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the Landscape Ontario Horticultural Trades Associatib®@3dand revised in 2005. It is intended for

landscape architects, landscape designersisieape contractors, urbanriest managers, horticulturists,
arboristsand otherprofessionalsvho understandree attributes andree requirementsand who have

working knowledge of terms commonly used in the horticultural trafléandscape trees shioube
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Overview

Research on improving tree planting and egsabhent continues to grow in interestiongside the
increasingralue placed on tree canopy cover by society. In order to capture the wealth of evideece
information available and ensure that this guide is informed by this growing body of regtéaxetitten
to provide readersvith a summary of relevant content and-tgedate research findings. Corresponding
field sheets dislipertinent inbrmation from thechaptesinto acionable items. Rnting details are
included in Appendix B to illustratee best practices discussed in the chapters and field shé#ten
additional information isequired to describe protocols or techniques, hypé&sdito resources are
provided.Words within the text ifold are linked to theglossary

The information in this guide does not extend to gaanting and establishment carndowever,
aftercare is often integral to tender language associated with planting contraotsler to plan for care
after planting, an overview of tastedthe potentialtenderlanguageare providedin Appendix & Post
Panting and Establishment Care

Nol:e on Key References

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

Hirons, A.and P.AThomas2018. Applied Tree Biologlohn Wiley and Sons Ltd. 411 pp.

Hirons, A.and H.Sjdman2019.Tree Species Selection for Green Infrastructure: A Guide for Specifiers.
Tree Design and Action Growgip://www.tdag.org.uk/specieselectionfor-greeninfrastructure.html

[AffeY {d® WP Hamnd® ! ND2NRAGAQ /SNIAFAOLFIGA2Y { (dzRe
352 pp.

Urban, J. 2008. Up by Roots. International Society of ArtioreeuChampaigrL. 479 pp.

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

Watson, Gand E.Blimelick 2013. The Practic8lcience of Planting Trees. International Society of
Arboriculture. Champaigii. 250 pp.


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

Chapter 1- Environmental Site Assessment

All tree planting projects should start with a comprehensive site assessment. This section deals with
environmentakonditions¢ aside from soifjuality, which iscovered in Chapter @that need to be
investigated orsite to develop a planting strategy, including tree selection.

Hardiness

Action Item

1 Identifythe hardiness zone where the planting site is located.

Cdd hardiness is the first factor to consider when selecting trees for a planting project. Two commonly
used systems for determining and mapping hardiness zones in Canadthar@€dnadian plant

hardiness indeand 2)the USDA method, based extreme milmum temperaturesThe Canadian plant
hardiness index has been developed to incorporate a wider variety of climatic variables, including
minimum mean temperatures, frost free periods, rainfall, maximum mean temperatures, snow depth and
wind gusts. Both dhese systems have updated maps based on data from 1981 to 2010 and are available
here

Light Levels

Action Item

9 Observe the amount of sunlight new plantings will receive throughowgrtwing season

¢NBSaQ LKeaAz2t23A0Ff NBalLkRyasSa (2 adzytAakid t SOSt a
tolerances of tree species correspomdth three categories of sunlight levels: full sunlight, partial shade

and full shade (Table 1).yAstructure orsite can contribute to shading, including buildings and existing

trees. Sunlight levels are influenced by planting location, height and number of buildings and/or trees,

street width and building setbacks. Although shady conditions canmftetude optimal growth of

planted trees, if shadmleran species are selected, succesplanting pojects can still be achieved.

Tablel Categorie®f sunlight levelduring the growing season

Light level Description

Fullsunlight  Greater than six hours of direct sunlight per day

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

Full shade Less than gihours of filtered sunlightzery little to no direct sunlight per day



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

Reflected Heat

Action Item

1 Determine the distance between the planting site and hard surfaces like roads, congr
structures, buildings, et€onsider appropriate interventions listed in Table 2.

Temperatures can differ in cities due to reflected heat and a lack of surrounding vegetation. Maximum
GSYLISNI dzNBa Ay bSg 2N] /AdeQa /SydiNrf tIFN] 6SNB
Columbus Avenue (Whitlow and Bassuk 1987). In generagnojpgratures are 1°C to 6°C warmer than

their surrounding suburbs, with most of that difference attributed to the high density of buildings, asphalt
and concrete. These materials absorb, store, and releaseTiegt.can represent up to @@r centof

the space surrounding a tree in a downtown location (Watson and Himelick 2013). The released heat
directly influences trees in these locations and the phenomenon contributes to the urbaslaedt

effect. Trees experiencing high temperatures can dissipateldeds throughranspiration When

transpiration is limited by a lack of available soil water, legbéeatures can continue to rise. If these
conditions are ongangand exacerbated by increased ambient temperatures fieftacted heatpranch
dieback and tree mortality can eventually occur.

Taking a 360° view of the planting location helps understand the potential hethdbaaday affecthe
planting site (Coder 2014)rees that are less th&m from hardscapes in uftiple directions are more
likely to be strongly &dcted by reflected heat. Thigfect will diminish when hardscape is present in only
one direction or is farther awayo determine the influence of reflected heat on the proposed planting
location, estinate how close the newly planted tree will be to impermeable surfaces. If the tree will be
planted closer than 5 m to impermeable surfaces in multiple dire¢onse interventions and extra

care should be considered (Table 2).

Table2 The influencef reflected heat loads on trees plantechor less from impermeabgeirfaces in
multiple directions

Concerns Interventiors

1 Dehydration 1 Frequent irrigation is necessary in

1 Decrease in photosynthesis anc prolonged periods of heat and drough
increase in respiration Applymulch

 Tissue death Limit fertilizer use

Incorporate shading into design

Heat/droughttolerant species must be

selected
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Crown Space Requirements

Actionltems

1 Determine the distance to buildings, existing trees and any other potential conflicts a:
trees grow.

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

1 Choose species whose mature height and cafibffye location size constraints. Click
here (for a North American guide) or clickre (for a European guide containing many
relevant selections for Ontario).

When planting near abowground infastructure, it is essential to envision the mature size of aitree

relation to buildings, power linemd othertrees. Using mature tree height anddth size estimates will

help to reduce=xpensive pruning work ¢ree removal in the futureContactocal utility providesto

obtainrec YSYRSR (GNBS LI I yiArAy3ad a&ddheddedplagtiNg zoiBees NJ | 2
form (or habit) should be considered largely for aesthetic reasoneughhwidebranching species can

conflict with infrastructure or result itighter spacing between trees than desired.

De-icing Salt

Action Item

1 Detemine the distance between the planting site and areas wheiieats will be
applied. Consider appropriate interventions listed in Table 3.

In Ontario, décing salts are used on roadways and sidewalks, in both granular form and as a spray
solution. Thealistance between the planting site and areas of salt application during the winter is a critical
factor when choosing species, since salt can affect trees as a soil contaminant and as an airborne
pollutant On highwaysje-icingsaltcansprayonto treesand thoselocatedon the downwind side of the

road show the greast injury. In southern Ontariblofstra et al. (1979) found higher concentrations of
sodium chloride (NaCl) and injury levelsTbnja occidentali@astern white cedatrees growing on the
downwindside of Highway 401. Salt spray is not likely to cause outright tree failure, but recurring damage
tends to aféctcrownand branch growtliLumis et al. 1973}-or treegshat areplanted less thad mfrom
roadways, cubuts orsidewalks, tree mortalitiends toincreaseas soil contamination is more likely

(Dobson 1991). Tree spesigelections that are toleratu these conditions are very limited.


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

Table3 Damage leveland possible interventioassociated with idtances between the planting site and
areas of decingsaltapplications

Distance Damage level Salt type Interventiors
<5m Severe damage Damage from 9 Use ofraisedcurbs tolimit salt
spray and soil contaminantanovinginto tree pits

contamination 1 Shelter trees (fences, burlap)

1 Select specithat are known to be
tolerant to soikaltcontamination and
saltspray

1 In extreme cases, it mée
recommended not to plant a tree

5t030m Moderatedamage  Salt spray and 1 Shelter trees during the winter (fences,

potential soil burlap)
contamination if  { If possible, slect species with at least
barriers are not moderate tolerance to salt spray
used
30mor Minimal damage Salt spray 9 If possible, slectspecies with at least
more moderate tolerance to salt spray.

Sensitive species may be considered if
salt drift is limited.

Airborne deposits and runoff from melting snow on
pavement can accumulate in the soil and negatively
affectsail structure Aggregatesan be broken apart
and clay particles can plugilspores, resulting in
reduced soil permeability and aeration (Watson and
Himelick 2013)Salt that remains in the soil past the
{ winter will influencahe osmotic potential of the soil
{ moisture, making it more difficult for tree roots to
absorb adequatevater during the growing season
(Hirons and Sjoman 2091 Due to the central
importance of water in thphysiological processes
damage on evergreens. Source: Glemis. of all plantstree species that cannot toleratsoil

saltwill decline through disrupted photosynthesis,
stunted growth and copromised cellular functiomdigh levels of soil salts can dehydrate and damage
roots and cause desiccation of the entire pigénslin 2011} eaf necrosiandchlorosiscan be signs of
elevated sdisalt levels, especially on older leaves where sodium and chlorine ions have built up to toxic
levels over a longer period of time (Hirons and Sjomaf)20ie evidencef the translocation of soil
salts to shoots during the growing seaswriudestwig diebackg A i O K Q dndléafsBochsccurring
on leaf margins (similar to aerially deposited salt), as well as trunk lesions (Watson and Himelick 2013).




Qonifers experiencingalt spray wilkkxhbit needle browningtarting at the tips and become more

extensive with increased salt expos(Fegure 1)C2 NJ RSOA Rdz2dza alLlSOASaz (s6A3 R
result from injury to vegetative budsjury becomes more extensive with increased salt exposure and is

greater on the side of trees facing the roadwayhough salt injury diminishes with distarftemis et al.

1973),tree species particularthosesensitive to salt spray have been founaxperience salt damage

over 300metresfrom a major highwa(Watson and Himelick 2013).

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

Quantitative measures of satilerance do noturrently existjnstead, patterns of performance and
morphological features are used to produce relative salt tolerearddngs (Hirons and Sjoman 2019).
Where salt tolerance rankings do exist, there are sometimes contradictions between sources. Therefore
mostevidencebased resources only provide known tolerance rankings for a limited number of species
where there is consensus and data are more reliable.

Root System Space Requirements

Action Items

1 Determine the proposed planting distance to infrastiwetwith which roots may come
into conflict.

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

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

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

Tabe4 Distances at which tree roots are likely to conflict with infrastructure

Distance Infrastructure Interventions

<3m Sidewalks and roads § Root barriers

1 Sidewalk cubuts
Installroot pathwayso direct roots
Modular suspended pavement systems
Usestructural soll
Avoid aggressive rooting species
Choose deep rooting species

= =4 -4 4 A




<6m Building foundations  Avoid aggressive rooting species
1 Installroot pathwaydo direct roots
1 Select species armliltivarswith small mature
crowns
<6m Pipes and sewers 1 Avoid aggressive rooting species
1 Select speies and cultivars with narrosrhall
mature crowns

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

However, when planning does not account for root extensio
into these areas, roots can eventually lift and crack the
pavement(as illustrated in Figur®. There are a variety of
engineering solutions designed to help mitigate the conflic
between tree root growth and infrastructure. These include :
root barriers, sidewalk ctduts, root pathwaysuse of modular ';
suspended pavement systems (e.g. plasticaires) and
structural soil (Table 4). Many of these options have been
successful in improving tree growth and reducing conflict wi -
pavement in research tilmand in practice (Smiley 2008, ‘
Grabosky and Bassuk 19@8iman 2006). Their relative
effectiveness is influenced by the conditions presensita
andthe characteristics ahe tree species planted.

The following factors increase the potentialdisturbance of  Figure2 Example o& tree rootiifting and
pavement or curbs by trees (Randrup et al. 2001): cracking a sidewalk.

1 Large trees 1 Lack of baseaterial beneath the

1 Fastgrowing species sidewalk

Shallow rooting species T Inadequate irrigation

1 Short distances<(2 - 3 m) between

1

9 Restricted soil volumes i
sidewalls and trees

1

Shallow topsoil with compacted soil

below 9 Trees older than 15 to 20 years

Resarch has shown that tree roots likely do imotiate damage to pipeand foundations but areapable

of exploiting cracks or voids in belground infrastructureln acomprehensivd 981 study undertaken

by the Rgal Botanical Garderikew), Englandver 11,000 treeand surrounding buildings were

assessed. Thaverage distance between damaged fdations anctontact with tree roots ranged from

2.5t0 11 m. Tree genera selected for tight urban spaces in and around buildings should be given careful



consideration as root systems extend roughly 2 to 2.5 times the width of their crowns (Hirons and
Thoma 2018) Therefore, inere possible & to 7 msetback is recommended from building foundations
for species and cultivars with medium to large crowns at mat{Hitpns and Thomas 2018).

It is possible for trees to intrude into belgnound infrastructurdike sewer systems, particularly when
pipes are old and cracked, or if pipes are joined together with a collar. Most species of trees and some
shrubs are capable of root intruseimto damaged pipes or through pipe collatthough more research

is neecekd to determine which gTies are of greatest concern. Rootstead take advantage of areas

where holes or cracks exist to access resources (moisture, air, nutrientsytatth)can resuiin

increased damage. Therefore, planning adequate distances away from infrastructure is important to
minimize conflicts. In situations where trees will be planted in trenches in and around infrastructure,
providing good soil conditions so roots have astesir and water will reduce the likelihood of trees
exploiting the spaces in and around pipes. Where possible)setback from existing pipéss been
recommended (Watson and Himelick 2013).

Wind

Action Item

=

1 Identify the wind direction and potentiaind effects on trees at the planting site; use tf
information to aid in species selectigfiable 5)

Tables Considerations for choosingesjes based on wind effects at fhlanting site

Trees are often planted to help

reduce wind speeds. Knowing the
Protected Weaker wood and branch attachmis may be predominant wind direction

acceptable; larger crowrf# the space permits)  throughout the year, as well as
wind speeds, will helip select

wind effect Secies characteristics

Not Multi-stem and clumping forms, m&ized

protected crownswith strong branches appropriate species. Buildingan
sometimes protect trees from

strong winds, but can also create a
wind tunneleffect, especially in

city centres where there are many
large and tall buildings (Pandya
and Brotas 2014)t is important to observe the situatiaheach planting sit€Table 5)

Wind tunnel  Multi-stem ard clumping forms, smaller crown
strong lranch unionsyellanchored root
systems (wide and/or deeply rooted)

There are both mechanical and thermal impacts of wind on trees. Mechanical effects include leaf loss and
tatter, tree shape deformation, branch breakage and abrasion from soil and/or ice particles driven by
wind. Thermal effects include incredsaoisture loss from soil and leaves (Trowbridge and Bassuk 2004).

A significant amount of research has been done on the effects of wind on treesdiynBn. at the

University of Florida. For more informatidickhere.


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

The soil quality and quantigwailable to dree at aplanting &e should form the basis for decision

making on species selection, site preparation and tree installdtrer rootsequire soil that provides
adequate access to air, water and nutrients. Some tree species can withstand periods of flooding or
drought, grow in low nutrient soils or tolerate compactibbwever, only selectingeeswith these
characteristics severely litsthe choices of species that can be planted. Before tree selection begins, the
basic features of the planting soil should be understood, especially for disturbed soils in urban centres,
recent suburban developments or anywhere where soil removal andfopaction has occurred. These
modifications often include the complete removal of quality topsoil, severe compaction and addition of
subsoil fill ormanufacturedopsoil. In contrast, planting tes into healthy andvell-structured (crumbly)

soils, such as those found in undeveloped areas and older neighbourhoods, reqaiterease during
establisiment. How soil quality can affect trestablishmentind growth can be understood by assessing
key soil properties includintgxture, drainage, compactiospil organic matteand pH.

Texture and Drainage

Action Items

1 Determine soil texture based on tahtoryanalysis or the hand texturing method.
Interpret the results based on Figure 3.

1 Identify drainage characteristics of the site (poor, moderate or excessive) from drain
test in Field Sheel

™

1 Using Tabl&, considelpossiblenterventions.

Soil texturds a property influencing many other chemical, biological and physical soil properties. A
primary concern when planting trees, particularly in urban settings, is how texture influences drainage
andavailable wateholding capacityTable 6)

For example, coarse soils (e.g. sand and loamy sand) tend to have good drainage, but pbotdirzger
and nutrient retention capacitiesine soils (clay, silty clay), do not drain as Wwatltheycan hold
nutrients and moisture more readilgoil texture classes are illustrated in Figure
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percent sand
—

Figure3 Soil textural triangland texture groupings. Source: Cornell Soil Health Program

Table6 Texture groupings from textural triangle (Figure 3) and associated key properties

Texture grouping Key properties
Fine 1 Slow draining

1 Seasonal flooding

1 Easily compacted
Medium(which includes  Moderate drainage
loam andsilt loam) 1 Higher available water
Coarse 1 Fast draining

1 Low available water

1 Low nutrient holding

capacity

Texture cannot be easily modified
without largescale removal and
replacement of soil. Therefare
understanding soil texture will help
identify strategies and interventions
appropriak to manage water to better
support tree establishment. Tree species
that require weHldrained soils will
typically perform better in soils with
higher proportions of sand.

Drainage is affected by soil textuseil
structure infiltration and topography.
Species that can tolerate periodic
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flooding are more appropriate for finer textured saifgl/or where drainage is slower, swales for
example Soil aeratioris also very important for tree root8lant roots require both water and oxygen,
and overly saturated soils can significantly reduce oxygen levels. It is common for urban sites to be
vulnerable to waterlogged conditions and poor aeratlor to compactionWaterlogged conditions can
be as detimental as drought conditions.

Table7 Interpretation of drainage test (as described in Field Sheefpted from Trowbridge and
Bassuk 2004)

Rate of water

Drainage class , . . .. Suggestediterventions
infiltration
Poor <10 cm/hour 1 Grade the site if poor drainaggapparenin
depressions
1 Breakup the compacted soil
1 Followplanting instructions for poorgrained
soils(Field Sheeb)
1 Regulate irrigation to avoid overwatering
T Choose species adapted to wet conditions
Moderate 10to 20 1 Nonerequired
cm/hour
Excessive >20cm/hour T Incorporate organic matter

1 Frequently irrigate durinthe tree juvenility stage

Compaction

Action Items
1 Refer toprobing wire testompaction results frorkield Shee?.

i Based on the compacti@everity of the site soilpasult Table 8 for potential
interventions.

Compaction breaks dowthe soil structure and subsequently restricts the movement of air, water and
nutrients, while physically restricting root development. Construction actigftiers involve the

complete removal of friablehighquality topsoil, the compaction of subsoil by heavy machinery and the
addition of a thin layer of loguality topsoilThis type of soil will go througiycles of flooding and

drought, and will provide only limited oxygen levels to tree roots. Compacted soils offer a difficult rooting
environment because of their decreased pgpace, botmacroporesandmicropores
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These conditions have cascading effects on a
variety of soil processgas liustrated in Figure
4,including diminished aerobic microbial o
activity (e.gmycorrhizal fungj reduced

nutrient mineralization and impeded soil water
movement (Hirons and Thomas 2018). While
some tree species have evolved physiological
mechanismsand areable to tolerate some of
these soil environmental conditions, there are
still compaction levs at which root growth can So
be completely restrictecc{ickherefor more
information). Soil compaction in the top 30 cm
of soil is particularly detrimental as this is th
most critical zone for root growth after
transplanting

Bulk Density

il Aeration

Root Resistance

h

Soil Porosity

Anaerobic Conditions

|

Soil Biota

Nutrient Deficiencies

|

il Water Movement

Plant Water Deficits

AV

SOIL COMPACTION

|

Figured Increasing or decreasing bawitiths indicatethe likely
effect of soil compaction on the soil propesigurceHirons and
A visuakiteinspection for evidence of high traffic”ercival (2012)
areas (e.g. equipment, foot traffic), patches of
bare soil or evidence of prolonged waterloggin
isaway to quickly assesise likelihood that sits
have been compactedFigure 5)Soil
compaction can also be assessed using simpl¢
resistance measuresuch ashe WLINE 0 A Y
i S arabe 8)Take a 40 to 50 cm length of hig
tensile wire (approximately 3 mm or 10 gauge
e.g. fence wire). Usgbout 10 cm to make a
looped handle and attempt to push the wire intg
the soil Soil moisture will influence the :
resistance of the soil to theire; therefore, this
test shouldbe conducted when the soil is construction activities can result in soil compaction, which car
neither excessively wet nor digfer to Field constrainthe growth of newly planted treeSource: Glen Lumis.
Sheet 2¢ Sal Assessmertb retrieve the results

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

Table8 Compaction levels as indicatedthg probing wire test and potential interventions

Compaction level indicated by probing wire tes Potential interventions

Severe; wire probe will not penetrate soil beyond Mechanical deompaction (subsoil and/or
10 cm deep backhoe method) andrganic amendments
should beused in combination
(Field Sheet ¢ Site Preparation).



https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_053260.pdf
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Moderatec wire probe will penetrate soil with Mechanical decompaction and organic
difficulty 1630 cm deep amendments are likely required
(Field Sheet ¢ Site Preparation)

Acceptable; wire probe will penetrate soil easily to Follow recommended tree installation
30 cm deep and below (Field Sheed ¢ Tree Installation)

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

1,380 kPa (1200 psi) suggest that root growth will not be negatively affected, between 1,380 and

2,070 kPa (20800 psi) root growth may be inhibited and when greater than 2,070 kPa (300 psi) root
growth may be stopped altogethéFrowbridge and Bassuk 2004).

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

Soil Organic Matter

Action Items

1 Review soil organic matter lafatorytest results (Field Sheg}.

-

9 If sdls have less than 5% soil organic matter, determine vitiiehventiongs) can be use
to increase soibrganic matter (refer to Table 9 in Chapter 4

Soil organic mattes composeaf living microorganisms and plant residuaganic debris in various

stages of decay and stabilized humus. Soil organic matter is widely understood to mediate many physical,
chemical, and biological soil properties (Gregorich et al. li@@#)dingsoil structureandaggregation

Soil organic matterontent alscexerts great impact on productivity abewesad belowground (Larney

and Angers 2012). Some of these properties include water retention and infiltration, soil aeration,

nutrient retention and availability, andrictions of diverse assemblages of soil organisms. While plants
cannot consume soil organic matter directly through their roots, the activégilddiotamake nutrients

within organic matter available over time.

Soil organienatter ranges have been established in agricultural soils to describe the provision of several
soil functions and associated benefits for crop production (e.g. the Csoihdéalthtest; Loveland and

Webb 2003). Howeverheére is less information on critical soil organic matter thresholds for landscape
tree growth and establishment in urban soils (Oldfield et al. 2014). Research has demonstrdted that
increasing soil organic mattar certain levelsn urban soilsbulk censityis decreasegthereby reducing
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compaction and improving tree growth (Oldfield et al. 204¢iGrath and Henry 2016). Scharenbroch et
al. (2005) found that youngérecently landscapedirban soils were deficient in maenaitrients
(nitrogen,phosphous and potassiunijecauseof soil disturbances that occurred during construction.
The availability of soil nutrients in urban sites is directly related to the amount and quality of organic
matter available in the soil as well as the soil texture. Confjasstd soil amendments asdrfacemulch
applications caimcrease organic matter content and available nutriewes time(Scharenbroch 2009).

oH

Action Items

1 Review soil pH lalbatorytest results.

1 Use Figure 6 to help identifptential pHrelated nutrient deficiencies that may affect trg
growth and health.

Soil pH refers to the level of acidity or alkalioftyhe soiland influences the availability of various macro
and micrenutrients necessary for tree growthhere ardourteenessential nutrientéound in plants. The
relative concentrations of different nutrients in plants are classified as matrents (required in

higher concentrations) and micrwtrients (required in smalleloacentrations) Essetial macre
nutrientsare nitrogen, potassium, phosphorus, aait, magnesium and sulfur apdsential micro
nutrientsincludechlorine, boron, iron, manganese, zinc, copper, nickel and molybdenum.

Soils are consideredidic below 7.0 and alkaline abov~
7.0. The majority afiutrients are best absorbed by
plants somewhere between a pH of 5.5 and 7.5.
However, soil pH in urban settings can often be hight
than 7.5 due to leaching of alkaline substances from
concretebased matrials such as sidewalksads, and
other infrastructure. In much of southern Ontario, soil
have an inherently high pH because of the widespres
presence of underlying limestorigue to the alkalinity
of many urban soilghlorosiscan affect certain tree
species that grow best at a pH below 7.0.

Soil pH

4 5 6 7 8 9

I 1 1 I I 1

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

Figure6 (Right)The influence of soil pH on nutrient availability. )
. . . R . I . Macronutrients ==
Increasing and decreasing band widths indicate relative availabi  picronutrients -
nutrients to trees. Blocking on margins indicates where nutrients  Toxicity z
become unavailable. Source: Hirons and Thomas (2018)
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species or require remediatioli.soil contamination is suspected, contact @etario Ministry of the
Environment, Conservation and Pa/s understanding of previoustatties on the site can be gained
through soil analysis and/or an examination of records.

Soil Volume

Action Item

1 Estimate useable soil volume for each tree planting location.

Soil volume is another critical
factor influencing tree Gt
performance. Ishould be kept in SL )i % o
mind that a seemingly large soll
volume may not all be usable by :
tree rootsif the soil is very
compact.Theamount of water
available to dree is limited by
the volume ofoil to which it has
accessTrees growing in
restricted soivolumes in urban
environments often require
ongoing irrigation past juvenility.

Estimating soil volume is most
relevant in high density urban

settings where tree root systems ™ _ _ _ _ _ _
| h the limits of Figure7 Rooting space impacts tree crown growth in a parking lot in Gelsenkir

commonly reac e limis of a Germany. Trees at the edge of the parking lot have accessdatargoil volume

provided volumeresulingin resulting in greater growth than the treesated within the parking lo® Johan

slowedcrowngrowth Ostberg

(Figire 7), water stress and

greater susceptibility thigh winds pests and diseases (Watson and Himelick 20h&)size of the root
system at maturity should be taken into consideration whanrphg tree placement. New technologies
(e.g structural soil permeable pavement, modular soil cell structures) have been developed to help
increase the amount of usable soil within restricted soil volumes.


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

The objective of this chapter is to aid imefizing tree selections after environmental conditions and soil
guality and quantity have been asses@€Hapters 1 and 2). Site assesats identify the most pertinent
factors (dimate, light levels, soil quality, salt levels, infrastructure, etc.) that will impact species selection.
Other factors in this chapteleserving considerationclude: mature tree size, growth rate and longevity,
as well as environmental benefits, pastl disease vulnerabilities, native growing conditions, plant origin,
invasion potential, diversity requirements, ornamental qualities and planning for climate change.

Tree Species Selection

Action Items

1 Use key resourcds the box belowand researchiighlights in this chapter tonderstand
criteria for tree species selection.

1 Select tree species using information from Chapteasnd2, the information belowand
from FieldSheetsl and 2

greeninganadianlandscape.cd_aunched in 2018, Vineland Research and Innovation CEg
developed the Greening the Canadian Landscape website, based on an extensive literg
review and synthesis of current research and extension information. It is meantridgreed
design of plantings in urban, suburban and natural settings. It offers a tree species sele
with over 200 species for use in Ontario. Unique to the website is a soil remediation cal
that enables users to input information from a basictestland receive recommendations ¢
how to restore degraded soil.

—

) )

woodyplants.cals.cornell.edu/hongeThe Woody Plants Database is an excellent resourg
northeastern North America developed@adrnell University, through the School of Integra
Plant Science and the Department of Landscape Architecture. It includes an extensive

database for selecting trees, shrubs, groundcovers and vines based on site conditions. |1
focus of the website is amatching environmental tolerances of species to planting sites.

~

tdag.org.uk/specieselectionfor-greeninfrastructure.htmicTree Species Selection for Grg
Infrastrudure ¢ A Guide for Specifiers is a 2019 publication produced by researchers in {
United Kingdom and Sweden. It provides background information on the principles of sit
assessment and tree selection for enhancing green infrastructure. The interaafiee gui
contains a database of 280 species with a focus on selections for Europe but much of it
content is still applicable to Ontario and Canada. The guide offers a rigorous assessmef
ALISOASAaQ SYGANRBYYSyYyGlft G2t SNI ya@ldhabitais,R A
ornamental qualities and potential management issues.

"

—

n



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

























































































































































































































