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Introduction

This guide is a comprehensive revision of ‘A Reference Guide for Developing Planting Details’ published by
the Landscape Ontario Horticultural Trades Association in 1994 and revised in 2005. It is intended for
landscape architects, landscape designers, landscape contractors, urban forest managers, horticulturists,
arborists and other professionals who understand tree attributes and tree requirements and who have a
working knowledge of terms commonly used in the horticultural trades. All landscape trees should be
nursery-grown and in compliance with the current edition of the Canadian Nursery Stock Standard.

This guide was reviewed by a committee established through Landscape Ontario. The information within
reflects best practices of the landscape horticulture industry. The guide is subject to periodic review and
may be updated at any time. Users are encouraged to obtain the most recent version from the Landscape
Ontario website. Comments and suggestions for improvement are welcome. All recommendations should
be sent to Landscape Ontario.
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Peter Wynnyczuk, P and A Urban Forestry Consulting Ltd.

Authors
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We thank contributing author Andrew Hirons of Myerscough College, England for his participation.
Thanks are extended to Glen Lumis and lan Bruce for instigating the guide revision process with
Landscape Ontario and for their attention to text clarity and editorial detail. Thank you also to Sean James
for illustrating the Planting Details and DynaSCAPE Software for helping to finalize them (Appendix B).
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Landscape Ontario Horticultural Trades Association
7856 Fifth Line South

Milton, ON, L9T 2X8

Phone, toll free: 1-800-265-5656

Phone, local: 1-905-875-1805

Fax: 1-905-875-3942

Website: https://landscapeontario.com/

Overview

Research on improving tree planting and establishment continues to grow in interest, alongside the
increasing value placed on tree canopy cover by society. In order to capture the wealth of evidence-based
information available and ensure that this guide is informed by this growing body of research, it is written
to provide readers with a summary of relevant content and up-to-date research findings. Corresponding
field sheets distill pertinent information from the chapters into actionable items. Planting details are
included in Appendix B to illustrate the best practices discussed in the chapters and field sheets. When
additional information is required to describe protocols or techniques, hyperlinks to resources are
provided. Words within the text in bold are linked to the glossary.

The information in this guide does not extend to post-planting and establishment care. However,
aftercare is often integral to tender language associated with planting contracts. In order to plan for care
after planting, an overview of tasks and the potential tender language are provided in Appendix A — Post-
Planting and Establishment Care.

Nol:e on Key References

The guide was broadly informed by several key resources listed below:

Hirons, A., and P.A. Thomas. 2018. Applied Tree Biology. John Wiley and Sons Ltd. 411 pp.

Hirons, A., and H. Sjoman. 2019. Tree Species Selection for Green Infrastructure: A Guide for Specifiers.
Tree Design and Action Group. http://www.tdag.org.uk/species-selection-for-green-infrastructure.html.

Lilly, S. J. 2010. Arborists’ Certification Study Guide. International Society of Arboriculture. Champaign, IL.
352 pp.

Urban, J. 2008. Up by Roots. International Society of Arboriculture. Champaign, IL. 479 pp.

Urban Tree Foundation. 2014. Planting Details and Specifications.
http://www.urbantree.org/details specs.shtml.

Watson, G. and E.B Himelick. 2013. The Practical Science of Planting Trees. International Society of
Arboriculture. Champaign, IL. 250 pp.


https://landscapeontario.com/
http://www.tdag.org.uk/species-selection-for-green-infrastructure.html
http://www.urbantree.org/details_specs.shtml

Chapter 1- Environmental Site Assessment

All tree planting projects should start with a comprehensive site assessment. This section deals with
environmental conditions — aside from soil quality, which is covered in Chapter 2 — that need to be
investigated on-site to develop a planting strategy, including tree selection.

Hardiness

Action ltem

e |dentify the hardiness zone where the planting site is located.

Cold hardiness is the first factor to consider when selecting trees for a planting project. Two commonly
used systems for determining and mapping hardiness zones in Canada are 1) the Canadian plant
hardiness index and 2) the USDA method, based on extreme minimum temperatures. The Canadian plant
hardiness index has been developed to incorporate a wider variety of climatic variables, including
minimum mean temperatures, frost free periods, rainfall, maximum mean temperatures, snow depth and
wind gusts. Both of these systems have updated maps based on data from 1981 to 2010 and are available
here.

Light Levels

Action ltem

e Observe the amount of sunlight new plantings will receive throughout the growing season.

Trees’ physiological responses to sunlight levels can be drastically different. In general, the shade
tolerances of tree species correspond with three categories of sunlight levels: full sunlight, partial shade
and full shade (Table 1). Any structure on-site can contribute to shading, including buildings and existing
trees. Sunlight levels are influenced by planting location, height and number of buildings and/or trees,
street width and building setbacks. Although shady conditions can often preclude optimal growth of
planted trees, if shade-tolerant species are selected, success in planting projects can still be achieved.

Table 1 Categories of sunlight levels during the growing season

Light level Description

Full sunlight Greater than six hours of direct sunlight per day

Partial shade Less than six hours of direct sunlight or filtered light throughout the majority of the
day

Full shade Less than six hours of filtered sunlight; very little to no direct sunlight per day



http://www.planthardiness.gc.ca/?m=1&lang=en

Reflected Heat

Action ltem

e Determine the distance between the planting site and hard surfaces like roads, concrete
structures, buildings, etc. Consider appropriate interventions listed in Table 2.

Temperatures can differ in cities due to reflected heat and a lack of surrounding vegetation. Maximum
temperatures in New York City’s Central Park were recorded at 32°C compared to 41°C on nearby
Columbus Avenue (Whitlow and Bassuk 1987). In general, city temperatures are 1°C to 6°C warmer than
their surrounding suburbs, with most of that difference attributed to the high density of buildings, asphalt
and concrete. These materials absorb, store, and release heat. They can represent up to 90 per cent of
the space surrounding a tree in a downtown location (Watson and Himelick 2013). The released heat
directly influences trees in these locations and the phenomenon contributes to the urban heat-island
effect. Trees experiencing high temperatures can dissipate heat loads through transpiration. When
transpiration is limited by a lack of available soil water, leaf temperatures can continue to rise. If these
conditions are ongoing and exacerbated by increased ambient temperatures from reflected heat, branch
dieback and tree mortality can eventually occur.

Taking a 360° view of the planting location helps understand the potential heat load that may affect the
planting site (Coder 2014). Trees that are less than 5 m from hardscapes in multiple directions are more
likely to be strongly affected by reflected heat. This effect will diminish when hardscape is present in only
one direction or is farther away. To determine the influence of reflected heat on the proposed planting
location, estimate how close the newly planted tree will be to impermeable surfaces. If the tree will be
planted closer than 5 m to impermeable surfaces in multiple directions, some interventions and extra
care should be considered (Table 2).

Table 2 The influence of reflected heat loads on trees planted 5 m or less from impermeable surfaces in
multiple directions

Concerns Interventions

e Dehydration e Frequentirrigation is necessary in

e Decrease in photosynthesis and prolonged periods of heat and drought
increase in respiration e Apply mulch

e Tissue death e Limit fertilizer use

e Incorporate shading into design
e Heat/drought tolerant species must be
selected




Crown Space Requirements

Action Items

e Determine the distance to buildings, existing trees and any other potential conflicts as
trees grow.

e Refer to setbacks from utility providers to determine final planting distance from utility
lines.

e Choose species whose mature height and canopy fit the location size constraints. Click
here (for a North American guide) or click here (for a European guide containing many
relevant selections for Ontario).

When planting near above-ground infrastructure, it is essential to envision the mature size of a tree in
relation to buildings, power lines and other trees. Using mature tree height and width size estimates will
help to reduce expensive pruning work or tree removal in the future. Contact local utility providers to
obtain recommended tree planting setbacks or refer to Hydro One’s recommended planting zones. Tree

form (or habit) should be considered largely for aesthetic reasons, although wide-branching species can
conflict with infrastructure or result in tighter spacing between trees than desired.

De-icing Salt

Action ltem

e Determine the distance between the planting site and areas where de-icers will be
applied. Consider appropriate interventions listed in Table 3.

In Ontario, de-icing salts are used on roadways and sidewalks, in both granular form and as a spray
solution. The distance between the planting site and areas of salt application during the winter is a critical
factor when choosing species, since salt can affect trees as a soil contaminant and as an airborne
pollutant. On highways, de-icing salt can spray onto trees and those located on the downwind side of the
road show the greatest injury. In southern Ontario, Hofstra et al. (1979) found higher concentrations of
sodium chloride (NaCl) and injury levels on Thuja occidentalis (eastern white cedar) trees growing on the
downwind side of Highway 401. Salt spray is not likely to cause outright tree failure, but recurring damage
tends to affect crown and branch growth (Lumis et al. 1973). For trees that are planted less than 5 m from
roadways, cut-outs or sidewalks, tree mortality tends to increase, as soil contamination is more likely
(Dobson 1991). Tree species selections that are tolerant to these conditions are very limited.



https://mono.civicweb.net/document/20053
http://www.mortonarb.org/trees-plants/tree-and-plant-selection
http://www.tdag.org.uk/species-selection-for-green-infrastructure.html

Table 3 Damage levels and possible interventions associated with distances between the planting site and

areas of de-icing salt applications

Distance Damage level

Salt type

Interventions

<5m Severe damage

Damage from
spray and soil
contamination

e Use of raised curbs to limit salt
contaminants moving into tree pits

e Shelter trees (fences, burlap)

e Select species that are known to be
tolerant to soil salt contamination and
salt spray

e In extreme cases, it may be
recommended not to plant a tree

5to30m Moderate damage

Salt spray and
potential soil
contamination if
barriers are not
used

e Shelter trees during the winter (fences,
burlap)

e If possible, select species with at least
moderate tolerance to salt spray

30mor Minimal damage
more

Salt spray

e If possible, select species with at least
moderate tolerance to salt spray.
Sensitive species may be considered if
salt drift is limited.

damage on evergreens. Source: Glen Lumis.

Airborne deposits and runoff from melting snow on
pavement can accumulate in the soil and negatively
affect soil structure. Aggregates can be broken apart
and clay particles can plug soil pores, resulting in
reduced soil permeability and aeration (Watson and
Himelick 2013). Salt that remains in the soil past the
winter will influence the osmotic potential of the soil
moisture, making it more difficult for tree roots to
absorb adequate water during the growing season
(Hirons and Sjéman 2019). Due to the central
importance of water in the physiological processes
of all plants, tree species that cannot tolerate soil
salt will decline through disrupted photosynthesis,

stunted growth and compromised cellular function. High levels of soil salts can dehydrate and damage

roots and cause desiccation of the entire plant (Hanslin 2011). Leaf necrosis and chlorosis can be signs of

elevated soil salt levels, especially on older leaves where sodium and chlorine ions have built up to toxic

levels over a longer period of time (Hirons and Sjéman 2019). The evidence of the translocation of soil

salts to shoots during the growing season includes twig dieback, witch’s broom and leaf scorch occurring

on leaf margins (similar to aerially deposited salt), as well as trunk lesions (Watson and Himelick 2013).



Conifers experiencing salt spray will exhibit needle browning starting at the tips and become more
extensive with increased salt exposure (Figure 1). For deciduous species, twig dieback and witch’s broom
result from injury to vegetative buds. Injury becomes more extensive with increased salt exposure and is
greater on the side of trees facing the roadway. Although salt injury diminishes with distance (Lumis et al.
1973), tree species particularly those sensitive to salt spray have been found to experience salt damage
over 300 metres from a major highway (Watson and Himelick 2013).

There are ways to avoid and mitigate the effects of salt exposure. These can include: raised curbs;
irrigating/improving drainage of soils to leach salt out before spring tree growth; rinsing tree buds and/or
foliage in the spring before bud-break; wrapping conifers; constructing fences; applying anti-desiccant
sprays and lastly; watering, pruning, and mulching trees.

Quantitative measures of salt tolerance do not currently exist, instead, patterns of performance and
morphological features are used to produce relative salt tolerance rankings (Hirons and Sjoman 2019).
Where salt tolerance rankings do exist, there are sometimes contradictions between sources. Therefore,
most evidence-based resources only provide known tolerance rankings for a limited number of species
where there is consensus and data are more reliable.

Root System Space Requirements

Action ltems

e Determine the proposed planting distance to infrastructure with which roots may come
into conflict.

e Refer to any setbacks identified by service providers for infrastructure and utilities.

e Use identified distances to make appropriate interventions (Table 4).

Impermeable surfaces surrounding trees have been shown to limit tree growth and life expectancy
(Smiley et al. 2006), typically due to soil compaction and a lack of water and air infiltration. Landscape
trees, especially in streetscapes, commonly outgrow their planned planting area, and their growth
eventually becomes limited by a lack of available root space. When the root system cannot increase in
size because the rooting space is filled to capacity, crown growth will slow (Watson and Himelick 2013).

Table 4 Distances at which tree roots are likely to conflict with infrastructure

Distance Infrastructure Interventions

<3m Sidewalks and roads Root barriers

e Sidewalk cut-outs

e Install root pathways to direct roots

e Modular suspended pavement systems
e Use structural soil

e Avoid aggressive rooting species

e Choose deep rooting species




<6m Building foundations e  Avoid aggressive rooting species
e Install root pathways to direct roots
e Select species and cultivars with small mature
crowns
<6m Pipes and sewers e Avoid aggressive rooting species

e Select species and cultivars with narrow/small
mature crowns

Planting trees too close to pavement can result in damage. The space between pavement and a
compacted soil base often provides space for roots to grow. The moisture in these areas is often high
because the pavement prevents evaporation and condensation can form on the underside of pavement
as it cools. Importantly, aeration is also better in these spaces than in the compacted soil below.

However, when planning does not account for root extension
into these areas, roots can eventually lift and crack the
pavement (as illustrated in Figure 2). There are a variety of
engineering solutions designed to help mitigate the conflict
between tree root growth and infrastructure. These include
root barriers, sidewalk cut-outs, root pathways, use of modular
suspended pavement systems (e.g. plastic structures) and
structural soil (Table 4). Many of these options have been
successful in improving tree growth and reducing conflict with
pavement in research trials and in practice (Smiley 2008,
Grabosky and Bassuk 1995, Gilman 2006). Their relative
effectiveness is influenced by the conditions present on-site

and the characteristics of the tree species planted.
4

The following factors increase the potential for disturbance of  Figure 2 Example of a tree root lifting and
cracking a sidewalk.

pavement or curbs by trees (Randrup et al. 2001):

e |arge trees e lack of base material beneath the

. . sidewalk
e Fast-growing species

) . e Inadequate irrigation
e Shallow rooting species g &

. . e Short distances (< 2 - 3 m) between
e Restricted soil volumes .
sidewalks and trees

e Shallow topsoil with compacted soil

e Trees older than 15 to 20 years
below

Research has shown that tree roots likely do not initiate damage to pipes and foundations but are capable

of exploiting cracks or voids in below ground infrastructure. In a comprehensive 1981 study undertaken

by the Royal Botanical Gardens (Kew), England over 11,000 trees and surrounding buildings were

assessed. The average distance between damaged foundations and contact with tree roots ranged from

2.5to 11 m. Tree genera selected for tight urban spaces in and around buildings should be given careful



consideration as root systems extend roughly 2 to 2.5 times the width of their crowns (Hirons and
Thomas 2018). Therefore, where possible a 5 to 7 m setback is recommended from building foundations
for species and cultivars with medium to large crowns at maturity (Hirons and Thomas 2018).

It is possible for trees to intrude into below ground infrastructure like sewer systems, particularly when
pipes are old and cracked, or if pipes are joined together with a collar. Most species of trees and some
shrubs are capable of root intrusions into damaged pipes or through pipe collars, although more research
is needed to determine which species are of greatest concern. Roots instead, take advantage of areas
where holes or cracks exist to access resources (moisture, air, nutrients, etc.), which can result in
increased damage. Therefore, planning adequate distances away from infrastructure is important to
minimize conflicts. In situations where trees will be planted in trenches in and around infrastructure,
providing good soil conditions so roots have access to air and water will reduce the likelihood of trees
exploiting the spaces in and around pipes. Where possible, a 6 m setback from existing pipes has been
recommended (Watson and Himelick 2013).

Wind

Action ltem

e |dentify the wind direction and potential wind effects on trees at the planting site; use the
information to aid in species selections (Table 5).

Table 5 Considerations for choosing species based on wind effects at the planting site

Wind effect  Species characteristics Trees are often planted to help

reduce wind speeds. Knowing the

Protected Weaker wood and branch attachments may be predominant wind direction
acceptable; larger crowns (if the space permits) throughout the year, as well as

Not Multi-stem and clumping forms, mid-sized wind speeds, will help to select

protected crowns with strong branches appropriate species. Buildings can

sometimes protect trees from

Wind tunnel  Multi-stem and clumping forms, smaller crown, strong winds, but can also create a

strong branch unions, well-anchored root wind tunnel effect, especially in

systems (wide and/or deeply rooted) city centres where there are many

large and tall buildings (Pandya
and Brotas 2014). It is important to observe the situation at each planting site (Table 5).

There are both mechanical and thermal impacts of wind on trees. Mechanical effects include leaf loss and
tatter, tree shape deformation, branch breakage and abrasion from soil and/or ice particles driven by
wind. Thermal effects include increased moisture loss from soil and leaves (Trowbridge and Bassuk 2004).
A significant amount of research has been done on the effects of wind on trees by Dr. Gilman at the
University of Florida. For more information click here.


https://hort.ifas.ufl.edu/woody/wind-research.shtml
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Chapter 2 - Soil Assessment

The soil quality and quantity available to a tree at a planting site should form the basis for decision-
making on species selection, site preparation and tree installation. Tree roots require soil that provides
adequate access to air, water and nutrients. Some tree species can withstand periods of flooding or
drought, grow in low nutrient soils or tolerate compaction. However, only selecting trees with these
characteristics severely limits the choices of species that can be planted. Before tree selection begins, the
basic features of the planting soil should be understood, especially for disturbed soils in urban centres,
recent suburban developments or anywhere where soil removal and/or compaction has occurred. These
modifications often include the complete removal of quality topsoil, severe compaction and addition of
subsoil, fill or manufactured topsoil. In contrast, planting trees into healthy and well-structured (crumbly)
soils, such as those found in undeveloped areas and older neighbourhoods, require less aftercare during
establishment. How soil quality can affect tree establishment and growth can be understood by assessing
key soil properties including texture, drainage, compaction, soil organic matter and pH.

Texture and Drainage

Action ltems

e Determine soil texture based on laboratory analysis or the hand texturing method.
Interpret the results based on Figure 3.

e |dentify drainage characteristics of the site (poor, moderate or excessive) from drainage
test in Field Sheet 2.

e Using Table 7, consider possible interventions.

Soil texture is a property influencing many other chemical, biological and physical soil properties. A
primary concern when planting trees, particularly in urban settings, is how texture influences drainage
and available water-holding capacity (Table 6).

For example, coarse soils (e.g. sand and loamy sand) tend to have good drainage, but poor water-holding
and nutrient retention capacities. Fine soils (clay, silty clay), do not drain as well, but they can hold
nutrients and moisture more readily. Soil texture classes are illustrated in Figure 3.
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percent sand
«—

Figure 3 Soil textural triangle and texture groupings. Source: Cornell Soil Health Program.

Table 6 Texture groupings from textural triangle (Figure 3) and associated key properties

Texture grouping

Key properties

Fine

Slow draining
Seasonal flooding
Easily compacted

Medium (which includes
loam and silt loam)

Moderate drainage
Higher available water

Coarse

Fast draining

Low available water
Low nutrient holding
capacity

Texture cannot be easily modified
without large-scale removal and
replacement of soil. Therefore,
understanding soil texture will help
identify strategies and interventions
appropriate to manage water to better
support tree establishment. Tree species
that require well-drained soils will
typically perform better in soils with
higher proportions of sand.

Drainage is affected by soil texture, soil
structure, infiltration and topography.
Species that can tolerate periodic
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flooding are more appropriate for finer textured soils and/or where drainage is slower, in swales, for
example. Soil aeration is also very important for tree roots. Plant roots require both water and oxygen,
and overly saturated soils can significantly reduce oxygen levels. It is common for urban sites to be
vulnerable to waterlogged conditions and poor aeration due to compaction. Waterlogged conditions can
be as detrimental as drought conditions.

Table 7 Interpretation of drainage test (as described in Field Sheet 2; adapted from Trowbridge and
Bassuk 2004)

i Rate of water . .
Drainageclass . _ Suggested interventions
infiltration

Poor < 10 cm/hour e Grade the site if poor drainage is apparent in
depressions
e Break up the compacted soil
e Follow planting instructions for poorly-drained
soils (Field Sheet 6)
e Regulate irrigation to avoid overwatering
e Choose species adapted to wet conditions

Moderate 10to 20 e None required
cm/hour
Excessive > 20 cm/hour e Incorporate organic matter

e Frequently irrigate during the tree juvenility stage

Compaction

Action Items
e Refer to probing wire test compaction results from Field Sheet 2.

e Based on the compaction severity of the site soil, consult Table 8 for potential
interventions.

Compaction breaks down the soil structure and subsequently restricts the movement of air, water and
nutrients, while physically restricting root development. Construction activities often involve the
complete removal of a friable high quality topsoil, the compaction of subsoil by heavy machinery and the
addition of a thin layer of low quality topsoil. This type of soil will go through cycles of flooding and
drought, and will provide only limited oxygen levels to tree roots. Compacted soils offer a difficult rooting
environment because of their decreased pore space, both macropores and micropores.
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These conditions have cascading effects on a
variety of soil processes, as illustrated in Figure Bulk Density
4, including diminished aerobic microbial
activity (e.g. mycorrhizal fungi), reduced

nutrient mineralization and impeded soil water

Soil Aeration

Root Resistance

h

. . Soil Porosity
movement (Hirons and Thomas 2018). While

Anaerobic Conditions

|

some tree species have evolved physiological

Soil Biota

mechanisms and are able to tolerate some of

these soil environmental conditions, there are Nutrient Deficiencies

|

still compaction levels at which root growth can Soil Water Movement

be completely restricted (click here for more Plant Water Deficits

AV

information). Soil compaction in the top 30 cm

of soil is particularly detrimental as this is the BN RPACTION

|

most critical zone for root growth after
Figure 4 Increasing or decreasing band widths indicate the likely
effect of soil compaction on the soil property. Source: Hirons and
Percival (2012).

transplanting.

A visual site inspection for evidence of high traffic
areas (e.g. equipment, foot traffic), patches of
bare soil or evidence of prolonged waterlogging
is a way to quickly assess the likelihood that soils
have been compacted (Figure 5). Soil

compaction can also be assessed using simple
resistance measures, such as the ‘probing wire
test’ (Table 8). Take a 40 to 50 cm length of high
tensile wire (approximately 3 mm or 10 gauge,
e.g. fence wire). Use about 10 cm to make a
looped handle and attempt to push the wire into
the soil. Soil moisture will influence the
resistance of the soil to the wire; therefore, this Fiure Construction raffi.d si/ d/fic jon dt_mng
test should be conducted when the soil is construction activities can result in soil compaction, which can
neither excessively wet nor dry. Refer to Field constrain the growth of newly planted trees. Source: Glen Lumis.
Sheet 2 — Soil Assessment to retrieve the results

from your test to determine the compaction level of the planting site.

Table 8 Compaction levels as indicated by the probing wire test and potential interventions

Compaction level indicated by probing wire test Potential interventions

Severe — wire probe will not penetrate soil beyond Mechanical de-compaction (subsoil and/or
10 cm deep backhoe method) and organic amendments
should be used in combination
(Field Sheet 4 — Site Preparation).



https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_053260.pdf
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Moderate — wire probe will penetrate soil with Mechanical de-compaction and organic
difficulty 10-30 cm deep amendments are likely required
(Field Sheet 4 — Site Preparation)

Acceptable — wire probe will penetrate soil easily to Follow recommended tree installation
30 cm deep and below (Field Sheet 6 — Tree Installation)

Soil compaction is also commonly assessed using soil penetrometers. These instruments can be effective
in estimating how dense a soil is, but are unfortunately also sensitive to soil moisture, and readings may
differ on the same soil depending on whether it is wet or dry. Therefore, a penetrometer should only be
used when soil is neither too wet nor too dry. Generally, readings between 0 and

1,380 kPa (0-200 psi) suggest that root growth will not be negatively affected, between 1,380 and

2,070 kPa (200-300 psi) root growth may be inhibited and when greater than 2,070 kPa (300 psi) root
growth may be stopped altogether (Trowbridge and Bassuk 2004).

Compaction can also be evaluated using soil bulk density, which is the dry weight of soil in a fixed volume.
Many studies have shown that high bulk density (i.e. compaction) in soils negatively influences root
elongation, which in turn influences the establishment and growth of woody plants (De Lucia et al. 2013,
Salifu et al. 1999, Smith et al. 1997, Zhao et al. 2010).

Soil Organic Matter

Action ltems
e Review soil organic matter laboratory test results (Field Sheet 2).

e |If soils have less than 5% soil organic matter, determine which interventions(s) can be used
to increase soil organic matter (refer to Table 9 in Chapter 4).

Soil organic matter is composed of living microorganisms and plant residues, organic debris in various
stages of decay and stabilized humus. Soil organic matter is widely understood to mediate many physical,
chemical, and biological soil properties (Gregorich et al. 1994), including soil structure and aggregation.
Soil organic matter content also exerts great impact on productivity above- and below-ground (Larney
and Angers 2012). Some of these properties include water retention and infiltration, soil aeration,
nutrient retention and availability, and functions of diverse assemblages of soil organisms. While plants
cannot consume soil organic matter directly through their roots, the activity of soil biota make nutrients
within organic matter available over time.

Soil organic matter ranges have been established in agricultural soils to describe the provision of several
soil functions and associated benefits for crop production (e.g. the Cornell soil health test; Loveland and
Webb 2003). However, there is less information on critical soil organic matter thresholds for landscape
tree growth and establishment in urban soils (Oldfield et al. 2014). Research has demonstrated that by
increasing soil organic matter to certain levels in urban soils, bulk density is decreased, thereby reducing
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compaction and improving tree growth (Oldfield et al. 2014, McGrath and Henry 2016). Scharenbroch et
al. (2005) found that younger (recently landscaped) urban soils were deficient in macro-nutrients
(nitrogen, phosphorus and potassium) because of soil disturbances that occurred during construction.
The availability of soil nutrients in urban sites is directly related to the amount and quality of organic
matter available in the soil as well as the soil texture. Compost-based soil amendments and surface mulch
applications can increase organic matter content and available nutrients over time (Scharenbroch 2009).

oH

Action Items
e Review soil pH laboratory test results.

e Use Figure 6 to help identify potential pH-related nutrient deficiencies that may affect tree
growth and health.

Soil pH refers to the level of acidity or alkalinity of the soil and influences the availability of various macro-
and micro-nutrients necessary for tree growth. There are fourteen essential nutrients found in plants. The
relative concentrations of different nutrients in plants are classified as macro-nutrients (required in
higher concentrations) and micro-nutrients (required in smaller concentrations). Essential macro-
nutrients are nitrogen, potassium, phosphorus, calcium, magnesium and sulfur and essential micro-
nutrients include chlorine, boron, iron, manganese, zinc, copper, nickel and molybdenum.

Soils are considered acidic below 7.0 and alkaline above
7.0. The majority of nutrients are best absorbed by
plants somewhere between a pH of 5.5 and 7.5. p , . : : :

However, soil pH in urban settings can often be higher
than 7.5 due to leaching of alkaline substances from
concrete-based materials such as sidewalks, roads, and
other infrastructure. In much of southern Ontario, soils
have an inherently high pH because of the widespread
presence of underlying limestone. Due to the alkalinity
of many urban soils, chlorosis can affect certain tree
species that grow best at a pH below 7.0.

Due to the difficulty of modifying soil pH, tree selection
should reflect the pH tolerances of different tree
species. An extremely acid or alkaline soil can indicate
contamination, which may preclude the planting of
trees, necessitate the use of a limited number of

Figure 6 (Right) The influence of soil pH on nutrient availability.

: . . L . o Macronutrients =
Increasing and decreasing band widths indicate relative availability of ~ Micronutrients —

nutrients to trees. Blocking on margins indicates where nutrients Toxicity zz
become unavailable. Source: Hirons and Thomas (2018).
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species or require remediation. If soil contamination is suspected, contact the Ontario Ministry of the
Environment, Conservation and Parks. An understanding of previous activities on the site can be gained

through soil analysis and/or an examination of records.

Soil Volume

Action ltem

e Estimate useable soil volume for each tree planting location.

Soil volume is another critical
factor influencing tree
performance. It should be kept in
mind that a seemingly large soil
volume may not all be usable by
tree roots if the soil is very
compact. The amount of water
available to a tree is limited by
the volume of soil to which it has
access. Trees growing in
restricted soil volumes in urban
environments often require
ongoing irrigation past juvenility.

Estimating soil volume is most
relevant in high density urban

settings where tree root systems

Figure 7 Rooting space impacts tree crown growth in a parking lot in Gelsenkirchen,
Germany. Trees at the edge of the parking lot have access to a greater soil volume
provided volume, resulting in resulting in greater growth than the trees located within the parking lot. © Johan
Ostberg.

commonly reach the limits of a

slowed crown growth
(Figure 7), water stress and
greater susceptibility to high winds, pests and diseases (Watson and Himelick 2013). The size of the root
system at maturity should be taken into consideration when planning tree placement. New technologies
(e.g. structural soil, permeable pavement, modular soil cell structures) have been developed to help
increase the amount of usable soil within restricted soil volumes.


https://www.ontario.ca/page/ministry-environment-conservation-parks
https://www.ontario.ca/page/ministry-environment-conservation-parks
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Chapter 3 - Finalizing Tree Selection

The objective of this chapter is to aid in finalizing tree selections after environmental conditions and soil
quality and quantity have been assessed (Chapters 1 and 2). Site assessments identify the most pertinent
factors (climate, light levels, soil quality, salt levels, infrastructure, etc.) that will impact species selection.
Other factors in this chapter deserving consideration include: mature tree size, growth rate and longevity,
as well as environmental benefits, pest and disease vulnerabilities, native growing conditions, plant origin,
invasion potential, diversity requirements, ornamental qualities and planning for climate change.

Tree Species Selection

Action ltems

e Use key resources (in the box below) and research highlights in this chapter to understand
criteria for tree species selection.

e Select tree species using information from Chapters 1 and 2, the information below and
from Field Sheets 1 and 2.

greeningcanadianlandscape.ca — Launched in 2018, Vineland Research and Innovation Centre

developed the Greening the Canadian Landscape website, based on an extensive literature
review and synthesis of current research and extension information. It is meant to aid in the
design of plantings in urban, suburban and natural settings. It offers a tree species selector
with over 200 species for use in Ontario. Unique to the website is a soil remediation calculator
that enables users to input information from a basic soil test and receive recommendations on
how to restore degraded soil.

woodyplants.cals.cornell.edu/home — The Woody Plants Database is an excellent resource for

northeastern North America developed at Cornell University, through the School of Integrative
Plant Science and the Department of Landscape Architecture. It includes an extensive
database for selecting trees, shrubs, groundcovers and vines based on site conditions. The
focus of the website is on matching environmental tolerances of species to planting sites.

tdag.org.uk/species-selection-for-green-infrastructure.html —Tree Species Selection for Green

Infrastructure — A Guide for Specifiers is a 2019 publication produced by researchers in the
United Kingdom and Sweden. It provides background information on the principles of site
assessment and tree selection for enhancing green infrastructure. The interactive guide
contains a database of 280 species with a focus on selections for Europe but much of its
content is still applicable to Ontario and Canada. The guide offers a rigorous assessment of
species’ environmental tolerances and includes information on species’ natural habitats,
ornamental qualities and potential management issues.



http://www.greeningcanadianlandscape.ca/
http://woodyplants.cals.cornell.edu/home
http://www.tdag.org.uk/species-selection-for-green-infrastructure.html
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Research HigHighl:s

Cold Acclimation

The origin of the genetic material, the location where trees were grown and whether the species is
marginally hardy to the planting zone may further inform tree selections. If trees are not able to adapt
physiologically and become hardy quickly enough in autumn, or lose cold hardiness too quickly in the
spring, tree dieback or mortality can occur. Trees that are not adequately adapted can experience
freezing stress resulting in increased incidence of disease. Root damage from extreme cold is influenced
by several factors such as soil temperature in the root zone, depth of freezing, soil moisture levels, depth
of snow cover and duration of extreme low temperatures. Species variations in terms of below-ground
tissue hardiness differ widely (e.g. ornamental trees in northern temperate regions that experience root
killing temperatures between -5°C and -23°C. Tree age also plays a role in root hardiness, where older
lignified roots can be as much as 11°C more cold hardy than younger non-lignified ones (Watson and
Himelick 2013).

Native Growing Conditions/Habitat

Tree species have evolved to adapt to environmental conditions unique to their native habitats. Globally,
differences in temperatures, soil types, precipitation, seasonality, winds and competition from plants and
herbivorous animals have produced an abundance of species adaptations and environmental tolerances.
While some understorey humid forest species may have only a minimal tolerance to drought and highly
exposed conditions (e.g. Acer pensylvanicum [striped maple]), other species can compete with other fast-
growing plants in open landscapes (e.g. Populus tremuloides [trembling aspen]). Although most forest
ecosystems represent a drastically different environment compared to settled landscapes, understanding
the natural environment in which species have evolved can help inform the selection process.

Native and Non-Native Species

A growing movement toward preferential planting of native trees in urban landscapes is exerting greater
influence on tree selections. This movement has been driven by environmental concerns around wildlife
habitat loss, pollinator health and the increasing spread and negative impacts of certain non-native,
invasive species. There is substantial literature examining various aspects of plant origin, which is beyond
the scope of this guide. When selecting species for specific planting site conditions such as restricted soil
volumes or high pH, tree environmental tolerances will largely determine the success of the planting,
regardless of the native origin of the tree. Because native trees have evolved in this region does not
necessarily mean they are better adapted to urban conditions in Ontario compared to non-native trees.
Although native trees have evolved, broadly speaking, to the climatic conditions across Ontario, urban
environments can be drastically different from those natural environments.
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Invasiveness and Invasive Potential

There is a great deal of interpretation of the term ‘invasive’, as well as the invasive potential of different
tree species. It is important to understand which tree species are currently considered invasive in a
region, in addition to which species have been identified as potentially invasive. Botanical gardens can be
good resources for information on unfamiliar species. They often have a first glimpse into the potentially
invasive characteristics of introduced species due to their large collections of diverse tree species from
around the world. The Canadian Botanical Conservation Network curates a list of invasive plants, which
can be found here. It is especially important to consider the invasiveness of non-native tree selections if
planting sites are located close to any natural areas. The provincial government’s Invasive Species in

Ontario webpage provides links to relevant resources.

Cultivars

Cultivars are propagated from an original selection, meaning all propagated individuals are genetically
identical within the cultivar. Therefore, tree performance and ornamental qualities will remain relatively
consistent and reliable. Many cultivars provide targeted modifications to either tree performance (pH
tolerance, cold hardiness, drought tolerance, pest and disease resistance, etc.) or appearance (size,
shape, leaf colour, etc.). It is important to understand that most cultivars are not rigorously tested against
improvement claims in tree performance. Attributes such as tree shape, size and fall colour can be
observed relatively easily but traits such as drought tolerance and cold hardiness require extensive testing
for validation. While cultivars offer many benefits, their limitations often revolve around a lack of genetic
diversity. For instance, overplanting one cultivar offers less genetic diversity than overplanting a single
species grown from seed.

Biodiversity

The diversity of forest tree species varies enormously within Ontario, from the most tree species-rich
ecotype in Canada represented by southern Ontario’s Carolinian forest (about seventy tree species), to
the species-poor boreal forest (about twenty tree species). In Ontario, a colder climate typically limits the
number of tree species that can grow farther north. In comparison to natural forest ecosystems, urban
forests tend to be, on average, more diverse, at least in terms of species richness (number of species).
Much of this diversity can be attributed to the many wide-ranging species (native and non-native) and
cultivars of ornamental trees planted on private property. Although species richness is high in urban
environments, typical urban forests are still dominated, population-wise, by a few individual species and
cultivars (e.g. Acer platanoides [Norway maple], Gleditsia triacanthos [honey locust]).

In recent years, the interest in increasing tree diversity has been gaining momentum and is reflected in
urban forest management plans. This practice aims to hedge against the potential for widespread and
rapid tree mortality that may occur in the event of the introduction of a destructive pest or disease (e.g.
Dutch elm disease and emerald ash borer). Although species diversity is important, diversity at the genus
or family level can be more important in reducing the vulnerability to pests and diseases. A common rule
of thumb for achieving a target diversity level suggests planting no more than 10 per cent of any species,
20 per cent of any genus or 30 per cent of any family (Santamour 1990) within an area. Although many
municipalities have not achieved this level of diversification, work toward this goal should include


http://www.rbg.ca/archive/cbcn/en/projects/invasives/i_list.html
https://www.ontario.ca/page/invasive-species-ontario
https://www.ontario.ca/page/invasive-species-ontario
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conducting an inventory of existing trees and employing evidence-based processes for introducing new or
underutilized selections. Of course, choosing species should always be based on above- and below-
ground site conditions (Chapters 1 and 2).

Pests and Diseases

As a result of global trade, the frequent
introduction of new pests and diseases is
becoming a contemporary reality.
Several tree species/genera in Ontario
have already succumbed to these
introductions: Castanea dentata
(American chestnuts) from chestnut
blight, Juglans cinerea (butternuts) from
butternut canker, Ulmus (elms) from
Dutch elm disease and, most recently,
Fraxinus (ashes) from the emerald ash
borer. Emerging pests and diseases of
concern in Ontario include: Asian long-

horned beetle (Figure 8), oak wilt, % 5
Figure 8 Asian long-horned beetles present a major threat to Ontario’s urban

sudden oak death, beech bark disease and natural forests. Source: Bruce Gill.

and the hemlock woolly adelgid. For
detailed information on invasive plant pests and diseases, visit the Canadian Food Inspection Agency

website.

Less serious but common pests and diseases for ornamental trees include: anthracnose (many species),
verticillium wilt (many species), two-lined chestnut borer (Quercus spp. [oaks] and Castanea spp.
[chestnuts]), black knot (Prunus spp. [cherries]), leaf blotch, fire blight, tent caterpillar and canker. Some
species are generally more susceptible to a range of pests and diseases and are often short-lived. When
stressed (e.g. drought stres