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ABSTRACT

URBAN TREE SELECTION BASED ON ENVIRONMENTAL STRESSES AND 
PLANT RESPONSES: DEVELOPMENT OF A SELECTION GUIDE

Stephen P. Cushing, MLA Candidate 
University of Guelph, 2009

Advisor:
Dr. Karen Landman

Inappropriately selected trees and poorly designed spaces for urban trees are 

partially to blame for a declining urban forest. A functional urban forest is dependent on 

healthy plant material, especially during periods of high stress. This research focuses on 

the development of a step-by-step tree selection guide that considers urban stress factors. 

In combination with a literature review, seven Key Informant interviews were conducted 

with urban forest professionals, professors, and landscape architects to identify what 

major stresses affect urban trees in the Greater Toronto Area; how trees respond to stress; 

and how to select better tree species. Four international urban forestry management 

programs were evaluated to highlight exemplary species selection procedures, at the 

municipal level. A selection guide was developed based on analysis of the resulting data, 

and was the subject of a critical review. This research contributes to improving municipal 

urban tree selection procedures while encouraging critical evaluation of related urban 

forestry management practices.

Keywords: urban forestry; urban tree stress; tree ecophysiology; tree selection
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1 .0 INTRODUCTION

Whether planted by humans or nature, trees have always been part of cities. The 

decline of urban vegetation, a changing climate, and human interaction with trees has 

created a growing awareness of trees in the urban environment. First mentioned in 1894, 

the urban forest concept was further developed by Erik Jorgensen at the University of 

Toronto (Konijnendijk, Ricard, Kenney, & Randrup, 2006). By the mid 1960s, Jorgensen 

had described urban forestry as diverse systems of trees and related plants, associated 

with organisms, soil, water, air, and people in areas exposed to the conditions of an urban 

environment. There is no question that urban environments are complex systems exposed 

to harsh conditions from extreme temperatures to air pollution. It is the large-scale multi

disciplinary planning, planting and management of trees and plants that defines urban 

forestry (Grey & Deneke, 1986; Konijnendijk et al., 2006). Urban forests differ from 

rural forests in that they are not self-sustaining and require an input of human energy for 

maintenance. There are many environmental, economic, social, and aesthetic benefits 

stemming from the urban forest (Kenney, 2003). The benefits include sequestration of air 

pollutants, reduced ambient air temperature through transpirative cooling and shading, 

storm water mitigation, buffering of noise, creation of wildlife habitat, increased property 

values, contribution towards and urban aesthetic, and psychological well being (Tree 

Canada, 2008).

Although not recognized as urban forestry at the time, there is evidence to suggest 

that the use of trees in the landscape dates back as far as 2000 B.C. in Egypt, where trees 

were planted outside tombs of the dead. However, the urban forestry that we recognize 

today most likely began in England in the 1200s with the planting of elm allees adjoining 
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cathedrals; in the 1600s formal tree plantings lined boulevards and avenues. England in 

the 1700s was well into the Industrial Revolution and trees were planted in urban parks 

and along streets to improve the environment (Phillips, 1993).

1.1 The Canadian Urban Forest

Organized tree planting in Canada originally began along roadsides. By the early 

1900s municipalities began to realize the need to plant and protect existing trees. The 

development of local park departments and programs to maintain public land was in 

response to this understanding. The devastation from Dutch elm disease from the 1950s 

onward increased public interest in urban trees in eastern Canada. Post-war 

industrialization and development drastically changed the urban landscape. Monoculture 

was the planting method of choice and woodlands and forests were quickly removed to 

make way for the expansion of suburban development (Tree Canada, 2008). These 

changes have created the need for a system of well-designed urban vegetation (Schiedal 

& Jorgensen, 1975). More sustainable alternatives to urban sprawl are beginning to 

acknowledge how the natural environment and greenspace contributes to healthy 

communities. Smart Growth is one of these land-use planning alternatives to urban 

design. Urban forestry in both private and public spaces is essential in this type of 

planning (Kenney, 2003).

Canada has a long history with forestry but usually that relationship is related to 

more rural and remote areas. Nevertheless, as silvicultural techniques and forest 

management plans were being developed people were beginning to relocate from rural 

areas to more urban areas. In truth, it is urbanization that has created the demand for 
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forestry (Miller, 1997). It can be argued that Canadians do not relate to the current image 

of forestry. Many Canadians do not venture out into rural forests, and an even smaller 

number work in the forestry industry. The urban forest often represents the only 

interaction that many people have with nature. With such a disconnect from rural forests, 

the urban forest should be the place for a reconnection with nature (Tree Canada, 2008). 

About 10% of the world’s forests are found in Canada, so it is no surprise that industrial 

forestry has been the focus in Canada. At the turn of the twentieth century the population 

in Canada was five million and 80% of the population lived in rural areas. Today in 2009, 

with a population over 30 million, 78% of Canadians live in urban areas. This shift 

towards urban living has demanded major changes in infrastructure including more 

buildings, streets, above-ground electric lines and poles, and below-ground utilities such 

as sewer, gas and water lines (Tree Canada, 2008).

Compared to the United States and Europe, urban forestry research and 

involvement is somewhat limited in Canada with little support from provincial or federal 

government. Much of the planning, planting and arboricultural work occurs at the 

neighbourhood and municipal level. Kenney (2003) believes that the policies governing 

urban forests often fail to govern this resource in a sustainable manner. Most municipal 

urban forestry departments are lacking in the number of experienced staff members and 

this small group of talent means an absence of urban foresters in senior management 

(McNeil, 2002 in Kenney, 2003). Ontario is the only province in Canada that explicitly 

recognizes urban forestry as a practice in its legislation. The Professional Foresters Act 

of 2000 defines sustainable development, management, and conservation of urban forests 

as regulated by the Ontario Professional Foresters Association (Kenney, 2003; Province 
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of Ontario, 2000). This Act is much needed to highlight the importance of urban forests, 

not only single trees but also woodlots, wetlands, and riparian zones. The first Canadian 

Urban Forest Strategy was completed by Kenney (2004) and is included in Canada’s 

National Strategy 2008. The Canada Urban Forest Network was organized in 2004 and 

has become a resource for practicing professionals and interested individuals through an 

exchange of information, and a tool to increase attentiveness to Canada’s urban forest.

1.2 Need for Improved Tree Selection

There is growing concern over the current state of urban forest health. Many 

municipal urban forests are in decline; mortality is a large factor impacting the urban 

landscape. Understanding the factors that affect tree mortality is vital to improve urban 

forest design and management. The size of a tree, its health, species, and the adjacent 

land use will affect lifespan (Nowak, Kuroda, & Crane, 2004). The concern for plant 

health and the high cost associated with managing unhealthy trees are reasons for 

increased plant health research. Improved tree care and tree health can arise from 

improving knowledge of tree biology as well as proactive tree management. Urban forest 

managers and design professionals need to design and work toward a suitable structure of 

urban vegetation to achieve the desired benefits. An appropriate structure of urban 

vegetation includes the distribution of a number of tree sizes, ages, and species (Dwyer, 

Nowak, & Watson, 2002).

Increasing amounts of research point out how important biodiversity is to long

term functioning of ecosystems. Tree species respond to the environment and benefit the 

environment in different ways. To maximize the benefits that can be received from trees, 
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species diversity is necessary to maintain and to improve urban air quality, to moderate 

local climate and hydrological cycles, to produce and maintain soils, to break down 

organic waste, cycle nutrients, and to control pests (Kozlowski, Kramer, & Pallardy, 

1991). Species diversity is cause for concern considering there is a global loss of 

biodiversity with a future that does not look to be any better. Modified habitat, increased 

competition from invasive species, human demand for certain species, and sudden 

changes in the environment all contribute to a loss of biodiversity. The loss of native 

plant populations places great importance on promoting and maintaining biodiversity in 

the urban forest. To determine how to plant and maintain a diverse range of urban trees, a 

tree inventory should be one of the first tasks to complete. An inventory of urban trees 

will determine what species are present, location of trees, size, age, and overall plant 

health (Alvey, 2006). There are a number of municipalities in Canada that still do not 

have complete inventories of their urban forest. Of the municipalities that do have 

inventories, this often concerns only 10-20 % of the urban forest that local government 

has jurisdiction over; the remaining 80-90% is privately owned land (Kenney, 2003).

Urban landscapes should be critically evaluated to develop better planning and 

maintenance strategies to ensure a long-lived urban forest (Langdon, 2005). Dwyer et al. 

(2002) believe that research concerning urban forestry is rapidly increasing in scope and 

complexity; as a result, the boundaries between urban forestry, forestry, ecology, 

landscape architecture and other fields become blurred.
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1.3 Purpose of Research

Inappropriate selection of urban trees is partially to blame for a declining urban 

forest. This research aims to highlight the environmental stresses prevalent in most urban 

situations as well as the tree’s response to these conditions. How trees respond to stresses 

will be an important factor when considering tree species selection.

1.3.1 Research Goal

• To develop a selection guide for urban trees based on environmental stresses and 

plant responses.

1.3.2 Research Objectives

• To outline major urban environmental stresses limiting tree growth;

• To identify plant stress responses and how they relate to tree selection;

• To determine what selection criteria are currently used in cities;

• To generate a consolidated and enhanced set of urban tree selection criteria; and

• To develop an urban tree selection guide.

1.4 Thesis Overview

The major urban environmental stresses limiting tree growth are examined in 

Chapter 2. Here, the first objective is addressed. Background is provided on the 

interaction of plants and their environment, tree physiology, and how plant selection 

affects landscape architecture. The methods for data collection used in this research, a 

research process flow chart, and tree selection guide development are outlined in Chapter
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3. Presented in Chapter 4 are the research results; how plants respond to stress and how 

stress relates to tree selection; current selection processes and criteria used in cities; and 

the generation of best suited tree species selection criteria. The tree species selection 

guide and a description of the key informant critique process is presented in Chapter 5. 

Chapter 6 reflects on the research process, limitations, and implication for the professions 

of urban forestry and landscape architecture. Chapter 7 concludes with a summary of the 

main points of the research process.
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2 .0 LITERATURE REVIEW

The low average lifespan of urban trees is cause for concern in many Canadian 

municipalities. The correlation between location and stress has been the focus of recent 

research (Konijnendijk, Nilsson, Randrup, & Schipperijn, 2005). This literature review 

concentrates on some specific interactions that plants have with their environment, the 

environmental stresses plants have to overcome to survive, and how environmental stress 

relates to plant selection.

2.1 Plants and Environment

Human interaction with the environment has proven to be a continuous and often 

arduous interaction. From agricultural difficulties to providing adequate shelter, stressful 

conditions have provided limitations that require human adaptation for survival. Plants, 

too, as living entities, often experience stressful conditions. Urban trees must often grow 

in extremely difficult environments. Space for tree growth, above and below ground, is 

severely limited. Soil compaction, construction damage, and poor maintenance are just a 

few of the issues that keep trees from reaching maturity (Tree Canada Foundation, 2006). 

Evans (1963) is of the opinion that before discussing plants and their interaction with the 

environment, the environment should be defined. As a loose definition, the environment 

is the multifaceted physical, chemical, and biological factors encountered by plants and 

other living things.

Daubenmire (2003) explains that a plant’s environment may be examined in a 

number of categories such as soil, water, wind, light, atmosphere, temperature, and biotic 

factors. Indeed, any force, substance or condition that acts on an organism will be a factor 

8



of the environment; the sum of all factors comprises the environment. A changing climate 

may have a larger impact on urban forests than those plants in rural woodlands; drier 

conditions, rising temperatures, and more intense weather events such as wind, ice, and 

snowstorms are stressful for urban trees (Tree Canada Foundation, 2006). However, the 

urban forest should be seen as a medium to alleviate some of the harsh conditions of 

cities.

Botanists have regarded trees as representing the peak of the plant kingdom 

(Kramer & Kolowski, 1960). Trees are a dominant and most recognizable plant form in 

urban environments. Trees are plants of particular interest because of how they influence 

the local ecology and urban environment. They can alter microclimatic conditions, 

mitigate the effects of air pollution, provide habitat, and contribute to an urban aesthetic 

(Chen & Jim, 2003). When compared to herbaceous plants, trees are larger, slower to 

mature, and in general have longer life spans. These factors pose certain problems such as 

the distance that water and nutrients must translocate in the tree in order to function 

properly. The long lifespan of trees exposes them to variations in climatic extremes and 

stresses (Kramer & Kolowski, 1960).

2.2 . Tree Stress Physiology

Kramer and Kolowski (1960) state that tree physiology is concerned with the 

involved process of growth. The general intention of plant physiology is to describe how 

plants grow internally in response to conditions controlling growth. Researchers study 

plant physiology out of scientific curiosity, and to understand the various aspects of 

growth and unsolved problems. The second reason plant physiology is researched is to 
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develop better ways of growing plants. It is the physiologist who studies how plants 

grow, and urban foresters and horticulturists who are interested in how to grow plants 

more efficiently (Kramer & Kolowski, 1960). To understand why trees grow differently 

under the influence of varying environmental conditions, we need to recognize how 

environmental stresses affect these processes. Cultural practices such as pruning, 

irrigation, and fertilization increase plant growth only by improving the effectiveness of 

fundamental physiological processes (Pallardy & Kozlowski, 2007).

One of the earliest examples (1670) of the study of plant physiology in urban 

landscapes came with John Evelyn’s book on trees, Sylva. Evelyn encouraged 

landowners in England to plant trees; though mentioning little of physiology he talked 

about sap flow in birch trees and selection of plant varieties. The first recognizable work 

on tree physiology was in 1727 by Stephen Hales, who measured transpiration and 

pressure of roots and stems (Kramer & Kolowski, 1960). Alexander Von Humboldt 

(1769-1859), the originator of plant geography, discovered that the physical 

characteristics of vegetation are determined by environmental conditions and that the 

distribution of plants depends on the climate. Even Charles Darwin’s theory of evolution 

makes note of the impact of environmental factors on organisms as an essential aspect of 

natural selection (Luttage & Scarano, 2004).

In 1886 Ernst Haeckel first defined the term ecology as the study of the 

reciprocating relationship between organisms and their environment (Daubenmire, 2003). 

Landscape ecology is a recent science with a focus on heterogeneous landscape 

dynamics; priority is placed on the study of ecological characteristics such as 

biodiversity, energy flow, and spatial patterns of plant and animal in relation to land use.
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Related studies look at large scale areas and tend not to focus on urban areas, at least in 

the North American context (Chen & Jim, 2003). The more recent study of urban ecology 

tends to be limited because it is still a developing science.

The early 1900’s brought about much development for the science of plant 

physiology, and more specifically a redefined ecology: ecophysiology. Plant 

ecophysiology is a science that aims to explain how the physical, chemical, and biotic 

environment controls survival, growth, abundance, and reproduction of plants (Orcutt & 

Nilsen, 2000). Otto Stocker (1888-1979) and Bruno Huber (1899-1969) were able to 

develop theories and promote ecophysiology of plants because they had fabricated 

instruments that could be taken to the field to measure the actual response of plants under 

natural environmental conditions, especially the processes of photosynthesis and 

transpiration. While studying plant responses, Stocker and Huber also demonstrated the 

adaptive functional traits of plants (Luttage & Scarano, 2004). German physiologist 

Georg Klebs (1857-1918) was one of the first to hypothesize that environmental 

conditions will affect plant growth by changing internal processes and functions. The 

Klebs Concept accentuates the principle of biology that heredity and environment can 

affect the growth of an organism (Kramer & Kolowski, 1960). There is much genetic 

variation in woody plants; some of these characteristics include size, form, and longevity, 

and no less important is plant heredity when it comes to tolerance or avoidance of 

environmental stresses (Pallardy & Kozlowski, 2007).

Extreme environments are colonized by only a few capable species, while many 

more species can be supported in more moderate environments. It can be observed that 

environment controls the diversity of species in a habitat through soil fertility, climate or 
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any other factor. Diversity is reflected in the number of adapted species growing in a 

habitat. To understand how plants adapt, physiological effects of the environmental 

factors and their variation in time and space ought to be examined (Fitter & Hay, 2002). 

Biologically speaking, the habitat of some street and park trees can be quite different 

from natural habitats; competition and colonization are virtually absent, unlike natural 

communities. The Klebs concept argues that environmental conditions determine the 

extent to which heredity is expressed in the plant. The same species of tree may grow on 

dry and wet sites, in shade and light, and in clean and polluted air (Pallardy & Kozlowski, 

2007). Species composition has historically been left to the preference of landscape 

architects, planners, and contractors based on aesthetics, cost, availability, and the notion 

of what performs well in cities. Decision makers in the past have been forced to use non

native plant species to deal with the array of existing urban stresses (Cameron, Suomai, 

Zwiazek, & Zheng, 2001). This assortment of trees presents a problem: environmental 

limits in cities are difficult to study, as there are few natural communities to draw 

inferences from. There is no doubt that tree growth is restricted in urban environments; 

the lifespan of urban trees is limited in contrast to those in natural stands. If the 

environment is adequately understood, tree species can be selected for a specific site 

(Whitlow & Bassuk, 1988).

2.3 Environmental Constraints

A healthy functioning urban forest is directly dependent on healthy plant material, 

especially during periods of high stress. The selection of tree species and cultivars is 

important to ensure this functioning, and to decrease establishment and management 
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costs (Saebo, Benedikz, & Randrup, 2003). A significant inquiry into environmental 

stresses applied to urban trees is all too often overlooked; ironically, it is viewed as too 

complicated or it is assumed to be well researched already (Whitlow & Bassuk, 1988). 

Urban trees are susceptible to varied occurrences and intensities of stresses; the stresses 

that will be expanded upon can be classified as either abiotic or biotic.

2.3.1 Abiotic constraints

Depending on urban structure and geographic location, the environment can be 

unforgiving and differ greatly from natural growing conditions. Impacts of 

environmental conditions on plant material are inconsistent in frequency and intensity 

(Konijnendijk, et al., 2005). There are a number of abiotic constraints that influence the 

survival of urban plants.

2.3.1.1 Climate

Some of the least known traits of the plant environment are how climatic factors 

such as the weather will affect plant growth. Plant breeding can result in high 

performance plant varieties; biological pests can be controlled with chemicals; water 

stresses can be alleviated with irrigation; and root growth can be optimized with larger 

root space. But one factor that is still unchecked is climate. In most cases it is the climate 

that is the most inconsistent of all these characteristics (Evans 1963). There are a variety 

of climatic regions in Canada and a myriad of environmental stresses that limit plant 

growth in urban areas (Oleksyn, Kloeppel, Lukasiewicz, Karolewski, & Reich, 2007). 

Cregg and Ellen (2001) indicate that temperatures in cities can be 5-10°C warmer than 
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the surrounding landscape. This increase in temperature can cause early bud break 5-20 

days earlier as compared to those trees in the rural landscape. This early bud break can 

make trees susceptible to late season frosts; on the other hand this increase in temperature 

allows for experimentation with exotic species (Saebo et al., 2003). Paving is a common 

surface material to be found in and around urban tree plantings. Long wave radiation is 

produced from surfaces such as asphalt compared to short wave from a vegetated surface; 

this contributes to the higher temperatures in urban areas. An increase in temperature 

inevitably leads to overall water loss in the plant (Kjelgreh & Montague, 1998).

2.3.1.2 Water

The water stress that occurs in urban trees is in response to a number of factors, 

such as the high rate of water run-off compared to water infiltration and increased 

evapotranspirative cooling due to high temperatures. Urban infrastructure severely 

reduces the available rooting volume; this limits root growth and results in little water 

uptake. The amount of water that reaches an urban tree is therefore not easily represented 

by annual precipitation information. In some circumstances where the landscape is low- 

lying or precipitation is excessive, tree roots may be saturated with water; this poor 

drainage may lead to oxygen deficiency (Saebo et al., 2003). Atmospheric drought occurs 

when water uptake by tree roots cannot keep up to the rate of transpiration resulting in 

reduced plant water potential (Cregg & Ellen, 2001).
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2.3.1.3 Light

Solar radiation is the main driving factor for all plant growth by providing the 

basic energy for functioning (Kramer & Kolowski, 1960). The success of trees depends 

primarily on their efficiency at utilizing sunlight to synthesize carbohydrates through the 

processes of photosynthesis, translocation of the produced sugars to various locations 

within the plant, conversion of sugars into proteins and fats, and their use in respiration. 

Both tall and short buildings cast shadows, but the high concentration of buildings create 

shading that can be detrimental for plant growth. Harris and Bassuk (1993) have found 

that some urban trees planted in the shadows of buildings only receive about 20% of 

seasonal irradiance. The combination of a high transpiration rate and high temperatures is 

especially damaging. Plants that do well in this shade are those plants with a low 

photosynthetic compensation point (Saebo et al., 2003). Annual growth in most trees 

terminates with the onset of cool temperatures and reduced photoperiod. In urban 

environments and areas with nighttime illumination this negatively encourages plant 

tissue to grow until it is chilled to dormancy (McPherson, Nowak, & Rowntree, 1994). 

Saebo et al. (2003) explain that streetlights and building lights have been shown to 

interfere with photoperiod responses and other natural processes in trees.

2.3.1.4 Soil

Jim (2001) stresses the importance of soil for tree growth; much of the tree is found 

below-ground level and is therefore very important in sustaining tree growth. Soil is 

influential in terms of root anchorage and water and nutrient uptake. Poor plant 

establishment and growth is directly related to poor site condition (Jim, 1998). Soils in 
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many municipalities are largely composed of a variety of materials and are not commonly 

high quality organic planting substrates. Debris from construction and added fill can 

range in thickness from a number of centimeters to meters. This variation in soil quality 

will alter an urban tree’s physiological response and the overall capability for a plant to 

establish itself (Oleksyn et al., 2007). Soils are often compacted to meet engineering 

requirements for building and paving as a load-bearing base and is often too compacted 

to sustain tree growth. Nutrient balance in urban soil is often upset due to the highly 

alkaline materials such as cement. A lack of nutrients in the soil leaves plants deficient 

and lacking in soil microorganisms (Jim, 2001).

2.3.1.5 De-icing Salt

The Canadian climate demands the prevention and treatment of ice formation on 

streets and sidewalks (Saebo et al. 2003). Sodium chloride (NaCl) is the most common 

and least expensive de-icing salt and is useful in improving winter traffic. Soil 

salinization as a result of the application of de-icing salt is a severe ecological problem. 

Salt is soluble in water and is easily taken up by tree roots and may reach groundwater 

and persist for some time. A high extent of salt damage can occur to urban trees and 

roadside vegetation from salt spray (Konijnendijk et al., 2005).

2.3.1.6 Air Pollution

Konijnendijk et al. (2005) list the most prominent air pollutants affecting urban 

areas: ozone (O3), sulphur and nitrogen oxides (SO2, NOx), carbon dioxide (CO2), and 

particulates. Trees in cities have the ability to neutralize some of these unstable pollutants 
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such as O3, SO2, and NOx, and remove pollutants from the air. Tree health can thus 

indirectly be an indicator of overall air quality. Trees are damaged by air pollution in two 

ways, by absorption of chemicals into the leafs stomata and deposition of dust on leaf 

surface area. In evergreens, a build-up of dust on leaf surfaces is particularly damaging 

because of cumulative effects. Then again, one reason trees are planted in cities is 

because of their capacity to remove dust from the atmosphere (Saxe, 1991).

2.3.1.7 Mechanical Injury

Damage to trees in the urban environment is not limited to the large machinery 

used for excavation, roadwork, and maintenance, but also includes vehicles, bicycles, 

bicycle locks, improper landscape management practices, and vandalism. Given the 

nature of how utilities are laid out and how urban trees are planted, damage to trees is 

inevitable. Some plantings and parks are closely associated with water, sewer, electricity, 

phone, and cable lines. Maintaining and establishing these lines often means trenching 

and, as a result, tree root damage. Unintentional tree death can result even if trenches are 

hand dug or special measures are taken. Careful handling of roots helps to prevent tree 

mortality. Reduced and damaged root systems can reduce tree vigor and make the tree 

more susceptible to insect and disease attack (Konijnendijk et al., 2005).

2.3.1.8 Street Architecture

Both above and below-ground features of the urban environment can limit tree 

growth. Below-ground, root growth is limited especially when roots are containerized in 

pits or planters, which is very common. The location of below-ground utilities, curbs, 
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foundations, compaction, and rubble are all factors that serve to constrain growth (Bassuk 

& Whitlow 1987). Aboveground, narrow streets with narrow breaks in paving for 

planting severely limit the size of crown and height of tree possible (Konijnendijk et al. 

2005).

2.3.2 Biotic constraints

There are a large number of insect pests and diseases existing in urban forests that 

are also present in plant nurseries, orchards, commercial and rural forests, and 

agricultural fields where they pose few problems. Only a select few pose any risk to 

urban trees. Trees in urban landscapes are influenced by the presence of disease and 

pests; plants not well adapted to local environmental conditions are susceptible to insect 

and disease attacks, even to less aggressive pathogens (Konijnendijk et al., 2005; Saebo et 

al., 2003).

2.3.2.1 Insect

Insect damage to trees can come in the form of leaf discoloration, defoliation, or 

malformed leaves. Some insects such as aphids, beetles, and nematodes can be vectors 

for deadly viral diseases. The most problematic insects are categorized into four groups: 

leaf feeders, woodborers, bark borers, and sap suckers (Konijnendijk et al., 2005).

The accidental release of gypsy moth (Lymantria dispar) in 1869 in the United 

States brought about devastation to many tree species; it also lead to the creation of laws 

dealing with arboriculture and the need for and education of arborists (Phillips, 1993).
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Below is a description of Dutch elm disease; both the native bark beetle 

(Hylurogopinus rufipes) and European bark beetle (Scolytus multistriatus) are the vectors 

for introducing the fungus into the most susceptible host, the American elm {Ulmus 

americana) (Canadian Food and Inspection Agency, 2005).

For a tree that is already weak from prior insect or disease attack, pruning, air 

pollution, or prevailing climate, and other contributing factors such as, canker, fungi, 

decay, or boring insects can lead to decline and death of a tree.

2.3.2.2 Disease

Plant and pathogen interactions are complex. There are a number of pathogens, 

degrees of pathogenicity, variations of plant susceptibility, and a number of ways that 

pathogens respond to abiotic conditions. Plant pathogens can attack all plant parts from 

leaves, stems, roots, flowers, fruit and seeds. Plant vigor and age as well as 

environmental conditions are factors that are related to pathogen development in plants 

(Orcutt & Nilsen, 2000). Pathogens affecting urban trees can be grouped depending on 

how they affect the plant. In leaves and shoots, these pathogens cause blight, anthracnose, 

mildew, rust, or dieback. In stem and branches, these diseases affect and alter permanent 

structure of the wood or even death. For the roots, infections may block or alter nutrient 

and water uptake leading to tree failure if severe. Wood-decaying fungi break down 

cellulose and lignin, causing serious structural issues.

One of the more notorious and lethal plant diseases to affect urban trees is Dutch 

elm disease (Ophiostoma ulmi). The effect of Dutch elm disease on many urban centres 

has been devastating. American elm was Canada’s favorite and most common urban tree 
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species of the mid 20th century. Today elm trees have largely been replaced by other 

species (Sasbo et al., 2003). The decline and loss of many elm trees in the 1940s 

amplified the public consciousness of the austere environment that results from the loss 

of urban trees. This alone was encouragement for many urban tree planting programs and 

research (Phillips, 1993).

2.4 Landscape Architecture and Plant Selection

The development of premium city trees is a science that is still in its inception. 

Urban trees are often planted in areas that are foreign to growth and the maintenance 

provided for after-care can be limited (Santamour, Gerhold, & Little, 1975). Landscape 

architects are expected to be knowledgeable in many disciplines, including knowledge 

about how to grow and use plants in design. Historically, landscape architects and 

municipal foresters have selected too few species of trees; in many European cities a 

limited number of tree genera, namely Platanus, Acer, Tilia, and Aesculus, are planted. 

In some instances a few species make up 60-80% of urban tree populations (Saebo et al. 

2003; Pauleit et al. 2002). The limited use of plant species in urban areas can be 

attributed to the proven success of well-tested cultivars, and the ease at which these 

species are propagated and cultivated. Many urban tree problems stem from the wrong 

species or cultivar chosen for a particular site and from poor management. This was the 

case when American elm was the tree of choice in many North American cities. This 

species tolerated urban stresses very well and was economical to maintain. Over-planting 

of the same species is the perfect setup for disaster, due to over-reliance on one species 

and the potential vulnerability that creates.
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Landscape architects play a role in shaping the urban landscape; they have the 

ability to design, communicate, and collaborate with other professions to create 

sustainable landscapes. The design of spaces by landscape architects is done with a 

specific vision. Selecting suitable tree species is important to maximize quality, reduce 

costs of establishment and maintenance, and to accomplish the expected function of the 

greenspace. Tree species can greatly contribute to a local identity and distinct appearance 

(Konijnendijk et al., 2005). More exploration is needed into plant selection procedures to 

create a greater diversity of species, to extend the lifespan and improve overall health of 

trees, and to protect against widespread insect and disease outbreaks (Saebo et al., 2003).

2.5 Summary

Saebo et al. (2003) maintain that a better understanding of plant physiology, as it 

relates to stress, is needed to fill the gaps in current knowledge. Whitlow and Bassuk 

(1988) summarize three major hallmarks of physiological ecology: the observation that 

plant growth is limited by environment, the concept that occurrence of species varies with 

environmental conditions, and the interface where plant and environment are studied at a 

physiological level. The study of stress physiology highlights the mechanisms that plants 

use to change their fitness in response to the biotic and abiotic environment. When these 

mechanisms are understood, they can be applied to distributing tree species in different 

urban environments (Orcutt & Nilsen, 2000). By investigating tree physiology, 

information can be gained as to how a tree responds to urban conditions. This aids in 

recognizing the stress factors that influence tree growth the most. In a practical 

application, investigating urban stresses and a tree’s physiological response will allow for
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effective remedial and selection procedures for already-stressed trees. It will also serve to 

validate the development of tree selection criteria that can be used by landscape 

architects, urban foresters, and other design professionals (Close, Nguyen, & Kielbaso, 

1996).
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3 .0 METHODOLOGY

Research design begins with a preliminary interest, idea, or need. A series of 

connected steps are followed to narrow the focus of research from concept to well- 

defined methods and procedures (Babbie, 2007). This research is inspired by an interest 

in urban horticulture and urban forestry. A personal observation of poorly selected, 

established, and maintained urban trees was the motivation to begin research on how to 

select trees better suited for city conditions. After an initial review of literature it became 

clear that there is a need for better selection criteria in response to a multitude of 

environmental stresses. The goal of this research is to develop a selection guide for urban 

trees based on environmental stresses and plant responses. To accomplish this goal the 

following objectives have been assembled:

• To outline major urban environmental stresses limiting tree growth;

• To identify plant stress responses and how they relate to tree selection;

• To determine what selection criteria are currently used in cities;

• To generate a consolidated and enhanced set of urban tree selection criteria; and

• To develop an urban tree selection guide.
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3.1 Research Process

The process diagram illustrated below (Figure 1) highlights in chronological order 

the key research elements that took place as part of this research.

Interests. Ideas, and Theory

..Methodology

Preliminary Results

Raw Data

Analysis

Selection Guide

Key Informant 
Critique

Discussion

Conclusions

Figure 1: Research Process: A chronological depiction of how this research took place. 
The methodology includes the CANUFNET list serve, a review of the literature, key 
informant interviews, and examination of municipal case studies concerning tree 
selection.
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3.2 Data Collection

There are four types of data used in this research: the CANUFNET list serve, a 

literature review, key informant interviews, and the review of selected municipal tree 

selection programs.

3.2.1 CANUFNET Listserv

The Canadian Urban Forest Network (CANUFNET) supports an emailing list for 

over 300 urban forest professionals, local organizations, citizens, educational institutions, 

and students across Canada. The listserv contributes towards disseminating urban 

forestry information and encouraging discussion. A message was sent through the email 

list regarding urban tree species selection. An inquiry was made regarding tree selection 

in municipalities: if there were selection methods used, and whether there were 

recommendations as to who could provide useful information on tree selection 

procedures. My original message elicited five responses from across Canada and led to a 

debate on the use of native tree species versus introduced species.

3.2.2 Literature Review

A formal literature review was conducted to focus broad areas of research into a 

specific goal and objectives. The literature was used to set the stage for the topics to be 

addressed in the research. Urban forestry is a very well-informed discipline with no 

shortage of available literature. Broad keyword searches such as urban forestry, urban 

greening, and urban tree were somewhat useful but not specific enough to tree selection 

in response to environmental stresses. Keyword searches that have proved to be helpful 
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included urban tree management, tree ecophysiology, and urban tree selection. Although 

the modem concept of urban forestry was developed at the University of Toronto, 

Ontario, Europeans and Americans appear to be the leaders in urban forest research. 

American research tends to be focused on urban tree inventory, tree ecophysiology, urban 

forest effects, and benefits of urban trees. European research focuses more on tree 

breeding and urban silviculture. Focused literature reviews have been conducted to 

identify how urban environmental stresses affect tree growth and the selection processes 

involved in selecting urban trees.

3.2.3 Key Informants

Recognized professionals and recommendations from academics led to a 

preliminary list of Key Informants. Through the process of snowball sampling further 

informant recommendations were drawn from these initial contacts. Informants were 

identified as individuals who could share experiences related to urban forestry 

management. Interviews were conducted to gain an understanding of the major 

environmental stresses urban trees are exposed to; the best selection techniques in 

response to stresses; and improvements that can be made to current selection methods. A 

semi-structured interview method allowed for discussion, with set questions guiding the 

interview. Key Informants were contacted at varying stages of research in order to 

address each objective established in the planning stages of this research. An advisory 

committee of five selected key informants was developed to review and provide critique 

of the final tree selection guide.
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Informant interviews were conducted in person, by telephone, and via email. 

During each interview notes were recorded by hand and/or laptop computer; responses 

were printed or typed up immediately following each interview. Interviews were 

conducted until the responses became repetitive and no new information was provided. 

Specific subjects brought forward in informant interviews required further examination 

through a focused literature review, such as tree stresses, recommended case studies, and 

additional resources.

3.2.4 Model Tree Selection Programs

The purpose of looking at municipal case studies was to provide descriptive or 

exploratory insight. Much of the literature reviewed regarding plant selection is very 

research-based with little information provided on how municipalities choose their urban 

trees. Investigating municipalities that use an urban tree selection process has provided 

insight into the issues that surround species selection in cities. The cities reviewed were 

selected based on extensiveness of their urban forestry management programs and 

recommendations from key informants and literature. A set of evaluation criteria was 

developed to highlight abiotic and biotic stresses; tree selection processes; selection 

criteria; and recommended tree species. The extent to which municipalities were 

examined depended on the amount of pertinent information that was available. The 

following cities were examined:

• Toronto, Ontario

• Syracuse, New York
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• Hong Kong, China

• Canberra, Australia

3.3 Tree Selection Guide Development

Development of the selection guide began by identifying the target audience. It 

was determined that the guide would be aimed at municipal urban forestry staff, 

landscape architects, and related urban forestry organizations because of the lack of 

structure in the tree selection process. Sample tree selection guides were reviewed to 

determine what information is valuable to the selection process. Outlines of required 

information was drafted on paper and then transferred to computer and developed using 

Adobe InDesign CS3.

3.4 Summary

This section has outlined the methodology used as part of this research. A 

literature review, key informant interviews, and examination of municipal urban forestry 

case studies led to the development of an urban tree species selection guide. The next 

section will discuss the results of these methods.
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4.0 RESULTS AND ANALYSIS

The results presented in this section contribute to an understanding of urban 

forestry management as related to tree species selection. With regard to the literature and 

practicing professionals, there appears to be knowledge of the stresses constraining tree 

growth; however, the application of growth constraints to tree selection is limited. Data 

from this research is made available to urban forestry professionals and designers through 

the developed species selection guide.

4.1 Interview response

In total, seven interviews were conducted, generating a variety of responses that 

were very useful for this research. To determine how a number of professionals select 

tree species for projects related to urban forestry and design, a wide range of Key 

Informants were selected with the following backgrounds:

• Arborist/ Urban Forester

• Professor Emeritus in Plant Agriculture

• Forest Gene Conservationist

• Natural Resource Specialist

• Horticulturist

• Landscape Architect

Key words and statements were summarized from interview responses and 

assimilated into the table below (Table 1). The responses are listed in order of 
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importance, as expressed by the informants. Table 1 was helpful in drafting the species 

selection guide, outlining important site factors limiting urban tree growth, and 

demonstrating options for selecting better urban trees. Table 1 is especially significant 

since the responses came directly from the types of professionals who would likely be 

using the completed guide.

Table 1: Summary of responses from interviews to be used in selection guide.

Importance of tree species selection to urban forest management
• Along with site selection, species selection is the most important
• People underestimate species growth habits and responses to stress
• Selection is essential to reduce maintenance and removal costs

Issues affecting tree longevity in cities
• Poor planting sites
• Poor quality trees and planting practices
• Limited site inventory and analysis before planting
• Failure to create tree selection and planting objectives
• Changing climate
• Extreme wind
• Limited light
• Pollution
• Salt spray
• Vandalism
• Insect/ pest outbreaks

The most limiting environmental stresses
• Poor soil quality
• Drought
• Soil compaction
• Restricted planting space
• Road salt
• Construction damage to roots

Recommendations to improve current selection methods
• Soil and site survey
• Knowledge of forestry and horticulture
• Understanding of basic tree physiology
• More attention to tree tolerance of stress
* Selection of locally-produced plants
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• Selection coupled with improved management
• Education of homeowners and municipal staff

Suggested selection criteria
• Native species
• Predictable growth
• Adaptation to soil
• Drought tolerance
• Aesthetics
• Pollution tolerance

• Salt tolerance
• Low maintenance
• Adaptation to light

4.2 Municipal Case Studies

The selection of urban tree species was examined for four municipal urban 

forestry programs. The cities evaluated were:

• Toronto, Ontario

• Syracuse, New York

• Hong Kong, China

• Canberra, Australia

Each municipality was selected based on uniqueness of its selection program and 

on recommendations from Key Informants. The tree selection process of each 

municipality varies greatly; some are more extensive than others. Noteworthy features of 

each program are highlighted below. The information derived from these municipal case 

studies will be used in the development of the species selection guide.
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4.2.1 Toronto, Ontario

4.2.1.1 Initial observations

The City of Toronto was one of the cities recommended by Key Informants 

because of its extensive urban forestry program. Little information is available on the 

City forestry website about their tree selection process. Fact sheets are available 

regarding native and non-native plants species, plant conservation, insects and disease, 

and various topics regarding tree management (City of Toronto, 2008).

4.2.1.2 Goals and objectives

There are no goals or objectives set specifically for tree selection but rather for the 

management of the entire city forest. The goals set by the City of Toronto (2008) for 

their urban forest are:

• To make available information and support for urban forestry systems.

• To provide training and continued education for urban forestry staff.

• To enforce and implement tree-related bylaws.

• To articulate long-term urban forest planning.

• To facilitate information between partner organizations.

4.2.1.3 Abiotic environment considerations

New projects are being initiated to ensure optimum tree health in new planting 

sites. Dias (2008) plans to begin conducting soil surveys to determine if anything can be 

done to remediate soil with micronutrients or mychorizae. When planting trees in 

roadside locations, consideration is given to species tolerant of salt spray and pollution 
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from vehicle exhaust.

4.2.1.4 Biotic environmental conditions

Urban foresters are conscious of three pests in particular: Anoplophora 

glabripennis (Asian Long-homed beetle), Lymantria dispar (gypsy moth), and Agrilus 

planipennis (emerald ash borer). The City has set up restrictions on tree removal in 

heavily infested areas, created spray programs, and provided detailed fact sheets on the 

City website. Infestation by emerald ash borer has caused the City of Toronto to suspend 

the planting of all Fraxinus spp. Common disease agents include Rhytisma acerinum, the 

fungus responsible for tar spot; Guignardia aescul, the fungus causing leaf blotch on 

horse chestnut; and powdery mildew caused by many different fungi in the order 

Erysiphales (City of Toronto, 2008).

4.2.1.5 Selection process

Uyen Dias (2008), Natural Resource Specialist for the City, describes the tree 

selection process as a method of trial and error. In Southern areas of Toronto, Carolinian 

tree species are used, as it is closer to their natural range. Carolinian species are also 

planted in other parts of the City with moderate success. Where possible a diversity of 

large-growing native species is used. Intensely urban situations with high levels of 

environmental stress limit the number of suitable tree species.

4.2.1.6 Tree selection criteria

The following criteria are important in trees selected by City staff:
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Tolerance of roadside conditions

Demonstration of species diversity

Tolerance of insects and disease
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4.2.1.7 Recommended Species

Table 2: Recommended Tree Species for the City of Toronto.
Dias, 2008; City of Toronto 2008.
Street Park Woodland

Acer xfreemanii
Acer x freemanii ‘Jejfersred ’
Acer saccharinum
Celtis occidentalis
Ginkgo biloba
Gleditsia triacanthos var. inermis
'Skyline'
Gymnocladus dioicus
Platanus x acerifolia
Quercus bicolor
Quercus macrocarpa
Tilia americana ‘Redmond’ 
Ulmus japonica x wilsoniana 
'Morton'

Acer x freemanii 
Acer nigrum 
Acer rubrum 
Acer saccharinum 
Acer saccharum 
Aesculus glabra 
Aesculus hippocastanum 
A. hippocastanum x A. pavia 
Celtis occidentalis 
Cercidiphyllum japonicum 
Cladastris kentukea 
Corylus colurna 
Fagus sylvatica 
Ginkgo biloba
Gleditsia triacanthos var. inermis 
'Skyline'
Gymnocladus dioicus 
Liquidambar styraciflua 
Liriodendron tulipifera 
Magnolia acuminata 
Nyssa sylvatica 
Ostrya virginiana 
Phellodendron amurense 
Platanus x acerifolia 
Prunus serotina 
Quercus alba 
Quercus bicolor 
Quercus macrocarpa 
Quercus muehlenbergii 
Quercus rubra 
Quercus robur 
Robinia pseudoacacia 
Sassafras albidum 
Tilia americana 
Tilia cor data

Acer nigrum 
Acer rubrum 
Acer sacharinum 
Acer sacharum 
Alnus rugosa 
Betula alleghaniensis 
Betula papyrifera 
Carpinus caroliniana 
Carya cordiformis 
Cary a ovata 
Celtis occidentalis 
Crataegus spp. 
Fagus grandifolia 
Juglans cinerea 
Juglans nigra 
Juniperus virginiana 
Larix laracina 
Liriodendron tulipifera 
Ostrya virginiana 
Picea glauca 
Pinus resinosa 
Pinus strobus 
Populus deltoids 
Populus grandidentata 
Populus tremuloides 
Prunus pensylvanica 
Prunus serotina 
Quercus alba 
Quercus macrocarpa 
Quercus rubra 
Quercus velutina 
Thuja occidentalis 
Tilia americana 
Tsuga canadensis
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4.2.2 Syracuse, New York

4.2.2.1 Initial observations

Concerns regarding tree species diversity began to surface in Syracuse in the late 

1970s. Several communities began to plant and request that new species replace older 

predominant species (Richards, 1983). The urban forestry website for the City of 

Syracuse contains little information regarding urban forest management. The Syracuse 

urban forest master plan was completed in 2001 (Nowak & O’Connor) and is a very 

detailed management plan with recommended tree species. With an average canopy cover 

of 26.6 %, the goal of 30 % cover seems to be achievable.

4.2.2.2 Goals and objectives

The overall vision of the urban forest management plan for the city of Syracuse is:

• To increase tree cover

• To improve tree health

• To maximize the benefits of trees

Specific to tree selection, one of the goals of the management plan is to increase 

species diversity by using well- adapted but relatively uncommon species (Nowak & 

O’Connor, 2001).

4.2.2.3 Abiotic environment considerations

Richards (1983) and Sanders (1981) recognize the stressful environments that 

exist for urban trees; some of the stressors include limited space, soil compaction, 

chemical pollutants, and mechanical injury. Of the many species that might be selected 
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for urban planting, few are likely to provide long-term adaptability. This demonstrates the 

need for greater tree species diversity. Stressful environments affect tree growth in two 

ways. The overall survival rate is lowered and it steps up the need for tree removal and 

replacement. The process of removal and replacement often changes the species 

composition of the plantings. Change in municipal staff and plant availability may also 

limit species choices. Syracuse City arborist Brian Liberti (2008) explains that he looks 

mainly at abiotic constraints to determine species selection. Trees are selected for 

planting based on physical constraints such as right-of-way width, utilities, distances 

from structures, and sight lines. When asked about how site analysis is conducted before 

planting trees, Liberti (2008) maintains the City of Syracuse does not have the resources 

to conduct soil tests for pH, compaction, or moisture.

4.2.2.4 Biotic environmental conditions

Natural factors such as insects and disease vary in occurrence over place and time. 

The City of Syracuse observed first-hand the damage that can be caused from insects and 

disease. In the early 1950s, Dutch elm disease began to infect 41 percent of the City’s 

trees (Richards 1983).

4.2.2.5 Selection process

The selection of trees is based on what has worked well in the past, what has 

worked well in other upstate New York municipalities, recommendations from the Urban 

Horticulture Institute at Cornell University, and other urban forestry publications. New 

species have been planted every year in small quantities to see how they perform as street 
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trees, with mixed results.

The City of Syracuse is unique in that it is positioned in an area that conducts 

urban forestry research. Research stations for the United States Department of 

Agriculture (USDA) Forestry Department are located in Syracuse; Cornell University, in 

Ithaca, NY, is a leader in urban forestry and urban horticulture research. Much of the 

research needed to start a selection program has already been completed for the City of 

Syracuse. However, evaluating planting sites on an individual basis would ensure that 

specific urban stresses are taken into consideration.

4.2.2.6 Tree selection criteria

The following criteria are important for urban tree selection in Syracuse, NY:

• Species diversity

• Tolerance to insects and disease

• Suitability to small soil volumes

• Predictable growth

• Adaptability to site conditions
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4.2.2.7 Recommended Species

Table 3: Recommended Tree Species for the City of Syracuse.
Nowak and O’Connor, 2001; United States Department of Transport, 2008.
Street Park Woodland

Acer campestre Abies concolor Abies balsamea
Acer g innala Acer rubrum A cer pennsylvan icum

Acer tataricum Acer saccharum Acer rubrum

Aesculus hippocastanum Aesculus x carnea Acer saccharinum

Amelanchier spp. Amerlanchier spp. Acerspicatum
Carpinus betulus Betula nigra Amelanchier canadensis
Carpinus caroliniana Carya ovata Betula nigra
Celtis occidentalis Celtis occidentalis Betula papyrifera
Cercis canadensis Cercidiphyllum japonicum Carpinus caroliniana

Crataegus spp. Cercis canadensis
Cladrastis kentukea

Carya cordiformis
Carya ovata

Cornus kousa
Corylus colurna 
Fraxinus pennsylvanica 
Gingko biloba 
Gymnocladus dioic us 
Gleditsia triacanthos

Corylus colurna 
Fagus sylvatica 
Fraxinus pennsylvanica 
Ginkgo biloba 
Gleditsia triacanthos 
Gymnocladus dioicus

Celtis occidentalis 
Cornus florida 
Crataegus crusgalli 
Crataegus punctata 
Fagus grandifolia 
Fraxinus americana 
Fraxinus pensylvanica

Koelreuteria paniculata Koelreuteria paniculata Gymnocladus dioica
Malus spp. Liquidambar styraciflua Hamamelis virginiana
Nyssa sylvatica Liriodendron tulipifera Juglans cinerea
Ostrya virginiana
Phellodendron amurense
Prunus spp
Pyrus calleryana

Magnolia acuminata 
Nyssa sylvatica 
Ostrya virginiana 
Phellodendron amurense

Juglans nigra 
Juniperus virginiana 
Larix laricina 
Liquidambar styraciflua 
Liriodendron tulipifera

Quercus palustris Picea abies Magnolia acuminata
Sophora japonica Quercus bicolor Nyssa sylvatica
Syringa reticulata Quercus coccinea Ostrya virginiana
Tilia cordata Quercus macrocarpa Picea glauca
Tilia x euchlora Quercus robur Pinus resinosa

Tilia tomentosa
Zelkova serrata

Quercus rubra 
Quercus velutina 
Sophora japonica

Pinus strobus
Populus grandidentata
Populus tremuloides
Prunus americana

Tilia cordata Prunus nigra
Tilia x euchlora Prunus pensylvanica
Tilia tomentosa Prunus serotina
Tsuga canadensis Quercus alba
Ulmus parvifolia Quercus bicolor
Zelkova serrata Quercus coccinea 

Quercus macrocarpa 
Quercus palustris 
Quercus rubra 
Quercus stellata 
Quercus velutina 
Salix nigra 
Sassafras albidum 
Sorbus americana 
Thuja occidentalis 
Tilia americana 
Tsuga canadensis 
Ulmus americana
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4.2.3 Hong Kong, China

4.2.3.1 Initial observations

Hong Kong is known for a high density of people and buildings, with little known 

of the City’s urban forestry efforts. Jim (1999) highlights the work being conducted to 

enhance the City’s urban forest, more specifically on street trees. Urban developments in 

the past have been part of piecemeal planning efforts that have left little room for open 

space or tree growth. With such limited space for tree growth, selection criteria of trees 

becomes very important. Jim’s study provides for the first time a detailed plan for species 

selection and tree planting in Hong Kong.

4.2.3.2 Goals and objectives

The goal of this selection program is to enhance the streetscapes of Hong Kong by 

planning and planting trees. The following objectives have been established to achieve 

this goal:

• To develop a system to identify and characterize new planting sites.

• To devise a 5-year citywide planting plan.

• To design a species selection strategy.

• To create a time schedule for implementation.

• To develop a long-term planning and management strategy.

4.2.3.3 Abiotic environment considerations

Efforts to improve street tree populations focus on the abiotic environment. The 

abiotic factors examined are street architecture and planting environments, which include 
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sidewalks, tree lawns, roundabouts, and planting corridors. Tree selection has been 

evaluated for each site’s characteristics to ensure survival and growth. The realistic 

approach is not to create a tree-filled utopia but to improve environmental quality by 

maximizing the opportunities for tree growth.

4.2.3.4 Biotic environmental conditions

The study by Jim (1999) focuses on the abiotic environment. No information on 

biotic constraints could be found for the City of Hong Kong.

4.2.3.5 Selection process

The process of selecting planting sites and plant species began with a citywide 

field study in 10 urban districts. Urban form in Hong Kong was studied to identify 

potential planting sites for tree growth. Site characteristics that were noted include 

building setbacks, adjacent land uses, growing space, above and below ground 

constraints, and the type of surfaces such as impermeable paving or open soil. Potential 

planting sites were divided into categories depending on the size of mature tree they 

could accommodate. The categories were: exceptionally large (larger than 15m), large 

(10-15m), medium (5-10m), and small (less than 5m).

A policy to encourage building setbacks would create planting sites more suitable 

for large tree growth. Jim (1999) also believes a policy to create roadside planting sites 

as part of development is worth pursuing. There needs to be more thorough standards for 

street tree planting sites that are free from utilities and disturbances.
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4.2.3.6 Tree selection criteria

Jim (1999) developed a model (Figure 2) to illustrate the approach to species 

selection. Species characteristics are matched with specific site conditions. Site quality 

will affect species selection. There are three main selection criteria:

• Tree size and tree form

Ornamental qualities

Species diversity

Figure 2: Species selection model for Hong Kong, CH. 
Jim (1999)
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4.2.3.7 Recommended Species

Table 4: Recommended Tree Species for the City of Hong Kong. 
Jim, 1999
Exceptionally 
large species 
(>15m)

Large species 
(10-15m)

Medium species 
(5-10m)

Small species 
(<5in)

Albizia lebbeck 
Albizia samon 
Aleurites moluccana 
Bombax malabaricum 
Cassia siamea 
Casuarina equisetifolia 
Ceiba pentandra 
Celtis sinensis 
Chukrasia tabularis 
Cinnamomum camphora 
Crateva religosa 
Delonix regia 
Eucalyptus citriodora 
Eucalyptus grandis 
Ficus benjamina 
Ficus elastica
Ficus microcarpa 
Fraxinus americana 
Jacaranda mimosifolia 
Khaya senegalensis 
Koelreuteria bipinnata 
Liquidambar formosana 
Melaleuca quinquenervia 
Michelia alba 
Platanus x acerifolia 
Podocarpus nagi 
Pterocarpus indicus 
Swietenia tnahagoni

Adenanthera pavonia 
Aleurites montana 
Alnus formosana 
Araucaria heterophylla 
Archontophoenix 
alexandrae 
Bischojiajavanica 
Brachychiton acerifolius 
Camellia crapnelliana 
Choerospondias axillaries 
Chorisia speciosa 
Erythrina variegata 
Eucalyptus robusta 
Ficus elastica
Ficus mysorensis
Ficus religiosa 
Ficus variegata 
Grevillea robusta 
Ligustrum lucidum 
Litsea monopetala 
Maggifera indica 
Melia azedarach 
Michelia champaca 
Oroxylum indicum 
Paulownia fortunei 
Peltophorum pterocarpum 
Populus nigra var. italica 
Pterocarya stenoptera 
Sapindus mukorossi 
Sapium sebiferum 
Schima superba 
Spathodea campanulata 
Syzygium cumini 
Taxodium distichum 
Terminalia catappa 
Tristania conferta

Acacia auriculiformis 
Artocarpus hypargyrea 
Bauhinia blakeana 
Bauhinia purpurea 
Bauhinia variegata 
Broussonetia papyrifera 
Callistemonrigidus 
Cassia fistula 
Cassia spectabilis 
Castanopsis ftssa 
Casuarina slricta 
Dalbergia balansae 
Erythrina corallodendron 
Erythrina speciosa 
Firmiana simplex 
Grevillea tiliaceus 
Ilex rotunda 
Lagerstroemia speciosa 
Litsea glutinosa 
Livistona chinensis 
Mallotus paniculata 
Melaleuca stypheliodes 
Pachira aquatica 
Pongamia pinnata 
Rhodoleia championi 
Salix babylonica 
Scolopia chinensis 
Sterculia lanceolata 
Syagrus romanzoffiana 
Syzygium hancei 
Syzygium jambos 
Syzygium samarangense 
Thespesia populnea 
Viburnum odoratissimum 
Vitexparviflora

Aquilaria sinensis 
Bauhinia acuminata 
Callislemon viminalis 
Cassia surattensis 
Cinnamomum burmanii 
Cratoxylum ligustrinum 
Eucalyptus cinera 
Phoenix roebelenii 
Plumeria acutifolia
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4.2.4 Canberra, Australia

4.2.4.1 Initial observations

Canberra, Australia, might seem to be a peculiar choice for highlighting a 

municipal urban forest; indeed it is unique since the natural landscape is a dry and 

essentially treeless grazing land. Banks and Brack (2003) explain that Australian urban 

forest planning began in 1911 when Canberra was chosen as Australia’s national capital. 

Expansion of the City has continued ever since, as has tree planting and landscaping. 

Management of the urban forest has changed hands over many decades and has created 

distinct periods of planning. Planning and management of Canberra’s urban forest has 

shifted from focusing on single trees to large scale planning and management.

4.2.4.2 Goals and objectives

The original planting objectives for Canberra are:

• To establish a nursery.

• To raise suitable plants for the area.

• To ameliorate Canberra’s harsh environment.

• To establish an arboretum to test new species.

• To beautify the landscape using both exotic and native plants.

• To undertake conservation and afforestation activities on surrounding 

hills.
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4.2.4.3 Abiotic environment considerations

Trees in this Southern Australian City are important for mitigating the adverse 

environmental stresses such as wind and dust. The dry climate in Canberra poses 

difficult situations for tree growth. Poor soil, hot summers, and drought limit what 

species can be used.

4.2.4.4 Biotic environmental conditions

The dry, warm summers and mild winters with temperatures sustained over 20°C 

favor insect and disease proliferation. Trees in the genus Pinus are susceptible to pine 

wilt cause by the pine wood nematode (Bursaphelenchus spp.) (Smith et al., 2008). 

Siricid wasps (Sirex noctilid) lay their eggs under the bark of Pinus radiata. Wasps bore 

into the tree carrying an associated fungus (Sphaeropsis sapinea). The fungus softens 

pine timber making it virtually useless, eventually killing the tree. Dutch elm disease has 

not yet been observed in Australia, so close attention is paid to sudden dieback and to 

boring holes in elms and other trees (Department of Environment and Climate Change: 

New South Wales, 2009).

4.2.4.5 Selection process

The City design for Canberra was created by Walter Griffin and was based upon 

the American City Beautiful movement. Griffin planned to have large-scale tree plantings 

for neighbourhoods, parks, and gardens. Tree species lists were not created but Griffin 

stressed the importance of using native species. Modifications were made to plans and 

species selected by British horticulturist Charles Weston. Major conservation activities 
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were carried out on nearby hillsides using native species that were lost due to many years 

of grazing. Weston, as a horticulturist, experimented with many tree species. More 

desirable features such as large canopies, predictable form, and brightly coloured flowers 

and leaves were found in introduced species. Large woodlot trials were set up outside the 

city to test species for suitability in the local climate. Some of the species tested included 

Pinus radiata, Pinus canariensis, Quercus suber, Cupressus sempervirens var. stricta, 

and Sequioadenderon giganteum. In the 13 years Weston was in Canberra, he planted 

over two million trees and shrubs. Trials of tree and shrub species are still ongoing on 

streets, in arboreta, and in woodlands. Today there are over 150 species and 400,000 

trees planted in the urban forest. Species selection is becoming a very important issue as 

much of the urban forest is maturing. Species composition has change over the last 100 

years due to public perception, awareness of environmental limitations, and uncontrolled 

suburban growth.

The urban forest in Canberra is managed with the help of a program called 

DISMUT: a Decision Information System for Managing Urban Forests. This program is 

comprised of three parts: a tree database, a modeling system, and a reporting and analysis 

system. The DISMUT system is supplemented by a tree inventory. Regular input of tree 

planting and tree condition is required by forestry staff to output models of growth and 

yield of species. When trees need to be removed and replaced, the plant database is used 

to help select the species that will yield the most benefits and is relatively inexpensive to 

maintain.
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4.2.4.6 Tree selection criteria

The criteria affecting tree selection in Canberra include:

• Diversity of tree and shrub species.

• Tolerant of drought.

• Tolerant of poor soil.

• Mitigate negative environmental effects.

• Minimum cost to maintain.

• Predictable species performance.

• Public perception.

4.2.4.7 Recommended species

Table 5: Recommended Tree Species for the City of Canberra.
Australian Government, 2009; Banks & Brack, 2003
Street Park Woodland

Cupressus sempervirens 
Eucalyptus mannifera 
Phellodebdron amurense 
Pyrus calleryana ‘Redspire’ 
Quercus lobata
Quercus lusitanca
Quercus robusta
Robinia pseudoacacia
Robinia pseudoacacia ’Bessoniana ’

Celt is australis Acacia dealbata
Eucalyptus blakelyi Acacia falciformis
Eucalyptus bridgesiana Acacia implexa
Eucalyptus cinerea ^^xylon
„ j ■ Acacia rubidaEucalyptus mannifera ssp A11 . . ,y J r Allocasuarina cunningnamiana
maculosa Allocasuarina glauca
Eucalyptus pauciflora A llocasuarina littoralis
Eucalyptus polyanthemos Allocasuarina luehmannii
Fraxinus oxycarpa Allocasuarina stricta
Fraxinus oxycarpa‘Raywood’ Avicennia marina var. 
Liquidambar styraciflua australasica
Pistacio chinensis Backhousia myrtifolia
Prunus cerasifera ‘Nigra ’ Callit™ e»d^eri
~ . Eucalyptus blakelyiQuercus palustns „ ; ,r' \ Eucalyptus dives
Sophora japonica Eucalyptus macrorhyncha
Ulmus parvifolia Eucalyptus mannifera ssp

maculosa
Eucalyptus meliodora
Eucalyptus polyanthamos
Eucalyptus rossii
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4.3 Tree Adaptation to Stress

Any feature of a plant that allows it to live under the influence of its habitat is 

called adaptation. Success may be ensured by the features that allow the plant to make 

full use of water, nutrients, light, or by protection against extremes such as temperatures, 

drought, or pests (Daubenmire, 2003; Orcutt & Nilsen, 2000). Santamour et al. (1975) 

explain that the adaptability of a tree to a particular climate depends on its provenance, or 

its geographic origin. This can influence how the tree will respond to cold hardiness or 

heat stress. Sasbo et al. (2003) explain that nurseries are beginning to harvest seed from 

roadside trees in hopes of improving tree quality in urban areas. Adapted roadside trees 

grow and appear to be unaffected by extreme conditions or neighbouring plant material.

Another form of adaptation is phenotypic plasticity. The most important factor of 

plant selection is plasticity of a tree in relation to the prevailing environment. The 

environment is characterized by the length of growing season, precipitation, seasonal 

temperatures, and pests (Saebo et al., 2003). A tree’s phenotypic plasticity describes its 

ability to grow well in different growing environments (Saebo et al., 2003; Orcutt & 

Nilsen, 2000). Phenotypic plasticity has considerable adaptive value especially for trees 

because they are long-lived in one environment. One example of plasticity in trees is the 

root systems of a number of tree species in different soil conditions. Species such as 

Pinus and Quercus are adapted to summer drought through the development of deep 

taproots. Wind pollinated and long-lived species are believed to have a large adaptive 

plasticity. Despite the difference in growing conditions plasticity makes trees useful over 

large areas (Konijnendijk et al., 2005).

48



4.3.1 Abiotic constraints

The vigor of urban trees has radically fallen over the last 30-40 years; the low 

average lifespan and high mortality rate of trees after planting exemplifies this problem. 

Possessing some knowledge of environmental physiology of trees in cities is important to 

understand how trees respond to stresses and to select trees that can handle extreme 

environments. The phenotypic responses to habitat are represented by ecotypes. As a 

result, how trees respond to stress will be the avenue for selection criteria and indicators 

for tree management programs (Konijnendijk et al., 2005).

4.3.1.1 Climate

The minimum winter temperature largely defines tree hardiness, although summer 

and autumn temperatures are also important. The gradual drop in temperatures in the 

autumn and decreasing day length is the cause for plant growth cessation. The timing of 

growth cessation before hardening-off for the winter seems to be more important than the 

potential frost hardiness. In street trees, bud break in the spring can occur as much as 

10-15 days earlier, and leaf senescence in the autumn 10-25 days earlier than trees in 

parks in the same city. This is because of the higher city temperatures at bud break and 

the heat and water stress common in the last summer and early autumn (Konijnendijk et 

al., 2005/ Trees play an important role in alleviating negative climatic effects yet 

climatic conditions can also be so harsh on tree growth. A changing climate means hotter 

summers and varied precipitation amounts. An increasing incidence of mild winters 

encourages insect and disease breeding. Flash freezing during mild winters causes 

cracking of wood and damage to buds. Ozone levels are expected to increase with hotter 
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summers; this gas negatively affects vegetative growth. In response to a changing 

climate, trees should be selected to be tolerant of hotter and drier summers and 

demonstrate a resistance to insects and disease. The effects of climate change are not 

fully understood. Urban forest planners and managers can address climate change issues 

by monitoring tree performance, experimenting with tree species and cultivars, and by 

increasing tree species diversity. Removing invasive tree species and proactive urban 

forest planning will encourage urban forest resilience. (Wieditz & Penney, 2007).

4.3.1.2 Water

To grow and survive, plants require water for a number of reasons. Water is a 

universal solvent that dissolves minerals in soil; it carries solutes through plants. It is 

required for photosynthesis is essential to maintain cell turgor pressure, and is needed to 

simply keep cells hydrated. Water in soil is continuous with water in the plant. The whole 

system is in a regular upward motion moving water from the roots to the atmosphere 

through the process of transpiration (Daubenmire, 2003). The functioning of the stomatai 

aperture of trees is responsible for determining resistance or tolerance to water stress, 

although a healthy functioning root system is also important. Tolerance, rather than 

avoidance, of drought should be the focus of selection since the shedding of leaves is not 

desirable during the growing season. Some trees have the capability to adjust their 

osmotic potential; this may be usefully in identifying species that are tolerant of drought. 

The phenology of trees in dry seasons may demonstrate which trees should be used as a 

seed source or clone sources for tolerant trees (Konijnendijk et al., 2005).
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4.3.1.3 Light

Energy required for plant growth (and life on earth) is derived from sunlight. 

Chlorophyll in plants intercepts the radiant energy from sunlight and converts it into 

chemical energy as part of the process of photosynthesis. Light is believed to stimulate 

other effects on plants such as cell differentiation. Water and light are thought to be the 

most influencing of factors of morphology and anatomy of plants. Trees planted between 

buildings experience low light levels for part or most of the day. Low light levels can be a 

severe stressor particularly with high temperatures and a high transpiration rate. Choosing 

species with a low light compensation point, or the amount of light required for 

photosynthesis, could extend tree life in cities (Daubenmire, 2003). In urban areas, 

nighttime lighting could obstruct hardening and frost resistance of trees. When designing 

with plants in cities, an eastern exposure may be advantageous for trees since much 

activity surrounding photosynthesis takes place before noon. Breeding trees to be better 

suited for shade conditions should not be seen as a priority in urban forest research 

(Konijnendijk et al., 2005).

4.3.1.4 Soil

Root systems, on a dry weight basis, usually make up no more than one quarter of 

plants, but the roots are so intricate and far reaching that they often occupy a mass of soil 

greater than the volume of atmosphere occupied by the shoot (Daubenmire, 2003). This 

being said, the soil /tree interface becomes very important for a tree’s structural support 

and water and nutrient uptake. Even though tree species are relatively tolerant to a variety 

of soil conditions, the differences in soil characteristics in urban areas are much larger 
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than can be managed for in a selection program. Soil should be modified to supply 

oxygen to roots, provide adequate drainage, nutrients, and to avoid compaction. Cultivars 

exhibiting tolerance to soil pollutants are important when planting in contaminated soils 

(Konijnendijk et al., 2005/ Species such as Salix, Populus, and Acer saccharinum are 

often found growing naturally in saturated soil and are frequently planted in the urban 

environment. It is not the adaptation to saturated soil that makes these species successful 

but their adaptation to low oxygen environments (Tudge, 2006). A greater understanding 

of ecology and tree adaptation will determine why tree species perform well in the urban 

environment.

4.3.1.5 De-icing Salt

The mechanisms that plants develop to survive saline soil conditions and other 

stresses are through tolerance or avoidance. Woody plants have the ability to avoid the 

uptake of Na+ and Cl’ from the roots and can prevent the ions from reaching the leaves. 

Damage to plants could be minimized by taking measures at time of plant establishment 

and better timing applications of salt. Those trees planted and found naturally in coastal 

regions that are exposed to salt spray and heavy winds may be of use in researching salt 

tolerant species. There appears to be a correlation between plants suited to dry and 

alkaline soil and to salt tolerance. Konijnendijk et al. (2005) describe some useful 

generalizations. Fine-twigged tree species such as Salix and Betula tend to suffer twig 

dieback when exposed to continuous salt spray, whereas coarse-branched species suffer 

much less dieback. Protected and resinous buds demonstrate some protection to salt 

damage. However, care should always be taken when planting trees close to roads and 
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walkways. Breeding for salt tolerance is not a pressing issue; more research should be 

put towards plant and environment-friendly salt alternatives (Konijnendijk et al., 2005).

4.3.1.6 Air Pollution

Particle deposition on leaves can interfere with plant photosynthesis and gaseous 

pollutants entering the stomata can interfere with CO2 uptake and fixation. Environmental 

conditions and genetics will influence how a plant will respond to pollution. Response of 

plants to air pollution will depend on the toxicity of chemicals, the length of exposure, 

and species sensitivity. Airborne chemicals can cause stomata to close, open wider than 

normal or not change at all. After entering the leafs stomata, pollutants may be 

metabolized, sequestered, accumulated, or excreted (Agrawal & Agrawal, 2000). 

Focusing on choosing tolerant species for the few problematic sites is preferable to 

breeding programs. Reduction of emissions from the source should be a priority in cities. 

Many tree species are relatively tolerant to soil and air pollution (Konijnendijk et al., 

2005/

4.3.1.7 Mechanical Injury

As trees mature there is an increased concern for public safety in parks and on 

streets. Often the response to maturing trees is to prune; in actuality this may prompt a 

quick and irreversible decline. The need for drastic pruning may indicate that the choice 

of tree species was inappropriate for the site, although poor management, environmental 

stresses, and soil compaction will contribute to this rate of decline. It is difficult to plan
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for urban conditions decades into the future but landscape architects and planners need to 

design with trees that have a favorable habit and crown (Konijnendijk et al., 2005/

4.3.1.8 Street Architecture

Trees demonstrate a large variety of growth rates and forms. This theoretically 

creates many opportunities to select trees for almost any situation. Small trees with 

narrow crowns traditionally have been recommended for narrow pavements, but with 

improved structural soils and belowground growth cells, larger trees can be 

accommodated. Kenney (2008) maintains that we not only need trees in our cities but we 

need large trees. Narrow streets will, however, limit the size of canopy that can be 

achieved. Different species with similar habits will create a sense of continuity while 

reinforcing diversity, hardiness, and tolerance of stress (Konijnendijk et al., 2005).

4.3.2 Biotic constraints

Most tree professionals will agree that the worst-case scenario for insect and pest 

damage has been Dutch elm disease. This disease has changed the way urban forests are 

planned and managed. Another less known pathogen is canker in Platanus x acerifolia. In 

Southern Ontario, Anoplophora glabripennis (Asian long homed beetle), Lymantria 

dispar (Gypsy Moth), and Agrilus planipennis (emerald ash borer) are insects that are 

currently causing major problems (City of Toronto, 2008). Plants of local provenance 

combined with optimal growing conditions have better chances of success and resistance 

to native pests and disease. However, both Asian long-homed beetle and emerald ash 
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borer are introduced species that affect stressed and healthy trees. When trees evolve 

with insects and diseases, plants develop defenses that allow them to coexist. As insects 

and diseases are introduced to an area there is a greater dependence on the use of 

pesticides for tree survival (Konijnendijk et al., 2005; The Canadian Wildlife Federation, 

2007/

4.3.2.1 Insects and Disease

Research is being conducted on breeding for resistance to insects and disease. 

Traditional plant breeding often focuses on single gene resistance; this method is easily 

overcome by pathogens. Multi-gene resistance is a more long-lasting resistance in plants; 

however, it is a slow and involved process. A tree possessing insect resistance may have 

mechanisms that encode genes with two or more toxins with different modes of action. 

Hybridization has proven to provide some resistance, as with Ulmus spp. and Platanus 

spp. Limiting selection to a few species will only increase insect and disease problems in 

cities. Although breeding seems to provide many opportunities for better-suited plant 

species, it is important to use proven methods already at hand for dealing with pest 

problems. Trees that are known to be hosts for serious insects and diseases should be re

evaluated, not necessarily removed from planting lists but planted with caution. Many 

tree species are adequately tolerant or resistant to pests if they are used in a region where 

they are suited to the environment. Plants should be given the best possible growing 

conditions from establishment to management. If all of these options are followed trees 

are likely to be healthy most of the time (Konijnendijk et al., 2005; Saebo et al., 2003).
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4.4 Summary

The literature has highlighted the most important fundamental properties of trees 

as phenotypic plasticity, adaptation to climate, and resistance to insects and disease. 

Again, attention should be on the abiotic and biotic stresses that trees endure and the 

physiological response of trees to the prevailing stressful environment. The next section 

will discuss the tree selection process as well as define important selection criteria.

4.5 Selection Strategies

The start of any tree species selection program should be an inventory of the 

existing urban forest. Where possible, a natural history assessment of local vegetation 

should be conducted to determine species native to the area. The aspects that are of most 

interest are species diversity, tree health, and age. This information will help to prevent 

over-planting one species. Saebo et al. (2003) describe European research on urban tree 

selection. Selection takes into account functional and environmental features of urban 

sites. Native vegetation is studied to gain an understanding of their physiology. Critical 

elements explored include the site and its functions, the tree’s aesthetic value, climatic 

limits of the plant, human interaction, and finally the risk to the environment (Saebo et al., 

2003).

Architecturally, a single species of the same shape and size creates unity; 

maintenance tasks are easy to plan and are more efficient. However, attempting to 

increase diversity can help prevent large losses of one species but too much diversity can 

create problems of its own (Miller, 1997). If many suitable trees are available within the 

same species they can still be used but it is suggested that they be separated in different 
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parts of the city. Vegetatively propagated trees are used when a tree has distinct 

characteristics such as upright, weeping, columnar, or other pronounced characteristics 

such as flower and leaf color. Miller (1997) recommends that seed-propagated plant stock 

should be used in combination with vegetatively propagated stock. In urban woodlands, 

specimen forms are not necessary since the priority is on increasing biodiversity and on 

creating healthy functioning trees (S^bo et al., 2003).

Santamour (1990) believes that species diversity and greater protection from 

insects and disease can be achieved by following the 10-20-30 rule (Figure 3). No more 

than 10 % of trees should be from a single species, no more than 20 % from the same 

genus, no more than 30 % from the same family. This rule can be used on a number of 

levels. On an individual site basis the 10-20-30 rule would be useful to guide the 

diversity of tree species selection. However, at the municipal level this rule might not 

protect from large-scale monoculture. Care still needs to be taken for the distribution of 

tree species.

Native species are often promoted to increase diversity in the urban forest. Whether 

we should be using native or introduced plant species in the urban environment is the 

subject of vigorous debate. Natives are often promoted because they are proven performers; 

they are adapted to local soils, climate, and communities of species. If planted in cities, 

native species help to contribute to gene flow between adjacent natural areas, rather than act 

as a barrier to introduce the natural landscape (Boysen, 2009). Many introduced species 

have the ability to become invasive. However, environmental conditions in cities are far from 

natural. Urban soils can be described as homogenized as they become modified with fill, 

and construction debris; no tree is native to this soil. It is important that the selected species 

can adapt to the prevailing conditions, whether native or introduced (Konijnendijk, et al., 

2005; Saebp et al., 2003).
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Tree selection is something that needs to be evaluated on a site-specific basis. 

Introduced species may be more appropriate for areas where environmental stresses are 

severely limiting plant growth. In a naturalized area such as woodlands, native species 

would be more appropriate. It is important to evaluate what constitutes biologically- 

appropriate material for any particular situation. For example, projects designed to 

naturalize areas should use seed, grafts or cuttings of adapted native plants. Inappropriate 

plant material includes introduced species that will become invasive or hybridize with 

native species (Boysen, 2009).

One of the most comprehensive species selection tools is a model (Figure 4) that 

has been developed by Miller (1997). The model takes into consideration three dominant 

factors, site factors, social factors, and economic factors. Site factors combine both 

environmental and cultural constraints. The physical constraints of the planting site are 

considered cultural; this includes above and below-ground utilities, neighbouring 

architecture, size of planting pit, and pollutants. Utilities above-ground restrict full crown 

development while below-ground utilities will play a large role on where trees can be 

planted. Some tree species such as Salix develop extensive root systems near 

underground utilities that contain water or nutrients from septic systems. Crown 

development is taken into consideration in placement of trees, especially in relation to 

neighbouring architecture and building setbacks.
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Figure 4: Species selection model 
Miller, 1997
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Tall species with wide crowns will be more suited to older residential neighbourhoods 

with large lots whereas small-crowned species might be more appropriate for newer 

neighbourhoods with smaller lots closer to the public right-of-way. The size of planting 

pits and tree lawns will be a limiting factor for the mature size of the planted species.

Damage occurs from fast-growing, shallow rooting species that are planted in narrow 

planting pits. Narrow tree lawns call for smaller and slower-growing tree species. The 

persistent problem of air pollution in larger cities should be identified and matched with 

tolerant cultivars suitable for planting. Air pollutants can be mapped by area and intensity 

and regularly monitored. De-icing salts will alter soil salinity; species sensitive to salt are 

discouraged on those streets where heavy amounts of salt are used. Structures above and 

below-ground will interfere with root development. If selected properly, species will be 

able to develop a normal crown and root system without requiring frequent maintenance 

(Miller, 1997; Saebo et al., 2003).

Environmental limitations on plant growth consist of insects, disease, geography, 

climate, and soils. Urban trees encounter stresses that far exceed the stresses that rural 

trees are subject to. Disease and insect problems of little importance in rural areas can 

become major problems in already stressed urban trees. Before extensive planting 

programs are undertaken, field tests should be performed to determine if disease or insect 

problems would develop. Species selected should take into account the region’s climatic 

zone. There is a tendency to plant those species that are from a warmer hardiness zone in 

hopes that they will survive due to the urban heat island effect. It is important to note it is 

not usually the normal winter temperatures that will kill a tree in a cold hardiness zone 

but rather the severe winters with below-normal temperatures that occur periodically and 
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can cause great losses. In cities, microclimates occur quite frequently and should be 

evaluated on a site specific basis; concrete traps heat, structures cast shade, wind is 

channeled, frost pockets develop, and areas of high transpiration are created due in part to 

light reflection. Urban soils are quite different than rural soils. They are usually 

compacted with limited topsoil, often filled with debris and covered with paving. An 

extensive soil analysis may be too expensive for planting trees but at least an insight into 

overall soil conditions within the region will aid in species selection. Soil pH, however, is 

simple and inexpensive to determine. It is much cheaper to resolve pH-related nutrient 

deficiencies before a tree is planted than in established specimens (Miller, 1997; Saebo et 

al., 2003).

4.6 Selection Criteria for Street, Park, and Woodland Trees

Plantings along streets, in parks, and woodlands take many years to mature. A 

vision, along with sound criteria for selection, is required on the part of designers and 

urban forest managers (Ware, 1994). Selection criteria for this research are divided into 

the land uses in which trees are planted. The three categories developed are street, park, 

and woodland. Distinctions such as residential, commercial, and industrial can be 

included in these categories. For example, trees in single-family residential areas 

generally have more room to grow, both above and below-ground, so they can be 

considered in the park category. Trees planted in high-density residential developments 

could be considered in the street category due to the exposure to more limiting stresses.
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4.6.1 Street Trees

Plantings in the urban fabric along streets and between buildings are meant to 

complement architecture. The intensity of conditions at the street level poses many 

challenges for landscape architects because of the practical constraints that often apply. 

Street trees have a relatively short lifespan due to high stress levels. Some of the stresses 

include: pollution, mechanical damage, fluctuating ambient temperatures, de-icing salt, a 

restricted rhizosphere, poor growing medium, and the lack of access to water and oxygen 

for the roots. Negative effects are also incurred from shading and wind gusts. Uniformity 

is emphasized when selecting street trees, as well consistency in shape and growth. 

Information regarding tree growth characteristics, pruning responses, and other 

management issues are important. Strong apical growth, strong branch angles, desirable 

growth rates, long lifespan, and strong aesthetic character are important qualities in a 

street tree. Street trees are not desirable when they pollute with pollen, litter, or fruit 

(Konijnendijk et al., 2005; Saebo et al., 2003).

The following criteria should be considered for street tree selection:

• Phenotypic plasticity

• Adaptability to climate

• Diversity of plant stock

• Tolerance to insect and disease

• Root quality

• Salt tolerance

• Aesthetics

• Social factors
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• Predictable growth and form

• Tolerance of pollution

• Tolerance of wind

• Low cost of production and management

• Locally produced plant material

4.6.2 Park Trees

A park is open space set aside for recreational purposes, both active and passive. 

A significant component of parks are plantings to provide screening, shelter, shade, and 

aesthetic enjoyment. Park trees encounter moderate stress levels and the average lifespan 

is somewhat longer, compared to street trees. The selection criteria of park trees are 

similar to that of street trees. Parks generally offer more space for trees to grow both 

above and below-ground, providing an opportunity for larger tree species. A large 

diversity can be achieved with shapes, sizes, and forms; design diversity is a desirable 

park elements (Konijnendijk et al., 2005; Saebo et al., 2003).

The following criteria should be considered for park tree selection:

• Phenotypic plasticity

• Adaptability to climate

• Diversity of plant stock

• Social factors

• Aesthetics

• Root quality

• Tolerance to insect and disease
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• Predictable growth and form

• Low cost of production and management

• Locally produced plant material

4.6.3 Woodlands

Woodlands are forested ecosystems usually combining both natural and man

made elements for a variety of purposes such as recreation, nature protection and habitat 

creation. This type of urban forest is more multipurpose than regular parks, with a more 

dynamic and changing landscape overtime. Woodlands generally rely on nature for 

regeneration; however, planning and planting may be undertaken as part of woodland 

restoration and habitat creation. Urban woodlands are subjected to lower levels of stress, 

allowing trees to reach a considerable age. Woodland tree species have similar selection 

criteria as that of commercial forestry but the range of species that can be planted should 

be much larger. Selection is not concerned with timber volume, wood quality, size, and 

growth rate but more with amenity and recreational values (Konijnendijk et al., 2005; 

Saebo et al., 2003).

The following criteria should be considered for woodland areas:

• Phenotypic plasticity

• Adaptability to climate

• Diversity of plant stock

• Native species

• Low risk to environment
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Root quality

Tolerance to insect and disease

Low cost of production and management

Predictable growth and form

4.7 Summary

It is important to note that tree selection is more than a plant list; it takes into 

account environmental features of a planting site. When selecting plant material for cities, 

consideration is given to phenology, morphology, species diversity, pest susceptibility, 

and susceptibility to climatic stress. Other features related to urban trees are ornamental 

value, social factors, rhizosphere and root quality, resistance to wind, drought, breakage, 

and tolerance of various soil and air pollutants (Saebo et al., 2003). McPherson et al. 

(1994) maintain that finding better trees for urban environments begins with better 

growing conditions and use of known varieties; only then should the development of new 

cultivars be explored.
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5.0 TREE SPECIES SELECTION GUIDE

Presented in this chapter is the tree species selection guide developed as part of this 

research. This selection guide is aimed at municipal urban forestry staff, natural resource 

staff, landscape architects, and local not-for-profit organizations that aim to contribute to the 

urban forest. Outlined are the environmental stresses common in most urban situations as 

well as how trees respond to these conditions. A step-by-step process has been developed to 

aid in the species selection process. The aim was not to develop a new list of tree species 

but to outline the process of tree selection to ensure better tree survival rates in the urban 

environment.

This guide focuses on the Greater Toronto Area (GTA). The GTA is located in 

Southern Ontario and covers an area of 5902 km2. Native vegetation in this area is 

composed of the Great Lakes- St. Lawrence mixed forest type and Carolinian forest 

species. The climate in the GTA is considered continental with influences from Lake 

Ontario. The Canadian plant hardiness zone of this area is 6a with more northern 

locations being 5b (Conway & Urbani, 2007). Despite having active urban forestry 

departments, few municipalities in the GTA have a well-defined tree selection process.

One of the unknowns in developing the tree selection guide is if it would actually 

be used to select trees in cities. There was an expressed need for this research in the 

literature and from informants; however, the practical application is difficult to predict. 

The guide was developed to be used by individuals with some knowledge of urban 

forestry; as a result the writing style and terms are appropriate for this audience. 

Information is communicated through text and tables. White space was provided for 

notes and comments so the guide would not only be read but could be used to document 
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tree selection and design decisions. Additions to the content could allow the guide to be 

more applicable to specific users.

Five Key Informants reviewed the selection guide and were given specific 

questions regarding context and improvements. Below is an example of the questions 

that guided the informant critique:

• Is this guide something you think could be used or referred to when 

designing for trees in urban areas?

• Did you find the guide was easy to read/use? If not, why not?

• Is the information found in the guide useful? Did you learn anything new?

• If you had to suggest any changes, what would you add or remove to make 

this guide more effective?

• Do you have any further comments?

Key Informants provided feedback in the form of email messages and written 

comments. Feedback was not only important for corrections but to ensure the guide 

contained quality content. Some of the modifications suggested through the critique were 

the addition of plants and notes to the species lists, the addition of references for tree 

selection and tree management, and broadening the target audience to include other urban 
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forest stakeholders such as policy makers. Recommendations for future guide 

development and possible venues for application were suggested. Overall, the comments 

were positive in nature and helpful for improving the tree species selection guide.
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introduction
Whether planted by humans or nature, trees have always been part of cities. 
The decline of urban vegetation, a changing climate, and human interaction 
with trees has created a growing awareness of trees in the urban environment. 
Inappropriately selected species and poorly designed spaces for urban trees 
are partially to blame for a declining urban forest. Functional urban forests are 
dependent on healthy plant material, particularly during periods of high stress. 
The appropriate selection of tree species and cultivars is important in decreasing 
establishment and management costs. A significant inquiry into environmental 
stresses applied to urban trees is often overlooked. Urban trees are susceptible to 
varied occurrences and intensities of stresses; the stresses that trees are exposed 
to in cities will be expanded upon in this guide.

This tree selection guide is aimed at municipal urban forestry staff, natural 
resource staff, landscape architects, and local not-for-profit organizations who 
aim to contribute to the urban forest. This guide will outline the environmental 
stresses common in most urban situations as well as how trees respond to these 
conditions. A step-by-step process has been developed to aid in the species 
selection process.
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context
This guide focuses on the Greater Toronto Area (GTA). The GTA is located in 
Southern Ontario and covers an area of 5902 square km. Native vegetation in 
this area is composed of the Great Lakes- St. Lawrence mixed forest type and 
Carolinian forest species. The climate in the GTA is considered continental with 
influences from Lake Ontario. The Canadian plant hardiness zone of this area is 
6a with more northern locations being 5b. There are 25 lower tier municipalities 
and four regional municipalities.

Ulis guide to species selection rail provide urban forestry and design 
professionals with a tool to make better tree selections for cities. The aim 
is not to develop a new fist of free species but to outline the process of tree 
selection to ensure better tree survival rates in the urban environment.

• .•••••••••••••••••••••a 
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planting considerations

Before planting a tree it Is Important to question why a tree is being planted in the 
first place. What goal will planting achieve and what objectives can be established 
to achieve this goal? City tree planting is undertaken for a number of reasons 
including:

• To shade and cool * To mitigate storm water run-off
• To improve air quality ’To screen
• To contribute to an urban aesthetic • To increase plant diversity
• To enhance architectural design • To encourage recreation

context and site evaluation

Any tree species selection program should begin with an inventory of the urban 
forest. Existing street, park, and nearby woodland trees should be identified. Where 
possible, a natural history assessment of local vegetation should be conducted. 
The data that are of most importance include species diversity, tree health, and 
age. This research will help to prevent over-planting the same species and the 
potential vulnerability that may create.

The condition of planting sites varies greatly in urban environments. An 
understanding of site factors through a site evaluation will help to determine if 
tree growth can be supported. Environmental site characteristics examined in this 
guide are:

Abiotic:
•Climate
•Water
•Light
•Soil
•De-icing salt
•Air pollution
•Mechanical Injury
•Street Architecture

urban tree species

Biotic:
•Insect

•Disease

’see the site constraints charts on 
pages 3- 5.

Three general site categories are street, park, and woodland. Sites such as 
residential, commercial, and industrial can be included in these categories. For 
example, trees in single family residential areas generally have more room to grow, 
both above and below ground, so they can be considered in the park category. Due 
to environmental limitations, trees planted in high-density residential developments 
could be considered In the street category.

Street: Street Trees have a relatively short lifespan due to high stress levels. 
Some of the stresses include pollution, mechanical damage, fluctuating ambient 
temperatures, de-Icing salt, a restricted root zone, poor growing medium, and 
the lack of access to water and oxygen for the roots. Negative effects are also 
incurred from shading and wind gusts. Strong apical growth, strong branch angles, 
desirable growth rates, long lifespan, and strong aesthetic character are important 
qualities in a street tree.

Park: A significant component of parks are plantings to provide screening, shelter, 
shade, and aesthetic enjoyment. Park trees encounter moderate stress levels and 
the average lifespan is somewhat longer, compared to street trees. Parks generally 
offer more space for trees to grow both above and below ground, providing an 
opportunity for larger tree species. A wide diversity can be achieved with shapes, 
sizes, and forms; design diversity is a valued park element.

Woodland: Woodlands are forested ecosystems, usually combining both natural 
and man-made elements for a variety of purposes such as recreation, nature 
protection and habitat creation. Urban woodlands are subjected to lower levels of 
stress, allowing trees to reach a considerable age. Woodland tree species have 
similar selection criteria as those of commercial forestry but the range of species 
that can be planted should be much wider.

• •••••••••••••••• • • • • • • • •
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Constraints Description Tree Response Tree Selection Notes

Abiotic
Depending tin urban sltuclurc and geographic location, the eiiMronineni i> jntbrgtving and diHets Inuit natural growing 
conditions Impacts ol cnviaHuncmul conditions on plant material are inconustent in frequence and intcn>ii\. I here are a 
number of abiotic constraints that inHuerue the surxixal ol urban plants. As a toull. how bees rorond to ^nev* will be the 
avenue for selection critcriu and indicators for tree management programs

Climate
An inconsistent and difficult 
factor to control. Temperatures 
in cities can be 5-10°C 
wanner than the surrounding 
landscape. Radiation from paved 
surfaces contributes to warmer 
temperatures.

Increasing temperature can cause 
early bud break- 5-20 days earlier 
than trees in the rural landscape. 
Early bud break makes trees 
susceptible to late season frosts.

Warmer conditions allow for experimentation with 
introduced species. Trees can help alleviate harsh 
city conditions but the trees themselves have to 
be tolerant of drier summers, and demonstrate 
resistance to insects and disease.

water
Urban infrastructure reduces 
soil volume, limits nx>t 
growth, increases water run 
oft'. and reduces water uptake. 
Evapotranspirative cooling due 
to high temperatures contributes 
to water stress.

Water is essential as a mineral 
solvent and as a carrier of nutrients, 
a key factor in the process of 
photosynthesis, to maintain 
cell pressure, and to keep cells 
hydrated. A leaf’s stomata controls 
water loss to die atmosphere.

Trees that adjust their osmotic potential may be 
useful to identify drought tolerance. Tolerance 
rather than avoidance should be the focus of 
selection.

Light
Solar radiation provides the 
basic energy for functioning. 
Buildings create shading dial 
can be detrimental for plant 
growth. Nighttime illumination 
has been shown to interfere with 
photoperiod responses and other 
natural processes.

free success depends on their 
efficiency at utilizing sunlight for 
the processes of photosynthesis, 
translocation of the produced 
sugars to various locations within 
the plant, conversion of sugars into 
proteins and fats, and their use in 
respiration.

Choosing species with a low light compensation 
point could extend tree life in cities. When 
designing with plants in cities, an eastern exposure 
may be advantageous for trees since much activity 
surrounding photosynthesis takes place before 
noon. Breeding trees to be belter suited for shade 
conditions should not be seen as a priority.

Soil
Soil is important for root 
anchorage and water and 
nutrient uptake. Soils are often 
compacted to meet engineering 
requirements for building and 
paving. Soil is often compacted, 
lacking organic matter, 
oxygen, nutrients, and soil 
microorganisms.

Variation in soil quality will alter 
an urban tree’s ability to establish 
itself. Nutrient balance in urban 
soil is often upset due to the highly 
alkaline materials such as cement 
and concrete. A lack of nutrients in 
the soil leaves plants deficient.

Trees are relatively adapted to a variety of soil 
conditions; the differences in soil characteristics in 
urban areas are much larger than can be managed 
in a selection program. Soil should be modified to 
supply oxygen, drainage, and nutrients to roots. 
Species exhibiting tolerance to soil pollutants are 
important when planting in contaminated soils.
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De-icing salt
Sodium chloride (NaCI) is 
the most common and least 
expensive de-icing salt and is 
used to improve winter traffic. 
Soil salinization as a result of the 
application of de-icing salt is a 
severe ecological problem.

Salt is soluble in water and is easily 
taken up by tree roots and may 
reach ground water and persist for 
some time. A high extent of salt 
damage can occur to urban trees 
and roadside vegetation from salt 
spray. Some woody plants have 
the ability to avoid the uptake of 
Na’ and Cl trom the roots and can 
prevent the ions from reaching foe 
leaves.

Trees found naturally in saline coastal regions 
may be of use in researching salt tolerant species. 
Some observations have found that fine-twigged 
species such as Salix and Betula tend to suffer 
twig dieback when exposed to continuous salt 
spray, whereas species with coarse branching and 
protected buds suffer much less dieback. Care 
should always be taken when planting trees close 
to roads and walkways. Breeding for salt tolerance 
is not pressing. Instead, more research should be 
conducted on plant and environment-friendly salt 
alternatives.

site

Air Pollution
The most important air pollutants 
that affect urban trees are ozone 
(O?). sulphur and nitrogen oxides 
(SOr NOXK carbon dioxide 
(CO,), and particulates. Trees 
have the ability to neutralize 
some of these unstable pollutants 
such as Ov SOr and NOV and to 
remove pollutants from the air.

Particle deposition on leaves can 
interfere with plant photosynthesis 
and gaseous pollutants entering 
the stomata can interfere with CO2 
uptake and fixation.Tree response 
to air pollution will depend on the 
toxicity of chemicals, the length 
ofexposure, and species sensitivity.

Focusing on choosing tolerant species for the 
few problematic sites is preferable to breeding 
programs. Reduction of emissions from the source 
should be a priority in cities. Many tree species are 
relatively tolerant to air pollution.

«oM8BIM ca
Mechanical 
Injury

Damage to trees in the urban 
environment is caused by large 
machinery, vehicles, bicycles, 
bicycle locks, improper 
landscape management practices, 
and vandalism. Given the nature 
of how utilities are laid out and 
how urban trees are planted, 
damage to trees is inevitable.

Reduced and damaged root systems 
can reduce tree vigor and make foe 
tree more susceptible to insect and 
disease attack.

It is difficult to plan for urban conditions decades 
into foe future but landscape architects and planners 
need to design for trees developing a favorable 
habit and crown.

nts

Street 
Architecture

Both above and belowground 
features of the urban 
environment can limit tree 
growth. The location of utility 
pipes, curbs, foundations, 
compaction, rubble, narrow 
streets, and buildings are all 
factors that serve to constrain 
growth.

Below ground, root growth is 
limited especially when roots are 
containerized in pits or planters. 
Above ground, narrow streets 
with narrow breaks in paving for 
planting severely limit the possible 
size of crown and height.

Growth rates and forms vary among species. Small 
trees with narrow crowns traditionally have been 
recommended for narrow pavements but with 
unproved structural soils and below ground growth 
cells, larger trees can be accommodated. Narrow 
streets will however limit the size of canopy that 
can be achieved. A number of diff erent species 
with similar habits will create a sense of continuity 
while reinforcing diversity.
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Description Tree Response Tree Selection Notes

Biotic
1 heie are a large number o! insect pests and diseases existing in urban forests that tire also present in plant nurseries, orchard', 
commercial and niral forests, and agricultural fields where thev pose few problems. Onlj a select tew piAc ans risk to urban 
lrce>. Plants not well adapted to k*cal environmental conditions are susceptible to msect and disease attacks and even less 
aggressive pathogens.

Insect
Insect damage to trees can come 
in the form of leaf discoloration, 
defoliation, or malformed leaves. 
Some insects such as aphids, 
beetles, and nematodes can be 
vectors for deadly viral diseases. 
The most problematic insects are 
categorized into four groups: leaf 
feeders, woodborers, bark borers, 
and sap suckers.

For a tree that is already weak from 
prior insect or disease attack, water 
stress. poor soil conditions, air 
pollution, or prevailing climate, this 
can lead to decline and death.

A tree possessing insect resistance may have 
mechanisms that encode genes with two or more 
toxins with different modes of action. Species that 
are known to be hosts for serious insects should 
not be planted, or at least re-evaluated. Limiting 
selection to a few species will only increase insect 
problems in cities.

Disease
There are a number of 
pathogens, degrees of 
pathogenicity, variations of 
plant susceptibility, and a 
number of ways that pathogens 
respond to abiotic conditions. 
Plant pathogens can attack all 
plant parts from leaves, stems, 
roots, flowers, fruit and seeds. 
Plant vigor and age as well as 
environmental conditions are 
related to pathogen development 
in plants.

Pathogens affecting urban trees can 
be grouped depending on how they 
affect the plant. In leavesand shoots, 
pathogens cause blight, anthracnose, 
mildew, rust, or dieback. In stem 
and branches, diseases affect and 
alter permanent structure of the 
wood or even cause death. For the 
roots, infections may block or alter 
nutrient and water uptake leading to 
tree failure if severe. Wood decaying 
fungi break down cellulose and 
lignin, causing serious structural 
issues.

Many tree species are adequately tolerant or 
resistant to disease i f they are used in a region 
where they are suited to the environment. Plants 
should be given the best possible growing 
conditions from establishment to management. 
Hybridization has proven to provide some 
resistance, as with Ulmus spp. and Ptetanus spp. 
Limiting selection to a few species will only 
increase disease problems in cities.
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I planting stock

Native vs Introduced Species
Whether we should be using native or introduced plant species in the urban 
environment is the subject of vigorous debate. Natives are often promoted 
because they are proven performers; they are adapted to local soils, climate, and 
communities of species. If planted in cities, native species help to contribute to 
gene flow between adjacent natural areas, rather than act as a barrier to introduce 
the natural landscape. Many introduced species have the ability to become 
invasive.
However, environmental conditions in cities are far from natural. Urban soils can 
be described as homogenized as they become modified with fill, and construction 
debris; no tree is native to this soil. It is important that the selected species can 
adapt to the prevailing conditions, whether native or introduced.

Tree selection is something that needs to be evaluated on a site-specific basis. 
Introduced species may be more appropriate for areas where environmental 
stresses are severely limiting plant growth. In a naturalized area such as 
woodlands, native species would be more appropriate. It is important to evaluate 
what constitutes biologically-appropriate material for any particular situation. For 
example, projects designed to naturalize areas should use seed, grafts or cuttings 
of adapted native plants. Inappropriate plant material includes introduced species 
that will become invasive or hybridize with native species.

Seed Stock vs. Vegetative Propagation
Both forms of propagation have strengths and weaknesses. Seed production is cost 
effective for nurseries when large quantities of plants are required and uniformity Is 
not a priority. Seed stock preserves genetic diversity, which is especially important 
in naturalized landscapes. Uniformity can be achieved in seed-propagated species 
but it is a more involved process of training and pruning from a young age in the 
nursery; this can be a time-consuming method. The process of growing trees 
from seed is often expensive and sometimes users will buy less suitable plant 
material for a lower price. Vegetative propagation produces plants that are 
genetically identical to the mother plant. This is a reliable and economical method 
for producing large numbers of plants with similar growth characteristics. A large 
percentage of genetically-identical plants in an urban forest is a concern, should• •••••••••••••••••••a**
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Selection criteria for streets, parks, and woodlands.
Park Mondland

■Phentnypie plasticity 
•Adaptability to climate 
■Uvetsity of plant stock 
•Tolerance to insect and 
disease
•Saltwlea^ce
•Root quality 
•Aesthetics
•Social factors
•Predictable growth and 
form
•Tolerance of pollution
•Tolerance of wind
-Low cost of production 
and management
■Locally produced plant 
material

•Phenotypic plasticity
•Adaptability to climate
•Diversity of plant stock
•Social factors
•Aesthetics
•Root quality
‘Tolerance to insect and

•Predictable growth and 
form
• Low cost of production 
and management
•Locally produced plant 
material

- Phenotypic pteicky
•Adaptability to climate
-Diversity of plant stock
•Native species
•Low risk to environment
-Root quality
-Tolerance to insect and
disease
•Low cost of production 
and management
•Locally produced plant
material

sR p tree selection

It is important to note, there is no such thing as a perfect tree species. Tree selection 
should be based on the best trees that are available and on the selection criteria 
developed to suit your particular needs. To develop a species list, compare what 
other municipalities or organizations recommend. This information can come from 
literature, university publications, municipal websites, extension services, and a 
local nurseries. Lists should remain flexible to allow municipal urban foresters to 
remove or add those species that are undesirable or that perform well. The tree 
selection chart on page 7-10 is a list of tree species that have been known to perform 
well in the GTA. These species and their related cultivars should by no means be 
a final tree list but can be used as the basis for the development of a tree list.

Species diversity and greater protection from insects and disease can be 
achieved by following the 10-20-30 rule. No more than 10 percent of trees 
should be from a single species, no more than 20 percent of the same genus, 
and no more than 30 percent in the same family. This rule can be used 
on a number of levels: in the same street, neighbourhood, ex municipality.• ••••••••••••••••••a** •, • •
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name notes
Abies concolor 12 6 Su conical p V V y sun moderate/low no serious pests

CDAcer xfreemanh 16 14 4a oval S. p. U V ¥ V y sun part sIkkIc moderate urban tolerant, intense fall colour

Acer gtnnala 5 5 4a rounded h, p V V V y sun shade moderate/low performs well in planters

Acer nigrum 14 5h rounded p V V V y sun shade moderate heat tolerance

Acer pseudoptaiantts 1? id 5b rounded S,p V V X V sravpiirt shade moderate tew serious pests uoi
Acer rubram 15 i3 4.1 reminded a. p.» v X V sun part shade moderate best to grow from local seed source

CDAcer xaccharinwn 46 14 4a upright P» V ¥ ¥ ¥ sun pirl shade moderate/high urban tolerant, weak branching

Acer sacchanim 16"' 24 4b rounded p. IV V sun shade moderate shade tree, not stress tolerant

CDAcer tataricum 6 3 4a rounded s. p V V V sampan shade low common as multi-stemmed

Aescuhts x carnea 14 10 Sb oval s> p V V V sun moderate less prone to leaf blotch

Aescutus glabra 12 10 5a broad p.« ¥ v sun piirl shade moderate susceptible to leaf blotch

Aescuhts hippncasfanitm 45 20 5a oval s, p ¥ v v sun pan shade moderate leaf blotch, showy blooms

Ainas glutinosa IS 8 Sa oval S. p ¥ V v1 v sun pail shade moderate/high prone to insect and disease

Amefanchier ahtifolia 4 3 5a rounded s. p. « V V ¥ sun pan shade moderate while blooms, showy fruit, wildlife

Betula atleghaniensis io 13 -111 upright p. w V shade high attractive peeling bark

Beluia nigra 211 13 4b pyramidal p. » v X \ sun moderate/high tolerant to changes in the water table, 
best planted B&B

Bctuki papyrifera 15 10 Sa pyramidal p.w V V V stm low stress susceptible, best planted B&B

Betuta populifolia w 5 4a conical s, p, w V X V sun moderate heat tolerance, naturali zing

Carpi nun betulus IS 10 5a oval S.P ¥ ¥ V sun low very adaptable, slow establishment

Carpi nus caroliniana 8 8 4b irregular s, p. w V V sun shade moderate naturalizing, slow to establish

Carya can^farmis 25 20 Sa cylindrical p. w V sun moderate edible nut, attractive bark, slow to 
establish

Carya wata 25 20 5a oblong P, W V ¥ v .sun part shade moderate edible nut, attractive bark, slow to

• • ••••••• • • I • • • • • • • • • • 4» • • • • • • • • • • ♦ • • • • • • • • • • •
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name
Quercus robur- 25 25 5 a broad I’." \

Quercus rubra 25 25 4a rounded p, V v ■V \

Quercus vclutina 20 4a bread p. U V v s 

\Rhus typhina 7 2 5a spreading p % 1

Robinia pseudoacacia 26 5n narrow 'P v y \

Sassafras albidum Jo a 5a irregular p.w ■J y \

Styphnoiobium japonicum 15 15 5a rounded S. P X ¥ \

Syringa reticulata 9 6 4a oval SP ¥ ¥ \

Thuja occidentalis 15 5 ■■ 4a pyramidal p " V V

v'Hita americana 22 10 4b p,w V

Tilia cordata 22 10 4b pyramidal S.P X ¥

Tsuga canadensis 20 <» 4h pyramidal p,w V
.. .Utnws americana 25 10 4a vase w V s V

Utmux japonicax wilsoniana 
‘Morton’

25 15 5a S.P V V ¥

VZelkovaserrata 20 15 5b vase s. p V V
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notes
Y ■.un moderatedoxv stately tree, requires large site, best 

transplanted B&B cS
V sun moderatedoxv few pests, good urban performer, 

slow tn estaNish from ban*, root
w ar

sun moderate naturalizing, shade intolerant CDV sun low naturalized plantings, aggressive

¥ sun low tolerant, brittle branches

sun pan shade moderate/loxv few pests, bright fall colour

V sun moderate/Iow once established is very tolerant

V sun moderate/! oxv tew pests, tolerant, overplanted

sun moderate/high naturalizing, storm damage

sun part shade moderate not as ornamental, naturalizing

V >un moderate/Iow over used, very urban tolerant

sun shade moderate naturalization, tolerates shade ■■■■a
y sun moderate *DED susceptible, naturalizing

V sun moderate specimen, *DED tolerant

V Min moderateAiigh gcxxl urban tree, less used

Tor more information on these plants and their applications:

Bassuk, N„ Curtis, D., Marranca, B., & Neal, B. (2003). RECOMMENDED URBAN TREES: Site Assessment and 
Tree Selection for Stress Tolerance. Ithaca, NY: Urban Horticulture Institute Cornell Universfty

DI rr, M. (1998). Manual of Woody Landscape Plants, 5th edition. Champaign, Illinois Stipes Publishing.
Farrar, J. (1995). Trees in Canada. Markham, Ontario: Fitzhenry & Whiteside Ltd.
Urban, J. (2008). Up by Roots: Healthy Soils and Trees in the Built Environment. Champaign, IL.: International 

Society of Arboriculture.
• •••••••••••••••••••••••••••••••••••••••••••« • •
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monitoring

If a tree species is selected based on limiting stresses, selection criteria, and 
recommended species, trees have an increased chance of survival. At times there 
are stresses that go beyond selection criteria, such as root space and site specific 
pollution. Monitoring tree growth during and after establishment will determine if 
species selection has been successful; if the selection needs to be re-evaluated; 
or if a different approach, such as site modification, needs to be considered. It is 
important to note that urban tree selection is the first and usually least expensive 
option to tree establishment. At some point tree selection does become less of an 
issue and site modification becomes more imperative, especially in areas of high 
stress. Although successful species selection can be the difference between life 
and death of an urban tree, this success is not solely based on plant selection. 
Urban areas must be planned and designed in a way that is hospitable for plant 
growth.

00
recommendations

♦ Outline what goal the tree planting must achieve on site.
• Evaluate site conditions when designing sites and selecting tree 

species.
• Become familiar with the environmental extremes that exist in 

urban situations.
• Design sites for mature trees to reduce the stresses imposed on 

trees as they grow.
• Understand there is no perfect tree species but there are species 

more appropriate for specific sites.
• Avoid contributing to a declining urban forest by selecting poor 

planting stock and by planting mass monoculture.
• Explore tree diversity and consider the 10-20-30 rule.
• Select tree species based on an informed horticultural, arboricultural, 

epidemiological, and ecological knowledge base.
• Consult with local horticulturists and/or arborists when making 

tree-planting decisions.
• Inquire about the provenance of your planting stock and how It 

was propagated.• •••••••••••••••••••a* 
urban tree species selection guide

Achieve tree uniformity by using a variety of species with similar 
growth characteristics.
Experiment with tree species to determine how they respond to local 
climatic conditions.
Re-evaluate design decisions based on the outcomes of previous 
tree planting projects.
Educate homeowners to improve tree selection in the residential 
landscape.

conclusions
Fundamentally, superior urban trees are those that possess some phenotypic 
plasticity and climatic adaptability.

Urban forests are part of a greater urban ecosystem- a multifarious system of 
trees and related plants associated with organisms, soil, water, air, and people. 
Tree selection should be made with a knowledge of horticulture, environment, and 
ecology. This would address the impacts cities have on vegetation and vegetation 
on the urban environment. The different uses of trees in cities should be planned 
using locally-adapted selection criteria. The use of trees in the urban environment 
can be divided into three site types: street, park, and woodland. Experimentation 
with natives and introduced species in nurseries, arboreta, streetscapes, and parks 
can often create new opportunities for urban tree use and lead to an increase 
in urban forest diversity. Proper tree selection is the least expensive alternative 
in making the best use of plants In urban environments. The tree selection guide 
will be a useful tool to ensure the best tree species are selected for the urban 
environment.

Benefits from improved tree selection procedures can be measured in terms of 
better tree performance, improved establishment, fewer problems with disease, 
lower management costs, and an extended tree lifespan. The responsibility is not 
solely on one group of individuals; due to the multidisciplinary nature of urban 
forest development, urban foresters, arborists, landscape architects, and anyone 
designing with plants in cities should be involved.

• • • • • • • • • • • • • • • • • • • • • • •••
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glossary of terms
Abiotic: non-living chemical and physical factors in the environment.

Adaptation: any feature of a plant that allows it to live under the influence of its 
habitat.

Biological diversity: the variety of plant species, communities, gene pools, and 
ecosystems in a given location.

Biotic: all the organisms, including animals, plants, fungi and micro-organisms in 
a given area.

Clone: genetically-identical individual plants produced by asexual propagation.

Tree diversity: the number of tree species in a particular community.

Environment: multifaceted physical, chemical, and biological factors encountered by 
plants and other living things.

Native tree: those trees that occur in the region in which they have evolved prior to 
European settlement. This definition sometimes includes naturalized 
introduced species.

Phenotypic plasticity: adaptive characteristic of a plant that allows it to grow 
well in different growing environments.

Resistance: the ability of a plant to reduce the degree of damage by a pest or 
pests.

Seed stock: a supply of seed for planting.

Stress: forces, stimuli, or pressures that challenge an organism’s ability to adapt.

Tolerance: the capacity of an organism to tolerate unfavorable environmental 
conditions.

Urban forestry: tree management in cities to create ecologically balanced 
environment for urban areas.

urban tree species selection guide



additional resources
Canadian Urban Forest Network

h ttp7twww.tr eeoanadacaforograms/urbanforestryfoufn/cufnJttml

City of Toronto, Urban Forestry Services
http7/www.toronto.caArees/

Evergreen, Native Plants Database
http77www.evergreen.ca/nativeplants/

International Society ot Arboriculture (ISA).
httpy/www.isa-arbor.com/

LEAF (Local Enhancements Appreciation of Forests) 
http77Www.leaftoronto.org/

The Arboretum at the University of Gueph 
httpV/www.uoguelph.ca/arboretunV

Tree Canada
http7/www.treecanada.ca/site/?page=homeSlang=en

Urban Horticulture Institute, Cornell University
http7/www.hort.comell.eduAJHI/

references
Oaubenmire, R. (2003). Plants and environment: a textbook. ot autecology, 4th edition. New York: John 

Wiley and Sons Ltd.

Ditr, M. (1998). Manual of Woody Landscape Plarts, 5th edition. Champaign, Illinois: Stipes Publishing

Evans, L (1963). Environmental control of plant growth. New York: Academic Press.

Farrar, J. (1995). Trees in Canada. Markham, Ontario: Fitzhenry & Whileside Ltd.

Konijnendijk, C., Nilsson, K., Randrup, T., and Schipperijn, J. (2005). Urban forests and trees. New 
York: Springer.

Miler, R.W. (1997). Urban Forestry- Plan ring and managing urban greenspaces. 2nd edition. Upper Saddle 
River, NJ: Prentice Hall.

Orcutt D„ & Nilsen, £ (2000). The physiology of plants under stress: sot and tittle factors. New York: 
John Wiley and Sons.

Saebo, A., Benedikz, T., & Randrup. T. (2003). Selection of trees for urban forestry in the Nordic
countries. Urban forestry & urban greening, 2:101-114.• •••••••••••••• A* • • • • • •
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6.0 DISCUSSION

This study will provide urban forestry and design professionals with a tool to 

make better tree selections where there are no selection procedures or where selection has 

failed. The aim is not to develop a list of new tree species but to critically evaluate the 

process of tree selection to ensure the best locations and species are chosen for the urban 

environment.

There is well-documented research on environmental stress; however, a gap exists 

in that designers and urban foresters are instead planting with a trial and error approach 

or not considering site constraints at all. The limited site and plant evaluation is not the 

only issue; it is also apparent that a greater understanding of tree physiology and 

horticulture would be beneficial when making tree management decisions. Saebo et al. 

(2003) have found that stress physiology of city trees has been given little attention. 

Because selection criteria and tree physiology are not understood before planting, there 

tends to be no breakdown of selection factors. Are trees surviving because they possess 

some plasticity to prevailing conditions? Are they adapted to the climate? Is there a 

specific tolerance they possess that other trees do not? This criteria development is not 

only to determine why trees thrive or fail but also to develop a healthy canopy cover and 

to reduce the costs required to replant, to maintain, or to remove dead trees.

6.1 Evaluation of the Research Process

In general, the data derived from the CANUFNET listserv, the literature review, 

Key Informant interviews, and case studies were effective in developing the tree selection 

guide. A practical component useful to this research would have been to study actual 
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municipal planting sites. It would have been insightful to find successful and 

unsuccessful examples of tree plantings in urban environments and evaluate the tree 

selection procedures that were used or were not used in each instance.

The literature review was a straightforward process of finding information that 

would set the context for urban tree species selection. It was easy to immediately single 

out the leaders in the field of urban forestry research, as they were the most published and 

credible resources. Context for the research was set by outlining how plants interact with 

their environment, introducing tree stress physiology, explaining the multitude of urban 

stresses acting upon tree growth, and demonstrating how tree selection is closely related 

to the profession of landscape architecture. Focused literature reviews were used to 

narrow in on how urban stresses affect tree growth and tree selection. The process of tree 

selection was outlined and important tree selection criteria were developed.

The Key Informant interviews were generally straightforward and useful in 

establishing contacts and in attaining practical knowledge to reinforce information found 

in the literature. Interviewing a wide range of professionals in the urban forestry and 

design industry led to valuable recommendations on current urban forest research and key 

elements to consider when selecting planting sites and tree species. The informant 

recommendations were reviewed and synthesized into site limitations, selection criteria, 

and tree lists.

Selection of case studies was more of a challenge. The original notion was to 

select local municipalities within the GTA that were using tree selection procedures that 

could set a precedent. Through discussions with local urban forest managers it was 

apparent that most municipalities did not have an established process. Toronto, Ontario, 
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was the only local urban forest program evaluated. In place of local examples, 

international urban tree management case studies with exemplary tree selection programs 

were examined; one program from the United States, one from China, and one from 

Australia were selected. Similar to the informant interviews, the selection criteria found 

in each case study were limited but collectively they provide a comprehensive selection 

program. The data collected from international examples can be applied to municipalities 

within the GT A through the use of the tree selection guide.

6.2 Future Development of the Selection Guide

Key Informant critique has proven to be beneficial in the development of the tree 

species selection guide. Some of the recommendations provided for the guide would 

require additional research. The feedback I have received from Key Informants leads me 

to believe that urban forest professionals and landscape architects will be looking for a 

guide that not only looks at species selection but also combines information such as site

specific recommendations, physical site modification, plant stock selection, and the 

economics of selection and management.

Opportunities for the distribution of the selection guide were revealed through the 

Key Informant critique. Individuals who possess a large knowledge of urban forestry and 

horticulture may not require a guide to make tree species selections. An individual who 

has some knowledge of urban forestry who would benefit from additional horticultural 

resources would be the optimal user.

A more site-specific approach to tree species selection could be part of the future 

development of the selection guide. Focusing in on the street, park, or woodland level 
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would reveal more information about the opportunities and constraints of each planting 

site.

Tailoring the selection guide to an individual user may ultimately make the guide 

more effective. Modifying the organizational, horticultural, and selection elements could 

make the guide applicable to different professions. Periodic assessment of the guide 

would create opportunities to evaluate the effectiveness of the selection process as well as 

evaluate the content as specific issues become pressing, for example tree species 

selection in response to climate change.

6.3 Limitations

The following section describes the limitations involved in data collection and 

assembly of the selection guide.

6.3.1 Scope

The application of this research is intended for use in the GTA; the recommended 

plants will be specific to this area. Modifications may be required in order to distribute 

this guide to other municipalities. Since the selection process and selection criteria are 

site specific, they can be evaluated for any city. Overall, the information used to develop 

this research can be applied to most urban areas. Specific stresses will possibly change 

depending on geographic location. For example, European examples of tree selection 

mention forest fires as being a stress in urban woodlands; this may not be a recurring 

issue for most urban forests in Canada. The users of the selection guide will be 

professionals; the information derived from research will be limited to this group of 
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people. The language and specific content is not directed at other urban forest 

stakeholders such as residential homeowners.

6.3.2 Availability of Information

A large component of this research relied on the accessibility of information 

related to urban tree species selection. There is no shortage of broad-spectrum research 

relating to urban forestry management but tree selection in particular is not as frequently 

studied. Of the municipal websites examined, little or no information regarding tree 

species selection was available; tree lists were available in some instances but there was 

no information on how the lists were compiled or what kind of tolerances or adaptive 

qualities the trees possess. Contact was initiated with local municipal urban forestry 

departments but the information provided regarding selection was very limited. None of 

the staff members contacted had a defined selection process that they followed.

6.3.3 Key Informants

The scheduling of meetings and phone conversations with informants proved to 

be more difficult than expected. Professionals were contacted for interviews but a limited 

number returned email and phone messages. In some cases information was promised but 

not provided. Collectively, the informants provided a variety of responses that were 

helpful in creating the selection guide. Individual responses provided only a few pieces of 

useful information and some responses could not be used due to incompleteness. 

Informant bias is inevitable due to their life experience, work experience, and education; 

as a result my data contains some of this cumulative bias.
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6.3.4 Personal limitations

The number of informants interviewed, the number of evaluated case studies, and 

the depth of the literature reviewed were limited by the time-line of this research. As a 

result a very general overview of the tree selection process is included in the species 

selection guide. Personal interests influenced the selection of this research topic and it 

influenced the direction of the study due to previous educational and professional 

experience in horticulture, design, and urban forestry. On the other hand, this experience 

provided unique insight into urban forestry management from a horticultural perspective. 

The focus on environmental stress, plant responses, and selection limited the exploration 

of research into the social and economic factors affecting tree selection in cities.

6.4 Future Research

Within urban forestry management and design, best management guides could be 

created for other common practices that may not have a determined process to follow. 

Native plant selection guides for woodlands and naturalized areas would be beneficial to 

increasing urban flora diversity as well as allowing for native gene flow through urban 

areas. Similar plant selection guides or maintenance guides could be created for the urban 

homeowner. There is some existing literature on homeowner education. Residential trees 

comprise up to 80% of the urban forest; further education for homeowners would be a 

worthwhile investment.

A more extensive guide to tree selection could be assembled that evaluates not 

only the environmental factors but the social and economic considerations involved with 

urban forestry management. It is important to note that urban tree selection is the first and 
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usually least expensive option to tree establishment. At some point tree selection does 

become less of an issue and site modification becomes more imperative, especially in 

areas of high stress. The distinction is found where tree survival is poor and tree health is 

suffering. Future research into urban stress should be focused on the most limiting 

stresses in cities: water and soil. Since species selection is only part of a greater urban 

forestry management program, exploring other methods to increase soil volume and 

reduce opportunities for water stress will be useful to improving urban forest quality. 

Tree physiology is a well-informed discipline; how trees respond to stress at the 

physiological level is where more understanding is needed. Knowing how trees respond 

physiologically to a modified physical environment would also benefit urban forest 

design.

More research should be undertaken that addresses planning the urban forest and 

selecting trees in response to a changing climate. It is unsure how climate change will 

affect urban vegetation; emphasis should be on protecting and increasing tree diversity. 

This will become a more pressing issue as negative city conditions become amplified by 

warmer temperatures and more severe weather events. This type of research will be 

region-specific, as climate change does not affect every city in the same way.

6.5 Implications

The tree selection guide serves as a species evaluation tool for urban forest 

managers, planners, landscape architects, and allied professions. The idea is to critically 

evaluate the tree selection process to ensure that informed planting decisions are made.
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The guide should also be used to educate those designing with trees about planting sites, 

planting stock, and about the stresses that will affect their design decisions.

6.5.1 Advice to Urban Forest Professionals

Urban forestry departments have percent canopy targets and tree health targets to 

reach; proper site and species selection will contribute to overall tree health. A properly- 

selected tree can reduce costs related to maintenance and removal. The following 

recommendations are made to urban forest professionals when planning for trees in cities:

• Outline what goal the tree planting must achieve on site.

• Evaluate site conditions when selecting tree species.

• Avoid contributing to a declining urban forest by selecting poor planning stock 

and planting mass monoculture.

• Explore tree diversity and consider the 10-20-30 rule.

• Understand there is no perfect tree species but there are species more appropriate 

for specific sites.

• Select tree species based on an informed horticultural, arboricultural, 

epidemiological, and ecological knowledge base.

• Consult with local horticulturists and/or arborists when making tree-planting 

decisions.

• Inquire about the provenance of your planting stock and how it was propagated 

(seed vs. clone stock).
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• Experiment with tree species to determine how they respond to local climatic 

conditions.

• Re-evaluate design decisions based on the outcomes of previous tree planting 

projects.

• Educate homeowners to improve tree selection in the residential landscape.

6.5.2 Advice to Landscape Architects

Landscape architects have the ability to design, communicate, and collaborate 

with other professions to create sustainable landscapes. As a multidisciplinary 

profession, landscape architects are expected to be knowledgeable in many disciplines, 

including how to grow and use plants in design. They have a large influence in the way 

that landscapes function, look, and feel. Tree species alone can greatly contribute to a 

local identity and distinct appearance. Uniformity is a desirable feature in urban trees and 

this often comes from overplanting clones of the same species. Many urban tree problems 

stem from the wrong species or cultivar chosen for a particular site, and from poor 

judgment in management. Designing purely for aesthetics need to be re-evaluated. 

Improved plant selection procedures are required to gamer a greater diversity of species, 

to extend the lifespan, and to improve overall health of trees. Beyond the development of 

planting designs, the following recommendations are made to landscape architects who 

design for the establishment of urban trees:

• Outline what goal tree planting must achieve on site.
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• Evaluate physical site opportunities and constraints together with an inventory of 

municipal and native trees.

• Become familiar with the environmental extremes that exist in urban situations.

• Design sites for mature trees to reduce the stresses imposed on trees as they

grow.

• Consult with local arborists and/or horticulturists when making tree-planting 

decisions.

• Achieve tree uniformity by using a variety of species with similar growth 

characteristics.

• Explore native plant options where site conditions permit.

• Be cognizant of the quality and provenance of planting stock and how it was

propagated.

• Re-evaluate design decisions based on the outcomes of previous tree planting 

projects.

6.6 Summary

This chapter has evaluated the research process and selection guide, discussed the 

limitations, outlined future research, and described the implications for urban foresters 

and landscape architects. The following chapter will present the conclusions that can be 

made from this research.
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7.0 CONCLUSION

There is growing concern over urban tree health as many municipal urban forests 

are in decline; tree mortality is a large factor impacting the urban landscape. Canopy 

cover is being lost in many Canadian cities. Toronto, Ontario, for example has lost 6% of 

its urban canopy cover in the last 15 years. The planting of inappropriately-selected urban 

trees is partially to blame for a waning urban forest.

While organized tree planting in Canada is a relatively new practice, urban 

forestry has experienced an evolution. This includes the loss of forests due to post-war 

suburban sprawl; the disastrous loss of the American elm; the resulting increase in urban 

forest awareness; and now a general urban forest decline. No matter who is a leader in 

urban forestry research or who has the best urban forestry program, each city has to 

evaluate how healthy their urban forest is and how specific management goals can be 

achieved. Improved tree care and tree health can arise from expanding knowledge of tree 

biology as well as from proactive tree management. Biodiversity is now recognized as 

essential to long-term functioning of ecosystems. The loss of natural vegetation places 

great importance on promoting and maintaining biodiversity present in the urban forest. 

Urban landscapes should be critically evaluated to develop better planning and 

maintenance strategies to ensure a long-lived urban forest.

The original goal of this study was to develop a selection guide for urban trees 

based on environmental stresses and plant responses. It is hoped that urban foresters, 

landscape architects and allied professions can use the guide to make informed decisions 

relating to urban forest management and design. The objectives that were developed and 

met as part of this research were:
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• To outline major urban environmental stresses limiting tree growth;

• To identify plant stress responses and how they relate to tree selection;

• To determine what selection criteria are currently used in cities;

• To generate a consolidated and enhanced set of urban tree selection criteria; and

• To develop an urban tree selection guide.

The successful selection of urban trees is a pressing issue in many urban 

environments across Canada due to the broad range of limitations that exist (Cameron et 

al. 2001). The stresses featured in this research include local climate, water, light, soil, 

de-icing salt, air pollutions, mechanical injury, street architecture, insects, and disease. 

The most limiting stresses are poor soil quality, lack of soil volume, and lack of water. 

Selected trees should vary and be adaptable to individual sites and microclimates. 

Fundamentally, superior urban trees are those that are tolerant of existing limitations that 

exist in the urban environment, as well as trees that possess genetic versatility. Although 

no tree is tolerant to every site constraint, a number of criteria should be found in urban 

trees that we use today: tolerance of extreme high and low temperatures, periods of 

drought, air and soil pollution, de-icing salt, pests (insects and disease), wind, root 

quality, predictability of growth and form, and low cost of production and management. 

Amenity and aesthetic values need to be considered as well. Trees should not only be 

selected for survival but also to fulfill the needs of urban residents (Santamour et al. 

1975). Trees have the genetic potential to adapt to many stresses found in the urban 

environment. At times there are stresses that go beyond selection criteria, such as root 
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space and pollution (Konijnendijk et al., 2005/ Although plant selection can result in the 

survival or death of an urban tree, the responsibility is not solely on plant selection. 

Urban areas must be planned and designed in a way to be hospitable for plant growth.

It is clear from this research that urban forests are part of a greater urban 

ecosystem, a complex system of trees and related plants associated with organisms, soil, 

water, air, and people in areas exposed to the conditions of an urban environment. The 

stresses that trees encounter are abiotic or biotic and are varied in occurrence and 

intensity. In order to select trees for urban environments, an understanding of 

horticulture, environment, and ecology is required. This will address the impacts of cities 

on vegetation and vegetation on the urban environment. Successfully-selected trees are 

those that possess some phenotypic plasticity and climatic adaptability. Experimentation 

with natives and introduced species in nurseries, arboreta, streetscapes, and parks can 

often create new opportunities for urban tree use and lead to an increase in urban forest 

biodiversity. Tree diversity is essential to long-term functioning of the urban forest. 

Proper tree selection is the least expensive alternative to making the best use of plants in 

urban environments. The developed tree selection guide will be a useful tool to ensure the 

best locations and tree species are selected. Benefits from improved tree selection 

procedures can be measured in terms of better tree performance, establishment, fewer 

problems from insects and disease, lower management costs, and an extended tree 

lifespan. The responsibility is not solely on one profession; due to the multidisciplinary 

nature of urban forest development, urban foresters, arborists, landscape architects, and 

anyone designing with plants in cities should be involved.
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APPENDIX A: INTERVIEW QUESTIONS

Interview Questions: Urban Tree Species Selection

Stephen Cushing, University of Guelph MLA Candidate 2009
Advisor: Dr. Karen Landman

Interviewee:Date:

1) What is your job title?

2) What are your job responsibilities?

3) In what way does your job contribute to urban forestry management and planning?

4) How important is tree selection to urban forestry management and planning?

5) Would you say trees have reduced life span in urban environments? Why?

6) What are the most limiting environmental stresses that trees encounter?

7) Would understanding tree physiology help to select more suitable urban trees?

8) How are trees selected for projects that you have worked on?

9) Who is normally in charge of plant selection?

10) Based on personal and professional observation, is enough being done to select better 
trees for cities?

11) Should there be improvement in current selection methods? Who should be 
involved?

12) What cities or organizations have exemplary tree selection initiatives?

13) Who would you recommend that I speak with for more information on tree species
selection?

14) In the literature, what authors do you recommend for more information on 
environmental stress and plant selection?

15) Is there any other information you think I should know?

16) Would you consider reviewing a draft guide to urban tree species selection that I plan on 
creating?
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