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Purpose

The International Society of Arboriculture (ISA) has developed a series of
Best Management Practices (BMPs) for the purpose of interpreting tree care
standards and providing guidelines of practice for arborists, tree workers,
and the people who employ their services.

These Best Management Practices are intended to help arborists
conserve trees and preserve soils in areas slated for, or undergoing, devel-
opment. Because trees are unique living organisms, not all practices can be
applied to all trees. A qualified arborist should write or review contracts and
specifications using national standards and this BMP. Departures from the
standards should be made with careful consideration of the objectives and
with supporting rationale.

This BMP is a companion publication for the American National Standard
Jfor Tree Care Operations—Tree, Shrub, and Other Woody Plant Manage-
ment—Standard Practices (Management of Trees and Shrubs During Site
Planning, Site Development, and Construction) (ANSI A300, Part 5).



Introduction

With population growth and development pressures, the construction of new
or renovation of existing buildings, roads, parking lots, and other structures
is a necessity. In many areas, this construction requires the removal of trees
and shrubs to provide space for the structure. In addition, there are usually
trees on construction sites that can either be moved, removed, or retained
depending on the building design, location, and access. Many land develop-
ment project designs lack environmental awareness, underestimate the value
of mature trees, or consider only short-term costs. Some in the construction
or development business may want to remove all trees on a site to make
their jobs easier. The benefits that large trees provide in air quality, energy
conservation, stormwater interception, carbon sequestration, and social value
cannot be matched by simply planting a similar number of small trees. Gov-
ernment regulations may encourage or require tree preservation, and some
developers take the initiative to conserve trees.

Conservation is the process of selecting trees, forest stands, shrubs,
understory growth, and soil for protection, replanting, and management
before and during development. It is not necessarily the preservation of all
trees on the site, but is the thoughtful process of protecting certain trees for
inclusion in the project design, and removing trees that cannot, or should
not, be preserved. Tree retention is not the same as tree preservation. When
trees are retained on a construction site without necessary protection, the
likelihood of their long-term survival is often very low. Tree preservation is
the process of protecting trees from damage related to the development and
construction process. Conservation and preservation strive to protect selected
trees from the planning phase throughout the development process so that
they will continue to provide benefits for decades to come.

Why are trees retained on a building site?

e Value—Trees are assets that increase property value and speed
property sales.

e Aesthetio—People enjoy living, shopping, and working near trees.

-« Wellness—Trees provide personal and social benefits by improving
health and quality of life.

¢ Environmental—Reduced heating and cocling costs, carbon
sequestration, water retention, wildlife benefits, air purification, and
noise attenuation are all benefits of trees.

s Laws—Government regulations may require tree retention.
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How Construction Can Damage or Kill Trees

These are the most common types of injury that occur to trees on
development sites. Because of the potential for tree loss from these injuries,
care should be taken to prevent or minimize them.

Root cutting or damage—Root systems of trees are extensive and often
asymmetric. It is difficult to know the exact location and depth of the roots.
Roots are damaged by:

* excavation equipment cutting roots during grade changes or other
activities

¢ trenching equipment used for gas, water, sewer, electrical,
communication, irrigation, and other utility installations

* burning and/or burial of debris
e adding fill soil over roots
* altering water tables, water movement, and drainage patterns

Soil compaction—Most soil compaction results from vehicle and equipment
traffic, although foot traffic and rainwater impact may also contribute to a
lesser extent. The severity of compaction depends on the force per area unit
applied to the soil, frequency of application, surface cover, soil texture, and
soil moisture. Soils with a clay or loam texture, high moisture content, or low
levels of organic matter are more susceptible to compaction than are dry or
frozen, coarse-textured soils, and those high in organic matter.

Injury to the trunk, major roots, and crown—Mechanical injury can be caused
by equipment used for land clearing, grading, construction, material delivery,
and landscaping. This type of injury results in bark, phloem, cambium, and/or
xylem injury. When these conductive and protective tissues are damaged, the
capacity of the tree to transport water, nutrients, carbohydrates, and signaling
compounds is reduced. Also, insects are attracted to wounds and barriers to
pathogen entry are compromised in trees with this type of damage, making
them susceptible to future structural and health concerns.

Heat damage—Foliage, branches, trunks, and some roots can be injured by
burning debris near trees or by hot equipment exhaust. Covering foliage with
transparent plastic can also result in foliar burn during sunny conditions.

Chemical damage—Certain chemicals, such as cleaning solvents, paint
thinners, oils, and fuels may be lethal to the foliage and roots of trees. These
types of injuries are rarely correctable and place added stress on the tree.
Contaminated water or runoff from concrete trucks or other equipment can
alter soil chemistry and cause root damage or disruption of nutrient uptake.

Trunk flare or root collar damage—Soil or debris placed against the trunk
or over the buttress roots favor the development of certain root disease
pathogens, insect pests, and encourage stem-girdling roots.




Regardless of the motivation for tree conservation, many well-
intended land-development programs inadvertently allow significant
damage to occur to retained trees on the construction site or on adjacent
properties. These damaged trees eventually need to be treated or removed,
often at significant expense. The cost of removing and replacing these
trees after development may approach or exceed the cost of protection;
in addition, many years of investment in tree growth and tree benefits are
lost. Alternately, if resources are allocated to planning and conducting
conservation strategies before, during, and after construction activities,
most trees designated for preservation can survive and thrive.

Construction projects can be divided into five phases: planning, design,
pre-construction, construction, and post-construction. The fate of trees
on the site can be affected during all of these phases. The highest levels
of success are usually achieved when arborists are brought in early in the
development process to share their expertise and are consulted during all
phases of the project.



|. Planning Phase

During the planning phase, the building or engineering needs, topography,
soils, and trees are all defined and evaluated. The involvement of an arbor-
ist at this stage ensures the most suitable trees are retained and dramatically
increases the chances of long-term tree preservation success. During this
phase, the architect, engineer, landscape architect, and developer will decide
what size and type of structure is needed and how it should be placed on the
site. Ideally, the project planners will employ an arborist to conduct a tree
resource evaluation. The information the arborist collects during the plan-
ning meetings and evaluation should be used in the design phase to locate
the building or infrastructure where the least impact on trees will occur and
the most desirable trees will be preserved.

The scope of the arborist’s tree resource evaluation should be defined
by the needs of the developer or owner, as well as any pertinent ordinances.
In most cases, the tree resource evaluation is a tree inventory. Individual
trees—or on larger projects, groups or stands of trees—are located on the
site plan or map, species are identified, size is measured, and their condition
and level of risk assessed. The location of trees on adjacent properties that
may be impacted by construction should also be considered.

During the tree resource evaluation, if conditions are observed that require
action beyond its original scope, such as high or extreme risk trees, the client
should be notified.

Species characteristics play a critical role in determining a tree’s suitability
for preservation and these characteristics should be noted in the resource evalu-
ation report. The ability of trees to tolerate construction-related damage varies
greatly by species (see Appendix A). Species desirability from an aesthetic
perspective is a subjective rating that should be determined with input from the
client or owner. Some species have characteristics, such as thorns, excessive
litter, unpleasant fruit or flower odor, short lifespan, invasiveness, nuisance
pest problems, twig shedding, or weak wood, which make them less desirable.

Despite species tolerance level guidelines, individual plant response can
vary significantly from the species norm according to factors, such as health,
soil quality, pests, previous injuries, and time of year that site disturbances
will occur.

Young, medium-age, and mature trees may be better candidates for pres-
ervation than overmature trees. Developers and owners sometimes choose
to retain one or more trees that possess undesirable characteristics, so the
arborist should discuss those attributes with the client and prescribe the best
options for the situation.



Healthy trees are more desirable for preservation than unhealthy speci-
mens because unhealthy trees may not have the capacity to endure stresses
associated with construction and are less likely to regain health after the
project. Assessing tree health includes evaluation of crown density, foliage
color and size, annual shoot growth, disease infections, insect infestations, the
presence of injuries, and dieback symptoms. Pests that will affect long-term
survival-—such as vascular wilt diseases, root rot fungi, and insect borers—
should not be overlooked during the evaluation.

Risk should be assessed for trees that are or will be near significant tar-
gets (e.g., people, property, or activities that could be injured, damaged, or
disrupted by a tree failure). The likelihood of impact and consequence factors
may need to be assessed three ways: with the current targets, with targets pres-
ent during construction activities, and with targets that will be present after
construction (see ISA’s Best Management Practices: Tree Risk Assessment).
Risk mitigation prior to construction is usually more cost-effective than after
construction for trees that have, or will have, an unacceptable level of risk.

In addition to tree factors, the soil should be considered when mak-
ing tree conservation decisions. Soil structure, texture, and organic matter
levels should be considered. Coarse-textured soil (sandy or gravelly) will
be more resistant to compaction, so a tree growing in these soils will likely
suffer less from traffic over the root system. Soil that is more susceptible to
compaction (wet, clayey soils, low in organic matter) may require a greater
level of protection.

All of these factors should be evaluated before selecting trees targeted
for conservation efforts. The Conservation Suitability Worksheet may be
used as a guide to help determine the suitability of a tree for conservation.



CONSERVATION SUITABILITY WORKSHEET

This worksheet is intended to guide the arborist through the evaluation of an existing tree on
a development site to determine suitability for conservation. This guide is just one tool and
should not be used as a sole determinant of a tree’s suitability. An arborist’s judgment should
override the total score if any one category is determined to be low enough to eliminate the
tree from preservation status.

Health* Decline Vigorous
(1-15) Lt sseesessssssssssess s eesssessesssss e sasesssm s s s s s aas et s e past st 15
Root Cut/Fill  <6” per 1”dbh 6-12" per 1” dbh 1-12’per 1” dbh  >1'%’ per 1” dbh
Distance
From Trunk*
(1-15 possible) 1 5 10 15
Structural
Defects** Many Some Few None
(1-15) 1 5 10 15
Construction  Poor Poor/Mod Moderate Mod/Good Good
Tolerance of
Species!
(1-15) 1 3 7 11 15
Age (relative to Overmature (> %) Mature ( %-%) Young (<4)
typical species
lifespan) (1-10) 1 5 10
Location of Within 3x dbh >2x drip line
Construction
Activity
(1-10) Lo ene s mene ettt sn s en s 10
Soil Quality/  Poorly-drained, Well-drained,
Characteristics low organic matter and/or high organic matter,
(1-10) wet or dry site, heavy clay moderate moisture

L et ettt s b e s ntas 10
Species Low High
Desirability
(1-10) Bttt e e en e e et e 10

Metric: 1”=25cm, 1’=03m

*[f less than 5, generally this tree would not be a candidate for preservation.
**[f less than 10, be aware of the risks surrounding preservation. If less than 5,
generally this tree would not be a candidate for preservation.

See Appendix A Total (100)

Suitability ratings:
>80 = Good: High potential for longevity on the site after construction,

60-79 = Moderate: May require more in-depth management and monitoring, before, during, and after
construction, and may have a shorter lifespan than those in the “good” category.
<59 = Poor: These trees can be expected to decline during or after construction regardless of management.
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2. Design Phase

During the design phase, decisions about the location, size, and shape of the
building and other infrastructure are documented on a site plan. Using the
information provided on the site plan and the information collected in the tree
resource evaluation, the arborist should make recommendations for which
trees should be retained, removed, transplanted, or protected.

If an inventory was not completed in the planning phase, it should be con-
ducted during this phase. In addition, if the inventory was limited to basic tree
information (i.e., species, size, location, health, risk) in the planning phase,
the trees that will be retained may need to be assessed more closely to define
the size of tree protection zones, and/or determine work that will need to be
completed prior to construction. The closer the tree is to construction activ-
ity, the more accurate the site and tree map must be. Surveyors and arborists
may use global positioning systems (GPS) in conjunction with geographic
information systems (GIS) to locate and map tree locations (see ISA’s Best
Management Practices: Tree Inventories). Trees may need to be physically
marked for removal or retention.

Arborist recommendations are usually presented as a plan containing a map
of tree locations and locations of tree preservation zones. Arborists may also
provide a written report or tree conservation plan. These plans may overlay other
development plans and may be drawn up by surveyors or engineers to ensure
accuracy. The plan should specify which trees are most suitable for preserva-
tion and which trees should be removed due to expected damage caused by
construction of the building, infrastructure, and other onsite activities.

If the arborist sees where changes to the plan can increase the number
or quality of trees that can be preserved, this is the time to recommend those
changes. In addition, the arborist should work with the design team to con-
sider and make recommendations for:

» Trees worthy of transplanting and possible relocation sites

» Construction area access, including entry and exit
+ Parking for construction and personal vehicles
» Space for operation and maintenance of construction equipment

» Utility and drainage corridors, including stormwater management
systems, gas, electricity, cable, and water lines.

* Grade changes and excavations
» Storage of soil

e Aboveground vertical space for aerial equipment activity
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» Space for temporary construction buildings (e.g., office, tool and
supply storage)

* Restricting access to undisturbed areas of the future landscape
* Material staging and storage

* Fueling and mixing area (keep slope in mind in case of spill)

»  Washout area for concrete trucks

* Debris piles or burn pits

» Sediment control (silt) barriers

Retaining Groups of Trees

It is often preferable to retain groups of trees rather than individual trees due
to shared root space and a less exposed perimeter. Retaining a mix of ages,
species, and groundcover plantings within a stand will promote a sustainable
landscape. When retaining groups of trees, it may be desirable to remove
trees with low live-crown ratios, suppressed or partially suppressed crowns,
codominant trunks, and those with structural defects.

On larger sites, a tree buffer composed of less valuable, smaller trees
along the woodland edge will aid in the protection of the more important
inner trees. If this buffer is made up of small trees, they can easily be removed
after construction activities but prior to landscaping. This buffer strategy can
also be used when protecting an individual tree.

Tree Conservation Plan

One way to communicate tree preservation information is with a compre-
hensive tree conservation plan. This plan should be designed to encompass
all site work before (site preparation and demolition), during (construction
and site servicing), and after (tree fencing removal and final landscaping)
development. It can be presented as part of the site development plan and
should document the following:

» Comprehensive tree protection plans, including important instruc-

tions, recommendations, prohibitions, and follow-up care

* Alist of trees to be retained and their locations
* Trees to be transplanted
» Tree Protection Zone (TPZ) barrier specifications

» Soil compaction controls for use within tree protection areas, when
entry is required



Any site development activities—including grading, landscaping, and
demolition—should be considered when developing specifications. The
tree conservation plan should describe the methodology used to assess
risks associated with existing trees. The document should describe con-
sequences for noncompliance and identify mitigation measures when
appropriate.

Defining the Tree Protection Zone

A tree’s Critical Root Zone (CRZ) is the area immediately adjacent to the
trunk where roots essential for tree health and stability are located. The CRZ
is subjective; there is no accepted formula to biologically define it. However,
there may be regulations that define it.

A Tree Protection Zone (TPZ) is an arborist-defined area surrounding
the trunk intended to protect roots and soil within the critical root zone and
beyond, to ensure future tree health and stability. There are many methods
for determining the size of a TPZ (see Matheny and Clark’s Trees and Devel-
opment: A Technical Guide to Preservation of Trees During Land Develop-
ment). The drip line method uses the tree canopy’s drip line to define the
boundary of the TPZ (Figure 1), where the entire area within the drip line is
considered the TPZ.

Figure 1. Drip line method for defining a TPZ.
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Excurrent trees, those with small, suppressed, or asymmetric crowns or
leaning trunks, and trees with irregular rooting areas (due to infrastructure
or geological factors) introduce complexity in determining the TPZ because
the drip line of the canopy may not incorporate an adequate amount of the
root zone for successful preservation. In these and other situations, the TPZ
can be calculated from the trunk diameter.

The trunk diameter method is based on diameter measured at dbh [4.5 ft
(1.4 m) above the ground]; this measurement is multiplied by a factor of 6 to
18 to determine the radius of the TPZ (Table 1; Figure 2). The unit of measure
used to calculate the dbh (typically inches or cm) will be the same unit as
the radius of the TPZ. For example, a mature tree with medium tolerance to
construction damage (a factor of 12) and a 30-inch (76 cm) trunk diameter
would have a TPZ radius of 360 inches [15 feet (9m)].

Even when the TPZ is placed at the drip line or at the location defined
by the trunk diameter method, large portions of the root system may be
lost. The arborist needs to inspect the tree and site and alter the TPZ as
needed to provide adequate tree protection. Trees on adjacent properties
may also need to have TPZs established if they are close to construction
activities.

Reducing the size of the TPZ on one or more sides of the tree may be
necessary if planned infrastructure cannot be located outside the TPZ. In
these cases, increasing the TPZ on the opposite side of the tree may be ben-
eficial in some circumstances. If preexisting structures, roadways, or other
infrastructure have led to an asymmetrical root zone, the area where one
would not expect to find roots could present an opportunity for routing and/
or locating new construction activities.

The TPZ may need to be temporarily reduced in size during a spe-
cific construction activity unlikely to cause appreciable damage, but can
quickly be returned to its full size after that particular part of development.
In any case, the TPZ should not be reduced to an area smaller than the
CRZ. Compromising the TPZ and damaging roots within the CRZ will
reduce the likelihood of long-term tree survival and increase the risk of
tree failure.

In addition to preserving existing trees, areas for future tree planting
should be preserved in an undisturbed state, if possible. The areas for future
plantings should be treated with the same care as the areas within the TPZ.
The goal is to protect the soil structure and soil resources, so future plantings
will be better able to thrive.
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Table 1. Guidelines for determining tree protection zone radius for healthy,
structurally sound trees (adapted from Matheny and Clark, 1998, and the
British Standards Institute).

Species Tolerance
to Construction Relative TPZ
Damage (from Tree Multiplication
Appendix A) Age Factor
High Young 6
Mature 8
Overmature 12
Medium Young 8
Mature 12
Overmature 15
Low Young 12
Mature 15
Overmature 18

) Example A:
Diameter x 12

Figure 2. Examples of using the trunk formula method for determining the TPZ radius
(distance from the trunk to the TPZ fencing).

dbh x Multiplication factor = TPZ radius
dbh: Diameter of tree at breast height (4.5 feet [1.4 m] above the ground)
Multiplication factor: based on species tolerance and relative tree age (from Table 1)

Example A: TPZ for a medium tolerance, mature tree, diameter of 20 inches (51 cm)
dbh x 12=20in (51 ecm) x 12 =240 in (610 cm) = 20 ft (6 m) radius

Example B: TPZ for a highly tolerant, mature tree, diameter of 20 inches (51 cm)
dbh x 8 =20in (51 cm) x 8 =160 in (406 cm) = 13.3 ft (4.1 m) radius

12



As part of the bidding process, all potential contractors should be made
aware of the importance of the tree protection program and the penalties
that will be assessed for unauthorized root cutting, soil compaction, branch
removal, or other damaging activity within a TPZ. Bonding may be required.
Prior to any site work beginning, hosting an educational session for the con-
struction workers can raise the awareness about the reasons to avoid damage
to the soil and trees.

Soil and Root Protection within the TPZ

If foot or vehicular traffic or construction activities cannot be kept outside
of the TPZ for the entire duration of construction, actions can be taken to
disperse the load, minimizing soil compaction and mechanical root dam-
age (Figure 3). These include:

*  Applying 6 to 12 inches (15 to 30 cm) of wood chip mulch to the area

* Laying %-inch (2 cm) minimum thickness plywood, beams, com-
mercial logging, or road mats over a 4+ inch (10+ cm) thick layer of
wood chip mulch

* Applying 4 to 6 inches (10 to 15 cm) of gravel over a taut, staked.
geotextile fabric

.| 4+ inches

of mulch 3/4” plywood 3

I Geotextile

i : Logging or
Fabric ! 4-6 inches gging

T of mulch road mat

4-6 inches
of gravel
BRI TR

Figure 3. Soil and root protection options within the TPZ.
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Stone, geotextile, and mulch exceeding 4 inches (10 cm) thick must
be removed from the TPZ once the threat of soil or root damage is passed.
Any removal of vegetation or spreading of mulch materials within the

TPZ should be performed manually, and all efforts should be made to
protect the soil.

14



3. Pre-construction Phase

The pre-construction phase is the period between the planning and con-
struction phases. Tree removals, Tree Protection Zone (TPZ) establishment,
layout of buildings, roads and utility routes, and access road construction
occur during this phase. This is the appropriate time for the arborist to have
a meeting with the builder, owner, engineer, architect, and regulatory agency
representative to ensure understanding of the scope of the tree conservation
activities and penalties.

TPZ Fencing

TPZ barriers should be erected around the zone’s perimeter before any site
work begins. Fencing should be sturdy and highly visible to discourage entry
into and disturbance of the area. Plastic construction fencing is easily moved
or destroyed by construction activities and therefore is not recommended
unless it is hung from a heavy wire attached between sturdy posts.

A better method, often specified by municipalities, is the installation of
chain-link, wire-mesh, or wooden fence. The fencing should ideally be 4 to
6 feet (1.2 to 1.8 m) tall and solidly anchored into the ground. In all cases,
fencing should meet or exceed local ordinances. Contracts should include
specifications for the type of barrier and installation methods to be used.

TPZ Signage
TPZ barriers should be clearly marked with signs stating that the area within
is a Tree Protection Zone and that no one is allowed to enter or disturb this

area without authorization 7 /
from the project arborist (Fig- Y Y YYWX
ure 4). Signs should contain X TREE PRESERVATION AREA

contact information for the ABC diboris Y4
i 4070 Eptry prohibiled
contractor and/or arborist and s ‘ atry p

clearly state any consequences y without prior

associated with violations. authorization
Text on the signs should be

in the language(s) commonly <

spoken on the site. Y X /8

Figure 4. Example of TPZ signage.
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Trunk Protection

When trees are so close to construction activities that the trunk or buttress
roots may be mechanically damaged, those parts should be protected. This
can be done by installing thick wood planks (dimensional lumber), around
the trunk, preferably on a closed-cell foam pad (Figure 5). Straps or wire are
used to bind the planks in place. No fasteners should be driven into the tree.
Wooden barriers can be installed at an angle so that the trunk flare and but-
tress roots are also protected. Trunk protection measures should be adjusted
to allow for growth if in place during periods of trunk diameter growth.

fl

= =g - 1)
b
(e

>
'“"’4‘

4

7
= Y
I
(’l - ’,‘

Figure 5. Trunk and buttress root protection structure.

16



Root Pruning

Root pruning is the process of cleanly cutting roots prior to mechanical
excavation to minimize damage to the tree’s root system. Root pruning and
root damage from excavation can cause great harm to a tree, especially if
structural roots are affected. Damage to these roots can reduce tree health
and/or structural stability.

Any roots over 1 inch (2.5 cm) in diameter should be pruned rather than
left torn or crushed. The two acceptable methods of root pruning are:

« Soil excavation using air excavation tools, pressurized water, or hand

tools, followed by selective root cutting

+ Cutting through the soil along a predetermined line on the surface
using a tool specifically designed to cut roots

Air or water excavation prior to root pruning allows the arborist to exam-
ine the roots and determine the best places to make cuts, preferably beyond
sinker roots or outside root branch unions. Air and water excavation tools can
also be used to route pipes or wires under or around tree roots. Air excava-
tion tools can excavate roots with very little damage. High pressure (>100
psi, 6.9 bars) hydroexcavation tools may damage roots if not used carefully.
With either air or hydro excavation, if damage to the bark is seen, the nozzle
should be moved away from the roots. A large vacuum system is also needed
to remove excess water and soil from the site during hydroexcavation.

Mechanical root pruning tools, such as the Dosko or Vermeer Root
Pruner, are faster than hand digging and provide moderately clean root
cuts. Mechanical root pruning is preferred over other forms of mechanical
excavation. Root pruning can also be used in combination with mechanical
excavation by cutting the roots on the tree side of the excavation line prior
to excavation so that the roots are not torn.

Pruning after a trencher, excavator, or backhoe has torn or crushed roots
is the least preferred method. If this type of excavation was done, it is better
to prune the damaged ends than to leave them untreated. The final root cuts
should result in a flat surface with the adjacent bark firmly attached.

Exposed roots can be pruned with loppers, hand saws, or small chain
saws. Pruning paints or wound dressings are not thought to reduce infection
by decay causing organisms, and are, therefore, not recommended. If cut roots
will remain exposed to the air, wound treatments may be useful in reducing
attractiveness to some insects, such as those that transmit the oak wilt disecase
fungus. Treatments should be applied soon after cutting to be effective.
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Where to Cut Roots

The farther from the trunk that root cutting occurs, the better. Root cuts
outside the drip line of a tree rarely cause permanent tree damage. For some
species, health and stability will not be immediately affected if one linear
cut is made more than three times the trunk diameter away from the trunk.
However, this is variable—depending on tree species, age, condition, root
configuration, and soil characteristics, including the presence of underground
root obstructions.

When cuts are made closer to the trunk, stability and health may be dra-
matically compromised and should therefore be avoided. Tree stability has
been found to be compromised on some species when cuts are made within
a distance of three times the trunk diameter from the trunk. For most species,
when roots are cut closer than one- to one-and-a-half-times the dbh distance
from the trunk, a serious reduction in stability can occur and long-term health
and survival will be impacted. It is often better to remove than retain trees
that have had large roots pruned close to the trunk. A risk assessment should
be performed on trees with severely damaged roots.

Alternative to Trenching

Boring machines that tunnel under root systems to allow the installation of
pipes and/or wires without root severance are a good alternative to trenching.
If possible, these machines should be set up outside the drip line of the tree
because they typically require a hole or pit to be dug for operation.

Alternatively, boring may be accomplished by digging a trench on both
sides of the tree with traditional equipment until roots of 1 inch (2.5 cm) in
diameter are encountered. Excavation should then be concentrated below
the root depth [(2 to 3 feet) 0.6 to 1 m]. The bore hole should not go directly
beneath the trunk to avoid damaging the tap and oblique (heart) roots that
may grow to greater depths. Instead, the bore hole should be offset by a dis-
tance based on tree diameter (Table 2). The length of the bored hole should
be at least 12 times the trunk diameter (Figure 6), with its midpoint based
on the trunk.

Grade Changes

Grade changes involve soil excavation and addition of fill soil on a site to
attain a desired elevation. Often referred to as ‘cuts’ and “fills,’ these changes
can be devastating to trees, even if the degree of change does not appear to be
severe. It may take years for the tree to replace a damaged root system or grow
into fill soil. Stress and dieback are likely during that time. If the grade must

18



be lowered within the TPZ, significant structural roots may need to be cut,
potentially causing serious injury, stress, or instability. The factors described
in the Root Pruning section should be applied if injury is to be minimized.

Table 2. Minimum distance requirements for boring or augering underneath
tree roots. Depth of the hole should be a minimum of 2 to 3 feet (0.6 to 1 m)
depending on root depth of the tree.

Tree Diameter (dbh) Minimum Offset Distance Minimum Length of Bore
from Trunk Face Hole (centered on trunk)
inches cm feet meters feet meters
2 5.0 1 0.3 2 0.6
3 7.5 2 0.6 3 0.9
5 12.5 5 1.5 5 1.5
10 25.0 8 3.0 10 3.0
15 38.0 12 3.7 15 4.6
20 50.0 15 4.6 20 6.0
///.
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Figure 6. Boring machines can be used to bore beneath the

root system.
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Soil Cuts
One way to change a grade close to the trunk is to build a retaining wall
around the tree that maintains the current grade within the TPZ (Figure 7).
This wall may be limited to one side of the tree where soil cutting is required
or it may entirely surround the tree. If the grade must be lowered around the
entire tree, a tree island can be constructed (Figure 8). The retaining wall
should be engineered to meet the design needs and be kept as far from the
trunk as possible. Refer to Table 1 for minimum radius of tree islands or
distances from trunk to retaining wall.

Walls that encircle the tree will usually eliminate all soil volume avail-
able to roots outside of the tree island. This grade change may lead to a water
deficit so irrigation may be needed.

Figure 7. Grade elevation or reduction may be obtained by using retaining walls to
minimize cutting and filling.

Soil Fills

When adding fill soil over an existing tree root system, it is important to keep
the fill soil as far from the trunk and in as thin a layer as possible (Figure 9).
Coarse-textured fill soils will allow more water and air movement into the
underlying soil so they are the preferred material for this use. Compaction
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Figure 8. A tree island may be constructed if the grade must be lowered around the

entire tree.

of the original site soil and the fill soil should be minimized to the greatest
extent possible for the intended use of the site.

When fill soil
must be added
within the TPZ, soil
aeration systems are
sometimes installed
to promote oxygen
and water move-
ment into the soil.
However, there is no
research that dem-
onstrates their effec-
tiveness. Aeration
systems are diver-
gent (spreading)

TR 777 4

NP R

axurmze distance to fill soil Minimize fill thickness

-———--=-—-- > and compaction

Figure 9. Soil fill on top of an established root system.
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lines or grids of slotted and corrugated PVC drain pipe. They begin near the
trunk and extend toward the drip line. Risers and drain pipes are installed as
necessary. Since fill soil can impede water penetration to soil below, aeration
systems can also be used to deliver irrigation water to the root zone.

Although some specifications call for a layer of sand or gravel and
geotextile fabric below the fill soil, this layer will not allow the overly-
ing fill to drain until it has reached its saturation point. This can create a
perched water table that can inhibit root growth. Geotextile fabrics stop
root growth, and inhibit mixing and soil macroorganism movement from
the original soil into the fill soil. For trees to survive in fill situations,
they must be able to grow roots upwards into the fill soil. Therefore, it
is best to place the fill soil in direct contact with the original grade with
no geotextile or gravel layer.

If fill soil within the TPZ will be more than two or three feet (0.7-1
m), it is often better to construct a retaining wall around the tree, called a
tree well. The minimum radius of the tree well should be three times the
trunk diameter. The greater the distance from the trunk to the retaining
wall, the better. Small-diameter wells built closer to the trunk quickly fill
with debris, become restrictive as the tree grows, and are rarely adequate
protection for the tree.

Use small or
no footings to
avoid root culs

g 2 5,
\—-——————‘—"/No geotextile or

gravel below fill

- Figure 10. A tree well may be constructed to minimize soil fill over tree root systems.
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The retaining wall used to create the tree well should be built on the
original grade with minimal or no digging or root cutting for the foundation,
if possible. Excavation for the wall footing can greatly damage tree roots.
The installation of posts or piers to stabilize retaining walls is preferable to
a deeply dug foundation under the entire wall. Drainage should be provided
so that water does not collect in the well. Small power equipment and hand
tools should be used any time work is done within the Tree Protection Zone
to reduce the potential for tree damage.

If fill is installed over tree roots, it is important to ensure that the original
root zone soil remains hydrated. Soil moisture in the fill and native soil should
be monitored and irrigation provided when needed.

Irrigation

Irrigation should be provided within the TPZ if needed. Irrigation water
should penetrate the soil to the depth of the tree roots, generally within the
upper 6 to 18 inches (15 to 45 cm) of the original soil surface. It is best to
monitor soil moisture under high-value trees with soil moisture sensors.
Lacking sensors, a general rule in humid, temperate regions is to provide
a minimum of 1 inch (2.5 cm) of irrigation water weekly in the absence of
normal rainfall. With drought-adapted species in Mediterranean climates, a
guideline is to provide 1 or 2 inches (2.5-5 cm) monthly. Water needs will
vary with the season and tree species.

Irrigation application methods include aboveground sprinklers, bub-
blers, soaker hoses, or injection of water into the soil. In some situations,
a berm may be created and flood irrigation provided. Irrigation should be
continued until sufficient root growth has occurred to provide for the tree’s
water needs.

Plant Health Care

The use of organic mulch is an effective way to conserve soil moisture,
moderate soil temperatures, eliminate turf competition, promote soil organ-
isms, and protect the soil from compaction. Organic mulch, such as wood
chips, should be maintained 2 to 4 inches (5 to 10 cm) deep within the TPZ.
Overhead irrigation water may take longer to penetrate mulch, so a larger
volume of water may be required. It is best to irrigate prior to mulch applica-
tion during times of drought.

Foliar and/or soil samples should be collected and analyzed to deter-
mine nutrient status and fertilizer recommendations to satisfy a specific
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objective (see ISA’s Best Management Practices: Tree and Shrub Fertiliza-
tion). Fertilization of preserved trees before construction is recommended
if nutrient deficiencies exist.

Certain tree species are known to have increased susceptibility to specific
pests following construction stresses. Classic examples are wood-boring
beetles, bark beetles, ambrosia beetles, cankers, and root decay. Furthermore,
wood rots tend to spread more quickly in stressed trees. Weakened or dam-
aged trees respond to wounds and pathogen invasion more slowly, and their
capacity to resist (compartmentalize) existing decay-causing pathogens is
reduced. Some bark beetles and wood borers are attracted by volatile chemi-
cals released by injured host trees.

In most situations where a non-lethal pest population exists, IPM strate-
gies should be employed (see ISA’s Best Management Practices: Integrated
Pest Management). With tree species locally known to be susceptible to lethal
stress-related insect pests, preventive pesticide applications to deter attacks
may be initiated prior to construction. Treatment should continue until trees
have recovered from construction-related stress. Trees on construction sites
should be monitored regularly for indicators of pest attraction, and action
taken when problems arise.

Pruning

Removal of dead, diseased, or dying branches before construction is recom-
mended to reduce the risk of branch failures impacting people, structures,
or equipment in the construction area. Crown raising or reduction may be
required to allow trucks, cranes, and other equipment to access the site.
Removing live interior branches or reducing the crown to compensate for
root loss is seldom recommended. It is better to wait for the tree to respond
and later remove any dying branches.

Supplemental supports and lightning protection systems should also be
recommended where they are needed (see [ISA’s Best Management Practices:
Tree Pruning, Best Management Practices: Tree Support Systems, and Best
Management Practices: Tree Lightning Protection Systems).
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4. Construction Phase

The construction phase is when most activities occur at the development site.
It starts with soil preparation and ends when construction and landscaping
are finished. During the actual construction process, it is the arborist’s role
to stay in close contact with the contractor, developer, and municipal/county
representative (if a tree protection ordinance is in place), and be an active,
integral part of the construction team.

Site inspections are needed to maintain the integrity of the TPZ and to
look for and prevent tree damage. Periodic contractor meetings are recom-
mended to keep them informed about tree-related activities and to reinforce
the importance of tree protection activities. Any tree damage or violations
of contract agreements should be reported through a pre-established chain
of command and corrected as soon as possible.

Site Monitoring

Site visits are necessary to assess compliance with the tree conservation plan.
Monitoring tree health and damage should be a priority during site visits.
Special attention should be given to tree damage, soil moisture/irrigation,
wilt, unexpected changes in leaf color, premature leaf drop, branch dieback,
canopy density, and the presence of primary and secondary pests. Broken
branches should be pruned. Bark wounds should be treated as necessary (see
Treating Bark Wounds).

Monitoring frequency depends on the size and scope of the construction
project and the budget available. Having an arborist on site at all times when
work is being performed in the vicinity of trees, or at other times when trees
may be damaged, is preferred. On a smaller job site, a weekly visit during
this phase may be the only affordable option.

Arborists should evaluate any changes to the initial development plan
that may impact tree conservation. During such reviews, an arborist should
assess the necessity of the change, its effect on the tree, and possible alterna-
tive approaches. Documentation of inspections should be done as described
in the contract or scope of work.

Landscape Installation

Tree monitoring should extend beyond construction to include landscape
installation. This is one of the most common times trees are damaged and
the tree protection plan must take these activities into account. Injury may
occur during final grading, trenching for irrigation or lighting installation,
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or plant material installation. Therefore, tree preservation measures should
remain in place throughout the landscaping process.

Arborists should review the landscaping plan and comment on the suit-
ability of the plant material to be installed and irrigated within the root zones
of trees. Many species of shrubs and herbaceous plants often have different
water requirements than the existing tree under which they are installed.
Species to be installed within the TPZ should have water needs similar to the
existing tree species on the site to avoid over- or under-irrigation.

Soil beneath tree canopies is often roto-tilled, compacted with a lawn
roller, planted to turf, and rolled again. This process can be very damaging to
tree roots and should be minimized or prohibited within the TPZ. Alternative
methods of seeding should be used to avoid root disturbance.

Treating Bark Wounds

Wound dressings (pruning paint, shellac, or latex paint) are not
recommended unless it is known that open wounds attract serious insect
pests to the tree species in the geographic area. Examples of these insects
include the vectors of oak wilt fungus (Ceratocystis fagacearum) and pine
bark beetles (Dendroctonus spp.). In these and other cases, treatments are
needed during certain times of the year and should be applied on a timely
basis after the cut is made or damage occurs.

If bark is damaged on the trunk or major branch, it may be possible to
reattach the bark or wrap the area to encourage bark regeneration. Wound
wrapping may not work on all species or at all times of the year, and it is
only effective if done shortly after the damage occurs. With certain tree
species, including many oaks (Quercus spp.), bark may regenerate if the
damage does not penetrate deep into the xylem. To encourage this process,
the trunk wound is wrapped with black plastic sheeting or several layers of
burlap to reduce drying. During the growing season, wraps should be left
on for several weeks. Plastic wraps should not be used if the trunk wound is
exposed to sun as this may trap excessive heat.

In most cases of trunk or branch damage, the loose bark should be carefully
removed, leaving the attached bark intact. This does not need to be done
immediately after wounding, and is often left for the post-construction phase.

- Jagged bark edges can be cut away with a sharp knife or chisel, taking care
not to cut into living tissues (i.e., bark tracing). Cutting the perimeter of the
wound into a smooth oval shape has been shown to be of little or no value, and
can make matters worse. Peninsulas of live bark in a wound speed closure;
therefore, it is preferable to leave as much firmly attached, live bark as possible.
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5. Post-construction Phase

The post-construction phase begins when the construction has ceased and
landscape installation is finished. Waiting until this point in the project to
initiate arborist involvement dramatically limits options for preserving trees
on the site and often ends in failure.

Once construction and landscaping are complete, the TPZ fencing may be
removed, but monitoring by an arborist should continue. Monitoring should
include assessing soil moisture, mulch thickness, tree damage, and inspecting
for diseases and insect pests. Treatments should be prescribed when problems
are detected. Fertilization following construction should be based on soil and/
or foliar analysis using slow release nutrient sources.

Tree health and structure should be evaluated again to determine if
any changes have occurred during the construction process. If changes are
detected, mitigation treatments should be recommended and implemented.
For trees with broken and/or dead branches, pruning is recommended when
targets are present. If deemed necessary to reduce the likelihood of failure,
crown thinning or reduction pruning may be recommended to reduce wind
loading. Indiscriminant pruning of live branches to compensate for root loss
should not be performed since it may reduce tree vigor.

When tree removal is necessary, recommendations should be developed
for replacement species that will compliment and perform well on the site.

To encourage the property owners or managers to continue an appropriate
level of care for the trees, a long-term tree and landscape management plan
should be recommended or provided. This plan should outline a long-term
management program that includes steps to take to ensure that the landscape
is sustained. The report should include recommendations for monitoring,
irrigation, pruning, pest management, and maintenance scheduling. Misman-
agement or neglect after the project is completed may lead to the loss of a
tree despite earlier preservation efforts and expenditures.
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6. Summary

Construction or renovation of homes, businesses, or infrastructure will always
be associated with growth and development. Many construction sites contain
trees that are worthy of preservation. To retain trees that will provide the
greatest benefits to the residents and the community, an arborist should be
involved in the project from beginning to end. An arborist should:

» Identify tree resources and make recommendations for removal,
protection, or transplanting

* Determine the appropriate size for Tree Protection Zones (TPZ)
* Establish Tree Protection Zones with appropriate materials
* Monitor tree health and site conditions during and after construction

* Be prepared to take the actions needed to protect and preserve retained
trees
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Appendix A:

Relative Tolerance of Selected Species to
Development Impacts (Adapted from

Matheny and Clark, 1998)

Common Name Scientific name Tolerance'
Fir Abies spp. M-G
Acacia Acacia spp. P
Bigleaf maple Acer macrophyllum M
Box elder Acer negundo G
Norway maple Acer platanoides M-G
Sycamore maple Acer pseudoplatanus M
Red maple Acer rubrum M-G
Silver maple Acer saccharinum P-M
Sugar maple Acer saccharum P-M
California buckeye Aesculus califonica G
Red horse-chestnut Aesculus x carnea G
Ohio buckeye Aesculus glabra P
Tree of heaven Ailanthus altissima G
Red Alder Alnus rubra P-M
Serviceberry Amelanchier spp. G
Devil’s-walkingstick Aralia spinosa M
Madrone Arbutus menziesii P
Pawpaw Asimina triloba G
Birch Betula spp. M
Bumelia Bumelia spp. M
Incense cedar Calocedrus decurrens M
Hornbeam; Blue beech Carpinus caroliniana M
Bitternut Hickory Carya cordiformis M-G
Pignut hickory Carya glabra M-G
Pecan Carya illinoensis M-G
Shagbark hickory Carya ovata M
Mockernut hickory Carya tomentosa M
Catalpa Catalpa spp. M-G
Deodar cedar Cedrus deodara G
Hackberry; Sugarberry Celtis spp. M-G
Katsura-tree Cercidiphyllum japonicum P-M
Redbud Cercis canadensis M
False cypress Chamaecyparis spp. G
Yellowwood Cladrastis lutea P
Pagoda dogwood Cornus alternifolia M
Flowering dogwood Cornus florida P-M

! P=poor, M=moderate, G=good
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Common Name

Scientific name

Tolerance'

Pacific dogwood
Swamp dogwood
Hawthorn

Cypress

Monterey cypress
Persimmon
Eucalyptus

Beech

Ash

Ginkgo

Locust

Kentucky coffee-tree
Silverbell

Holly

Walnut

Rocky Mountain juniper
Eastern red cedar
Tamarack
Sweetgum
Tuliptree

Southern magnolia
Apple; crabapple
Mulberry

Barberry

Tupelo; Black gum
Devilwood
American hophornbeam
Sourwood
Empress-tree
Spruce

Pine

London plane
Eastern sycamore
Western sycamore
Poplars

Eastern cottonwood
Western cottonwood
Bigtooth aspen
Lombardy poplar
Plains cottonwood
Quaking aspen
Black cottonwood
Black cherry
Douglas-fir

Callery pear

Cornus nuttallii
Cornus stricta
Crataegus spp.
Cupressus spp.
Cupressus macrocarpa
Diospyros virginiana
Eucalyptus spp.

Fagus spp.

Fraxinus spp.

Ginkgo biloba
Gleditsia spp.
Gymnocladus dioicus
Halesia spp.

Ilex spp.

Juglans spp.

Juniperus scopulorum
Juniperus virginiana
Larix laricina
Liguidambar styraciflua
Liriodendron tulipifera
Magnolia grandifiora
Malus spp.

Morus spp.

Mpyrica spp.

Nyssa spp.

Osmanthus americanus
Ostrya virginiana
Oxydendrum arboretum
Paulownia tomentosa
Picea spp.

Pinus spp.

Platanus x acerifolia
Platanus occidentalis
Platanus racemosa
Populus spp.

Populus deltoides
Populus fremontii
Populus grandidentata
Populus nigra ‘Italica’
Populus sargentii
Populus tremuloides
Populus trichocarpa
Prunus serotina
Pseudotsuga menziesii
Pyrus calleryana
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! P=poor, M=moderate, G=good
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Common Name Scientific name Tolerance!
Coast live-oak Quercus agrifolia G
White oak Quercus alba P-G
Swamp white oak Quercus bicolor G
Scarlet oak Quercus coccinea P-M
Southern red oak Quercus falcata M-G
Oregon white oak Quercus garryana G
Shingle oak Quercus inbricaria G
Bluejack oak Quercus incana G
California black oak Quercus kelloggii M
Turkey oak Quercus laevis G
Laurel oak Quercus laurifolia M
Valley oak Quercus lobata M
Overcup oak Quercus lyrata G
Bur oak Quercus macrocarpa M-G
Blackjack oak Quercus marilandica G
Swamp chestnut oak Quercus michauxii G
Chinquapin oak Quercus muehlenbergii G
Water oak Quercus nigra G
Pin oak Quercus palustris M-G
Willow oak Quercus phellos M-G
Chestnut oak Quercus prinus M-G
Northern red oak Quercus rubra M-G
Shumard oak Quercus shumardii G
Post oak Quercus stellata P-G
Black oak Quercus velutina M-G
Live oak Quercus virginiana G
Rhododendron Rhododendron spp. M
Sumac Rhus spp. M-G
Willow Salix spp. M-G
Sassafras Sassafras albidum G
California peppertree Schinus molle M
Coast redwood Sequoia sempervirens G
Giant redwood Sequoia giganteum M
Mountain ash Sorbus aucuparia M
Stewartia Stewartia spp. G
Snowbell Styrax spp. M
Cypress Taxodium spp. G
Northern white cedar Thuja occidentalis G
Western red cedar Thuja plicata M
Linden; Basswood Tilia spp. P-M
Hemlock Tsuga spp. P-M
Elm Ulmus spp. M-G
California bay Umbellularia californica M
Viburnum Viburnum spp. M-G

! P=poor, M=moderate, G=good
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Glossary

aeration system—an underground arrangement of porous tubing installed in
a tree or other plant’s root area to improve oxygen availability to the roots
and gas exchange with the atmosphere.

air excavator—device that directs a jet of highly compressed air to excavate
soil. Used to avoid or minimize damage to tree roots or underground struc-
tures, such as pipes and wires.

codominant stems—forked branches nearly the same size in diameter, arising
from a common junction and lacking a normal branch union.

conservation—planned management of natural resources to maintain value
and contributions, prevent exploitation, destruction, or neglect, and minimize
negative impacts from human activity.

critical root zone (CRZ)-area of soil around a tree where the minimum
amount of roots considered critical to the structural stability or health of the
tree are located.

crown cleaning—in pruning, the selective removal of dead, dying, diseased,
and broken branches from the tree crown.

crown raising—in pruning, the selective removal of lower branches from a
tree crown to provide clearance.

dbh-acronym for tree diameter at breast height.

decay—1) n. a substance undergoing decomposition; 2) v. process of degrada-
tion by microorganisms.

drip line-imaginary line defined by the branch spread of a single plant or
group of plants.

drip line method-a method used to locate the tree protection zone boundary
at the drip line of a tree or trees to be preserved during construction.

grading—phase of site development that provides a site with intended grades
(contours, elevations, and slopes). Involves cutting and filling.

live crown ratio (LCR)-ratio of the height of the crown containing live
foliage to the overall height of the tree.

loam—soil texture classification based on a certain ratio of sand, silt, and clay.
Considered ideal for plant growth.
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pruning-removing branches (or occasionally roots) from a tree or other plant
using approved practices to achieve a specified objective.

root pruning—1) in transplanting, the process of digging around a root ball
to increase the density of root development within the final root ball. 2) in
tree conservation and preservation, the process of cutting roots at the line of
a planned excavation to prevent tearing and splintering of remaining roots.
3) in tree disease management, severing tree roots to prevent disease trans-
mission through root grafts.

soil compaction—compression of the soil, often as a result of vehicle or
heavy-equipment traffic, that breaks down soil aggregates and reduces soil
volume and total spore space, especially macropore space.

soil texture-relative fineness or coarseness of a soil due to particle size
(sand, silt, and clay).

specifications—detailed plans, requirements, and statements of particular
procedures and/or standards used to define and guide work.

suspended pavement—paving option that transfers the load to the subsoil
rather than the top of the soil surface.

tensiometer—instrument used to measure soil moisture.

thinning—in pruning, the selective removal of live branches to provide light
or air penetration through the tree or to lighten the weight of the remaining
branches.

tree island—enclosed planting bed surrounding a tree, often within a paved
area or adjacent to a street.

tree management report—written document containing information from
the tree resource evaluation and recommendations for trees that should be
preserved and protected during construction or removed prior to development.

tree preservation—process of protecting trees from damage related to con-
struction activity.

tree protection zone (TPZ)—defined area within which certain activities are
prohibited or restricted to prevent or minimize potential injury to designated
trees, especially during construction or development.

tree resource evaluation—tree inventory information collected by arborists to
document tree assets and locations on the site before development. This is used
to guide arborists in developing a tree management report for a given project.
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tree retention—the act of keeping trees on a development site without taking
steps to adequately protect and preserve the integrity of the tree for long-
term survival.

tree risk assessment-a systematic process used to identify, analyze, and
evaluate tree risk.

tree risk management—the application of policies, procedures, and practices
to identify, evaluate, mitigate, monitor, and communicate tree risk.

tree well-wall constructed around a tree to maintain original grade between
the trunk and the wall; with a raised grade beyond the wall. Used to maintain
adequate oxygen levels in the root zone and protect the trunk from burial.

trenching-linear excavation, often used to install utilities or structural foot-
ings; can cause tree root damage.

trunk diameter method—a method used to locate the tree protection zone
boundary and fencing using the trunk diameter (dbh) multiplied by a factor
of 6-18.

tunneling—digging, often with special machinery and shoring or other sup-
ports, below the surface of the ground without an open trench. Method for
installation of underground utilities that minimizes cutting of tree roots or
damage to hardscape or existing utilities.

water table—upper level of groundwater in the soil.
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