Silver
maples have a lower preservation value because of their potential to develop structural weakness and to therefore be hazards in developed
areas, especially if their roots are damaged during construction. Species with undesirable characteristics such as narrow branch angles,
weak wood, susceptibility to severe pest problems, or short life expectancy should be given a lower suitability for preservation than trees of

more desirable species.

Condition, size, and age also are important factors in determining a tree's suitability for preservation. For example, a large white oak with
decay, many lost branches, and no historical value would have a poor suitability for preservation, while a large white oak in good condition

would have a good or excellent suitability for preservation.

Identify trees in need of care
In the inventory, recommended actions are made to improve the health and structure of worthy trees, especially land-mark and other
prominent trees. These maintenance recommendations include needed irrigation, fertilizing, pest and disease management, cabling or

bracing, and especially pruning.

The information gathered in a tree inventory is summarized in a tree report, and tree canopy dimensions and trunk locations are placed on
site or grading plans to develop a tree preservation plan. The tree report and tree preservation plan allow information on tree health and

structure, as well as on tree size and location, to be considered when designing a development.
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Figure 8. Undesirable tree characteristics to look for when evaluating tree condition and suitability for preservation.

Using Tree Inventory Information

Tree Report

The tree report summarizes inventory data on hazardous trees that should be removed, tree maintenance needs, tree condition, tree
suitability for preservation, and which trees should be offered the most protection. The report should identify trees of exceptionally high or
low value or interest. In addition, elevation and plan drawings of proposed tree encroachments can be provided. A qualified horticulturist,
forester, arborist, or landscape architect should be employed to complete the tree report. The report is provided along with the tree

protection plan to everyone who will make decisions about development design and tree preservation.
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TREE REPORT

Froject:

Greentree Subdivision

Client:

Johnston Development Company

Chris Edson
Certified Arborist
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Figure 9. A tree report provides information on tree species, location, condition, and suitability for preservation. This information can be used

to determine if trees should be removed, encroached upon, or retained in a development.

Tree Protection Zone

Injuries to a tree or group of trees can be minimized by providing a tree protection zone (TPZ), a fenced area around a tree that will not be
disturbed by construction work. Information from the tree report is used to determine TPZ locations. In a TPZ, the soil is protected from
compaction, critical roots are not damaged by pruning, trenching, or excessive grade changes, and trunk and branches are not damaged by
equipment or workers. A TPZ will ensure that a tree is protected during construction, has enough space for root and branch growth, and will

receive adequate supplies of soil nutrients, air, and water.

When determining the size of a TPZ, the needs of the tree must be considered along with the needs of the contractor on the site. I[deas vary
about the correct size for a TPZ, and generally it should be established at or outside the dripline of a tree when feasible. However, space can
be limited on construction sites where buildings, infrastructure, and trees must all be accommodated. Also, trees have a variety of canopy
shapes—some broad, and others upright or narrow. Using the dripline as a guide for the size of a TPZ could lead to the establishment of
protection areas that are either too large or too small, depending on the growth habit of the particular tree. Using the dripline as a rule for a

TPZ has been recommended for broad-canopied trees, such as open-grown oaks.

It is commonly thought that trees can withstand the removal of 30 to 50 per-cent of their root system, but structural stability may be

compromised after the removal of more than one-third. Because it is difficult to estimate the full extent of a tree's root system, it is difficult
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to know when a certain percentage of roots has been affected. Providing an adequate TPZ helps preserve needed tree roots. A minimum
TPZ for a tree can be determined by using the following rule: Measure the diameter (in inches) of a tree trunk at a point 4.5 feet above
ground, known as the diameter at breast height (DBH). Define a circle around the tree with a diameter in feet equal to the number of inches

of the trunk's DBH.

For example, a red oak with a diameter of 10 inches would have a TPZ 10 feet in diameter. This rule defines the minimum distance to keep
construction activity and storage of equipment and materials away from a tree. The more undisturbed space that can be provided around a

tree, the better the tree's chances of survival and subsequent growth.

Another TPZ method is described by Jim Clark and Nelda Matheny in their book Trees in Development (International Society of
Arboriculture, Savoy, IL). In this method, the TPZ depends on the tolerance of a tree species to construction impact, as well as the tree's age

and vigor (see Tables 1 and 2). Young, vigorous trees of a species with good tolerance to construction impact can have smaller TPZs.

For especially valuable, large, old, historic, or landmark trees, the TPZ should extend at least to the dripline, preferably beyond, and should

be established by an experienced arborist or horticulturist.

Table 1

Guidelines for Tree Protection Zones. Distances should be increased for trees of poor vigor and to protect young and other trees with
low branching from severe pruning of limbs. This table is adapted from a table provided courtesy of the International Society of

Arboriculture, Savoy, IL.

Distance From Trunk*
Species Tolerance to Impacts Tree Age (feet per inch of trunk diameter)

Tolerant Young 0.5'
< 1/4 life expectancy

Middle aged 0.75'
1/4 - 3/4 life expectancy

Mature 1.0
> 3/4 life expectancy

Intermediate Young 0.75'
Middle Aged 1.0’
Mature 1.25'

Sensitive Young 1.0
Middle Aged 1.25
Mature 1.5'

*These distances are based on a tree's tolerance to root pruning and soil disturbance and may not be adequate to protect branches of young
trees or other trees with low branching. Because severe pruning would destroy the form of such trees, fencing at the dripline or beyond

should be considered.
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Figure 10. A Tree Protection Zone (TPZ) must be large enough to protect the soil from compaction and the tree from limb and root damage,

and it must be explained by a sign.

Table 2

Size and Tolerance of Tree Species to Construction Impacts. This table represents opinions of the authors and information from three

publications: Tree Characteristics, Protecting Trees from Construction Damage, Minnesota Extension Service, University of Minnesota;
The Response of Ohio's Native and Naturalized Trees to Construction Activity, T. Davis Sydnor, School of Natural Resources, The Ohio
State University; and Relative Tolerance of Tree Species to Construction Damage, Kim D. Coder, The University of Georgia Cooperative

Extension Service, Forest Resources Unit.

Tolerance to construction impact can vary greatly according to site characteristics such as soil depth, individual tree characteristics

such as rooting habit, prevailing weather conditions such as drought, and the degree of construction impact.

Root Soil Compaction and Mature Crown Hazard Potential
Species Severance Flooding Spread (feet) Rating* Comments
Ailanthus Tolerant Tolerant 20-40 Low
Arborvite Tolerant Tolerant 5-10 Low
Black Ash Tolerant Tolerant 30-60 Medium
Green Ash Tolerant Tolerant 30-50 Medium
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Species

White Ash

Bigtooth Aspen

Quaking Aspen

American
Basswood

American Beech

Blue Beech

Gray Birch

Paper Birch

River Birch

Yellow Birch

Blackgum

Boxelder

Ohio Buckeye

Butternut

Catalpa

Eastern Red
Cedar

Northern White
Cedar

Black Cherry

Kentucky
Coffeetree

Eastern
Cottonwood

Crabapple

Root
Severance

Tolerant

Tolerant

Tolerant

Sensitive

Sensitive

Sensitive

Tolerant

Intermediate

Tolerant

Intermediate

Tolerant

Tolerant

Sensitive

Sensitive

Intermediate

Tolerant

Tolerant

Intermediate

Intermediate

Tolerant

Tolerant
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Soil Compaction and
Flooding

Intermediate

Sensitive

Sensitive

Sensitive

Sensitive

Sensitive

Tolerant

Sensitive

Tolerant

Sensitive

Tolerant

Tolerant

Sensitive

Sensitive

Tolerant

Sensitive

Tolerant

Sensitive

Intermediate

Tolerant

Tolerant
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Mature Crown
Spread (feet)

40-70

20-35

20-35

50-75

30-50

15-20

30-50

30-50

30-50

25-50

40-60

35-50

30-40

50-60

30-50

10-20

10-20

40-50

40-50

80-100

20-30

Hazard Potential
Rating* Comments
Medium

Sensitive to increased
light and heat

Medium

Medium

Medium Sensitive to fill

Medium

Low

Low

Medium

Low

Medium

Low

High

Medium

Medium

Medium

Low

Low

Low

Low

High

Low
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Species

Dogwood

American Elm

Slippery EIm

Balsam Fir

White Fir

Ginko

Hackberry

Hawthorn

Eastern Hemlock

Butternut Hickory

American Holly

Honeylocust

Ironwood

Larch

Black Locust

Red Maple

Silver Maple

Sugar Maple

Bicolor Oak

Black Oak

Bur Oak

Pin Oak

Red Oak

Shumard Oak

Root
Severance

Intermediate

Tolerant

Tolerant

Tolerant

Tolerant

Tolerant

Tolerant

Tolerant

Sensitive

Intermediate

Tolerant

Tolerant

Sensitive

Tolerant

Tolerant

Tolerant

Tolerant

Tolerant

Tolerant

Intermediate

Tolerant

Sensitive

Tolerant

Tolerant
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Soil Compaction and
Flooding

Intermediate

Intermediate

Intermediate

Tolerant

Sensitive

Tolerant

Intermediate

Tolerant

Sensitive

Sensitive

Tolerant

Tolerant

Sensitive

Tolerant

Tolerant

Tolerant

Tolerant

Sensitive

Tolerant

Intermediate

Tolerant

Tolerant

Sensitive

Tolerant
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Mature Crown

Spread (feet)

15-20

70-150

40-60

20-35

10-20

40-80

50

20-30

25-35

30-40

18-40

50-70

20-30

15-25

20-50

40-60

50-75

60-80

40-50

50-70

40-80

30-50

40-50

40-60

Hazard Potential

Rating*

Low

Medium

Medium

Medium

Medium

Low

Low

Low

Medium

Medium

Low

Medium

Low

Medium

High

Medium

High

Medium

Low

Low

Low

Low

Low

Low

Sensitive to fill

Sensitive to fill

Sensitive to increased
light and heat

Sensitive to wounding
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Species

White Oak

Willow Oak

Osage Orange

Jack Pine

Red Pine

Scotch Pine

White Pine

Redbud

Serviceberry

Sweetgum

Black Spruce

Colorado Spruce

Norway Spruce

White Spruce

Sycamore

Tulip Tree

Black Walnut

Black Willow

Weeping Willow

Root
Severance

Sensitive

Intermediate

Tolerant

Tolerant

Tolerant

Tolerant

Tolerant

Intermediate

Intermediate

Tolerant

Tolerant

Intermediate

Tolerant

Tolerant

Tolerant

Sensitive

Sensitive

Tolerant

Intermediate

Soil Compaction and
Flooding

Sensitive

Intermediate

Tolerant

Sensitive

Sensitive

Sensitive

Sensitive

Intermediate

Intermediate

Tolerant

Tolerant

Tolerant

Tolerant

Tolerant

Tolerant

Intermediate

Intermediate

Tolerant

Intermediate
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Mature Crown
Spread (feet)

50-90

30-40

20-40

20-30

20-40

30-50

40-60

25-35

15-20

40-65

15-30

20-30

20-30

20-30

75-100

35-50

50-70

20-40

30-40

Hazard Potential

Rating* Comments

Low

Low

Low

Medium

Medium Sensitive to increased
light and heat

Medium Sensitive to poor
drainage

Medium Sensitive to drainage
changes

Low Sensitive to increased
light and heat

Low

Low

Medium

Medium Vulnerable to
windthrow

Medium Vulnerable to
windthrow

Medium

Low

High

Medium

High

High

*Hazard Potential Rating refers to the relative potential for a tree to become hazardous due to its large size and likelihood of breakage or

decay. For a tree to be considered hazardous, a likely "target" (e.g., a person, a house, or car) must be present. A high rating does not imply

that an individual tree is likely to fail.

Tree Preservation Plan
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Information on tree preservation zones and the location, size, and condition of trees from the tree report is combined with information on a

grading or site plan to prepare a tree preservation plan. The tree preservation plan shows the lo-cation of development footprints, including

buildings, utilities, and streets, and how trees and tree preservation zones relate to them. The tree preservation plan helps developers make

decisions about which worthy trees can be preserved, which should be removed, which can be transplanted, and how trees may be

encroached upon. This plan also helps developers determine how footprints, streets, and other factors can be altered to facilitate tree

preservation.

A tree preservation plan identifies places where limited space needs to be carefully managed when developers are trying to accommodate

both trees and construction. This type of plan leads to changes during the early stages of development that will preserve important trees

and help developers avoid costly mistakes and delays. The best plans provide adequate tree protection zones that separate buildings,

infrastructure, and construction activities from worthy trees. The following guidelines can help you develop a tree preservation plan.
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Figure 11. A simple tree preservation plan shows the location of house, driveway, and trees to be removed, encroached upon, and retained.
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Figure 12. More complex tree preservation plans use a grading plan to show the relationship of grading and construction to trees.

Use accurate information

The plan should accurately show the spatial relationships between trees and development. A few feet can determine whether or not a tree
can be preserved. Errors in either tree or construction location make a tremendous difference in the size of tree preservation zones and the
amount of root and canopy pruning required. Problems caused during the construction phase because of inaccurate information about tree

location and condition can be expensive in terms of tree health, time, and work interference.

Place utility paths on plans

Trenches and overhead wires for utilities should be identified on tree preservation plans.

Identify affected trees
Clearly mark on the grading or site plan any trees that are to be preserved, removed, or pruned, or that might be encroached upon by

buildings, roads, parking lots, or utilities.

Consider alternative plans to minimize construction impacts on suitable trees.
Attempts should be made on grading and site plans to eliminate or minimize construction impacts on worthy trees by removing less worthy
trees and moving or altering grading, buildings, utilities, and other infrastructure elements. For example, a medium-quality tree might be

marked for removal to prevent encroachment on and pruning of a higher-quality tree. Less suitable trees (in terms of species, condition, and
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age) should be marked for removal to provide space for more suitable trees. All dead or dying trees and hazardous trees should be removed.
Only trees that are in good, safe condition should be saved in parks or near buildings, sidewalks, and streets. Nuisance trees such as
mulberry (messy fruit) and osage orange (dangerous fruit) can be preserved if they are a safe distance away from buildings, walkways, and

parking areas.

Consider alternative construction techniques

A variety of construction elements and techniques can be used to help preserve trees while providing space for development. For example,
crib and retaining walls can be used to limit the length of manufactured slopes and keep soil cuts and fills out of a tree protection zone.
Engineered pier or grade beam footings, which reduce pruning damage to tree roots, can be used when working close to tree trunks. Self-
supporting concrete or asphalt sections can be engineered to reduce soil compaction and root damage when sidewalks, parking lots,

streets, and driveways are placed under or close to trees.

Consider energy needs of buildings

Strategic tree and building placement can reduce annual energy use for heating and cooling by as much as 10 percent. To help cool
buildings in the warm months, trees can be planted or preserved on the west and east sides. To help retain heat in the cold months,
construct windbreaks to the northwest of buildings and remove trees to the south of buildings up to a distance equal to the height of a tree,

unless they are particularly valuable.

Consider replacing or moving trees

Smaller trees sometimes can be replaced for less than it would cost to preserve them. Nursery plants can be placed in just the right
locations and are often of equal or greater value than existing smaller trees. Usually it is more beneficial and effective to save larger trees,
because larger trees can provide greater functional and aesthetic benefits and have surprisingly high monetary values in landscapes. The
International Society of Arboriculture's The Guide for Plant Appraisal (International Society of Arboriculture, Savoy, IL) can be used to

appraise the value of trees in developments. In Pennsylvania, a tree with a 25-inch trunk diameter could be worth as much as $10,000.

Existing trees could be transplanted to other locations on the site. Trees that are 4 inches DBH or less could possibly be moved with
backhoes or other equipment already owned by most contractors. However, such an operation requires a knowledgeable and experienced
person to be successful. Tree spades or other equipment for moving trees up to 10 inches DBH are available in many communities. Larger
trees can be moved with cranes and other special equipment, but the relocation costs may exceed the costs associated with saving them at

their existing locations.

The transplanting process requires cutting many of a tree's roots, which puts the tree under severe stress. Even with special care, such as
staking, irrigation, and fertilization, it often takes several years for a larger tree that has been transplanted to regenerate enough roots to
continue growing at a normal rate. All of these factors and costs must be considered when deciding whether it is better to preserve a tree at

its existing location, replace it with nursery stock, or relocate it on a construction site.
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Figure 13. Information from a tree report and tree preservation plan can be used to prepare plan and elevation drawings of proposed

construction impacts to trees. These drawings help developers visualize the impacts soil compaction and required limb and root pruning will

have on trees.
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Figure 14. Crib walls can be used to limit the length of manufactured slopes, providing more room for trees and development.
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Figure 15. Attractive retaining walls can be used to limit the size of fill and cut slopes, increasing the size of a tree's protection zone.

Consider cluster development and other alternative subdivision designs
Developers of larger projects may wish to consider setting aside groves of trees to provide recreation, wildlife habitat, and other

environmental benefits. Because of these benefits, it is often desirable to in-corporate groves of trees into a development's landscape.

Trees growing in groups have adapt-ed to each other and to their light, wind, and soil conditions. These conditions change when exterior or
interior trees in a group are removed. The remaining trees may be subject to windthrow, sunscald, altered soil conditions, and altered water

availability.

Cluster development can be used to preserve trees and other natural resources in developments. However, it may conflict with local zoning
and subdivision ordinances or with the traditional philosophies of builders. The following practices can help create space for trees and other

natural resources:

o Complete a natural resource inventory that identifies important views, riparian areas, paths, and other resources.
¢ Design grading and site plans to meet specific site characteristics.

o Keep front yard setbacks to a minimum.

o Keep areas of turf and grass to a minimum.

¢ Use step-down or other types of foundations that reduce grading.

o Keep the width of roads to a minimum.

e Delete or rearrange lots to provide more space for trees.

¢ Design developments in a clustered format.

¢ Work with municipal officials to explain the advantages of creative subdivision design.
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Figure 16. A natural resource inventory identifies all important natural characteristics of a site

2024-12-05, 13:49

23 of 41


https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/ec5bb0fbec9848f49eb5db9bd1266889/f/i/figure16-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/ec5bb0fbec9848f49eb5db9bd1266889/f/i/figure16-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/ec5bb0fbec9848f49eb5db9bd1266889/f/i/figure16-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/ec5bb0fbec9848f49eb5db9bd1266889/f/i/figure16-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/ec5bb0fbec9848f49eb5db9bd1266889/f/i/figure16-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/ec5bb0fbec9848f49eb5db9bd1266889/f/i/figure16-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/ec5bb0fbec9848f49eb5db9bd1266889/f/i/figure16-jpg_1.jpg

A Guide to Preserving Trees in Development Projects https://extension.psu.edu/a-guide-to-preserving-trees-in-development-pr...

e~ ®
Y s\_i_lz\
34 IRV

(https:/fextension.psu.edu/media/wysiwyg//extensions/catalog_product/4509c3847f504bcea9c8ea99b587a8ab/f/i/figure17-jpg_1.jpg)

Figure 17. Traditional subdivision design provides for the maximum number of minimum-sized lots and does not consider preserving

woodlots or other natural features.

24 of 41

2024-12-05, 13:49


https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/4509c3847f504bcea9c8ea99b587a8ab/f/i/figure17-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/4509c3847f504bcea9c8ea99b587a8ab/f/i/figure17-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/4509c3847f504bcea9c8ea99b587a8ab/f/i/figure17-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/4509c3847f504bcea9c8ea99b587a8ab/f/i/figure17-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/4509c3847f504bcea9c8ea99b587a8ab/f/i/figure17-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/4509c3847f504bcea9c8ea99b587a8ab/f/i/figure17-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/4509c3847f504bcea9c8ea99b587a8ab/f/i/figure17-jpg_1.jpg

A Guide to Preserving Trees in Development Projects https://extension.psu.edu/a-guide-to-preserving-trees-in-development-pr...

% "
WL
W7 MmNy

2

(https:/fextension.psu.edu/media/wysiwyg//extensions/catalog_product/f305a3f2f9a3426ca714c16819e7643d/f/i/figure18-jpg_1.jpg)

Figure 18. Cluster development can be used to protect development densities while preserving woodlots, meadows, and riparian areas.

Construction Activities

All of the work put into the tree report and the tree preservation plan can be lost through carelessness. It only takes a moment for a piece of
heavy equipment or a person with a chain saw to injure or kill a tree that was selected for preservation. Other construction activities, such as
the cleaning of cement trucks and paint equipment, can seriously injure or kill a tree. Developers, contractors, and home builders must take
every precaution to ensure that trees designated for preservation are not injured during construction. This requires that trees be protected

by fenced tree protection zones and that workers be properly instructed and monitored.

Protecting Trees During Construction

Contractors, equipment operators, and workers should be informed of the importance of protecting trees that have been selected for
preservation. This message can be reinforced by establishing penalties that must be paid if trees are injured or killed during construction.
Penalties should be large enough to emphasize that large trees can be worth thousands of dollars and even small trees can cost hundreds
of dollars to replace. The value of injured or killed trees can be appraised by qualified arborists using the International Society of
Arboriculture's Guide for Plant Appraisal. In addition, lot owners or home builders can have tree preservation terms written into their con-
tracts with developers and contractors. The following recommendations should be implemented to help protect trees during the

construction phase.
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Types of Construction Injury
e Soil compaction or pollution
¢ Root removal and wounds
e Disruption of mycorrhizae and other beneficial soil organisms
¢ Trunk and butt wounds
e Branch wounds
e Leaf injury

e Unwarranted tree removal

Symptoms of Construction Injury (Soil Destruction)
¢ Reduced canopy density
¢ Reduced leaf size
e Lighter green color of the foliage
e Branch/canopy dieback
¢ Development of early fall color or leaf drop
e Suckers or epicormic shoots from damaged roots

e Long-term decline in health
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Figure 19. Without a tree protection zone, trees and soils can be severely damaged by construction activities. Damage can lead to either fast

decline in health or a very slow decline and eventual death.

Using the tree report and tree preservation plan to evaluate trees in the field. Proposed tree encroachments can be staked in the field so
that needed root and canopy pruning and tree removals can be completed before construction be-gins. Staking curblines, foundations, and
other elements also allows for additional evaluation of tree protection techniques, such as retaining walls, before construction begins. Lay

out temporary roadways and storage areas.

Hurricane or other protective fencing should be placed around a TPZ to physically protect trees. Fencing provides a protective barrier
and also reminds workers that protecting trees is important. Contractors and workers often want to change or move fencing to make
adjustments for construction activities that were not adequately planned and designed. Fencing should be checked periodically and people

involved in a project informed that moving a fence is not acceptable.

Do not raise or lower the natural soil level within a TPZ. Raising the grade within a TPZ by adding or "filling" soil reduces water infiltration
and air exchange in the soil around the roots. Lowering the grade or "cutting" soil removes both soil and tree roots, and also damages the

roots that re-main. Filling or cutting soil within a TPZ can severely injure or kill a tree.
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Figure 20. Do not raise the natural soil level within a TPZ. Trees that have been buried in fill can be identified by a lack of root flare.

27 of 41 2024-12-05, 13:49


https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/3c7582de44294d9991654916ebb2541a/f/i/figure20-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/3c7582de44294d9991654916ebb2541a/f/i/figure20-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/3c7582de44294d9991654916ebb2541a/f/i/figure20-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/3c7582de44294d9991654916ebb2541a/f/i/figure20-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/3c7582de44294d9991654916ebb2541a/f/i/figure20-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/3c7582de44294d9991654916ebb2541a/f/i/figure20-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/3c7582de44294d9991654916ebb2541a/f/i/figure20-jpg_1.jpg

A Guide to Preserving Trees in Development Projects https://extension.psu.edu/a-guide-to-preserving-trees-in-development-pr...

\l

-\lm

(https:/fextension.psu.edu/media/wysiwyg//extensions/catalog_product/eb96340e775345afb06f39011a022 1ab/f/i/figure21-jpg_1.jpg)

Figure 21. Cutting or lowering the soil level near a tree severely damages tree roots, leading to a decline in health and even to death.

Consider impacts away from important trees. Construction activities well outside the tree protection zone also can have detrimental
effects on a tree's health. For example, cuts and fills can affect natural aquifers and drainage patterns. Large manufactured slopes created
by cuts uphill from trees can remove their water source, or increase erosion. Compacted fills and retaining walls on the downhill side of trees
can act like dams, causing water to accumulate. Positive drainage should be provided for preserved trees where needed. Effects of grading

on important trees should be evaluated.

Do not store materials or operate equipment near or under trees. Transporting, handling, and storing building materials and supplies near
and under trees can compact the soil, which kills and injures tree roots. In addition to injuring tree roots, construction equipment can break
limbs or wound bark. Equipment should not be operated in the TPZ and nothing should be stored in it, including fuel, chemicals, soil, and

construction materials.

Do not pollute the soil within a TPZ. Arrange for proper disposal of construction waste. Soils may be polluted by the on-site disposal of
construction residues, petroleum products, or other chemicals. Lime-based products such as cement and plaster can dramatically raise the
alkaline level of the soil. Many trees, such as pin oak, red maple, and sweetgum, cannot tolerate high pH or alkaline soils. Burying rocks and

other debris near trees can damage and inhibit their root growth. The pollution of soils must be prevented if they are to support root growth.

Designate specific sites for equipment cleaning or disposal of construction debris. Do not bury construction debris to avoid the cost of
hauling and disposal. Only sites that are well away from tree preservation or planting areas should be designated for equipment cleaning

and disposal of debris.

Use construction designs that minimize soil compaction for streets, parking lots, driveways, and patios. Streets and parking lots can not
support their own weight, so soil compaction is a requirement for standard asphalt or concrete construction. Self-supporting or permeable

asphalt or concrete sections for streets and parking lots can be engineered and constructed around trees of high value.

Use aeration and other special preservation systems only when absolutely necessary. If nonstructural fill is to be placed and lightly

compacted within a tree protection zone for a parking lot or other hard surface, an aeration system can be used to assist in the infiltration of
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water and air. These systems should be designed and installed by professionals.

Self-supporting and permeable surfaces are one example of an aeration system. A properly installed aeration system can also consist of a

flexible drainage system.

In the past, aeration design has specified using 4-inch perforated PVC pipe. However, roots can grow into, and clog, the perforations.
Wrapping the pipe with geotextiles would help alleviate this problem, but the process can be time-consuming and cumbersome. Also, the
arrangement of the holes along the pipe keeps a relatively low percentage of soil area open to aeration and drainage. Some of the

disadvantages of the 4-inch perforated PVC pipe may be avoided by using a flexible drainage system.

STANDPIPE

EXISTING GRADE GEOTEXTILE WRAPPING PERFORATED PVC PIPE —

(https:/fextension.psu.edu/media/wysiwyg//extensions/catalog_product/93790c87d16745e5b22ccf3dd8894 1b9/f/i/figure22-jpg_1.jpg)
Figure 22. Aeration systems should be designed by professionals and used only when absolutely necessary. The effectiveness of aeration

systems is debatable. Some of the disadvantages of 4-inch PVC pipe may be avoided by using a flexible drainage system.

A variety of flexible drainage materials currently are available. They all have a flexible plastic core that is wrapped with geotextile. The
plastic core is made in a wide variety of forms that are designed to allow for large open spaces for drainage and aeration. The major

variations between them are structural strength/load-bearing capacity and water flow potential.

The choice for the most appropriate style of flexible drainage material should be based on an assessment of site conditions and use. For
example, if the site requires significant drainage measures and a connection to a storm sewer, it may be advisable to use the higher-density

corrugated plastic drain. If the primary function of the system is aeration, a waffle-like plastic core will be sufficient.
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Since the flexible materials are pre-wrapped with geotextile, installation is quicker and simpler than installing PVC pipe. Most of these
materials can be fitted to pipes of other sizes and dimensions, so transition is possible to the pipes that extend to the surface, or to
a storm sewer. Unlike the 4-inch perforated PVC pipe, the entire surface area of these flexible drainage materials allows for maximum

diffusion of air and water to expanding roots.

Use geotextiles for temporary roads and storage areas. Soil compaction destroys soil structure, which takes many years to develop. Soil
structure directly affects the aeration, drainage, and water-holding capacity of a soil. An inexpensive and recyclable way of protecting soil
structure is to use a layer of heavyweight geotextile covered with about 4 inches of wood chips. This system will support the weight of a

loaded cement truck and can be used on all construction sites for temporary roadways and materials storage areas.

== C

S
GEOTEXTILE PROTECTING TREE ROOTS

(https:/fextension.psu.edu/media/wysiwyg//extensions/catalog_product/8eea3156ec4646949b59300ef31d53a0/f/i/figure23-jpg_1.jpg)
Figure 23. Two to 4 inches of mulch placed on a geotextile sheet protects soils from compaction caused by construction equipment and

material storage.

Retain a qualified arborist to perform tree maintenance services. An experienced arborist can monitor tree health before and during
construction. If necessary, this specialist can then water or fertilize the trees, or provide treatment for a pest or disease problem. Although
care should be taken when working around all trees, some trees are more sensitive to construction than others. For example, older and
larger trees may need specialized attention, such as fertilization and irrigation, if they are disturbed by root pruning, soil compaction, or other

construction activity.

30 of 41 2024-12-05, 13:49


https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/8eea3156ec4646949b59300ef31d53a0/f/i/figure23-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/8eea3156ec4646949b59300ef31d53a0/f/i/figure23-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/8eea3156ec4646949b59300ef31d53a0/f/i/figure23-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/8eea3156ec4646949b59300ef31d53a0/f/i/figure23-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/8eea3156ec4646949b59300ef31d53a0/f/i/figure23-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/8eea3156ec4646949b59300ef31d53a0/f/i/figure23-jpg_1.jpg
https://extension.psu.edu/media/wysiwyg//extensions/catalog_product/8eea3156ec4646949b59300ef31d53a0/f/i/figure23-jpg_1.jpg

A Guide to Preserving Trees in Development Projects https://extension.psu.edu/a-guide-to-preserving-trees-in-development-pr...

(https:/fextension.psu.edu/media/wysiwyg//extensions/catalog_product/de6628b585f74e1b9ba651 1b4dfcObcf/f/i/figure24-jpg_1.jpg)

Figure 24. Pruning should protect a tree's natural form. Well-pruned trees are similar in form and appearance to trees that have not been
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Figure 25. Natural Target Pruning properly removes a branch while protecting the branch collar, which is essential for wounds to heal. First

cut A, second cut B, and third cut C-D.

Retain a qualified arborist to perform all required pruning. Construction workers untrained in pruning or other arboricultural practices
often unintentionally damage trees while trimming them. Construction workers who trim trees often leave branch stubs, tear the bark, or
remove more branches than necessary. The tree preservation plan should identify which limbs must be pruned to accommodate
construction. Required pruning and removal of limbs can be better understood by staking construction footprints. Pruning should be based

on the tree preservation plan and be performed by a qualified arborist before construction begins.

Retain a qualified arborist to perform all required root pruning. A tree's tolerance of root loss may vary greatly depending on its age,
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species, and health, as well as rainfall and soil quality. Some healthy young trees can survive after losing 50 percent of their roots, although
their structure may be compromised. Other species are extremely sensitive to root pruning and soil compaction. Avoid disturbing more than
25 percent of the roots within the dripline for any tree and do not disturb any roots within the dripline of old, valuable, or sensitive trees.

Hire an arborist to provide supervision when exposing roots close to large, historic, or notable trees. Any root pruning should be done by, or

under the direction of, a qualified arborist.

Consider using hand labor to expose roots in cut areas needed within or adjacent to a TPZ. Exposing roots with a backhoe or other piece
of equipment can tear roots, resulting in damage and decay. Instead, dig with hand tools to expose roots that may interfere with
construction. During hot weather, wrap all roots exposed by trenching with dampened burlap if there is a delay in deciding whether the
roots should be preserved. If a footing or curb is being constructed, conflicting roots should be severed cleanly with a saw. Newly pruned
roots over 3 inches in diameter should be protected from drying by covering the cut end of the roots with a plastic bag secured by a rubber

band. During hot weather, cut areas where tree roots are removed or exposed should be covered with black plastic and kept damp until it is

time to complete the work.

(https:/fextension.psu.edu/media/wysiwyg//extensions/catalog_product/2aafc2b913b44bd6802f00db7e509305/f/i/figure26-jpg_1.jpg)
Figure 26. When digging near trees suitable for preservation, the first cut should be made by hand labor with shovels under supervision of
an arborist. Exposed roots should be neatly cut with a sharp saw. To protect them from drying out, the ends of severed roots can be covered

with a plastic sandwich bag held in place by a rubber band.
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Figure 27. After roots are exposed and cleanly cut, the soil around them should be watered and covered with black plastic during hot

periods. Large equipment can be used for mass grading after tree roots have been protected.
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(https:/lextension.psu.edu/media/wysiwyg//extensions/catalog_product/6d54c2371d1b43e09cd3deab6dal96667/f/i/figure28-jpg_1.jpg)

Figure 28. Properly preserved trees will provide benefits for a lifetime.

Do not excavate utility trenches through a TPZ. Injuring roots kills trees. The root systems of trees can be severely injured by trenches that

are dug directly through them. Relocate utility trenches or use tunneling or boring equipment when installing underground utilities through a
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TPZ. Trenching with backhoes and other equipment can destroy entire root systems, while tunneling or boring under the roots has little

effect.

Do not use a bulldozer to selectively remove trees. Trees designated to be saved can be easily damaged by bulldozers during the removal
of adjacent trees. When a bulldozer is used to remove a tree, the entire tree falls at once and its canopy can damage the branches and bark
of adjacent trees meant to be preserved. Bulldozers also compact soils and destroy soil structure. Trained arborists can selectively remove

trees without harming adjacent trees.

Use geotextiles and other alternatives for driveways and patios. When constructing brick, stone, or concrete driveways and patios, it often
is necessary to excavate the top 12 inches of soil and then compact the subsoil using heavy equipment. Geotextiles can be used to minimize
the degree of soil compaction needed under driveways and patios. When installing interlocking pavers, use geotextiles underneath to
minimize the need for compacting the soil. A sand base placed over lightly compacted soil should be covered with a geotextile material to
support pavers, patios, or driveways. Wood decks are excellent alternatives to hard-surface patios in areas where trees have been
preserved. No removal or compaction of the soil is needed and decks have the added advantages of allowing water and air to reach covered

tree roots.

Do not remove the natural leaf mulch or organic litter from beneath trees. Existing litter or supplemented mulch helps improve soil
structure, allows better water infiltration, protects soil and roots from erosion, moderates soil temperatures, and adds carbon and nutrients
to the soil. Keep turf away from trees and install landscapes using native shrubs and other plants that will not damage trees preserved and

incorporated into development.

BRICK PAVING

GEOTEXTILE

1" SAND SETTING BED
4" GRAVEL

4" LOOSELY
COMPACTED
SUB-GRADE

(https:/fextension.psu.edu/media/wysiwyg//extensions/catalog_product/76c9ba39902b46b0b4734688eeb0ecOe/f/i/figure29-jpg_1.jpg)

Figure 29. Brick patios and sidewalks can be designed to reduce soil compaction and root pruning.

Repairing Construction Injury

The most common causes of tree injuries are worker carelessness, grade changes, soil compaction, soil pollution, and the incorrect removal
or trimming of trees. Depending on the extent of the injuries, trees may die shortly after construction is completed or their health may slowly
decline over a number of years. Several techniques can help correct injuries caused by construction activities. Trees should be inspected for

two years following construction for declining health, branch dieback, or poor foliage color.

Soil Techniques

Understanding structural fills
Structural fills are used to key-in slopes and provide heavily compacted pads for construction. In a structural fill, all the soil is removed until a
soil horizon with a certain compaction rate is found. Removed soils are then replaced upon the compacted soil while being compacted with

water. It does no good to provide aeration systems or other preservation techniques or to remove fills of this nature from near trees because
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roots have already been severed in the fill process. Structural fills should be avoided within the TPZ of trees suitable for preservation.

Removing fill

Fill can kill trees quickly, or it can kill them gradually over a number of years. The effect fill has on trees depends on a number of factors. If
construction activity has changed the grade under or near a tree, all efforts should be made to restore the area to its natural grade. Trees not
surrounded by fill have a noticeable trunk flare at the soil line, while trees buried in fill have no trunk flare (see Figure 20). Test holes can be

dug at several points near the tree to determine how much fill has been added.

Fill can be removed safely within one year after construction. A backhoe can be used to remove fill to within 4 inches of the original grade,
but the rest should be removed by hand with shovels and rakes. Fill that has been in place for several years requires care during removal,
and a qualified arborist should be consulted. Some trees survive the initial application of fill because their roots grow into the fill. For trees
covered by fill for long periods of time, fill within 4 feet of the trunk should be removed to expose the trunk and buttress roots. If it appears
that many new roots have grown and become established in the fill, the excavation should stop and the fill should be replaced. Fill should
not be removed during periods of hot, dry weather. Exposure under these conditions could shock a tree by drying out the roots as well as

the soil around them.

The removal of fill can create a low spot around a tree that accumulates water. If inadequate drainage is a problem, a French drain or other

drainage system must be installed to move standing water away from the tree.

(https:/fextension.psu.edu/media/wysiwyg//extensions/catalog_product/7ff1d76f5bb34f9b9f93bf46faceaab3/f/i/figure30-jpg_1.jpg)
Figure 30. Vertical mulching can help repair compacted soils and help trees recover from root systems damaged by compacted soils and

root removal.

Repairing soil structure using vertical mulching
The poor structure of compacted soils can be improved by carefully drilling lines of holes in a concentric pattern beneath a tree. Each 2-inch
diameter hole should be drilled to a depth of 12 to 18 inches (without injuring any large roots). The holes should be 2 feet apart, with the

inner circle of holes located 3 feet away from the trunk and the last circle located 5 feet outside of the tree's dripline.

These holes can be left open or filled with a mixture of coarse sand and composted organic matter. The organic matter can be anything from
composted leaves and grass clippings to composted sewage sludge. The sand gives the mixture some weight and strength, while the
organic matter provides a food source for the soil microorganisms that are needed to help redevelop the soil structure. This process of filling

the holes is called vertical mulching, and it is still experimental.
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The structure of soil that has been damaged by compaction will return very slowly. It usually takes many years for the soil's drainage and
aeration characteristics to return to their preconstruction levels. Compacted soils also can be helped by placing 3 to 4 inches of organic

mulch over as much of the root system as possible. Keep this mulch several inches away from the tree trunks.

Replacing damaged soil

Soil that has been polluted or damaged beyond repair by pollution or heavy equipment should be removed and replaced. Damaged soil near
trees should be removed with hand tools to avoid any further damage to roots. Although it may be better to use an ordinary top soil from
the site or the locality, a loam-based soil that contains a balanced mixture of sand, silt, and clay also can be used. It should contain at least
1.5 percent stable organic matter. Soils with lower amounts of stable organic matter should have their levels of organic matter raised to 5
per-cent by adding composted yard wastes or sewage sludge. Replacement soils should not be ground or tilled too finely, as these

processes destroy soil structure.

Tree Techniques

Tree injury

Tree limbs that have been broken or torn off during construction should be pruned according to recognized standards by a qualified arborist.
If a tree trunk or butt has been damaged, the wound can be treated by removing dead and injured bark from around the wound with a sharp
knife. Cut the loose bark away from the wound to form a clean, smooth surface of healthy wood and bark. Take care not to damage healthy
tissue and do not widen the wound any more than necessary to remove damaged bark. Tree wound dressing does not stop decay and

should not be used on limb or trunk wounds.

Fertilizing

There are no general fertilizing recommendations that apply to all soils and trees. Healthy, vigorous trees usually do not need to be fertilized
at all. To deter-mine fertilizer needs, a soil test must be taken and analyzed by a reputable laboratory. This test is needed to determine the
soil's pH and basic nutrient levels. Major nutrients include phosphorus, potassium, magnesium, and calcium. The laboratory should provide

recommendations about how much of each of the basic nutrients should be applied.

There has been a considerable amount of debate among highly respected arborists over the best method of applying nitrogen to trees that
have been injured and placed under stress by construction activities. Some believe that high amounts of nitrogen should be applied to
increase the tree's foliage production. Additional foliage would increase the photosynthetic capacity of the tree, which in turn would result in
the production of more energy-rich carbohydrates. The tree could then use the additional carbohydrate to replace roots that were injured

during construction.

Others feel that only low amounts of nitrogen should be applied to prevent undue stimulation of growth and the development of too much
foliage, which might reduce already low energy reserves in a stressed tree and require more water than the damaged root system could
provide. Too much foliage could therefore cause increased stress to the entire plant. We recommend that nitrogen-based fertilizers be

applied in slow-release forms in light to moderate amounts.

Recipes do not guarantee the correct application of fertilizers. The tree and the site that it occupies must be understood before fertilizing
can be used in a beneficial manner. It is best to have a recommendation from an arborist or other specialist for a specific tree. To provide
some guidance, a general recommendation for the application of fertilizer for a tree injured by soil compaction or root damage is to supply 2
to 3 pounds of slow-release nitrogen per 1,000 square feet of surface area to be fertilized. An example of surface area that should be
fertilized is the area beneath a tree's canopy. If part of the root system is covered by a paved surface, apply a higher rate to the part that is
not covered. Do not apply more than 3 pounds of nitrogen per 1,000 square feet. To calculate the pounds of fertilizer needed to supply a
certain amount of nitrogen, divide the amount needed by the nitrogen percentage of the fertilizer. For example, if 80 pounds of nitrogen
were needed, and a 25-14-14 fertilizer were being used, you would divide 80 by 0.25. The result would be 320 pounds of fertilizer. The

fertilizer should be broad-cast evenly beneath and slightly outside the dripline of the tree. Fertilizer can be broadcast over turf. Combining
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fertilizer with vertical or broadcast mulching can increase the overall benefit to injured trees and soils.

The timing of fertilizer application also is under debate. One recommendation is to apply fertilizer to young trees before leaves are formed in
the early spring to promote growth. Fertilizer should be applied lightly for mature and old trees in late summer or early fall to promote

nutrient storage.

Irrigation

During periods of hot weather and little rain, irrigation can be used alone or in combination with fertilizing to improve the health of a tree
that has been heavily damaged by soil compaction or root removal. In the northeastern United States, a thorough soaking by rain every two
weeks during the growing season is more than adequate to meet the needs of injured trees. Irrigation is not necessary when rainfall is

adequate.

When trees have been injured by construction and are experiencing periods of drought or hot weather, the amount of water needed for
irrigation can be estimated by measuring a tree's DBH and using 20 gallons of water per inch of measured diameter. For example, a tree
measuring 10 inches DBH would require 200 gallons of water applied once a week during a drought period. Apply the water slowly and
deeply by soaking or injecting the soil. In clay soils, apply water first and allow it to soak in, then apply it again. A water furrow or basin may
be required to contain water when irrigating through soaking. Do not cultivate near a tree to construct a water furrow. Water should be
applied within the outer two-thirds of the tree's root zone, or drip-line. Large trees require more application points. Allow the soil near a tree

to dry between irrigations. In most cases only one irrigation is necessary to assist a tree through a drought period.

To determine water flow, place a hose in a five-gallon bucket. Keep track of the time that it takes to fill the bucket. If it takes five minutes to
fill the bucket, then you will know that the flow rate is 1 gallon per minute and it will take 100 minutes to apply 100 gallons. Use common
sense when applying large amounts of water. Take your time and avoid causing erosion or flooding of surrounding areas. Move the hose

around the tree to irrigate the entire area.

After Construction

Despite the fact that a tree or woodland is preserved and incorporated within a development, some trees are likely to die each year because
of the additional landscaping and construction activities of homeowners and inadequate tree care and maintenance. Various activities can
injure a tree. These include grading; trenching and paving; building sidewalks, driveways, pools, patios, and home additions; landscaping
lawns and lots; and pruning trees incorrectly by topping. Homeowners should provide proper care for preserved trees and should design
compatible landscapes and amenities that protect the health of the trees. The following practices can help ensure that trees will remain

healthy long after construction has been completed.

Supply homeowners with information. Developers and realtors can supply home buyers with simple information about the value of their

trees, how they can be protected, and experienced arborists in their area.

Keep competing vegetation, especially grasses, as far away from trees as possible. Not only will grass compete with trees for water and

nutrients, it also may produce chemicals that inhibit the growth of trees.

Consider alternative landscaping. The areas beneath trees should be covered with mulch or planted with native ground covers. There are
many species of native plants that provide a variety of sizes, colors, and forms for landscaping beneath preserved trees. A landscape can be

created that not only protects trees, but also highlights native plants, conserves water, and reduces the need for fertilizers and pesticides.

Use mulch. Mulch provides many benefits for trees. It moderates soil temperatures, reduces soil moisture loss, reduces soil compaction,
improves soil structure, provides nutrients, and reduces winter drying. Mulch also keeps mowing equipment away, thus avoiding serious

bark injuries. These benefits result in more root growth and healthier trees. Observe the following guidelines when applying mulch:

1. The best mulch materials to use are composted leaves, wood chips, bark nuggets, or pine needles. Avoid plastic, stone, sawdust, finely
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shredded bark, and grass clippings.
2. Mulch should be applied from the dripline to the trunk, but mulch should not be placed against the trunk. The mulch will retain too
much moisture if left against the trunk, which may result in disease and decay.
3. If it is not practical to mulch from the dripline to the trunk, minimum mulch circles should be 3 feet for small trees, 8 feet for medium
trees, and 12 feet for large trees.
4. Before applying mulch it is best to kill grass with an approved herbicide. Mulch should be applied directly to the soil surface or on top
of the dead grass; plastic barriers should not be used.
5. The mulch layer should be 2 to 4 inches deep—do not create mulch mountains.
6. To avoid root disturbance, mulch should not be removed. Additional mulch can be added yearly to maintain a 2- to 4-inch depth.
Improve the aeration and drainage of compacted soils. Aerate compacted soil if the final landscape has already been installed, or if there
are large trees on the site that have roots growing throughout the compacted area. Aeration can be done to shallow depths with standard

core aerators, or to deeper depths by vertical mulching with power drills or augers.

Prevent additional soil compaction. Build wooden decks instead of cement or stone patios. Cement or stone patios require the removal of
soil and the compaction of the base. Use mulches, preferably with a geotextile base, to prevent compaction in heavily used areas or storage

areas.

Irrigate and fertilize when needed. Follow the recommendations in the construction injury section for irrigating and fertilizing trees

damaged by construction.

Provide proper maintenance. Trees are often severely damaged by topping and other improper pruning methods. Employ only qualified
arborists to prune and perform other maintenance. Newly planted trees should be well cared for. Irrigate newly planted trees during dry

periods for the first five years to increase establishment and growth.
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Figure 31. Many species of native plants can provide a variety of sizes, colors, and forms to interesting landscapes. Keeping grasses away

from preserved trees can increase a tree's health and appearance.

For More Information

American National Standards Institute. 1988. American National Standards for Tree Care Operations— Pruning, Trimming, Re-pairing,
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Maintaining, and Removing Trees, and Cutting Brush— Safety Requirements. American National Standards Institute, 1430 Broadway, New

York, NY 10018. (Standards for safe tree care operations.)

Arent, R. 1994. Rural by Design. American Planning Association, 1313 E. 60th Street, Chicago, IL 60637. 312-955-9100. (Solutions,

examples, and sound advice on open space and cluster planning.)

Bucks County Planning Commission. 1991. Model Natural Resource Protection Standards. Bucks County Planning Commission, The
Almshouse Building, Neshaminy Manor Center, Doylestown, PA 18901. (215) 345-3400. (Model provisions for the protection of natural

resources.)

Childs, R. D. 1994. New England Management Recommendations for Insects, Diseases and Weeds of Shade Trees and Woody

Ornamentals. University of Massachusetts Cooperative Extension, Amherst, MA. (A guide to dealing with insect and disease concerns.)

City of Thousand Oaks. 1987. City of Thousand Oaks Oak Tree Preservation Ordinance. City of Thousand Oaks, CA 91360. (One of the first

successful tree preservation ordinances in California.)

Commonwealth of Pennsylvania. Act 247 of 1968, as amended. Pennsylvania Municipalities Planning Code. Pennsylvania Department of

Community Affairs, Harrisburg, PA 17120. 717-787-0791. (The state code that allows land use planning in Pennsylvania.)

Davidson, J. A., and M. J. Raupp. 1993. Landscape IPM Guidelines for Integrated Pest Management of Insect and Mite Pests on Landscape
Trees and Shrubs. Bulletin 350, University of Maryland Cooperative Extension, College Park, MD. (A helpful guide to integrated pest

management.)

Dirr, M. A. 1990. Manual of Woody Landscape Plants: Their Identification, Ornamental Characteristics, Culture, Propagation and Uses. 4th
Edition. Stipes Publishing Company, Champaign, IL 61820. (Detailed characteristics of many landscape trees.)

Fairfax County Virginia Board of Supervisors. 1986. Vegetation Preservation and Planting. Fairfax County Board of Supervisors, Fairfax

County, VA. (A progressive county publication concerning vegetation preservation.)

Fazio, J. 1992. Trenching and Tunneling Near Trees. The National Arbor Day Foundation, 100 Arbor Avenue, Nebraska City, NE 68410. (A

simple guide to trenching and tunneling near trees.)

Harper, J., M. Mantel, and L. Propst. 1990. Creating Successful Communities: A Guidebook to Growth Management Strategies. The Island

Press, Washington, D.C. (Case studies on programs to preserve natural resources within community growth and development.)

Harris, R. W. 1993. Arboriculture: Care of Trees, Shrubs, and Vines in the Landscape. Prentice-Hall, Inc., Englewood Cliffs, NJ 07632.

(Explanations of a wide variety of arboricultural practices.)

Heller, P. R., W. K. Hock, G. A. Hoover, and G. W. Morman. 1991. Woody Ornamental Pest Control Suggestions. Penn State College of

Agricultural Sciences, University Park, PA. (Practical advice on insect problems.)

Hightshoe, G. L. 1978. Native Trees for Urban and Rural America. A Planting Design Manual for Environmental Designers. lowa State

University Research Fund, Ames, |A 50011. (Characteristics and use of native plants.)
International Society of Arboriculture. International Society of Arboriculture, P.O. Box GG, Savoy, IL 61874-9902. 217-355-9681.

e 1994. Guide for Plant Appraisal. (Guide for appraising the value of trees and other landscape plants.)
e 1995, Certified Arborists Study Guide. (Comprehensive study guide on tree maintenance for the certified arborist test.)
e 1995, Tree-Pruning Guidelines. (Guidelines for the correct pruning of landscape trees.)

e 1997. Plant Health Care for Woody Ornamentals. (A professional's guide to preventing environmental stresses and pests of trees.)
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e 1998. Trees in Development. (A professional's guide to preserving trees in development.)
Koehler, C. S., R. H. Hunt., D. F. Lobel, and J. Geiger. 1984. Protecting Trees When Building on Forested Land. University of California
Cooperative Extension, Berkeley, CA 94720. (A guide to preserving trees in forests.)

Metheny, N. P., and J. R. Clark. 1994. A Photographic Guide to the Evaluation of Hazard Trees in Urban Areas. International Society of
Arboriculture, P.O. Box GG, Savoy, IL 61874-9902. 217-355-9681. (Recognizing and managing hazardous trees. Includes many helpful

pictures.)

McHarg, I. L. 1969. Design with Nature. ). Wiley and Sons, Inc., New York, NY. (A classic book on how to consider nature in community

design.)

Miller, L. M., D. Rathke, and G. Johnson. 1993. Protecting Trees from Construction Damage. Minnesota Extension Service, 20 Coffey Hall,
Saint Paul, MN 55108-6064. (A comprehensive guide that considers the effects of construction on plants.)

Moll, G. 1986. "How to Select a Wooded Homesite: Part 1 and Part 2." In American Forests, July and August Issues. American Forests,

1516 P Street, NW Washington, D.C. 20005. (Two informative articles on selection of and working with wooded lots.)

National Arbor Day Foundation. Tree City USA Bulletins. The National Arbor Day Foundation, 100 Arbor Avenue, Nebraska City, NE 68410.
(A series of informative brochures on a variety of topics including preserving trees in development, proper pruning techniques, hazardous

trees, and topping trees.)

Shigo, A. L. 1990. Modern Arboriculture: A Systems Approach to the Care of Trees and Their Associates. Shigo and Trees, Associates, 4
Denbow Rd, Durham, NH 03824-3105. 217-355-9681. (Innovative and practical book on tree care and maintenance.)

Shigo, A. L. 1986. A New Tree Biology. Shigo and Trees, Associates, 4 Denbow Rd, Durham, NH 03824-3105. 217-355-9681. (A guide to

a better under-standing of trees, their problems, and proper tree care.)
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