
Engaging Ecologies: A design framework for resilient and immersive 
bioretention plantings 

by 
 

Joel Sypkes 
 
 
 
 
 
 

A Thesis 
presented to  

The University of Guelph 
 
 
 
 
 

In partial fulfilment of requirements 
for the degree of 

Master of Landscape Architecture 
 
 
 
 
 
 
 
 
 

Guelph, Ontario, Canada 
 

© Joel Sypkes, December, 2020 



ABSTRACT 
 
 
 

ENGAGING ECOLOGIES: A DESIGN FRAMEWORK FOR RESILIENT AND 
IMMERSIVE BIORETENTION PLANTINGS 

 
 
 
Joel Sypkes      
University of Guelph, 2020

   Advisor: 
Karen Landman 

 
 
 

The role of bioretention as a site level infrastructure solution to economic and 

environmental issues associated with urbanization is well understood. Public agencies 

have developed extensive resources for their design and implementation that are well 

supported by research. However, the vegetative layer does not receive the same 

attention as the engineered components within guidance and research, leaving 

successful implementation up to the skill of individual practitioners. In order to realize 

the potential bioretention facilities have to integrate nature and city, comprehensive 

planting design guidance is required. This study begins the process of establishing such 

guidance, illustrating its potential through the creation of a design guide prototype called 

GreenKey. It suggests a framework for future planting design research and practice that 

integrates ecology, horticulture, stormwater engineering, soil science, microbiology and 

landscape architecture to ensure practitioners are equipped to navigate the complex 

task of designing resilient and engaging urban bioretention facilities. 
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1 Introduction 

1.1 Background 

The pressures of climate change and urbanization are exposing critical gaps in 

contemporary city building. Municipalities struggle to maintain aging infrastructure, 

falling behind on the necessary improvements needed to keep up with growth. The 

result is an increase in under served urban communities, vulnerable to the rise in 

intensity and duration of rain events associated with climate change (Mirza, 2007; AMO, 

2015; CVC, 2015). The traditional approach to infrastructural systems, one that seeks to 

displace negative consequences, is catching up to municipalities as the transportation 

of sewage and stormwater to downstream locations is causing widespread issues of 

erosion, degraded aquatic habitats and combined sewer overflows (CVC, 2010; Spirn, 

2010). Additionally, the major driver of change in a democratic society, the people, are 

more detached from the natural world than ever before. This detachment removes 

society from the consequences of their daily decisions, leaving them unaware of their 

place in the natural world and the role they play in mitigating the effects of climate 

change (Louv, 2005; Meyer, 2008; Washington, 2018).  

Green infrastructure (GI) is increasingly recognized as an effective solution to the 

economic, social and environmental concerns presented by climate change and 

urbanization. The topic of GI is broad and constantly evolving with varying definitions, 

scales and principles. From green energy to the management of stormwater, GI has 

become a buzzword within both the literature, public policy and the media. The GI 

described within this research is defined according to the Provincial Policy Statement 

(2020) which is: 

Natural and human-made [engineered] elements that provide ecological and 
hydrological functions and processes. Green infrastructure can include 
components such as natural heritage features and systems, parklands, 
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stormwater management systems, street trees, urban forests, natural channels, 
permeable surfaces, and green roofs. 

The engineered components of GI include Low Impact Development (LID) which is a 

stormwater management strategy that mitigates the impact of runoff within the urban 

environment by mimicking natural hydrologic cycles (CVC, 2010). Within the range of 

tools available to designers, bioretention and green roofs provide a unique opportunity 

for integration of nature and city due to the prominent use of a vegetative layer. In 

addition to hydrological and ecological benefits, they provide an opportunity to 

reconnect our urban world to much needed daily encounters with nature (Kaplan, 1995; 

Washington, 2018).  

Research and monitoring over 20 years have proven bioretention facilities to be an 

effective source and conveyance-level stormwater management tool that is capable of 

addressing infrastructure spending deficits (Mirza, 2007; CVC, 2015), ecological 

degradation and the increased frequency and intensity of storm events (Dietz, 2007; 

CVC, 2010). Investment in bioretention and other LID enables municipalities to capture, 

store and infiltrate runoff, mitigate flooding and prevent downstream damages to aquatic 

ecosystems at a lower cost than traditional systems (CVC, 2015). Bioretention facilities 

are used within private properties, road right-of-ways and parks to capture, store, treat 

and infiltrate runoff (CVC, 2010). These facilities act as a shallow depression within the 

landscape that contain a filter bed or biomedia layer that is a mixture of sand, fines and 

organic matter. These facilities can also be equipped with a granular layer to increase 

storage capacity (CSA, 2018). Depending on native soil infiltration rates and 

performance targets, an underdrain can be utilized within the gravel layer to direct runoff 

from large storm events to a downstream location whether it be a water course or 

traditional piped stormwater system (CSA, 2018). Finally, these facilities are comprised 

of a vegetative layer, that works to filter runoff (Hunt, Davis & Traver, 2012), minimize 

erosion (Muerdter, Wong & LeFevre, 2018) and enhance infiltration capacity (Hatt et al., 

2009). 
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However, to fully respond to challenges presented by climate change and urbanization, 

bioretention, and other GI, must become more than stormwater management facilities. 

The vegetative layer within bioretention facilities has great potential to respond to the 

environmental and social implications of climate change and urbanization, but is often 

overlooked. This layer provides an opportunity to integrate nature with daily human life 

using multifunctional spaces that provide infrastructure solutions and ecosystem 

services while also providing society daily opportunities to engage with, and care for the 

environment.  

This potential will remain unrealized if bioretention design continues to treat the 

vegetative layer as an ornamental feature or a restored version of a nature of the past 

(Rainer & West, 2015; Dunnett, 2019). Rather, bioretention planting design must 

understand how plants and soils grow together in community to combat stress and 

disturbance in a harsh urban environment (Beck, 2013, Grime 2006). It also requires an 

understanding of how people interact with nature to utilize bioretention plantings as a 

tool for fostering an awareness of society’s place in the world (Meyer, 2008; Rainer & 

West, 2015). Daily interactions with nature foster attentiveness and respect for the living 

systems we rely upon for survival and is a critical element of climate change preparation 

and adaptation (de Block & Vicenzotti, 2018; Meyer, 2008). 

Unfortunately, designers do not have the tools needed to navigate such a complex task. 

Although bioretention design standards recognize the value of the vegetative layer in 

engaging the public and ensuring long term facility performance, planting design 

guidance largely approaches the selection of plants from an ornamental perspective. 

Guidance is structured by basic horticultural characteristics usually associated with the 

home garden, failing to grasp the complexity of the bioretention context (Rainer & West, 

2015). The harsh, variable and low maintenance urban environments within which 

bioretention plantings are placed require the expertise of many professions including 

soil science, ecology, stormwater engineering, horticulture, landscape architecture and 
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fine arts. Yet the design of a facility’s planting is often left to the landscape architect in 

the later stages of the design process, given little time or access to the expertise 

needed to make informed decisions with regard to species composition.  

The author has experienced this problem repeatedly within practice, designing plantings 

for green infrastructure and bioretention facilities in both public and private contexts. 

Plant failure presents a missed opportunity when it comes to the potential of GI to 

provide daily opportunities to interact with, and care for, the natural world. It is the 

author’s desire to see a society exposed daily to the power, wonder and intricacies of 

nature, to something bigger than themselves. However, realizing this goal is a challenge 

when applying a traditional approach to plant selection within complex urban 

environments. The author began exploring an alternative approach, in the form of 

naturalistic planting design but discovered that it requires a deep understanding of the 

structure and function of natural vegetation communities, something most practitioners 

do not have the time or resources to develop. The GreenKey concept was developed in 

response, aiming to provide practitioners with the information and resources needed to 

navigate the complex task of creating engaging and resilient green infrastructure 

plantings in the urban environment. 

1.2 Research Overview 

1.2.1 Research Goal 

To respond to the problem defined above, this research seeks to establish design 

guidance for the implementation of robust GI plantings. It explores fields of soil science, 

ecology, stormwater engineering, horticulture and landscape architecture to inform the 

development of a design framework that is capable of guiding future research and 

practice. A design guide prototype called GreenKey was developed to illustrate the 

potential of the proposed design framework structured according to the ecological and 

aesthetic character of natural habitats. The guide is meant to support users through the 
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initial phases of the planting design process – specifically: inventory, analysis and the 

development of design alternatives. Importantly, the guide will not produce detailed 

planting designs. Rather it will complete the analysis portion of the design process 

based on site inventory data, and provide the user the cues and parameters needed to 

engage the right experts and make informed planting decisions. 

1.2.2 Research Objectives 

In order to begin establishing an alternative planting design process, the following 

objectives were applied. 

1. Modify the existing Happy Plants Model developed by Paquette (2012) to 

connect urban sites to natural vegetation communities that function under similar 

conditions and calibrate the model using in-field data; 

2. Develop a list of Ecological Land Classification (ELC) ecosites that are relevant 

to the urban bioretention context and classify them according to their urban 

tolerances; 

3. Identify one ELC ecosite from the list using the GreenKey water balance model 

and complete an analysis of the ecological, horticultural and aesthetic 

composition in order to develop a methodology for analyzing natural vegetation 

communities; 

4. Develop the GreenKey design guide prototype to showcase the ability of the 

design framework to support users through the initial phases of the planting 

design process.  
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2 Literature Review 

This chapter provides a review of the current literature pertaining to bioretention 

performance and design. It summarizes the design standards and industry available 

resources that inform contemporary bioretention design. Finally, it provides a critique of 

the current approach to bioretention planting design and describes an alternative that is 

structured according to the function and aesthetics of natural plant communities and soil 

microbiology. 

2.1 Current State of Bioretention Literature 

2.1.1 Bioretention Performance 

Throughout the past two decades, there has been significant investment into testing, 

monitoring and evaluating bioretention facilities to understand their capacity to address 

water quantity and quality concerns (Dietz, 2007). Pilot projects have monitored the 

ability of bioretention facilities in parks, road right-of-ways and parking lots to reduce 

peak flows, promote infiltration and groundwater recharge, and treat contaminated 

runoff (Dietz, 2007; Denich, Bradford & Drake, 2013). Numerous studies have 

compared bioretention and other LID tools to traditional stormwater infrastructure 

systems which have consistently revealed LID provides a lower cost alternative to 

traditional stormwater infrastructure (CVC, 2010; US EPA, 2013). Bioretention facilities 

have also been found to be effective at intercepting sediment, heavy metals and 

nutrients, filtering them from runoff before it is infiltrated or returned to the storm sewer 

system (Hsieh & Davis, 2005; Hatt et al., 2009). Although issues associated with the 

filtering of road salts and nitrogen and export of phosphorus have been identified 

(Denich, Bradford & Drake, 2013), proper design can ensure that facilities still provide 

improved water balance, pollutant removal and runoff detention within vulnerable 

groundwater contexts (CSA, 2018). In general, bioretention facilities have been found to 

offer significant advantages over traditional systems when it comes to improving water 
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quality and reducing peak flows associated with flooding (Hsieh & Davis, 2005; Hood, 

Clausen & Wagner, 2007; Jones & Hunt, 2009; CSA, 2018).  

These studies, carried out across the United States and Canada reflect the ease at 

which research regarding the engineered components of bioretention can be exchanged 

across geographic boundaries and climates. It provides a clear example of why 

research on the engineered components of bioretention is more robust than that of the 

vegetative layer. The performance of engineered soil media is consistent, whether in the 

arid climate of Las Vegas, Nevada or a temperate climate like Portland, Oregon. 

However, when it comes to the vegetative layer, research becomes highly regional in 

nature, making the exchange of information more difficult. The following sections 

present the current state of literature as it pertains to the vegetative layer. 

2.1.2 The Value of the Vegetated Layer 

Research pertaining to the function of the vegetative layer of bioretention facilities has 

focused primarily on the impact that plant material has on nutrient and pollution removal 

rates, with findings indicating vegetation plays a significant role in the removal of 

nitrogen (Hatt, et al., 2009) and total suspended solids (TSS) (Bedan & Clausen, 2009; 

Hunt, Davis & Traver, 2012). A number of studies (Emerson and Traver, 2008; Hatt, et 

al., 2009; Gonzalez-merchan, Barraud & Bedell, 2014) have found that the vegetative 

layer plays a critical role in hydrologic performance of bioretention facilities as well. The 

presence of vegetation within bioretention facilities helps to prevent clogging of 

biomedia by creating macropores and root channels within the media layer necessary to 

maintain infiltration capacity (Bartens et al., 2008; Muerdter, Wong & LeFevre, 2018). 

Hatt et al. (2009), indicate that increases in plant root biomass correlates with long-term 

increases in the hydraulic conductivity of biomedia. Deeper-rooted material has been 

shown to be more beneficial to long-term hydraulic conductivity than shallow-rooted 

species such as turf grass as macropores and root channels extend deep into the 

biomedia profile (Muerdter, Wong & LeFevre, 2018). Evapotranspiration is also a critical 
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service provided by the vegetative layer as it empties the biomedia layer of water, 

restoring a facility’s capacity prior to the next rain event (Muerdter, Wong & LeFevre, 

2018; Gingrich Regehr, 2019). In Ontario, this service is limited to the growing season; 

however, a study in Wisconsin revealed plant type and density to significantly impact 

evapotranspiration rates with woody vegetation providing up to four times the 

evapotranspiration of turfgrass (Nocco et al., 2016).  

Finally, due to the small-scale, site-level nature of bioretention facilities, widespread 

implementation is critical to achieving watershed-wide conservation goals. The 

vegetative layer plays a critical role in gaining the public support needed for widespread 

implementation (CVC, 2010b; Region of Peel, 2017). Freeman & Associates (2008) 

conducted market research that compared strictly ecological landscapes to a manicured 

landscape, with results indicating a strong preference for a manicured aesthetic. The 

outcome of this research was the development of Fusion Landscaping, a water smart 

landscaping program initiated by the Region of Peel that looks to take a marketing and 

demonstration-based approach to making water sensitive and LID landscapes attractive 

to the public (Region of Peel, 2017). Although the program is a step in the right 

direction, it is still in its infancy. There remains a gap in bioretention design literature 

and academic research pertaining to how the vegetative layer should relate to the urban 

environment and to society. 

2.2 Current LID Planting Design Standards 

The GI industry in the United States is beginning to realize the value of the vegetative 

layer in long term performance and public acceptance and attention to planting design is 

growing (Rainer, 2017; Hopman, 2018; Pearson, 2020). However, the call for attention 

to plants within bioretention design is not coming from the literature but from 

professional organization such as the American Society of Landscape Architects and 

the American Society of Civil Engineers (Hopman, 2018; Person, 2020) as well as 
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individual engineers and landscape architects (Rainer, 2017). The Environmental Water 

Research Institute has developed a committee that is responsible for addressing the 

lack of research-based guidelines and standards pertaining to soil and plant 

performance (Hopman, 2018), and designers are calling for greater value to be given to 

the role of the vegetative layer in achieving beautiful yet functional GI and bioretention 

facilities (Rainer, 2017). At the time of this writing there have been few publications 

produced by the committee, but its presence alone provides a great example of the 

current gap in industry standards. This gap, as it exists within the Canadian context, 

along with a number of tools that have been developed to help practitioners manage the 

complexity of bioretention planting design, will be discussed below. 

2.2.1 Industry Standards and Design Tools 

Within bioretention facility design in Canada there are three key resources that guide 

design decision-making. These resources provide detailed standards for the design, 

construction and maintenance of the engineered components, but fail to address the 

complexity present within the establishment of healthy plants and soils and their value in 

long-term facility performance and public acceptance.  Both the 2003 Ministry of 

Environment Stormwater Management Planning and Design Manual and the 2018 

Canadian Standards Association (CSA) Design of Bioretention Systems documents 

primarily address the design of engineered bioretention components. They provide well-

researched standards and guidance on hydraulic design and facility sizing, materials, 

construction standards and maintenance. However, within more than 400 pages of 

design guidance in the two documents, less than 20 pages, including a standard plant 

list in each appendix, are devoted to planting strategies, none of which is supported by 

academic research (MOE, 2003; CSA, 2018). These two key documents within 

bioretention design provide an excellent example of the systemic gap in standards and 

guidance available for facility planting design. Designers like Rainer (2017) argue that 

the lack of attention being given to the vegetative layer within bioretention design 
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ignores the growing research presented in Section 2.2.1 while preventing bioretention 

from achieving the public support needed for its widespread implementation. The third 

key document within the industry is the Low Impact Development Stormwater 

Management Planning and Design Guide, developed by Credit Valley Conservation 

Authority and Toronto and Region Conservation Authority (CVC, 2010). The document 

provides clear design objectives that call attention to the role of the vegetative layer in 

maintaining facility performance while creating the aesthetically pleasing spaces needed 

to achieve public support. However, the horticulturally-based plant lists that act as the 

foundation of the guide are more relevant to a home garden context than the harsh, 

variable and low-maintenance environments within which bioretention facilities are 

placed. As a result, the realization of the guide’s design objectives is left to the skill of a 

given practitioner, which has proven to produce variable results.  

2.2.2 Supplementary Resources 

A number of planting design and plant selection tools have been developed to address 

challenges pertaining to the inadequate planting guidance described above. One of 

these tools is the Green Streets Vegetation Selection Tool which was developed as a 

part of the City of Toronto’s Green Streets Technical Guidelines. It is a Microsoft Excel 

based tool that better equips users to meet the design objectives provided in the CVC 

Guide (2010b). This is accomplished by providing the user the ability to filter through a 

master database of plant species based on a site’s context and design goals. It also 

provides design objectives for a range of urban streetscape typologies to assist the user 

in developing a design that supports the various programs within a given urban context. 

Another tool, recently developed for the Milwaukee Metropolitan Sewerage District, is 

the Green Infrastructure Plant Selection Spreadsheet (2019). The tool offers guidance 

for a range of LID, including bioretention facilities, allowing the user to narrow the 

recommended plant lists based on planting style and basic horticultural criteria such as 

exposure, pH, soil depth, salt tolerance and moisture regime. Of the three tools 
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presented here, the GI Plant Selection Spreadsheet provides the most in-depth 

guidance for aesthetic composition, providing sample planting plans, maintenance and 

installation specification along with the recommended species list. The final tool, 

developed by Vander Veen (2012), is the Interactive Plant List Model which is 

structured around a water balance model for bioretention facilities developed by 

Paquette (2012). The Interactive Plant List Model differs from the other tools in that it 

recognizes the highly variable and harsh moisture conditions present within bioretention 

facilities. The model permits users to enter specific bioretention facility design metrics 

and the model provides a list of recommended species based on a specific facility’s 

moisture conditions. The user also has the ability to apply garden style and sun 

exposure filters (Vander Veen, 2012).  

All three of the resources discussed here provide elements that can contribute to the 

development of comprehensive guidance that recognizes the complexity of planting 

design in the bioretention context. However, all three remain largely dependent on 

horticultural principles for plant selection, lack supporting research and leave the user 

with a limited sense of how the recommended species interact, the various niches they 

inhabit and the roles they play to enhance facility performance and user experience 

(Dunnett & Hitchmough, 2008; Rainer & West, 2015; Dunnett, 2019).    
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2.3 An Alternative Approach to Planting Design 

The previous section described how the majority of bioretention research and 

monitoring throughout the past 20 years has focused on ensuring facilities work as a 

stormwater infrastructure, capable of mitigating the negative effects of urban 

development on stormwater quantity and quality. This work has been largely guided by 

engineers and has not treated the vegetative layer with the same attention as the 

remaining subsurface components. This is reflected in the industry-wide planting design 

guidance that is structured on simple horticultural principles to garden design that fail to 

address the value and complexity of plants and soils within the bioretention context. 

Through the author’s personal conversations with representatives from agencies such 

as conservation authorities and municipal governments, and industry experience, plant 

failure within bioretention facilities is all too common and has negative impacts 

associated to performance, maintenance costs and damaged public perception (Vander 

Veen, 2012). Vegetation surveys of six (6) bioretention facilities in Southern Ontario by 

Vander Veen (2012) show that plant health was highly variable within bioretention 

facilities with half of the facilities surveyed containing substantial quantities of struggling 

or dead material. Figure 2.1 provides a number of examples of bioretention facilities 

within Southern Ontario that have struggled to achieve the dense, diverse and engaging 

bioretention plantings that industry wide design guidance is calling for. The following 

section presents an alternative approach, structured around naturalistic planting design 

and soil biology, that is better equipped to address the negative impacts associated with 

performance, maintenance and public perception. 
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Figure 2.1 Bioretention facilities commonly experience high rates of plant failure, weed growth 
and a lack of four-season interest (Aquafor Beech, 2020) 
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2.3.1 Naturalistic Planting Design 

To realize dense, resilient, and beautiful bioretention plantings that promote long-term 

facility performance, an alternative approach must be taken to its design, one that 

combines fields of ecology, soil science and aesthetic theory as well as horticulture and 

design. Such an approach has been defined as naturalistic planting design (Dunnett & 

Hitchmough, 2008; Rainer & West, 2015; Oudolf & Kingsbury, 2016; Dunnett, 2019). 

Naturalistic planting design has been developed in Europe and the United States 

throughout the past three decades in response to the challenges that urbanization has 

placed upon ecological design and horticulture (Dunnett & Hitchmough, 2008). Reduced 

maintenance budgets and increased attention to sustainability and conservation has 

limited the relevance of highly manicured plantings in the contemporary city (Dunnett & 

Hitchmough, 2008). Increased urbanization has also put pressure on ecological design 

approaches that struggle to relate to social perceptions of beauty in small urban spaces 

(Rainer & West, 2015). A purely ecological design that emphasizes the restoration of 

natural processes easily becomes messy and appears to the general public as 

abandoned and devoid of care (Dunnett & Hitchmough, 2008; Rainer & West, 2015). 

Despite the shortcomings of both the traditional horticultural and ecological design 

approaches, there is a need for small scale, low maintenance, process oriented, yet 

highly aesthetic urban nature (Dunnett & Hitchmough, 2008; Rainer & West 2015). 

Naturalistic planting design has emerged as a hybrid approach to planting design that is 

modelled after distilled versions of natural plant communities (Beck, 2012; Rainer & 

West, 2015; Oudolf & Kingsbury, 2016; Dunnett, 2019). Each designer utilizes these 

natural models in different ways, putting varying emphasis on science and art, but they 

all work to mimic the aesthetic and functional attributes of natural systems in a way that 

relates plantings to their context, to people and to each other (Rainer & West, 2015).  
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2.3.1.1 Relating Plants to People 

The naturalistic approach to planting design has been applied in varying urban contexts, 

including bioretention facilities, with excellent results (Rainer & West, 2015; Dunnett, 

2019). Examples of these projects shown in Figure 2.2 are highly contrasted with the 

bioretention planting examples shown in Figure 2.1, providing richly diverse ecologies 

yet highly aesthetic environments. These facilities have been well received within their 

respective urban environments. Dunnett (2019) states that surveys of the general public 

revealed people had changed their normal routes to engage with the facility’s plantings. 

This can be attributed to an emphasis on the design of plantings that reconnect people 

to the essence of wild spaces (Rainer & West, 2015). The use of natural vegetation 

communities as a model for design works as well for creating readable spaces as it 

does for creating resilient ones. Designers consistently emphasize the value of 

capturing the essence and emotional power of natural spaces (Dunnett, 2019; Rainer & 

West, 2015). To accomplish this, designers select an archetypal landscape that is 

suited to place (Dunnett & Hitchmough, 2008). Forests, woodlands and grasslands act 

as a conceptual guide that can focus design decisions and provide the visual cues 

necessary to create readable experiences with nature (Rainer, 2015). Plant selection is 

informed by exaggerating the naturally-occurring patterns found in nature, enabling the 

designer to create spaces that evoke a subconscious sense of familiarity for users 

(Dunnett, 2019). The approach also places significant weight on context as a driving 

force in design. The literature emphasizes the role of landscape preference and 

biological responses to nature (Dunnett & Hitchmough, 2008). Innate and cultural 

preferences to landscape are considered and emphasis is placed on legibility, colour, 

pattern and height of plantings as well as the provision of orderly frames that 

communicate care (Rainer & West, 2015).  
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Figure 2.2 Bioretention planting design using a naturalistic design approach (Rainer, 2020; 
Dunnett, 2020) 



 

 

17 

 

2.3.1.2 Relating Plants to Place and to Each Other 

The naturalistic approach to planting design places significant emphasis on the 

ecological composition of designed plantings (Dunnett & Hitchmough, 2008; Beck, 

2013). There are three key areas of emphasis that relate directly to the role of plants in 

maintaining bioretention performance as discussed in Section 2.1.2. The first is a focus 

on diversity (Beck, 2013; Rainer & West, 2015). Natural plant communities consist of 

dense and diverse plantings that are resilient to the disturbances that are characteristic 

of bioretention facilities (Beck, 2013). Second, dense and diverse plant cover requires 

an understanding of how species interact or co-exist and the niches various species 

capitalize on for survival (Grime, 2006; Dunnett & Hitchmough, 2008). The filling of 

niches contributes to a dense vertical coverage of the soil profile which has proven to be 

a critical factor in maintaining infiltration rates and preventing erosion in bioretention 

facilities as illustrated in Section 2.1.2. Finally, naturalistic planting design emphasizes 

the need to achieve dense horizontal coverage of soil to achieve diversity and reduce 

weed growth and associated maintenance costs, issues relevant to contemporary 

bioretention facilities. The vertical layering of plants is mentioned within all naturalistic 

planting design literature and is achieved through the use of a ground covering or matrix 

layer that acts as the foundation of a planting (Rainer & West, 2015; Oudolf & 

Kingsbury, 2016; Dunnett, 2019).  

2.3.2 Soil Microbiome and Plant Health 

For naturalistic planting design to be effective in relating plants to place, there is a need 

to consider plants and soils as one dynamic system (Hopman, 2018). Soils are a critical 

element in plant ecology but the literature within naturalistic planting design, horticulture 

and bioretention design does little to address the vital role it plays in supporting the 

establishment of resilient and stable plant communities, especially within an urban 

context.  
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Within bioretention literature and standards, guidance is limited to the basic physical 

properties of biomedia that ensure rapid drainage and prevent nutrient leaching (CSA, 

2018). This narrow view of a soil’s physical properties could be associated with the 

issues pertaining to plant establishment, resilience and long-term performance 

discussed above. To adequately respond to these issues, the physical, chemical and 

biological nature of soils and their relationships with plants must be considered. This is 

an incredibly complex and emerging field of research. However, consistent with the goal 

of this study, the following will present the latest literature on soil health and 

microbiology in order to adequately establish a robust planting design framework that is 

capable of structuring future research.  

2.3.2.1 Overview 

 

Figure 2.3 Soil food web structured by fungi and bacteria communities (Fortuna, p. 1, 2012) 
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As described in Figure 2.3, critical ecosystem services are dependent on the biota 

within the soil or pedosphere (Fortuna, 2012). As shown in Table 2.1, soil biota is 

primarily composed of microbial communities of bacteria and fungi that are influenced 

by the physical, chemical and biological properties of a soil (Brady et al., 2008) and the 

energy sources they provide (Fortuna, 2012).  

Table 2.1 Typical Numbers of Soil Organisms in Healthy Ecosystems (Fortuna, p. 1, 2012) 

Microbial 
Community 

Agricultural 
Soils 

Prairie 
Soils 

Forest 
Soils 

Organisms per gram (teaspoon) of soil 

Bacteria 100 million – 1 billion 100 million – 1 billion 100 million – 1 billion 

Fungi Several meters in length 10-100 meters in length 1 to 60 kilometers in length 

Just as vegetation communities are defined by environmental factors, different habitats 

support different communities of soil organisms. In all contexts, microbial communities 

are fundamental to disease suppression (Lazarovits, 2017) and nutrient cycling 

(Fortuna, 2012; Brady et al., 2008). Recent research by Watkins et al. (2020) marks the 

beginning of the microbiome’s application to urban design and landscape architecture, 

however, the majority of the research conducted on the value of microbial communities 

within the root zone is found within literature pertaining to agriculture, ecology, forestry, 

human biology and medicine. 

2.3.2.2 Plant Establishment 

Broadly, it is becoming well understood that the early interactions with microbial 

communities, whether in a natural ecosystem (Fukami & Morin, 2003) or within the 

human body (Levan et al., 2019), are critical in determining the trajectory of 

development. Fukami and Morin (2003) determined that the sequence of microbial 

species arrival within an ecosystem context greatly impacts the later stages of 
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succession. Species that first colonize a sterile or pristine environment, similar to an 

engineered biomedia, dictate the trajectory, composition and health of that community. 

If ‘bad bacteria’ are first to colonize an environment, establishing healthy plantings that 

are resilient to disease and disturbance may be more difficult than if the sterile 

environment were initially colonized by ‘good bacteria’.  

If early colonization of sterile environments by microbial communities dictate the long-

term resilience and health of both ecosystems and the species within them (Levan et 

al., 2019; Sitarik et al., 2020), attention should be paid to influencing the starter 

microbiome within the sterile environment of biomedia. Whether the engineering of a 

starter microbiome proves effective in influencing the trajectory of plant health and 

resilience within the bioretention context has yet to be determined. However, it provides 

a valuable opportunity for future research.  

Despite an emerging understanding of the importance of microbial communities within 

sterile or pristine environments in dictating long-term plant health, the daily functions of 

microbial communities and their benefits to plant health are widely discussed within 

forestry and agricultural literature.  

2.3.2.3 Fungi 

Literature within the forestry industry has been primarily focused on the functionality of 

fungal communities and the mycorrhizal networks they create within terrestrial 

ecosystems (Simard et al., 1997; Simard & Durall, 2004; Simard et al., 2012). These 

mycorrhizal networks have been found to permit the distribution of nutrients, carbon, 

water and stress signals between plants of different species (Newman, 1988; Simard et 

al., 2012). The relationship between fungi and plant roots take two different forms; 

ectomycorrhiza and endomycorrhiza. The first includes a range of species that 

associate with temperate trees and shrubs (Newman, 1988) such as Pine, Birch, 

Hemlock, Beech and Oak (Brady et al., 2008). The second form of plant-fungi 
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relationship are endomycorrhizal species which are largely associated with herbaceous 

plants (Newman, 1988). These fungal species colonize a root by penetrating its cell 

wall, forming arbuscules within the plant tissue as a way to transfer nutrients to the plant 

in exchange for sugars (Brady et al., 2008). Both types of fungi act as an interface 

between the soil and the plant and develop vast hyphal networks that can connect the 

roots of multiple species (Newman, 1988). This network enables the distribution of 

nutrients, carbon and water (Simard et al., 2012), improves species richness and 

diversity (van der Heijden et al., 1998) and permits the distribution of stress signals 

throughout the plant community (Simard et al., 2012). 

The functionality of the hyphal network presents implications for traditional concepts of 

plant competition and establishment (Grime, 2006; Simard et al., 2012). It has been 

determined that seedlings are rapidly colonized by hyphal networks and benefit from the 

association with mature canopy trees of different species through gains in carbon 

(Simard, 1997).  

Fungi dominant soils are often associated with mature upland forests where organic 

matter is plentiful in the ground layer and moisture conditions are not as extreme (Brady 

et al., 2008). Fungi prefers low pH levels - between 2 and 7 - and populations fluctuate 

throughout the year, peaking during spring and fall seasons due to increased availability 

of organic matter (A & L Canada, 2020). Inoculation of mycorrhizal fungi into soils has 

not been investigated in great detail within forestry literature, however, in the context of 

disturbed or manufactured soils, such as biomedia, the application of mycorrhizal fungi 

is recommended to improve plant establishment (Brady et al., 2008).  

2.3.2.4 Bacteria 

Bacteria are rod-shaped organisms that reproduce extremely quickly in response to 

energy availability and changes in environmental conditions (Brady et al., 2008). 

Although both fungi and bacteria complete the breakdown of organic matter, bacteria 
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are often associated with the breakdown of sugar or protein plant residues. There are 

many types of bacteria, some beneficial for plant growth and others that are not 

(Lazarovits et al., 2017). Plant growth promoting rhizobactertia (PGPR) such as the 

species Bacillus subtilis will either live within the tissue of a plant or colonize the surface 

of the root system (Milani, 2019). Bacillus is a diverse genus, tolerant of a wide range of 

conditions within the rhizosphere and represents a large portion of the microbial 

community within a soil (Milani, 2019). They have been proven to support plant growth, 

increase shoot height, improve root and shoot dry-matter production and chlorophyll 

content (Milani, 2019). This is associated with bacteria’s ability to improve nutrient 

availability through a symbiotic relationship with the plant host that sees a transfer of 

nutrients in exchange for sugars or other compounds (Brady et al., 2008). Bacteria-

dominated soils are often associated with harsh, more extreme conditions such as 

drought or saturation, thin, rocky and highly alkaline soils. Bacteria remain active within 

the rhizosphere throughout the year although populations do fluctuate and cycle with 

the seasons based on plant requirements (Brady et al., 2008).  

Literature within agronomy has recognized the value of the microbial populations as an 

alternative to chemical controls with significant effort being put into understanding the 

impact of both fungal and bacteria inoculants on crop yield (Kandasamy et al., 2019; 

Lazarovits et al., 2019; Milani et al., 2019). Generally, bacteria inoculation has proven to 

be effective in improving nitrogen fixation capacities, phosphorus solubilization and 

defense against pathogens (Kandasamy et al., 2019). Similar to the potential benefit of 

fungal inoculants, bacteria applications within newly-installed biomedia may help to kick 

start a healthy microbiome within a bioretention facility and contribute to improvements 

in plant establishment within the harsh environments associated with the urban context. 
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2.4 Summary 

In summary, the literature review has illustrated the current gap in planting design and 

biomedia guidance and research within bioretention facility design standards. It has 

presented the negative impact this gap has had on facility performance and public 

demand. Naturalistic planting design has been presented as a suitable alternative to 

address these impacts by utilizing natural plant communities as a model for resilient and 

engaging bioretention plantings. A critical component of natural plant communities are 

the physical, chemical and biological characteristics of the soils that structure and shape 

them. This chapter has argued that both soils and plants must be considered as one 

dynamic system if low maintenance, resilient and visually-stimulating bioretention 

plantings are to be achieved.   
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3 Research Methods 

The literature review identified a gap in GI design guidance that is preventing the 

widespread integration of resilient, engaging urban nature into the daily life of urban 

residents. In response, this research focuses on developing a framework for 

bioretention planting design that is structured upon the critical ecologies and aesthetics 

of natural vegetation communities. The framework seeks to guide both design practice 

and the development of guidance that is supported by sound research. To accomplish 

this, four objectives were defined. The first was to develop a methodology for making 

connections between an urban bioretention site and a natural vegetation community 

that functions under similar conditions. The second objective was to identify those 

natural vegetation communities that could be used as models for bioretention design. 

The third objective was to develop a methodology for analyzing natural vegetation 

communities for their critical aesthetic and ecological principles. Finally, these three 

objectives were to be integrated into a bioretention planting design guide prototype 

called GreenKey. The prototype showcases the framework’s ability to equip 

practitioners with the information required to navigate the complexities associated with 

urban bioretention planting design. 
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3.1 Research Process 

The research was carried out according to the process described in Figure 3.1. 

 

Figure 3.1 Research Process 
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3.2 Water Balance Model Modifications 

3.2.1 Focused Literature Review 

The first portion of this research primarily involved the modification of an existing water 

balance model for bioretention facilities developed by Paquette (2012). A focused 

literature review was conducted to collect the data required to modify the existing Happy 

Plants Model (HPM) into the GreenKey water balance model that links a given 

bioretention facility moisture regime to the Ecological Land Classification (ELC) system. 

The link enables the output of recommended natural habitats, or ecosites, that can then 

be studied for their ecological and aesthetic qualities. The literature provided the 

specific data needed to complete this modification. Data was gathered from the 

literature on soil science, hydrology, bioretention design and construction, ecology and 

forestry. 

3.2.2 Key Informant Interviews 

Key informant interviews were conducted to inform and validate the modifications to the 

existing HPM using information from experts in their respective fields. This method 

required semi-structured interviews with experts in the fields of soil physics, biomedia 

suppliers, bioretention design and construction and stormwater engineering.  

3.2.3 Model Validation 

A literature review and key informant interviews were conducted to gather the data 

required to validate and calibrate the GreenKey water balance model. The method 

consisted of a focused literature review of bioretention evapotranspiration and hydrology 

research. Model validation required the collection of actual evapotranspiration (AET) 

and capillary fringe soil moisture data collected from bioretention facilities in Southern 

Ontario. Along with the AET and capillary fringe data, the studies were required to 

include the facility information needed to run the model. To ensure AET data was 
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relevant to established bioretention plantings, plant cover within the subject bioretention 

facility would need to be dense, providing 90-100% coverage. 

3.3 Describing Bioretention Facilities as Ecosites 

3.3.1 Ecological Land Classification Method 

The second portion of this research sought to identify those natural vegetation 

communities that could be used as precedence for bioretention design. This was 

accomplished using the ELC system as used by Natvik (2012). This method describes 

engineered bioretention facilities as ecosites as defined by the ELC system and 

provides a standard method for describing natural ecosystems based on details such as 

soils, landform, hydrology, drainage and vegetation type (Lee et al., 1998). Ecosystems 

are classified at varying scales from the System scale down to the Ecosite and 

Vegetation Type scales. The Ecosite scale was selected for this research. An ecosite is 

defined as “part of an ecosection having a relatively uniform parent material, soil and 

hydrology…” (Lee et al., 1998, p. 18). The ecosite level of classification represents the 

consistent vegetation patterns that are determined by a set of environmental factors. 

These factors generally fall under elements of soil and vegetation, and are the principle 

elements used to differentiate one Ecosite from the next (Lee et. al, 1998). 

Consequently, soils were the primary focus for this research as the role of soils in 

bioretention facility hydraulic performance results in a narrow range of relevant soil 

textures. Vegetation, although critical to performance (Emerson & Traver, 2008; Hatt et 

al., 2009; Gonzalez-Merchan, Barraud & Bedell, 2014), does not impact stormwater 

quantity and quality management requirements and can be adjusted to suit the 

environmental conditions present in any given facility.  

The ELC method is useful in identifying the relationship between the environmental 

conditions present and the associated plant community (Lee et al., 1998; Natvik, 2012). 

A set of parameters were selected for bioretention facilities that were then compared 
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with the list of ELC ecosites for Ontario. Ecosites that share the same parameters with 

bioretention facilities were selected for use as reference ecosites for bioretention 

planting design. The parameters selected were soil composition, moisture regime, soil 

drainage and landscape position which are described in detail below.  

3.3.1.1 Soil Texture 

 

Figure 3.2 Biomedia standards (CSA, 2018, p. 51) 
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Current bioretention design guidance provides recommended biomedia texture for both 

stormwater infiltration or treatment applications (CSA, 2018). As shown in Figure 3.2, 

biomedia should be composed of 65-90% sands, 7-30% silt and 3-12% clay. Biomedia 

with high sands (75-90%) and low fines (silt and clay) are used for infiltration 

applications whereas lower sand content (65-75%) and higher fines are used for 

stormwater treatment applications (CSA, 2018). In addition, bioretention design 

standards limit the amount of organic matter present, recommending between 3% and 

10% organic matter content in order to limit moisture-holding capacity and potential 

leaching of nutrients such as nitrogen, trace metals and salts into ground water and 

phosphorus and other nutrients to surface waterbodies (CVC, 2010; CSA, 2018). The 

outcome is a very fast-draining growing medium. As a result, ecosites that were not 

found to be composed of either coarse or fine sands and loams were not considered in 

this research. 

3.3.1.2 Moisture Regime 

Moisture regime represents the seasonal availability of water for plant growth and is a 

combination of soil drainage, texture and depth to mottles and gley (Lee et al., 1998). 

The sandy composition of standard biomedia produces an extreme moisture regime that 

is highly dependent on existing conditions, project goals and facility design. Existing site 

conditions such as microclimate, native infiltration rates, spatial limitations and depth to 

ground water determine how quickly water will move through the facility and where it will 

need to be stored until it will infiltrate. Project goals and water quality and quantity 

requirements dictate how much water will be directed to the facility and will impact 

subsequent design decisions needed to meet those targets. The design of the facility 

itself impacts where inflows will be stored within the bioretention profile and how long it 

will remain in the facility.  

For example, if a site is located in a shady residential area with a small drainage area 

and an underdrain connection is unavailable, full saturation and standing water will be 
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more common within the facility. As a result, the moisture regime within the bioretention 

facility will tend to be more moist (an ELC moisture regime rating between 4 and 6), as 

water will not be able to move through the facility as quickly. However, facilities located 

in a road right-of-way with a large drainage area, high water quality and quantity targets 

and an available underdrain connection will produce a very different moisture regime. 

Water will be stored below the biomedia in the gravel reservoir and any excess water 

will be drained away by the underdrain before it reaches the root zone. This facility’s 

moisture regime will be drastically different than the first as it will be exposed to extreme 

events of flooding and drought. Surface ponding will only occur during large storm 

events where inflow rates exceed biomedia infiltration rates. The resulting moisture 

regime will range from saturated to extremely dry within days (ELC moisture regime 

rating of 0 to 6).  

Consequently, ELC moisture regime ratings of 0 to 6 were selected as parameters for 

reference ecosite selection. Ecosites that were found to be moist to wet (rating of 7-9) 

were removed from the list of relevant ecosites for further study. 

3.3.1.3 Soil Drainage 

Soil drainage provides an indication of how quickly water moves through the soil via 

gravitational flow. The ELC drainage rating indicates how fast water will move through 

the root zone, becoming unavailable to plants. Although drainage is a factor of moisture 

regime it was selected as an independent parameter due to the properties of standard 

biomedia. The highly sandy nature of biomedia ensures bioretention soils have high 

saturated hydraulic conductivity and low water retention capacity (CSA, 2018). A facility 

may have a fresh to moist moisture regime due to facility design or texture of the native 

subsoil but the media will not have the capacity to retain water within the root zone for 

long due to its large pore space (Brady et al, 2008).  
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Biomedia standards recommend a saturated hydraulic conductivity of between 25mm/hr 

and 300mm/hr depending on whether infiltration or treatment of stormwater is desired 

(CSA, 2018). According to the US National Soil Survey Center’s Field Book for 

Describing and Sampling Soils, standard biomedia would fall within the very rapid to 

well-draining drainage classes (Schoeneberger, Wysocki, & Benham, 2012). Table 3.1 

provides the US Soil Survey Center’s criteria for the relevant drainage classes which 

shows that moderately high to very high drainage classes fall within the saturated 

hydraulic conductivity range recommended for biomedia by CSA (2018). 

Table 3.1 Saturated hydraulic conductivity for drainage class (Schoeneberger et al., 2012, p. 64) 

Drainage Class Criteria (cm/hr) Criteria (mm/hr) 
Very High (very rapid) >36.0 >360.0 

High (rapid) 3.60-36.0 36.0-360.0 
Moderately High (well) 0.36-3.6 3.6-36.0 

Moderately Low 0.036-0.36 0.36-3.6 

As a result, ELC drainage classes of 1-3 (rapid to well-draining) were selected as 

parameters for model ecosite selection. All ecosites that are associated with moderately 

well to very poor drainage classes were removed from the list as they are not likely to 

be present in a bioretention context. 

3.3.1.4 Slope Position 

The position of an ecosite in the landscape is a key indication of the environmental 

condition acting upon the site. The ELC method provides eight slope positions; crest, 

upper, middle, lower and toe of slope, depressions, tableland and complex (Lee et al., 

1998).  

Bioretention facilities are utilized in many urban contexts. Generally, stormwater 

guidance recommends a treatment train approach to facility implementation to maximize 

stormwater quality and quantity benefits (MOE, 2003). As a result, LID guidance 
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organizes bioretention facilities and other LID tools into two categories: source and 

conveyance (CVC, 2010) with end-of-pipe controls largely reserved for dry and wet 

pond facilities (MOE, 2003).  

Source controls, as the name implies, manage stormwater at its source and are usually 

located within private properties. Bioretention facilities within this category would be 

smaller retention gardens within residential neighbourhoods that function to detain 

runoff generated by the property and encourage infiltration. This location would operate 

similarly to a complex slope position as described by the ELC method, providing an 

area of upland complex microtopography with mounds and hollows that capture smaller 

volumes of runoff (Lee et al., 1998).  

Conveyance controls are the second stage in the treatment train approach and are 

utilized to convey runoff to end-of-pipe facilities while encouraging, treatment, infiltration 

and storage of low flow events (MOE, 2003). The slope position within conveyance 

facilities can vary greatly depending on context. Facilities located within large drainage 

areas that are only designed to control smaller storm events associated with water 

quality treatment will function similarly to lower and depression slopes as larger events 

will quickly fill available ponding storage before flows are pulled away to lower slope 

positions via gravitational flow (Lee et al., 1998). Additionally, the literature has 

identified floodplain environments, or the terrestrial-aquatic interface as an ideal model 

for bioretention planting design due to its variable extremes in moisture regime (Yuan & 

Dunnett, 2018). These environments have been classified as Bottomland slope 

positions within the ELC system. Finally, facilities within smaller drainage areas and 

capacity to store larger storms will function more like upland Complex microtopography 

(Lee et al., 1998). 

As a result, Lower Slopes (5), Bottomlands and Depression (6) and Complex (8) slope 

positions were used as parameters for model ecosite selection with all ecosite 

associated with higher slope positions removed from the list. 



 

 

33 

 

3.3.2 Identifying Ecosites Relevant to Bioretention Facilities 

Once the parameters had been applied to the list of ELC ecosites in Ontario, a list of 

reference ecosites relevant to bioretention facilities was generated. This list contains 

only those ecosites that operate within environments that contain a similar soil, moisture 

regime and landscape position as those found within engineered bioretention facilities. 

The GreenKey design guide will use the modified water balance model and bioretention 

facility design inputs discussed in Section 3.2 to filter through the list of relevant 

ecosites to provide the user a recommended precedent for planting design. 

3.4 Analyzing Reference Ecosites 

3.4.1 Literature Review 

The third objective of this research involved the selection and analysis of one reference 

ecosite from the list identified in Section 3.3. The GreenKey guide requires the 

development of a database of reference ecosites that have been analyzed for their 

aesthetic and ecological characteristics. The information gathered from the reference 

ecosites must be applicable to the planting design process such that it is capable of 

informing design decisions. To ensure the efficient collection of ecological and aesthetic 

information from each ecosite, a methodology for analysis was required. Data was 

collected through a focussed review of ecology, horticulture, garden design and 

aesthetic theory literature. This data was used to develop a set of criteria for analyzing 

and distilling, the critical ecological, horticultural and aesthetic components of natural 

ecosites relevant to bioretention design. 

3.4.2 Ecosite Study 

Once the criteria for analysis were established through literature review, the 

methodology was applied to a selected natural ecosite using observational and 
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evaluative methods. However, to accomplish this, one relevant ecosite had to be 

located for study within Southern Ontario. 

3.4.2.1 As-built Facility Selection 

The GreenKey water balance model requires input of facility design metrics to output a 

recommended reference ecosite. For this research, a constructed bioretention facility 

was identified and as-built information was used to run the tool. A list of constructed 

bioretention facilities that met a set of criteria was generated through a key informant 

interview with an industry leader in LID design and construction.  

The criteria applied to generate the list of bioretention facilities are as follows: Facilities 

had to have accessible as-built information and design reports. The required as-built 

information must include depths of biomedia and granular layers, ponding depth, use of 

underdrains and depth of gravel below the underdrain. Design reports had to provide 

information related to drainage areas, runoff coefficients, storage targets and actual 

facility storage volumes as well as native soil infiltration rates. Lastly, facilities had to be 

available and accessible for study. Some of the facilities that had the required design 

information were not in a location conducive to study, such as a busy road right-of-way 

or on private property that would require land-owner permission. The sites also had to 

be located within close proximity to the author’s home, in Guelph, Ontario, to ensure 

data collection could be gathered efficiently.     

3.4.2.2 Ecosite Location 

Once the as-built facility was selected, its design metrics were inserted into the 

GreenKey water balance model which identified a set of recommended ecosites for 

study. The list of ecosites then needed to be located within Southwestern Ontario. The 

list of reference ecosites was distributed to key informants within the field of terrestrial 
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ecology. The key informants contacted had expertise in ELC surveys and had access to 

ELC inventory data for their jurisdiction.  

3.4.2.3 Field Study 

Once a reference ecosite had been located, a field study was carried out using 

observational and categorical methods. The study was guided by the analysis 

developed through the literature review, as described in Section 3.4.1.  

The first stage of the analysis was to investigate the site through an ecological lens. 

Prior to analysis, an initial soil sample was undertaken to confirm that the soil texture fell 

within the range as defined by biomedia standards. A Jar Test was first completed to 

get an idea of the soil’s composition prior to further investigation. The Jar Test allows for 

semi-accurate indication of soil texture within a 48-hour time period, whereas lab 

submissions can take as long as three (3) weeks to receive results. The Jar Test 

allowed for quick confirmation that the subject site met soil parameters and subsequent 

analysis could be carried out.  

The remaining methods were guided by the prompts created through the literature 

review, which can be found in Appendix B. The investigation consisted of soil samples, 

field counts, measurements of physical attributes of plant species and observational 

records of the environmental conditions present. Following the completion of the 

ecological prompts, a composite soil sample was taken to identify the physical, chemical 

and biological properties of the ecosite’s soils using A & L Canada’s soil texture, 

VitellusBio and Soil Health tests. The VitellusBio is a new test that identifies soil nutrient 

and soil texture status but also includes an analysis of the soil’s microbial populations. 

Soil cores were taken with a hand trowel to a depth of 150mm to 200mm below the 

surface and roots and shoots were removed. Cores were taken from ten (10) locations 

evenly distributed throughout the study area and were mixed in a plastic bucket. To 
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meet the requirements for sample, 500 grams of soil were placed in a bag and 

submitted to the lab for analysis. 

The second and third stages of the analysis were to investigate the site through a 

horticultural and aesthetic lens. This was completed using observational and categorical 

methods. Species were grouped into categories and given rankings defined by the 

literature. The aesthetic experience as a user within the space was also described using 

the literature to guide reflection. 

3.5 Development of the Design Guide Prototype 

3.5.1 Key Informant Interviews 

Following modification of the HPM (Paquette, 2012) and field study of a recommended 

model ecosite, a GreenKey design guide prototype was developed. The prototype 

provides a template for future development of the guide. To ensure the guide met the 

research goal and objectives, the template was circulated to key informants within the 

fields of landscape architecture, garden design, horticulture, ecology and stormwater 

engineering to receive critique on its structure and content. A questionnaire was 

developed to guide key informant feedback and is provided in Appendix C. Feedback 

received through the questionnaire was analyzed and revisions were made to the 

prototype. 
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4 Results 

This chapter provides the results and analysis for the four research objectives. These 

include the modification of the HPM, identifying ELC ecosites relevant to the 

bioretention context, locating and studying a selected reference ecosite and finally, the 

development of the GreenKey design guide prototype. 

4.1 Development of the GreenKey Water Balance Model 

A review of soil science, hydrology, bioretention design and construction, ecology and 

forestry literature along with key informant interviews were conducted to link the existing 

HPM to the ELC system. Modifications completed fall into three categories; biomedia, 

facility design inputs and the link to the ELC moisture regime classification followed by 

model validation using in-field evapotranspiration data. 

4.1.1 Biomedia Texture 

A review of soil science literature, key informant interviews with biomedia suppliers 

(Douglass, 2020) and industry experts informed the modification of the biomedia texture 

input within the existing HPM along with the necessary modifications to the Green Ampt 

water balance calculations. The existing HPM soil media texture options were based on 

the USDA’s 12 standard texture classes (Irvine et al., 1993). However, bioretention 

standards limit biomedia to three of these textures; sand, loamy sand and sandy loam 

(CSA, 2018). As a result, the biomedia input was revised to improve the resolution of 

biomedia composition. The level of detail within media textures provided in the model 

was determined through key informant interviews with biomedia suppliers (Douglass, 

2020). This revealed that the dynamic nature of soils limits the accuracy of biomedia 

mixes. Designers can expect that mixes will deviate between 5% and 10% from a given 

specification. As indicated by CSA (2018), biomedia composition should consist of 

between 60% and 90% sand, 7% and 30% silt and 3% and 12% clay depending on 
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project goals. For the purpose of this research, these standard ranges were rounded 

down to the nearest 5% to recommended ranges of 60% to 90% sand, 5% to 30% silt 

and 5% to 15% clay. A list of possible biomedia compositions in 5% increments was 

then generated for use within the model. Biomedia mixing is still a relatively new 

process and, as a result, the low end of the 5% to 10% deviation range identified by 

suppliers was applied. It is expected that over time, as the mixing process and testing 

procedures are standardized, accuracy of mixes will be improved. In addition to the 

standard ranges provided in bioretention literature, a sandy clay loam composition was 

also included following consultation with key informants in stormwater engineering. It 

was recommended to include a sandy clay loam texture option to provide a higher 

moisture retaining media option for contexts that provide a low impervious to pervious 

ratio. The list of biomedia composition options used within the revised model are shown 

in Table 4.1. 

Table 4.1 Biomedia composition options within the GreenKey water balance model 

Soil Texture Class Biomedia Texture (% sand-silt-clay) 
Sandy Clay Loam 60-10-30 
Sandy Loam 60-35-5, 60-30-10, 60-25-15, 65-30-5, 65-25-10, 65-20-15, 70-25-5, 

70-20-10, 70-15-15, 75-15-10, 75-10-15 
Loamy Sand 75-20-5, 80-15-5, 80-10-10, 80-5-15, 85-10-5, 85-5-10 

Sand 90-5-5 

 

Following refinement of the biomedia composition options available within the model, 

the associated soil characteristics had to be updated. Total porosity, field capacity, 

wilting point, and saturated hydraulic conductivity were updated using the Soil Water 

Characteristics program developed by the USDA and Washington University (USDA, 

2007) which calculated these values based on soil texture inputs. Wetting front soil 

suction head was calculated using the equations provided by Clapp & Hornberger 
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(1978). Finally, the height of capillary fringe was modified. It was determined through 

the literature and key informant interview that the existing HPM was incorrectly using 

height of capillary fringe rise data taken from Lohman (1979) resulting in the model 

predicting facilities to be saturated more often than expected. Liu et al. (2014) and 

Kumar and Malik (1990) represent the difference between capillary fringe rise and the 

height or thickness of the capillary fringe in Figure 4.1 where saturation decreases as 

distance from the capillary region or fringe increases. The Green Ampt equation within 

the water balance model is only concerned with the thickness of a saturated fringe 

because it affects the capacity of the soil to hold water while creating anaerobic 

conditions that limit plant growth (Liu et al., 2014).  

 

Figure 4.1 Soil water as a function of distance from the capillary fringe (Liu et al., 2014) 

Through a key informant interview with Dr. Gary Parkin (2020), retired University of 

Guelph professor in soil physics, it was confirmed that the height or thickness of fringe 

is the metric that should be used in the Green Ampt equation rather than the height of 
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rise utilized in the existing HPM. The presence of a capillary fringe within a bioretention 

context, where gravel reservoirs are applied, was also confirmed by Dr. Parkin. Whether 

the capillary fringe is at saturation or near saturation is undecided; however, the 

presence of this layer is well supported by soil physics (Parkin, 2020). Importantly, the 

thickness of fringe for a given soil texture can only be determined under static 

conditions. This is difficult in a bioretention facility where there are constant inputs by 

snow and rain and losses via infiltration, evapotranspiration or runoff. However, Parkin 

(2020) indicated for the purposes of a model, static conditions must be assumed.  

To calculate the thickness of the capillary fringe within each soil texture, an air entry 

calculator, shown in Table 4.2, was created based on the equations provided by Saxton 

et al. (2006). According to Parkin (2020), air entry tension, measured in kPa, occurs at 

the top of the capillary fringe and is the point at which a soil changes from saturated to 

unsaturated. As shown in the above graph in Figure 4.1, as soil water content 

(volumetric water content) increases, the tension at which water is held by the soil 

declines until it reaches a point where it can no longer hold water through matric forces, 

and gravitational forces take over (Brady et al., 2008). It is this point of air entry tension, 

at the point of change from saturated to unsaturated, that can be converted to length in 

meters by applying a factor of 0.102 to the kPa value. This height is the thickness of the 

capillary fringe (Parkin, 2020). 

Table 4.2 Air Entry Tension Calculator (Saxton et al. 2006) 

Sand  70.00% % weight 
Clay  10.00% % weight 
Organic Matter 2.50% % weight 
Ѳ(s-33) 27.79% % volume 

Ѳ(s-33)t 23.53% % volume 

Ѱet 1.466  

Ѱe 0.643 kPa 

Height of Fringe 0.065 m 

Height of Fringe 65.66 mm 
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To obtain thickness of capillary fringe data for each biomedia texture in the model the 

percentages of sand and clay were entered into the calculator and the height of fringe in 

milometers (mm) was calculated. The results were then verified using the Soil Water 

Characteristics program which indicates in a graph the kPa value where the soil 

changes from saturated to unsaturated. This is indicated at the point where the curve 

drops off as shown in Figure 4.2. The kPa values were obtained from the graph by 

scaling the chart in a CAD based program. This produced a rough value that proved 

consistent with the results from the regression equation within the air entry calculator. 

The results of both calculations are provided below in Table 4.3 which clearly show the 

variability of the scaling method. By scaling the graph generated by the SPAW model, 

capillary fringe height was over estimated in comparison to the values determined using 

the Saxton et al. (2006) regression equation. However, the method did prove valuable in 

confirming the results of the regression equation. 

 

Figure 4.2 Soil Water Characteristics tool indicating the kPa value where soil changes from 
saturated to unsaturated (USDA, 2007) 
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Table 4.3 Capillary fringe thickness results 

TEXTURE SPAW Height of Capillary 
Fringe (mm) 

Saxton Height of Capillary 
Fringe (mm) 

60-10-30 260.10 240.66 
60-35-5 127.50 194.02 
60-30-10 132.60 207.67 

60-25-15 183.60 219.19 

65-30-5 75.48 112.65 

65-25-10 95.88 129.30 

65-20-15 122.00 143.72 

70-25-5 30.60 47.76 

70-20-10 71.40 65.66 

70-15-15 97.92 81.23 

75-20-5 10.00 0.00 

75-15-10 52.02 15.74 

75-10-15 75.48 30.85 

80-15-5 26.52 0.00 

80-10-10 35.70 0.00 

80-5-15 49.98 0.00 

85-10-5 10.00 0.00 

85-5-10 10.00 0.00 

90-5-5 10.00 0.00 

  

Considerable attention was given to the calculation of height of capillary fringe because 

it proved to be a key parameter in the calculation of plant available water. Considering 

average rooting depths of 200 to 300mm, facilities designed with a 500mm deep sandy 

loam biomedia will create conditions that support the presence of the capillary fringe 

within the root zone. These conditions will simulate the effect of perched groundwater. 

Even if the biomedia and granular reservoir are appropriately sized and rapidly draining, 

the presence the granular reservoir below will ensure the capillary fringe is present at all 
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times as water within the media will only move into the gravel reservoir once it exceeds 

the soil’s saturation point. In this context, the presence of the capillary fringe 

dramatically changes both the plant available water provided by the facility and the 

facility’s storage capacity. Further research is required to understand this phenomenon 

and its impact on root zone soil water conditions within the bioretention context. 

4.1.2 Design Input Modification 

With the biomedia modifications complete, the HPM facility inputs were modified to 

improve the accuracy and usefulness of the model for bioretention facility design. The 

literature, key informant interviews and professional experience informed the addition of 

drainage area, target rainfall depth and required and proposed facility storage capacities 

to the interface as well as the modification of underdrain calculations within the water 

balance model. 

The existing HPM only considered the impact of an underdrain on infiltration rates within 

the Green Ampt equation (Paquette, 2012). However, it did not fully take into account 

the impact an underdrain has on facility moisture regime. When an underdrain is 

installed, the entire profile of the facility is no longer available for storage, only the 

biomedia and granular profile below the invert of the underdrain. When runoff enters the 

facility, it will fill the media to near saturation before being pulled to the bottom of the 

facility via gravitational flows. With the biomedia saturated, the remaining inflows will 

accumulate at the bottom of the facility profile until water levels reach the invert of the 

underdrain at which point it will be diverted out of the facility (Davis et al., 2012). As a 

result, a depth below underdrain item was added to the interface per the MOE 

Stormwater Management Planning and Design Manual (2003). When the user indicates 

an underdrain will be used, the water balance equation only considers the depth below 

the pipe, the available storage within the ponding depression (at the surface) and the 

capacity of the biomedia layer at saturation. Any volume in excess of that available 

storage volume is considered to be runoff.  
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Finally, additional components to assist in facility design were added to the model 

interface using key informant interviews and the author’s personal experience in 

bioretention facility design. The interface was modified to consider a given facility’s 

drainage area and its associated runoff coefficient, key elements within facility sizing 

calculations (CSA, 2018; MOE, 2003). The runoff coefficient entered into the interface is 

applied to the drainage area factor calculation that was currently utilized with the HPM’s 

Green Ampt equation. The existing HPM uses a drainage area ratio to determine the 

volume of water being directed to the facility. The ratio of drainage area to facility 

footprint determines how much water will be directed to the cell (Paquette, 2012). 

However, this assumes all water in the drainage area will make it to the facility, which is 

not always the case (MOE, 2003). Drainage areas consist of different land covers that 

have varying capacities to absorb runoff. For example, a drainage area in a suburban 

subdivision would contribute much less runoff than a drainage area of the same size in 

a downtown core. Consequently, the model was revised to apply a runoff coefficient to 

the drainage area prior to being divided by the facility area. This reduced the overall 

ratio by the coefficient value. Runoff coefficients are commonly provided within 

stormwater management design guidance and municipal design standards.  

Finally, the interface was modified to indicate the required facility storage capacity 

based on the target rainfall depth to be managed, runoff coefficient and drainage area. 

An additional line within the interface indicated the proposed storage volume based on 

the facility design metrics to assist the designer in decision-making. 

4.1.3 Link to the Ecological Land Classification System 

Following adjustments to the existing HPM’s biomedia and storage calculations and 

additions to the design interface, a literature review and key informant interview were 

conducted to inform the modifications required to express a facility’s moisture regime 

according to the ELC system.  
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First, the existing HPM water balance calculations were modified to determine the 

volumetric water content within the root zone according to Spittlehouse & Black (1981). 

The moisture regime calculations within the existing HPM were based on the volume of 

water within the entire facility, not the root zone, at the end of each day (Paquette, 

2012). However, this does not provide an accurate picture of plant available water, 

especially when an underdrain and/or a gravel reservoir are present. Within a facility 

with an underdrain and gravel reservoir, water moves through the root zone and out of 

the facility (Davis et al., 2012).   

The water balance calculations were modified to reflect this, remaining consistent with 

the Green Ampt water balance methodology (Rawls, Brakensiek & Miller, 1983). An end 

of day root zone balance was created for both underdrain and non-underdrain scenarios 

according to Spittlehouse & Black (1981). For underdrain scenarios, an ‘IF’ statement 

was used within the model to test whether the end of day root zone soil water was less 

than wilting point. If the depth of water in the root zone was greater than wilting point, 

the water balance equation was modified to calculate the depth of water in the root zone 

based on the infiltration rate of the biomedia, potential evapotranspiration (PET) rates 

and runoff volumes. The resulting end of day depth of water in the root zone could not 

be higher than the total capacity of the biomedia after it was drained of gravitational 

water as any volume that exceed this capacity would enter the underdrain and be 

removed from the facility. For facilities without an underdrain, four scenarios were 

created using the ‘IF’ statements provided in Table 4.4. 

Table 4.4 Calculation of depth of root zone water for facilities without an underdrain 

IF: Facility End of Day 
Balance 

Then: Root Zone Soil Status 

Di < W Wilting Point 

Di > Dmax Saturated 

Drw < Di < Dmax Field Capacity 

W < Di< Drw Di-1 + Pi – Ii - Ei - Ri 



 

 

46 

 

Once the volume of water in the root zone at the end of each day was determined, 

actual evapotranspiration (AET) was calculated according to Spittlehouse & Black 

(1981) and Wang & Klinka (1996). By calculating AET for each day, a water deficit ratio 

could be determined using the PET values already calculated by the existing HPM. 

According to Spittlehouse & Black (1981), the calculation of daily AET is the lesser of 

maximum water supply and PET. On days where the amount of extractable water in the 

root zone is high, AET will be energy restricted, or dependent on the temperature and 

sunlight available to plants that day. If temperatures are low and weather is cloudy, 

respiration will be reduced and thus AET rates will drop, even though there is sufficient 

water available in the root zone. However, once the root zone has been drained of 

water, both by gravitational forces and by plant uptake, AET becomes restricted by 

available water. Once an AET value was determined for each day, a ratio between PET 

and AET could be determined. This ratio indicates the water deficit present within the 

root zone for each day. 

 

Where: 

Di  End of day root zone balance 
Dmax Maximum facility storage capacity 

 = Dp + Dgs + Ds 

Drw Depth of water in root zone at field capacity (mm) 

= Dr * F 

W Volume of water per volume of soil at wilting point (cm3/cm3) 

Di-1 Previous day root zone balance 

Pi Depth of water entering the bioretention cell each day (mm) 

= (1 + Da) (di + Dsnowi) 

Ii Depth of water lost to infiltration through root zone each day (mm) 

Ei Depth of water lost to evapotranspiration each day (mm) 

Ri Depth of water lost to runoff each day (mm) 

= (Di-1 + Pi – Ii - Ei) - Dmax 
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The daily water deficit along with the depth of capillary fringe in the root zone, which 

was already calculated by the model, provides the information required to correlate a 

facility’s predicted moisture regime with the Soil Moisture Regime (SMR) classification 

system developed by Wang & Klinka (1996) and Klinka et al. (1984). The SMR 

classification system consists of nine soil moisture classes which are easily converted to 

the ELC moisture regime classes using Table 3 within ELC for Southern Ontario (Lee et 

al., 1998). For the purposes of this research, the very wet moisture regime, classified as 

having groundwater at the surface, was removed from consideration as it was not 

relevant to the bioretention context. The SMR classification, shown in Figure 4.3, uses 

water deficit or the ratio of AET(Et) to PET(Emax) to differentiate xeric classes (Wang & 

Klinka, 1996). To classify very moist to very wet moisture regimes, the SMR uses the 

average depth of groundwater from the surface (Wang & Klinka, 1996). Although 

groundwater is not a factor within bioretention facilities, the saturated, anaerobic 

conditions created when the capillary fringe extends into the root zone, as discussed in 

Section 4.1.1, would have the same effect on plant growth. Although there is a limited 

understanding of the nature and character of the capillary fringe within the bioretention 

context, the depth of capillary fringe water within the root zone was used to classify very 

moist to wet moisture regimes within the GreenKey water balance model as it was data 

that was already provided within the HPM. Further research is required to understand 

the properties of the capillary fringe within the bioretention context. 
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Figure 4.3 Soil Moisture Regime classification (Wang & Klinka, 1996) 

Once daily water deficit and depth of capillary fringe in the root zone were determined 

for each day of the 30 years of data provided in the HPM, the average water deficit and 

capillary fringe values were calculated. The ‘IF’ statements provided in Table 4.5 were 

used to determine where the facility fell within the SMR classification system (Wang & 

Klinka, 1996) and the output was converted to the corresponding ELC moisture regime 

using Table 3 of ELC for Southern Ontario. Once a given facility’s moisture regime was 

expressed according to the ELC system of moisture regime classification, the link was 

complete. 

 

Table 4.5 Classification of Soil Moisture Regime based on water deficit and depth of 
capillary fringe within the root zone 

IF: Depth of Water in Capillary Fringe Then: Status 
Et/Emax < 50% AND Eav = 0 Extremely Dry 

Et/Emax > 50% < 75% AND Eav = 0 Very Dry 

Et/Emax > 75% < 90% AND Eav = 0 Moderately Dry 
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IF: Depth of Water in Capillary Fringe Then: Status 
Et/Emax > 90% AND Eav = 0 Slightly Dry 

Et/Emax = 100% AND Eav = 0 Fresh 

Et/Emax = < 100% AND Eav > 0 Moist 

Et/Emax = 100% AND Dm – Dc > 300mm Very Moist 

Et/Emax = 100% AND Dm – Dc < 300mm) Wet 

Where:   

Et Actual evapotranspiration 

= lesser of Es and Emax 

Emax Potential evapotranspiration (Hargreaves-Samani) 

= 0.0023 * Ra / λρw (Ta + 17.8) (Tmax – Tmin)0.5 

Eav Depth of water in root zone after precipitation and infiltration (mm) 

= Di-1 + Pi - Ii  

Dc Height of capillary fringe 

Dm Depth of biomedia (mm) 

 

4.1.4 Water Balance Model Output Validation 

To complete the calibration of the GreenKey water balance model, AET and capillary 

fringe data from as-built bioretention facilities was needed along with the facility 

information needed to run the model. Once the facility information was entered into the 

model’s interface, the average AET data was generated and it was compared to the 

AET results found in the literature.  

Capillary fringe data was not obtained during the course of this research. A key 

informant interview with Gingrich Regehr (2020) revealed that soil moisture monitoring 

did not find evidence of a capillary fringe during the course of data collection (Gingrich 

Regehr, 2019). However, this is to be expected based on the air entry tension 

characteristics, described in Section 4.1.1, where air entry tension drops to zero when 

the percentage of sand in the biomedia mix reaches 80% (Saxton et al., 2006). The 

biomedia used within the study was greater than 80% sand (Gingrich Regehr, 2020) 
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and, thus, it would not be expected to create the conditions necessary for a capillary 

fringe to develop above the granular layer. These results indicate that, if standard 

biomedia composition for infiltration practices are utilized, capillary fringe will not be a 

factor. Consequently, moist to very wet conditions should not be created unless native 

subsoils have very low infiltration rates and an underdrain is not feasible. Future 

research will be required to validate the capillary fringe characteristics applied within the 

GreenKey model to ensure it is able to accurately identify moist to very wet SMR.  

AET data was obtained from two studies completed in the past ten years. Both studies 

were completed within the same bioretention lysimeter in Guelph, ON (Denich & 

Bradford, 2010; Gingrich Regehr, 2019). The lysimeter permits the most effective and 

efficient means of calculating vegetation water use, capable of determining moisture 

loss both through collected infiltrate and by weight change (Denich & Bradford, 2010). 

The bioretention lysimeter metrics are provided in Table 4.6. Data produced by Denich 

& Bradford (2010) and Gingrich Regehr (2019) was highly variable but did permit a 

high-level comparative analysis with the AET calculations in the GreenKey. 

Table 4.6 University of Guelph Bioretention Facility Metrics 

Facility Metric University of Guelph Lysimeter Unit 
Drainage Area  1.89 m2 

Runoff Coefficient 1.00 unitless 

Bioretention Cell Area 1.89 m2 

Depth of Soil Media 1000 mm 

Depth of Gravel Storage 50 mm 

Texture of Soil Media 80-15-5 % 

Underdrain Yes  

Density Factor 
Low (Gingrich Regehr (2019) 

High (Denich & Bradford, 2010) 
unitless 

Microclimate Factor Moderate unitless 

Average Rooting Depth 300 mm 
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The results presented by Denich & Bradford (2010) included both non-logged and 

logger retrieved data. The non-logged data used the change in lysimeter weight to 

convert to ET which produced a value of 4.2 +/- 1.1 mm/day for the month of August, 

2008. ET data was then collected again over a one-week period from August 30 to 

September 3 which revealed an AET value of 7.7mm/day, a higher value due to the 

limited duration of data collection (Denich & Bradford, 2010). These values were then 

compared to the AET results calculated by the GreenKey model. The results provided in 

Table 4.7 indicate that during the month of August, 2008, the model calculated an 

average AET of 3.40mm/day, with an average AET value of 3.03mm/day from August 

30 to September 3. The average AET value of 3.40mm/day calculated by the model is 

within the AET range of error as determined by Denich & Bradford (2010). The value of 

3.03mm/day determined by the model for August 30 to September 3, 2008 is 

significantly lower than the 7.7mm/day determined by Denich & Bradford (2010). 

Table 4.7 Comparing in-field AET rates to GreenKey predicted values 

 Gingrich 
Regehr  

2018-2019 

Denich & Bradford  
August 

2008 

Denich & Bradford  
Aug 30 – Sept 3,  

2008 

Average AET  1.30mm/day 4.2 +/- 1.1 mm/day 7.7mm/day 

GreenKey Predicted AET  1.37mm/day 3.40mm/day 3.03mm/day 

 

The second study was completed by Gingrich Regehr (2019) within the same 

bioretention lysimeter. The research provided an average annual AET value of 

1.30mm/day and average monthly ET rates that ranged between -0.009 and 

2.90mm/day. Data was collected from the facility throughout the entire calendar year, 

even during winter months when ET is considered to be minimal. As shown in Figure 

4.4, plant cover within the 1.89m2 lysimeter (within the black EPDM liner) was 
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sufficiently dense; however, it was only installed at the beginning of the one-year 

collection period. Thus, the plantings did not have time to establish prior to data 

collection. As a result, the AET data provided within the research is lower than 

expected. However, when the plant density landscape coefficient in the GreenKey 

model was adjusted from a value of 1.0 to 0.8 to reflect the early stages of plant 

establishment (Paquette, 2012), an average annual AET value of 1.37mm/day was 

calculated by the model. Additionally, the high end of the average monthly AET range 

produced by Gingrich Regehr (2019) aligns well with the average growing season AET 

values calculated by the model throughout the 30 years of data. The maximum average 

monthly AET rate of 2.90mm/day reported by Gingrich Regehr (2019) is consistent with 

the average growing season AET value of 2.05mm/day calculated by the GreenKey 

model. 

 

Figure 4.4 Lysimeter Planting (Gingrich Regehr, 2019) 

Importantly, the AET values calculated by the GreenKey model are used to classify 

SMR using the average AET value over 30 years of data. Daily variation in AET does 
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not have a significant effect on classification results, especially as SMR classification is 

based on water deficit ranges. However, when compared to both the AET data collected 

by Denich & Bradford (2010), the model consistently underpredicted AET values. 

Although this comparative analysis indicates the model does produce AET results that 

are similar to in-field measurements, further validation is required when better AET data 

becomes available to ensure accurate calibration is achieved. 

4.2 Identification of ELC Ecosites Relevant to Bioretention 

From the hundreds of ecosystems described within the ELC of Southern Ontario 

database, 23 ecosites matched the defined filters of soil texture, moisture regime, soil 

drainage and slope position. The list of relevant ecosites provides a range of archetypal 

environments that include sand dunes, grassland or prairie, savannah, woodland and 

mixed, coniferous and deciduous forests as well as mineral meadow marshes as 

indicated in Table 4.8. The only limitation of the recommended list is the lack of diversity 

in deciduous forest ecosites. Deciduous forest plantings are popular within park and 

plaza landscapes but their presence within the list of recommended reference ecosites 

is limited to the Lowland Deciduous Forest and Poplar-Sassafras Deciduous Forest 

ecosites although savannah and woodland ecosites are also included in the list. 

 

Table 4.8 List of ecosites relevant to the bioretention context 

Model Ecosite Soil 
Texture 

Moisture 
Regime 

Soil 
Drainage 

Slope 
Position 

Shrub Sand Dune S 0 1 4/5 

Open Sand Dune S 0 1 4/5 

Treed Sand Dune S 0 1 4/5 

Open Sand Barren S 0 1 4/5 

Dry Tallgrass Prairie S/L 0-2 1 6-8 

Fresh-Moist Tallgrass Prairie S/L 2-5 1 6-8 

Dry Tallgrass Savannah S/L 0-2 1 6-8 
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Model Ecosite Soil 
Texture 

Moisture 
Regime 

Soil 
Drainage 

Slope 
Position 

Fresh-Moist Tallgrass Savannah S/L 2-5 1 6-8 

Dry Tallgrass Woodland S/L 0-2 1 6-8 

Fresh-Moist Tallgrass Woodland S/L 2-5 1 6-8 

Fresh-Moist Hemlock Conifer Forest S/L 2-6 3-5 3-6, 8 

Fresh-Moist White Cedar Forest S/L 2-6 4-6 3-6 

Dry-Fresh Cedar Mixed Forest S/L 0-2 3-4 5-6 

Dry-Fresh Poplar-White Birch Mixed Forest S/L 0-2 1-3 5-8 

Fresh-Moist Hemlock Mixed Forest S/L 3-6 3-7 6 

Fresh-Moist White Cedar Mixed Forest S/L 3-6 3-7 3-6 

Fresh-Moist Poplar-White Birch Mixed Forest S/L/Si 3-6 2-7 4-6 

Fresh-Moist Lowland Deciduous Forest S/L/fSi 2-6 2-6 4-6 

Fresh-Moist Poplar-Sassafras Deciduous Forest S/L 2-6 3-6 3-6, 8 

Mineral Meadow Marsh S 5-8 4-7 5-6 

Great Lakes Coastal Meadow Marsh S 5-8 4-7 5-6 

Mineral Fen Meadow Marsh S 5-8 4-7 5-6 

Tallgrass Meadow Marsh S 5-8 4-7 5-6 

The list of reference ecosites contains a variety of coarse soil textures that range from 

sands and cobbles to finer textured sands and silts. Sand dune environments, although 

not a typical urban horticultural aesthetic, does mimic the low nutrient, high disturbance 

and flashy moisture regimes of the bioretention context and presents a unique 

opportunity for experimentation. The mineral meadow marsh environments primarily 

consist of riverstone, gravels and cobble found within coastal or riverine environments. 

Key informant interviews revealed this provides an opportunity for bioretention planting 

design within an urban environment due to its flashy moisture regime, presenting 

saturated conditions following large storm events and spring melt but drying out through 

the summer months. However, its application may be limited due to its moisture regime 

classification as described below.  
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With regard to moisture regime, the model ecosites range from extremely dry (0) to wet 

(7) providing relevance to the full spectrum of bioretention contexts. The mineral 

meadow marsh environments, although known to dry out in summer are still classified 

as having a moisture regime of moist to wet which limits its relevance in highly 

engineered bioretention facilities. For this reason, both meadow marsh and mixed forest 

ecosites would be better suited to residential or urban park environments where 

bioretention facilities are not equipped with an underdrain.  

This point is further supported by the soil drainage classifications for the mixed forests 

and meadow marsh environments. Highly functional urban bioretention facilities are 

rapidly draining, unable to retain moisture within the root zone. Ecosites like the mineral 

meadow marshes, Fresh-Moist Hemlock Conifer Forest, White Cedar Forest, Hemlock 

Mixed Forest, White Cedar Mixed Forest, Poplar-White Birch Mixed Forest and Poplar-

Sassafras Deciduous Forest are on the upper end of the drainage class. They have 

either high water retention capacities or are restricted by tighter soils in lower horizons 

and are thus only moderately well drained. As a result, facilities that use these habitats 

as models should have restricted infiltration capacities, either through design elements 

such as more retentive biomedia textures or in sites that have poor native infiltration 

rates but cannot utilize an underdrain. Close attention will need to be paid to the 

selection of a model ecosite for study as most of the reference ecosites in Table 4.8 are 

on the upper end of the relevant drainage classes. 

Finally, the recommended reference ecosites fit a range of slope positions that cover 

the criteria applied. Bioretention facilities can be used within two of the three treatment 

train positions: source and conveyance, and for each position a relevant ecosite can be 

used as precedence. Active shoreline environments, meadow marsh bottomland 

environments, Tallgrass prairie and savannahs, White Cedar Conifer Forests and 

Poplar-White Birch and White Cedar Mixed Forests provide good models for facilities 

with large catchment areas that are only designed to control minor storm events or are 
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placed within areas of poorly-drained subsoils. These positions fall under the 

conveyance position of the treatment train approach but saturated conditions will be 

more common. Lowland Deciduous forests and Fresh Tallgrass Prairie ecosites serve 

as better models for bioretention facilities that deal mostly with conveyance of runoff. 

These positions are best suited to high flow events associated the toe of slope and 

floodplain positions in the landscape. Finally, ecosites such as Fresh-Moist Hemlock 

Forests, Dry Tallgrass Savannahs and Woodlands and Fresh-Moist Poplar Sassafras 

Forests associated with upland regions of complex microtopography are best suited to 

bioretention facilities that provide source level runoff control. 

4.3 Ecosite Analysis 

The study was completed to test the methodology for the ecosite analysis as 

determined through literature review. This methodology was applied to a subject site in 

Hamilton, Ontario that functions under similar conditions to a constructed bioretention 

facility located in Newmarket, Ontario. The following section will discuss in detail the 

results of the ecosite study including the identification of the constructed bioretention 

facility, locating an ecosite for study, development of the criteria for analysis and 

completion of the field study. 

4.3.1 Identification of Constructed Bioretention Facility  

Criteria was established through key informant interviews to guide the selection of an 

as-built bioretention facility. The as-built facility would then be used to inform the 

identification of a reference ecosite for study using the GreenKey water balance model. 

A bioretention facility located within the Ray Twinney Recreational Complex in 

Newmarket, Ontario was selected for the purposes of this research. The facility had 

accessible as-built and design report information and was physically accessible for 

sampling. It is located within the southern parking lot of property owned by the Town of 

Newmarket and acts as an entry feature to the building. The facility itself acts as a 



 

 

57 

 

source control, managing runoff from the Complex’s roof. As-built biomedia test results 

were already available, making a site visit and biomedia sampling unnecessary for the 

purpose of this research.  

The as-built information input into the GreenKey water balance model is provided in 

Figure 4.5 and the resulting recommended reference ecosites are provided in Table 4.9. 

The deciduous forest typology was selected as a filter because the existing plantings, 

containing the mix of Red Maple, woody shrubs and herbaceous species, best reflected 

this archetype. 
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Figure 4.5 Design metrics for Ray Twinney site as input into the GreenKey water balance model 

  

Table 4.9 GreenKey recommended ecosites 

Vegetation Typology Ecosite Code Ecosite 

Deciduous Forest FOD7 Fresh-Moist Lowland Deciduous Forest 

Deciduous Forest FOD8 Fresh-Moist Poplar-Sassafras Deciduous Forest 

 

A list that contained the FOD7 and FOD8 recommended ecosites, along with the 

Tallgrass ecosites provided in Table 4.8, was distributed to key informants within the 

field of terrestrial ecology who had access to ELC inventory for their jurisdiction. The 

Tallgrass ecosites were included in case the deciduous forest ecosites were not 

represented in close proximity to the author’s home in Guelph, Ontario. However, a site 

along Spencer Creek in Hamilton, Ontario, was recommended by Royal Botanical 

Gardens (RBG) staff. The site was classified by RBG as a Lowland Willow Deciduous 
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Forest ecosite (FOD7). A soil sample was taken and a jar test was completed to verify 

whether the site contained soils that aligned with the biomedia composition of the Ray 

Twinney facility. A biomedia sample was not taken from the Ray Twinney site during the 

course of this research, however, biomedia lab results from the time of construction 

were available. These results were used to determine if the soil composition of the 

Lowland Willow Forest at Spencer Creek was indeed relevant for further study. The 

results from the Jar Test are shown in Table 4.10. The results confirmed the relevance 

of the Spencer Creek site proving to be comparable upon initial investigation.   

 

Table 4.10 Comparison of Spencer Creek and Ray Twinney soil textures 

 
Jar Height Percentage of Total 

Height 
Ray Twinney Biomedia 

Composition 
Sand 30mm 87% 90% 

Silt 3mm 9% 3% 

Clay 1.5mm 4% 7% 

 

4.3.2 Criteria for Analysis 

Following confirmation of the Spencer Creek site, the methodology for ecosite analysis 

was applied to the Lowland Willow Forest ecosite. The methodology was developed 

through review of the literature and formed a series of prompts or cues for self-guided 

classification, observation and reflection. The analysis methodology is provided in 

Appendix B and includes 23 cues for ecological analysis, 12 cues for horticultural 

analysis and 26 questions to guide reflection with regard to the aesthetic experience of 

the space.  
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4.3.3 Field Study 

4.3.3.1 Ecological Analysis 

 

Figure 4.6 Lowland Willow Forest Study Site: Spencer Creek, Hamilton, ON 

The author spent two days completing the field study at the Spencer Creek site shown 

in Figure 4.6. The ecological analysis began with a vegetation survey using the Plant 

Species List included in the ELC for Southern Ontario document. This field sheet 

permitted the determination of species abundance within the vertical layers of the space 

and helped to identify the dominant species that are present. The analysis then 

examined the space from a microclimate and vegetation structure perspective using 
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categorical and observational methods. As shown in Figure 4.7, species root and shoot 

structure were examined and categorized to determine root typology and vegetative 

reproduction strategies and to identify the various niches that were being inhabited.  

 

Figure 4.7 Lowland Willow site ecological field investigation 

Finally, a composite sample was collected and submitted to A & L Canada for soil 

texture, VitellusBio and Soil Health tests. The results of the analysis identified the 

physical, chemical and biological properties of the ecosite’s soil. The VitellusBio test 

results, provided in Appendix D, provide a description of the subject site’s microbiome 

using 17 functional metrics and ratios. A limitation of the test is that the thresholds 

provided within the report have been developed based on high yield, agricultural soils (A 

& L Canada, 2020). As a result, the thresholds and ranges themselves do not provide a 

useful metric for soil analysis within the ecosite context. Despite this, the report does 
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identify the fundamental biological characteristics of the soil microbiome and permits the 

identification of the physical and chemical properties that support it. The biological, 

chemical and physical results provide an incredibly complex picture of the Lowland 

Willow Forest’s soil properties. The results, particularly from the VitellusBio and Soil 

Health reports, provide state-of-the-art data on the biological character of the site. The 

complexity of this data requires further research to better understand its implications for 

engineered soils. However, for the purposes of this research, it permits the identification 

of key metrics that can guide the design of biomedia to better support plant 

establishment and resiliency within the bioretention context.  

Physically, the soil texture was much less sandy than the jar test indicated. This result 

could be attributed to sampling error as the composite sample was taken broadly 

throughout the subject site, both in upland and low-lying areas whereas the jar test 

sample was only taken from upland areas. That said, a texture consisting of 61% sand, 

27% silt and 12% clay still falls within the soil textures provided within the GreenKey 

water balance model. Additionally, an organic matter (OM) content of 3 percent and a 

cation exchange capacity (CEC) reading of 24.5 meq/100g fall within the ranges 

specified in bioretention standards, proving the subject soils act as a useful model for 

biomedia design. The CEC reading of 24.5 meq/100g is higher than the 10 meq/100g 

threshold provided within biomedia standards (CSA, 2018). According to key informant 

interview (Sypkes, 2020), this is a beneficial characteristic as higher CEC values 

indicate a greater potential for the soil to store and hold positively-charged nutrients 

such as calcium, magnesium, potassium and sodium, reducing leaching potential in the 

process (Sypkes, 2020). Finally, the soil pH of 8.1 is higher than is recommended in 

biomedia standards although it is very consistent with the pH of urban soils and runoff 

(Denich, Bradford & Drake, 2013). These results confirm the relevance of the Lowland 

Willow Forest site as a model for planting design within the urban context. 
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Chemically, the Lowland Willow Forest was found to contain very high levels of calcium 

and nutrients required for plant health, such as copper, zinc and iron, while seeing low 

levels of magnesium, potassium, phosphorus, nitrates and sodium. In an urban context, 

high concentrations of calcium are often a product of de-icing salts while zinc is a 

product of galvanized building materials, motor oil and greases. Copper is often the 

result of worn-out engine parts and metal plating, and Iron loading is often generated by 

rusting automobiles or steel structures (CVC, 2010). The chemical results from Lowland 

Willow Forest indicate the relevance of the ecosite to an urban bioretention context 

where inflows contain high concentrations of heavy metals, oils and grease. The high 

calcium results along with high pH values are particularly interesting when considered 

alongside the biological test results.  

The biological results from the subject site show an association between the high pH 

and calcium levels and a very low fungi to bacteria ratio (0.23). It is important to note 

that fungi levels are highest during the spring and fall seasons when there is an 

increase in organic matter due to fallen leaves and shoot die-back (A & L Canada, 

2020). The sample was taken from the Lowland Willow forest site in the middle of 

October when fungal activity would be highest. As a result, the low fungi to bacteria ratio 

would be expected to drop even further if another sample was taken in the summer 

months. Another valuable metric with regard to the biological results is the aerobic to 

anaerobic bacteria ratio. This ratio provides an indication of the moisture conditions 

within the soil and provides a confirmation of the moisture regime output by the 

GreenKey model. An aerobic to anaerobic bacteria ratio greater than five (5) is 

recommended for healthy agricultural soils. The Lowland Willow site was found to have 

a ratio of four (4) which indicates a slight reduction in oxygen levels associated with 

increased moisture levels. Importantly, the sample was taken in the fall, when the 

ecosite should be at its driest condition. If the sample were to be taken again in the 

spring, this ratio would be expected to drop below four (4) due to increased saturation. 
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As a result, the ratio supports the fresh-to-moist moisture regime that is characteristic of 

the Lowland Willow ecosite. 

4.3.3.2 Aesthetic Analysis 

Next, an analysis of the aesthetic experience of the Spencer Creek site was completed. 

This process was heavily reliant on reflective methods and photography to capture the 

essence of the space. First, prompts guided reflection on the ability of the space to 

perform culturally in ways that grab attention and encourage engagement (Meyer, 

2008). The space provided subtle stimulants such as the form and texture of the Black 

Willow stands, the variation in grade and the filtered light that made its way through the 

fine-textured canopy. The space encourages a wandering eye yet offers elements of 

sound and movement to grab and hold attention, while the low ground layer offers 

places to stop and observe. Emotions of comfort, peace and stillness are emphasized in 

this space. Next, the space was examined using prompts related to design elements 

and principles. Generally, the space provided good colour and visual interest while 

providing a sense of balance and unity that lends to a peaceful and restful environment. 

The space was then analyzed for the quality of user experience by applying basic 

principles of aesthetic preference such as Prospect and Refuge (Appleton, 1996) and 

the Understand/Exploration framework developed by Kaplan & Kaplan (1998). The 

Spencer Creek site provided for a good Prospect and Refuge score offering a low 

ground layer that permits views through the space, while the fine-textured canopy 

provided shelter without feeling imposing. The space also provided a coherent and 

legible environment that promoted a sense of mystery. It did, however, offer slightly 

more complexity than was desired. Although the fallen limbs of the Salix nigra species 

did provide a beneficial sculptural element, the quantity of dead material, along with the 

suckering growth of Acer negundo species produced an unkept aesthetic.  
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4.3.3.3 Horticultural Analysis 

Finally, the horticultural analysis was completed using prompts related to the individual 

species present within the space. First, the characteristics of the dominant visual-

essence species, striking visual characteristics and frequently-occurring species 

combinations were identified. These elements work to preserve the visual character of 

the Lowland Willow Forest when translating it into an urban context. Second, the spatial 

categories defined by Robinson (2004) and the design and functional layers defined by 

Rainer & West (2015) were identified along with the species that fill these roles. Finally, 

following completion of the in-field portion of the study, the standard environmental 

tolerances that are often associated with planting design, such as exposure, bloom time 

and colour, height, spread and pollution tolerance, were determined using a review of 

horticulture and ecology-based literature. 

The results of the analysis methodology are provided in Appendix A. In all, it took 

roughly eight (8) hours over two days to complete the analysis. Throughout the process, 

the methodology was refined to eliminate redundancy and improve efficiency of data 

collection. The methodology is mentally draining and should be broken up into two 

sittings to ensure fatigue does not impair results. The intention was to complete the 

analysis at a minimum of three (3) times throughout the growing season to track 

changes in the character and composition of the space. However, due to COVID-19 

restrictions and associated delays, the Spencer Creek site was not located until late 

summer 2020 and only one survey was completed. This presents a possible bias in the 

results. To achieve the full picture of the ecological, horticultural and aesthetic character 

of the Lowland Willow site, the survey should be repeated in early spring and early to 

mid-summer. 



 

 

66 

 

4.4 Development of the Design Guide 

To achieve the research goal, the results from the previous three objectives were 

combined to form a design guide called GreenKey which was developed through a 

literature review and key informant interviews. For the purposes of this research, the 

guide is meant to showcase the planting design framework defined by this study, 

communicating its ability to generate sound design guidance. Following the full 

development of the guide, the resource will be capable of supporting users through the 

initial phases of the planting design process, specifically for inventory, analysis and the 

development of design alternatives. Importantly, the guide will not produce detailed 

planting designs. Rather, it completes the analysis portion of the design process based 

on site inventory data and provides the user the parameters needed to make informed 

planting decisions. The prototype for the GreenKey design guide uses the Spencer 

Creek Lowland Willow Forest to illustrate its functionality. The following section 

describes in detail the development of the prototype which can be found in Appendix A.  

4.4.1 Inventory 

To support the user in the inventory stage of the design process, the guide uses the 

modified water balance model to determine the proposed moisture conditions present 

within the site. However, this is just one aspect of a site’s environmental and cultural 

context. Figure 4.8 shows the GreenKey inventory interface which provides a range of 

environmental and cultural factors for the user to input. The factors, as determined 

through key informant interviews and a literature review, are urban context, 

maintenance level, orientation, exposure, existing vegetation typology, proposed 

hydrological position, proposed moisture regime, urban pollution and native soil pH. Key 

informant reviews of the prototype revealed the inventory items sufficiently represented 

the key components of the site inventory phase although further research into tolerance 

of urban disturbances would be of value.  
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Figure 4.8 GreenKey Inventory Interface 

4.4.2 Analysis 

Following completion of the inventory interface by the user, the guide itself completes 

the analysis phase of the design process using the water balance model and an Ecosite 

Character Table. The Ecosite Character Table uses the information input into the 

inventory categories to filter through the list of 23 relevant ELC ecosites. The properties 

of each ELC ecosite were developed through a literature review and key informant 

interviews and is provided in Appendix E. Currently, this table works independently 

from the prototype document as an Excel file. The user is required to take the moisture 

regime output from the water balance model and apply it as the first filter to the Ecosite 

Character Table along with the proposed hydrological position of the bioretention 

facility. The user can then apply the remaining filters of urban context, orientation, 

exposure, urban pollution, native soil pH, existing vegetation and landscape position to 
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uncover the optimal natural precedence. Once the prototype has been fully developed, 

the guide will use the information entered into the inventory interface to filter through the 

Ecosite Character Table automatically and output a recommended natural ecosite. 

Further research is required to develop a more accurate representation of each natural 

ecosite’s urban pollution and disturbance tolerances as well as maintenance 

requirements. Urban disturbances such as constant illumination, physical impacts of 

trampling, garbage and noise are not accounted for within the GreenKey Ecosite 

Character Table, but are critical to the selection of natural precedence that will be useful 

within a highly-urban context. 

4.4.3 Design Alternatives 

Following the analysis of the subject site’s inventory data, the guide determines a set of 

ecosite design alternatives to be used as precedence for plant species selection. Within 

this phase of the guide the ecological, aesthetic and horticultural components of the 

recommended ecosite are described. The results from the field survey of the Spencer 

Creek Lowland Willow Forest were used to complete this section. To improve the 

relevance of the guide to the plant selection process, the ecological and horticultural 

data collected through observational, categorical and reflective methods were organized 

into categories based on the layers of a designed plant community as described by 

Rainer & West (2015). Using criteria provided in the literature, the species found within 

the Lowland Willow Forest ecosite were categorized as either structural, seasonal, filler 

or ground covering plants. For example, Salix nigra was identified as the critical 

structural species within the space while Eupatorium maculatum, Solidago canadensis 

and Ageratina altissima were identified as dominant seasonal species. The dominant 

species’ ecological and horticultural attributes were then described using graphics, 

charts and text common to planting design guidance. To present the aesthetic character 

of the model ecosite, the guide provides a separate section on translating the 

experience of the space into an urban context. Key informant reviews of the prototype 
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revealed that, although critical to relating bioretention plantings to people, providing 

aesthetic criteria can be challenging as it can lead to a prescriptive outcome. Careful 

attention was given to the selection of information included in this section to ensure that 

the information provided communicated the essence of the space while ensuring it did 

not restrict the creative capacity of the designer. The final result of the GreenKey 

prototype is provided in Appendix A.  
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5 Discussion 

The results of the research provide the groundwork for the build out of the GreenKey 

design guide. Pieces of the guide have been built and validated and a methodology for 

developing a database of natural precedence has been established. However, much 

work is still required to achieve a complete design resource. The application of each 

research objective, its limitations and future research needs are outlined in this chapter 

with the goal of directing the future development of the GreenKey design guide.  

5.1 Connect an Urban Site to a Natural Reference Community  

Meeting this objective primarily involved the modification of the HPM into the GreenKey 

Water Balance Model. As mentioned by Paquette (2012), the HPM on its own had 

limited relevance to the design profession. This research expanded the HPM into a 

model that is relevant to landscape architects, stormwater engineers, ecologists and 

public agencies through a few adjustments to water balance calculations, improvements 

to design inputs and integration into the design process. The model has been shown to 

predict reasonable and expected results and is relevant to high-level hydraulic design. 

Additionally, the model is still limited by the effects of climate change on rainfall. The 

current model uses rainfall data from 1980 to 2010 and should be updated regularly to 

reflect the most recent annual rainfall data. Additionally, the model remains reliant on 

static soil moisture conditions which is not the case in constructed bioretention facilities 

due to constant inflows and outflows. As a result, the updated model should be used as 

a guide for the identification of bioretention moisture regime and its associated SMR 

classification. Professional judgement will need to be applied to the results to ensure the 

correct reference ecosite is selected to guide plant species selection.  

A connection between the water balance model and the ELC system was successful, 

permitting the GreenKey guide to make the connection between a bioretention facility 

and natural ecosites. Soil water deficit and its associated SMR classification system 
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was able to establish this link due to its emphasis on plant available water. The 

methodology for calculating soil water deficit has been widely used to determine SMR 

within the forestry industry in British Columbia and Quebec. It was selected for the 

purpose of this research because it permits the characterization of SMR without the 

need for in-field data collection. This was a significant barrier that needed to be 

overcome to ensure the link could be achieved. In-field data collection to calculate soil 

water deficit requires annual monitoring as carried out by Gingrich Regehr (2019) and is 

not feasible in a design context where the bioretention facility is not yet constructed. 

However, like GreenKey, the SMR system and methodology uses a simple water 

balance model to determine actual evapotranspiration (AET) and, thus, uses data that is 

already calculated by GreenKey model. This does introduce limitations to the study. The 

lack of quantitative data used to classify SMR leaves the GreenKey model open to 

criticism due to its subjectivity. In response to this criticism, the SMR literature has 

recommended that the methodology be used as a comparative index as it may not 

represent a precise estimation of water deficit (Wang & Klinka, 1996). However, no 

matter what methodology is applied to calculate AET, the calculation of soil water 

deficit, which uses the difference between the water needs of a plant (PET) and the 

predicted AET rate based on the root zone available water, is difficult to characterize 

with precision (Gingrich Regehr, 2020). This was confirmed through a key informant 

interview with Parkin (2020) who indicated the precision of evapotranspiration 

calculations, especially actual evapotranspiration, is variable. However, following a 

comparative review of the AET data produced by the model and in-field AET data 

produce by Denich and Bradford (2010) and Gingrich Regehr (2019) it can be 

determined that the model does predict reasonable AET rates. Nonetheless, further 

research is needed to ensure the model is fully calibrated to in-field conditions including 

the characterization of the capillary fringe within biomedia that has less than 80 percent 

sand. 
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5.2 Identifying Ecosites Relevant to Bioretention Design 

To develop a design process structured around the character of natural vegetation 

communities, a list of communities relevant to the bioretention context needed to be 

identified. The ELC system, which is used in provinces and territories throughout 

Canada, proved to be an effective way to identify these communities and provides a 

replicable methodology if the guide is to be used in locations outside Southern Ontario. 

It is important to note that the ELC system classifies both cultural and natural habitats. 

Cultural habitats were not considered as a part of this research to limit the results to a 

manageable list of reference communities. However, further research could examine 

the remaining cultural ecosites to see if any function under similar conditions as 

bioretention facilities. It would be of particular value to identify any cultural deciduous 

forests, woodlands or savannahs that are relevant to the bioretention context as these 

reference communities are underrepresented within the list of 23 ecosites developed 

through this research.   

The criteria applied to identify natural ecosites relevant to urban bioretention contexts, 

specifically: soil texture, drainage, moisture regime and slope position, proved effective 

in producing a list that provided a wide range of archetypal environments. The only 

limitation, as discussed above, is the under-representation of deciduous forest 

communities which could present issues moving forward. Aside from the deciduous 

forest communities, the resulting reference communities range from dense forests, 

woodlands and savannahs to open meadows and grassland environments. This range 

helps to ensure a reference community can be identified for any urban bioretention 

context and desired archetype.  
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5.3 Future Ecosite Analysis 

5.3.1 Locating Ecosites 

The full list of ecosites relevant to the bioretention context now needs to be studied to 

develop the GreenKey design guide database. Although the list of 23 ecosites will 

require extensive study, maintaining this list is critical to the function of the GreenKey 

guide. Bioretention design is highly variable in nature and for a relevant precedent to be 

identified, a wide range of communities must be available. However, locating these sites 

within Southern Ontario may prove to be difficult, especially the Tallgrass ecosites. 

Response from the Ministry of Natural Resources and Forestry (MNRF) revealed only a 

handful of dry to fresh Tallgrass prairie, woodland and savannah sites remain within 

Southern Ontario. The MNRF were unable to provide the location of any fresh to moist 

Tallgrass sites within Southern Ontario, recommending personal investigation into the 

Ojibway Prairie Savannah Complex and Walpole Island First Nation. The Ojibway 

Prairie Savannah Complex lands are owned by the City of Windsor making the site very 

accessible. However, the Walpole Island First Nation site is First Nations land and, as a 

result, has limited access. Despite this, both sites should be investigated further to 

permit the development of the GreenKey database. Partnership with conservation 

authorities and federal agencies like the MNRF who have access to ELC databases 

proved to be an effective method for identifying and accessing the relevant ecosites 

within Southern Ontario. Both access and accessibility of these sites for study moving 

forward will be a challenge, providing a potential delay to development of the full 

GreenKey database.  

5.3.2 Soil Analysis 

The analysis of the Lowland Willow Forest’s soil characteristics proved to be the most 

challenging portion of the ecosite analysis methodology. The physical, chemical and 

biological properties of the soil required a range of costly lab tests. The physical and 
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chemical properties of a soil were determined through standard lab analysis but the 

biological properties required a specific test that is not widely available and has only 

recently been offered by A & L Canada. Although the test is supported by years of 

research (A & L Canada, 2020), the new release of the test introduces uncertainty to the 

results. Additionally, the test was developed for agricultural soils (A & L Canada, 2020). 

As a result, the interpretation of the results was challenging without the help of metrics 

or ranges specific to natural soils. The metrics, ratings and optimal ratios were 

developed through extensive research within highly productive agricultural soils. As a 

result, the ranges and ratings as they pertain to overall soil health were largely 

disregarded in favour of a number of key indicators of the soils microbiology including 

fungi to bacteria ratios, total microbial activity counts and aerobic to anaerobic bacteria 

ratios. These metrics provided a good indication of the biological conditions within the 

soil that should be preserved when translated into an urban environment. Importantly, 

the precise interpretation of the results was not the subject of this research. Rather, the 

objective of the VitellusBio test was to determine its ability to reveal the biological nature 

of an ecosite’s soil. The test was very effective in this regard and should be included in 

the methodology for ecosite analysis moving forward. Due to the dynamic nature of the 

ecosite, it is critical that samples be undertaken at least three times throughout the 

growing season in order to obtain an accurate depiction of the soil’s chemical and 

biological properties. 

Finally, the biological properties of a soil, the diversity of microbial communities, fungi-

to-bacteria ratios and the role of the microbiome in soil health and resilience is an 

emerging field of study. The majority of research on this topic is conducted within 

agriculture and forestry contexts with few studies pertaining to the role of soil biology in 

the urban environment. Further research is required to better understand the 

implications associated with the VitellusBio results and how it can inform biomedia 

design that can better contribute to plant establishment and resiliency within the 

bioretention context.          
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5.3.3 Applying the Methodology  

Applying the methodology for ecosite analysis proved to be a feasible but time-

consuming process. However, as the methodology is repeated, the process will become 

more streamlined to produce the relevant information more efficiently. The field study 

applied to the Lowland Willow Forest site was the first attempt to test the ecosite 

analysis methodology. The methodology, developed from the literature, proved effective 

in distilling the character of the Lowland Willow Forest site. It produced a large amount 

of data that required extensive refinement to be integrated into the GreenKey guide.  

A key limitation of the field study was that it was only carried out once, late in the 

growing season. COVID-19 restrictions and delays prevented the identification of the 

Lowland Willow Forest site early in the growing season. As a result, the outcome of the 

study reflects a narrow description of the ecosite at the end of the growing season. 

Importantly, each of the 23 reference ecosites are not static but constantly changing 

from season to season and from year to year. The annual study of each ecosite is not 

realistic; however, the methodology should be applied throughout the growing season. 

For future ecosite study, the methodology should be applied at a minimum of three 

times, specifically during spring, mid-summer and fall. 

5.4 Development of the GreenKey Prototype 

The final objective involved the development of the GreenKey design guide prototype to 

illustrate the design process defined by this research. Importantly, the design guide is 

meant to be used as a reference tool, not as a recipe for plant species selection. The 

guide was created to support bioretention design professionals, not provide a tool to by-

pass their expertise. The guide acknowledges that the environmental and urban 

conditions present within the bioretention context are too complex to fully capture within 

one natural reference community and it is up to the designer to ensure plant selection 
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matches the range of conditions present within an urban context. The GreenKey guide 

should be used as a starting point within the design process, not the end result.  

5.4.1 Relating Plants to Site 

The Ecosite Character Table permits the identification of natural reference communities 

using the site inventory and hydraulic design information. The inventory and hydraulic 

design categories that permit this identification were reviewed and confirmed by key 

informants, however, they provide only a starting point for selection of a natural 

reference community. Professional judgement will need to be applied to confirm the 

GreenKey recommended design alternatives. This points towards the multi-disciplinary 

nature of the guide. It must be emphasized that this guide does not serve to eliminate 

the need for a multi-disciplinary design team but works to give voice to all parties 

involved in the design process.  

Review of the categories within the Ecosite Character Table revealed it will provide a 

range of archetypal landscapes for each moisture regime. Although the guide will 

eventually work to automatically filter through the Ecosite Character Table, the guide 

currently requires the user to manually filter through the inventory and hydraulic design 

categories. There are two ways to identify a reference ecosite to act as precedence for 

plant species selection. The first approach uses the moisture regime determined by the 

GreenKey water balance model along with the proposed hydrologic position as the first 

filters applied to the Ecosite Character Table. Once the moisture regime and hydrologic 

position filters have been applied, the user can then filter the remaining categories 

based on the urban conditions identified through site inventory. The second approach is 

to use the conditions identified through site inventory to identify a desired facility 

moisture regime. The second approach requires flexibility in stormwater quality and 

quantity management criteria to permit adjustment of the facility’s hydraulic design to 

meet the inventory criteria. 



 

 

77 

 

5.4.2 Developing a Plant Palette 

The next step in the guide is to describe the natural reference community with the goal 

of assisting in plant selection. To ensure this goal was evident to the user, the guide 

was structured around the layers of a plant community as described by Rainer & West 

(2015). This achieved a logical progression of decision making as it pertained to plant 

species selection, beginning with the selection of structural species and finishing with 

the selection of filler species. The Spencer Creek field study results were used at this 

point in the prototype. This site contained a significant number of both invasive and 

commercially unavailable species which made the criteria for using native species found 

in the reference community a challenge. Although these species may not be relevant to 

plant selection for the Spencer Creek example, they were included to showcase the 

design process. It is important to note, however, that nurseries have expanded their 

supply of native material in recent years to meet demand, a trend that should continue 

into the future. As a result, native material found within the natural ecosites that are 

critical to the aesthetic and ecological character of the space should not be disregarded 

simply because they are not currently commercially available. These species can be 

integrated into the database in case they do become available in the future. 

Nonetheless, the selection of natural ecosites in the future should give preference to 

sites that do not contain invasive species and provide a significant quantity of 

commercially available, visually dominant species to ensure its immediate relevance to 

designed plant communities.  

The methodology for ecosite analysis produced a substantial set of data on the 

ecological and horticultural characteristics of the Lowland Willow Forest. The 

horticultural criteria for selecting alternative species generated variable responses from 

key informants in the industry. A number of key informants warned the criteria provided 

would produce prescriptive results that would make it difficult to select species other 

than the native species found within the natural reference community. These comments 



 

 

78 

 

revealed the importance of understanding the target user of the guide. For practitioners 

with strong plant knowledge, a detailed breakdown of the horticultural and ecological 

criteria for the selection of alternative species is unnecessary. However, to ensure the 

guide is relevant to all practitioners, and keeping in mind the purpose of the guide itself, 

the detailed breakdown for both ecological and horticultural components was 

maintained. The guide is meant to encourage informed decision-making in the design of 

bioretention plantings. Whether all criteria are applied to the full extent by all users is 

beside the point.  

5.4.3 Relating Plants to People 

A critical element of the GreenKey design guide is to address concerns pertaining to 

public acceptance of bioretention plantings. This is accomplished by looking at natural 

spaces through a design lens to pick up on, and exaggerate, the elements that support 

legible and engaging experiences in nature. It also requires the identification of 

elements that work to prevent these positive experiences to ensure they are not 

included in bioretention plantings. Again, the methodology for ecosite analysis produced 

a large amount of data pertaining to the aesthetic characteristics of the Lowland Willow 

Forest. Key informant review of the data consistently revealed there was too much 

information presented and significant refinement was made to the details included in the 

final prototype. Staying true to the purpose of the guide required achieving a balance 

between supplying the user with the information they need to make informed decisions 

while ensuring the guide was not overwhelming at first glance. This section of the guide 

aimed to provide the user with cues or reminders with regard to aesthetic 

considerations. The majority of designers have been trained to apply elements and 

principles of design including theories of prospect and refuge, and exploration and 

understanding. However, these basic principles are often lost in the process of plant 

selection and layout. The GreenKey process emphasizes these elements. Prior to 

development of the plant palette, the cues provided aim to remind the user of aesthetic 
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considerations when it comes to the selection and layout of the plant material. Based on 

the literature review and key informant interviews, the key elements that the GreenKey 

guide seeks to emphasize are legibility and the identification of natural patterns for 

amplification. To achieve public support and engagement, a readable planting that 

provides the colours and patterns that evoke memories of natural spaces is of primary 

importance.  

5.4.4 Biomedia Design 

The research focused primarily on using ELC ecosites as precedent for planting design 

decisions. It provides criteria for selecting plant species that will preserve the ecological, 

horticultural and aesthetic character of the natural reference community. Soils also play 

a critical role in maintaining the structure and function of these natural reference 

communities over time. An important outcome of this study is that the ideal soils within 

horticultural standards, such as triple-mix and amended topsoil, are not required within 

the planting design approach defined in this study. The soils found within the Lowland 

Willow Forest site were significantly deficient in phosphorus, nitrogen and potassium, 

three key indicators of growing medium standards within the landscape industry. 

Despite being a significantly nutrient-deficient, high pH environment, the ecosite 

supports an incredibly diverse and species rich environment. This finding is consistent 

with the naturalistic planting design approach to plant selection, emphasizing the value 

of relating plants to place, as discussed above. It also supports the use of soils as a key 

metric within the GreenKey guide in identifying natural ecosites relevant to an urban 

site.  

The final step of the guide includes a section that outlines the reference community’s 

soil composition and provides a recommended biomedia composition based on the ELC 

precedent. However, due to time constraints associated with the research, a deeper 

understanding of the role of a soil’s chemical and biological character in achieving 

resilient and stable bioretention plantings was not achieved. This is an emerging field of 
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study and much research will be required to ensure the design process presented within 

this research adequately addresses the role of the microbiome within biomedia design 

and facility maintenance through to plant establishment.  

5.5 Completion of Goals and Objectives 

In summary, the research developed a methodology for the establishment of more 

robust and engaging bioretention plantings. The process developed through the 

research is supported by a number of independent tools which can be integrated into 

one program following the build out of the natural ecosite database.  

The first objective of developing a methodology for making connections between an 

urban bioretention site and a natural vegetation community that functions under similar 

conditions was achieved. This objective was met by modifying the HPM into the 

GreenKey water balance model which is linked to the ELC classification system. In 

addition, validation of the link between the model and the ELC classification system was 

completed for the model’s AET calculations. However, the data available within the 

Southern Ontario context was limited. To ensure a high level of confidence in the 

model’s output, further calibration will be required when more AET data becomes 

available. In addition, the capillary fringe predictions were not validated as a part of this 

research as data was also not available within the bioretention context. To confirm the 

classification of moist to very wet moisture regimes within the GreenKey model, 

validation will be required. 

The second objective of identifying natural ELC ecosites relevant to the bioretention 

context was also achieved in that the criteria applied to the list of ecosites in Southern 

Ontario produced a diverse range of reference communities. A list of 23 relevant 

ecosites was generated for future study. 
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The third objective was to develop a methodology for studying the 23 natural ecosites 

for their ecological, horticultural and aesthetic character. This objective was also 

achieved in that the methodology produced the data needed to structure the GreenKey 

design guide. The methodology was put to the test within the Lowland Willow Forest site 

in Hamilton, Ontario which permitted the refinement needed to ensure the approach 

could produce a sound set of data in an efficient manner. Further refinement of the 

methodology will occur as it is applied to other reference ecosites. 

Finally, the fourth object was to synthesize the results from the first three objectives into 

a prototype that could showcase the potential of the fully-developed design guide. This 

objective was achieved, in that it resulted in a prototype document that is both capable 

of illustrating the design framework defined by this research and of reflecting the needs 

of green infrastructure design stakeholders.   

5.6 Areas for Future Research 

Despite the objectives having been achieved, the research revealed the complexity 

associated with the research goal. Much work is needed to realize the comprehensive 

planting design guidance defined by this research. Specifically, future research should 

address the following:  

GreenKey water balance model calibration: Complete calibration of the GreenKey 

water balance model with average growing season evapotranspiration data collected 

from a bioretention facility in Southern Ontario. Attention should be paid to the quality 

and duration of data collection as well as plant density and species used within the 

subject facility. Ideally, evapotranspiration data would be collected over multiple years 

within a facility that is configured with a granular reservoir and underdrain to best mimic 

common bioretention facilities within the urban context. 



 

 

82 

 

Ecosite urban tolerance: Fill the gaps present within the Ecosite Character Table in 

Appendix E as it pertains to the urban tolerances of each of the 23 ELC ecosites 

relevant to bioretention. There are a range of urban conditions such as constant 

illumination, litter build-up and hydro-carbon exposure that are not often associated with 

natural vegetation communities. Ecosites that can tolerate such conditions are valuable 

to the development of this design framework. In addition, characterization of each 

ecosite’s salt tolerance should be a priority as this is a major contributing factor to poor 

plant health within the bioretention context. Most of the ecosites on the list generated 

through this research will not function naturally under such urban tolerances as constant 

illumination, salt loading or hydro-carbon pollution. For urban tolerances such as these, 

field trials could be conducted using species combinations and soils that mimic a 

selected ecosite. The potential of field trials within urban bioretention facilities that 

expose plantings to specific urban pollutants poses great value to the development of 

the design guide database as long as the soils and plant combinations are structured 

according to the design framework defined by this research. 

Habitat contributions: Characterize the habitat value of each of the ecosites relevant 

to bioretention. Recent work by Narango et al., (2020) can act as a starting point to the 

identification of ecosites that contain species that are super-hosts for insect populations 

and act as keystone species within food webs. Key informant interview of industry 

experts revealed the opportunity for a habitat filter to be added to the GreenKey design 

guide inventory interface (Figure 4.8) to permit the selection of a target habitat typology. 

For example, insect, bird or pollinator habitat could be options within such a habitat 

filter. This would require a study of the ecosites relevant to bioretention to identify key 

species and/or ecosites that promote such habitat development. There is extensive 

research on butterfly and pollinator species but there is great value in determining 

species that promote insect habitat due to their ability to supply energy to the wider food 

web.   
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Further ecosite analyses: Build out the GreenKey design guide database using the 

methodology for ecosite analysis as described in Section 4.3.2. There are 22 ecosites in 

Table 4.8 that need to be studied for their ecological, aesthetic and horticultural 

character such that the design guide is able to output the same set of guidance 

developed for the Lowland Willow Forest site for each of the other reference vegetation 

communities. Further expansion of the list of relevant ecosites for the bioretention 

context should also be explored, particularly with regard to salt tolerant ecosites. For 

example, further study of natural coastal and novel roadside vegetation communities 

should be conducted to determine their relevance to the bioretention context.  

Biomedia microbiome: Investigate the role of the microbiome in urban engineered 

soils. Literature published by Watkins et al. (2020) on microbiome-inspired green 

infrastructure marks the beginning of the microbiome’s application to the urban context 

and provides a framework for the integration of landscape architecture and 

microbiology. Future research should focus on translating the extensive research on soil 

microbiology in agriculture and forestry industries into the urban context to better 

understand how natural soils can inform the design of engineered soils that are better 

equipped to support plant establishment. This will require research into the 

establishment of beneficial microbial populations in biomedia through inoculation as well 

as the maintenance of these populations throughout the plant establishment period. 

Field trials within highly urban environments may be an excellent opportunity to examine 

the benefits of the microbiome in plant establishment. A comparative study between 

standard biomedia and a biomedia inoculated with commercially available bacteria or 

mycorrhizal fungi applications would be an excellent starting point to characterizing the 

benefits of such research.  
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6 Conclusion 

This research has only skimmed the surface on a number of highly complex subjects, 

from the soil microbiome to the connections between urban contexts and natural 

habitats. Importantly, the results of this research indicate a path forward for green 

infrastructure planting design that will rely on the expertise of the relevant parties within 

the industry. The design process and the GreenKey design guide are not meant to 

bypass professionals, but support them in decision making. The research has laid out 

an alternative approach to planting design within the urban bioretention, and wider 

green infrastructure, context. It has aimed to make clear, through the literature, that the 

task of designing bioretention plantings and biomedia is a critical component to 

bioretention design and long-term success. As a result, it should be approached with 

the same urgency as the other engineered components. Most importantly, this study 

lays the groundwork for future research, identifying areas where further work is needed 

to achieve the development of resilient and engaging nature within urban bioretention 

facilities. It is expected that such an approach will take considerable time to develop but 

its value to modern city building is significant. 

There were a number of limitations to the research. The water balance model remains a 

theoretical prediction of bioretention moisture regime. The use of AET and capillary 

fringe calculations presents a level of uncertainty; however, key informants provided 

support for the calculations and assurance that the model produces expected and 

logical results.  

Additionally, the COVID-19 pandemic presented a number of delays to research 

timelines, prevented access to field sites and limited interaction with experts in the 

industry. Pandemic closures towards the end of March, 2020, occurred at the time when 

field site identification and study was to be completed; delays associated with agency 
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layoffs, transitions and uncertainty associated with fieldwork meant the ecosite analysis 

methodology was not applied thoroughly throughout the growing season. 

Despite this, the research provides significant implications for the field of landscape 

architecture. The task of planting design within the urban bioretention context is a 

complex one and is often left to the landscape architect within the later stages of the 

design process. The design framework laid out in this research is meant to improve the 

collaborative nature of bioretention design to ensure landscape architects are involved 

in decisions pertaining to biomedia design and plant selection early in the design 

process. However, for this process to work effectively, it will require landscape 

architects to take on the challenge of developing a better understanding of soil science, 

stormwater engineering and plant selection such that they are able to participate fully in 

the design process from start to finish.  

The skills that landscape architects possess make them uniquely positioned to respond 

to the urgent needs of urbanization and climate change. The integration of nature and 

city, reconnection of society to the natural environment, and a societal respect and care 

for the living systems that support us are all at the heart of the profession. Bioretention 

and green infrastructure provide an incredible opportunity to make this a reality in the 

21st century but managing the complexity of the task will be the key to success. 
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APPENDIX A: GREENKEY PROTOTYPE

This document will not be shared at this time due to its evolving nature. It is the 
intellectual property of the author and will continue to be developed following the 
submission of this thesis. Those interested in assisting in the development of the 
resource should contact the author for more information.
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CRITERIA FOR ECOSITE ANALYSIS

ECOLIGICAL DESIGN PRINCIPLES

Component Principle Description

Identify Site's topographic location (1) Topographic position to be relative to surrounding region. Is the site in an higher, upland area, a slope/ravine or valley/bottomland?
Identify the Site's parent material (1) Reference Atals of Canada Physiography of Southern Ontario Map to located site and identify parent material composition and acidity 
Identify the Site's high level hydrology (1) How often does the site flood? How often does it pond and for how long? (Ponding defined as times when water table is at or above ground level) Is it well drained or poorly drained?
Examine Site for Indicators Species of pH and 
moisture (1)
Confirm soil pH and organic content (1) Field or lab tests should be carried out to confirm root zone soil acidity and OM content. Samples should be taken from at least 18" from surface.

Soil Nutrient Regime Microbial activity and mycorrizhal fungi species 
present (4) Complete VitTellus Soil Health Test (A & L Labs)

What are the environmental factors present? (2) Relative humidity, soil moisture, light and shade densities, exposure, orientation

Identify the ecological niches/microhabitat 
preferences present and what species are filling them 
(3)

Niches could be small patches of light, micro variations in topography that create increased moisture or excessively dry or deeper or shallower soils. (Ex. what species are colonizing bareground 
beneath shrubs or larger structural species?) (2), (3)

What are the constraints/threats present in this 
habitat?  (3)

Foundation of CSR Theory is that there are two main constraints present: What combination is present? (ie. low stress, low disturbance, high stress, low disturbance etc.)

a) stress factors: threats that limit the functioning and growth of aggressive, potentially dominant species (ex. low or high temperatures, heavy shade, drought or low nutrient availability)
b) disturbance factors: threats that physically damage plant tissue or biomass (Ex. grazing, cultivation, fire or cultivation) (4)

Do disturbances occur multiple times in a growing 
season? Are disturbances catastrophic to plant 
biomass? If yest, identify ruderal species. (4)

Distubrances occur frequently: species present have rapid growth rates, spread from seed, rapid response to change. Disturbances less frequent: greater presence of CR species. Pay close 
attention to species that inhabit environments of change, look for rapid dry matter production, early flowering, little evidence of foraging (root or shoot spread). See if visually dominant species are 
annual, biennial or perennial (short or long lived) (4)

If stresses identified, what stress tolerant species are 
present? (4)

Shade/poor access to light? Sparse vegetation (root and shoot)? Lack of water? Limited by space (thin soils, rock)?. Species will exhibit slow growth, sparse form, may be evergreen and will be 
unaffected by change in temperature, deep shade, drought, salts or other nutrients (4)

Identify compeitor species and their characteristics (4) Following search for disturbances and stress, a picture of the conditions supporting competitive species will be clear. Look for indicators of competitirs: rapid growth of high density of roots and 
shoots, taller in height, greater lateral spread (usually rhyzomes, tussocks or stolons), phenology (matching greatest leaf area to highest period of light intensity. (4)

Identify the dominant, submersive and transient 
species present (4)

Carry out Dominance Index, ranking species on 10 point scale: (a) relative height of leaf canopy (b) relative laterial spread, (c) relative rate of dry matter production, (d) relative extent of litter 
accumilation (note: density of litter layer is major indicator of dominance)
Submersive species: identified by precise placement of roots and shoots (as opposed to dominants with broad, random spread). What niches are these species exploiting? 
Transients: impact long term dyanmic of the community, identified as scattered seedlings or small immature individuals, usually 'lost plants' from neighbouring community (4)

Coexistance through Spatial Variation (horizontal and 
vertical layers). What layers present and what 
dominant species are in each? (2) (4)

Horizontal: what variations can be observed in canopy, ground layer (fallen logs, difference in conditions at base of trees and pockets of deeper litter), soil depth variation. 
Vertical: with increased productivity and reduced disturbance layers are reduced. Fewer layers present with dense canopy or gaps in canopy with varying access to light and increased layers? (4) Is 
there diversity in size and age structure? Are species 'waves' visible (ie. seedlings, understory to mature) Are layers formed by same species of different ages and sizes? (2)

Coexistance through Seasonal Variation (4) Look for different patterns of shoot expansion, flowering time, warm and cool season species, are regenerative strategies (flower, seed, seedling growth etc.) occur at varying times of the year? 
(example: cool season grass co-exists with deep rooted perennials that flower after cool season grass has gone dormant) (4)

Species Richness (4) Get an idea of species richness; how many species are present in the space? Low or high diversity indicator of environmental stress and disturbances (4)
What are the different growth habits present? (2) Are species clump forming? Tall stolons? Ground covering? Are roots rhyzomus, tap root, shallow or deep?

Identify mechanism of reproduction/distribution (2)
Seed: species are scattered within close and far distances
Stolons: dense patches formed by horizontal stems from which shoots are found 
Suckering: groves are created via suckering from roots of parent

Examine plant distribution patterns (3) Are dominant species aggregated or seggregated? Is the aggregation loose or dense? Note: patterns are an outcome of competitive interactions and environmental pressures (3)

Examine species distribution patterns/competitive 
interactions through German Plant Sociability Score 
(3)

(a) single or in small clusters
(b) small group of 3-10 plants
(c) group of 10-20 plants
(d) extensive patch (more than 20)
(e) extensive area covered in single species

Soil Composition

Microclimate

Vegetation Structure

(1) Indigenous Landscapes. (2018). Forest Types of Southwest Ohio and Southeast Indiana. 
(2) Beck, T. (2013). Principles of ecological landscape design. Island Press.
(3) Dunnett, N., & Hitchmough, J. (Eds.). (2008). The dynamic landscape: design, ecology and management of naturalistic urban planting. Taylor & Francis.
(4) Grime, J. P. (2006). Plant strategies, vegetation processes, and ecosystem properties. John Wiley & Sons.
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CRITERIA FOR ECOSITE ANALYSIS

HORTICULTURAL PRINCIPLES

Component Principle Description

Identify dominant, prevalent and visual essence 
species (3)

What is that community strikes you as visually impressive?
What are the dominant species present?
Do they have a long season of interest?
Are they long lasting?
Theme plants? (3)

Identify and record frequently occuring species 
combinations (3)
Identify, map and sketch the densities and distribution 
habits or patterns of dominant/visual essence species 
(1)

Identify the design & functional layers present (7)

Structural Species: framework of planting, long lived, clump forming, 4 seasons of interest, competitive or stress tolerant
Seasonal Species: visually dominant in one season, medium lived species, competitor, stress tolerants or ruderals, arching form (5-10yrs)
Groundcover Species: rizhomus or stoloniferous, shade tolerant, stress tolerant species
Filler Species: annual, biennial or short lived (1-5yr), fine textured, stress tolerant or ruderal species, fast growing but limited root and shoot growth

Break species present into spatial categories (4)

Ground level: floor, enable vision and movement through, 2D patterns
Below Knee Height: uninterupted vision but restricte movement (edge), often a foundation planting
Knee Height-Eye Level: appear as low walls, barriers or screens
Above Eye-level: Visual and physical barriers, enclosure or screen, backdrop or framing and specimen species
Trees: Frame or landmark, buffer/screen, focal points

Analyze space using Impact Hierarchy (5)

Primary Plants: form majority of visual impact, strong colour and/or structure, longs season of interest, easily readible species in blocks or drifts. Sketch/map the relative size and shape of these drifts or 
blocks, what species are present together/make good combinations? (5)
Matrix Plants: small number of species with significant ground covering biomass (but do not have agressive runners), visually quiet, form is tidy but not striking, providing a good backdrop (5)
Scatter Plants: Appear at random but are distributed consistently throughout space, slight and slender form at small scale, course/dense form with folliage texture at large scale (5)

Identify and Sketch repeating plants that provide 
balance and rhythm (5) What plants appear in low quanitity but are repreated throughout the space, acting as anchors? Should have tidy form, coarse texture, distinct personality (5)

Identify dominant/visual essence species’ horticultural 
attributes (1)

Aesthetic: form, texture, seasonal characteristics, size and colour
Functional Attributes: Shading, windbreaks, framing, erosion
Env. Tolerances: 
Sun Exposure (2)
Bloom Time (2)
Bloom Colour (2)
Height (2)
Root Type (2)
Drought Tolerance (3)
pH (3)
Salt Tolerance (3)
Compaction Tolerance (3)
Polution Tolerance (1)
Juglone Tolerance (3)

Which species are commercially available? (1)

Which species are culturally acceptable? (1) What is each species’ cultural context? Its place in the garden environment? What is the character you want to reproduce? Are they easy to maintain? (3)
(1) Dunnett, N., & Hitchmough, J. (Eds.). (2008). The dynamic landscape: design, ecology and management of naturalistic urban planting. Taylor & Francis.
(2) Prairie Nursery. https://www.prairienursery.com/
(3) Can Plant. https://can-plant.ca/
(4) Robinson, N. (2004). The Planting Design Handbook: Vol. 2nd ed. Ashgate.
(5) Oudolf, P., & Kingsbury, N. (2016). Planting: A new perspective. Timber Press.
(6) Dunnett, N. (2019). Naturalistic planting design: the essential guide. Filbert Press.
(7) Rainer, T & West, C. (2015). Planting in a Post-Wild World. Portland Oregon. Timber Press Inc.

Horticultural Criteria

Abstracting
Process
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CRITERIA FOR ECOSITE ANALYSIS

AESTHETIC PRINCIPLES

Component Principle Description

What emotions does the space generate? (7)  What archetypal environment is this, and what emotions does it generate? (7)

Identify the elements that provoke awareness of 
relationships between culture, beauty & ecology (3) 

What elements do you find yourself stimulated by? 
What about the space makes you curious? 
What processes are present that can be exposed to society? (3)

Identify elements the evoke familiarity (3) What does this space remind you of? What experiences come to mind? What is familiar about the space?

Identify elements that grab attention (9) What sound patterns and elements of movement are present? (animals, moving water, flowering plants etc.), are there places to stop and observe? 
What are their characteristics?

What visual elements should be exaggerated? (4) What patterns, colours, experiencial elements should be exaggerated? (4)
How should the space be viewed or set-up for 
viewing? (7) How can ecological functions present be set up for viewing so the observer can see it in a new way (7)

What are the annual cycles/changes present (4)

Identify and sketch the basic form/space 
characteristics of the community (1)

The open areas created in, around and within canopy species. Is it open and bleak, expansive & exhilerating, confining & threatening, intimate & 
comforting? The forms created by vegetation and the characteristics of walls, ceilings and roofes they create. 

Form: Built upon line, composed of visual, ecological and environmental conditions 
Types: Prostrate/carpet, humock/dome/tussock, erect, arching, upright, conical, columnar, level spreading, open & irregular
Texture: Visual roughness or smoothness of any part of the plant - depends on viewing distance and context
Fine (light & airy in appearance, smallest leaves (pines, grasses and sedges))
Medium (softly contrasting textures)
Coarse (largest & thickest leaves & twigs, attention grabbers (ex oak leaf hydrangea))
Colour: What colours are present? Pale or dark in saturation? What are the elements of greatest visual energy?
Line & Pattern: 2D effect of edges, direction of line (eye follows line)
Types: Ascending/vertical, pendulous/decending, Horizontal, Diaginal, Meadering/Drifts
Harmony: Does the community appear confused and cluttered (ie. too must contrast?) (1) Are there certain elements of repetition that lend to
harmony? (5) Contrast: Are there any distinctly contrasting elements present (grasses and broad leaf species, single ascending stems etc.)? (5)
Balance: relationship between vegetation masses depending on magnitude, position and visual energry. What are the key elements that lend to a 
balanced aesthetic? Are there critical forms that lend to symetry or balanced visual energy? What plants appear in low quanitity but are repreated 
throughout the space, acting as anchors? Should have tidy form, coarse texture, distinct personality (2)
Scale: the relative size of the space or as related to huma scale. How large is the space at a human scale? How does the space change at different 
scales (ie as you most further (>25m) or closer (<25m)?
Sequence: How does the space change as you move through it? How does it unfold from edge to interior? 
Unity & Diversity: Does the space appear to be unified?. Are there a diversity of species present? Does the diversity of species lend to a diverse visual 
experience?

Emphasis: What species look the most important in the space and lend to a sense of rhythm? (ephasis is the outcome of contrast)
What colours are dominant? How does this change 
over time? (5)
Focal Points: What are your eyes immediately drawn 
to? (3) Every space must have focal elements that give user clues to unfamiliar patterns in nature (3)

Light: how does light play a role in the space? (5) Are there specific species that capture or are more animated by light that others? Do colours appear dull or vibrant? (5)

Can Dunnett's P3 Rule be applied in this context? (6) What three dominant colours are present at any one time? If more than three which colours are critical to aesthetic? (6)

Essence
of the 

archetype

Natural
Patterns

Identify dominant species visual attributes (1)

Identify elements of visual composition (1)
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Identify the user and what they are looking for in the 
space (4) What attittudes are people bringing with them into the space? (10)

Scale: look at the space from different 
distances/positions and sketch what you see (2)

The user sees different elements depending on distance.
Large Scale: only patterns and form are visible with individual species placement irrelevant, random mixes of species can be present
Small Scale: readibility becomes more important and design elements become more critical

Does the space promote biological need for survival? 
(8)

Identify the forms, colours and spatial arrangements that support feelings of safety and those that do not. What elements need to change to improve 
the space's ability to appear favourable to survival/safety? (8)

Identify and Sketch objects, symbols and spatial 
attributes that facilitate Prospect and Refuge (8)

Do you feel exposed or enclosed? Anticipation & Excitement, caution & anxiety, relaxed and safe? (1)
Identify key elements of prospect (unimpeded vision, associated with well lit space) and the emotions that come along with it (8)
Identify key elements of refuge (are there opportunities to hide? Do you feel sheltered, shaded and safe from the view or do you feel exposed?) 

Is the space organized to promost understanding and 
exploration? Identify and sketch these elements (9)

Coherence (understanding in 2D): elements the facilitate order, distinct regions, repeated themes
Complexity (exploration in 2D): richness should be evident and capable of holding attention without dismissing coherence 
Legibility (understanding in 3D): distinctive or memorable compoenets, landmarks or unique experiences
Mystery (exploration in 3D): elements or features that promise more information can be discovered (ex. curved lines, partial obscurity, radiant forest 
(foreground shaded/background lit (10))

Identify and Sketch key elements of Preference (9)

Is the ground plane smooth or rough in texture (good or poor locomotion)? 
Does the space encourage exploration?
Is there a sense of depth?
Are there openings in the vegetation that catch your eye (sunlight entering through clearing in canopy, elements of visual relief)?

Identify Elements of Fear (9) What is unfamiliar? Are their other experience you have had that are coming to mind? What is preventing visual access? Are there any elements that 
indicate other humans have been here before? Do they present a threat or a comfort?

Legible
Experiences

(1) Robinson, N. (2004). The Planting Design Handbook: Vol. 2nd ed. Ashgate.
(2) Oudolf, P., & Kingsbury, N. (2016). Planting: A new perspective. Timber Press.
(3) Thompson, G. F., & Steiner, F. R. (1997). Ecological design and planning.
(4) Meyer, E. K. (2008). Sustaining beauty. The performance of appearance: A manifesto in three parts. Journal of landscape Architecture, 3(1), 6-23.
(5) Dunnett, N., & Hitchmough, J. (Eds.). (2008). The dynamic landscape: design, ecology and management of naturalistic urban planting. Taylor & Francis.
(6) Dunnett, N. (2019). Naturalistic planting design: the essential guide. Filbert Press.
(7) Rainer, T & West, C. (2015). Planting in a Post-Wild World. Portland Oregon. Timber Press Inc.
(8) Appleton, J. (1996). The experience of landscape (pp. 66-7). Chichester: Wiley.
(9) Kaplan, R., Kaplan, S., & Ryan, R. (1998). With people in mind: Design and management of everyday nature. Island press.
(10) Bourassa, S. C. (1991). The aesthetics of landscape. Belhaven press.



102

APPENDIX C: GREENKEY PROTOTYPE EVALUATION RESULTS



103

GreenKey Evaluation Overview 
Planting Design Guide for Bioretention Facilities 

My name is Joel Sypkes and I am conducting research for my Master of Landscape Architecture thesis, under the 
supervision of Dr. Karen Landman.  

My work involves the development of a Design Guide that seeks to respond to the complexity present within the 
design of bioretention facility plantings. The Guide is structured around model ecosites, as defined by the Ecological 
Land Classification (ELC) system, that function under similar conditions to a given bioretention context. The Guide is 
linked to a separate water balance model that connects a given bioretention facility to a natural habitat that thrives 
under similar conditions. The model includes 23 natural habitats/ecosites that will be studied for their critical 
ecological, aesthetic and horticultural components. The attached document, for your review, acts as a prototype for 
one of these model habitats. Please note, you will need to download the .pdf to enable the interactive buttons. 

When you open the document, you will be presented with Step 1 which has been filled out for the purposes of the 
prototype. This step is completed to identify the model habitat that will be used to inform plant-based decision 
making. The Guide will often identify multiple natural models that fit a given urban context. In this case, Step 2 
provides an overview of each relevant natural habitat and the user is able to select their preferred model. However, 
since this is a prototype, only one model habitat has been provided. Following selection of the natural model, Step 3 
presents critical ecological and horticultural criteria to help the designer select species that maintain the character of 
the natural model. The user can expand the various components by activating the arrows for details that will help in 
plant selection. Step 4 provides the designer a range of aesthetic considerations that help create plantings that are 
readable and engaging.  

The current document does not yet include completed Step 5 & 6 but the final prototype will provide the user with a 
recommended biomedia composition based on the soils found in the natural model and provide further operations 
and maintenance recommendations to ensure successful implementation. Finally, Step 6 acts as the model output, 
providing a summary of selected species, biomedia specifications and operations and maintenance requirements. 

Following your review of the document, I would greatly appreciate your feedback using the form attached in this 
email. Not all questions will be relevant to your profession so if you are not in a position to provide a response to a 
given question feel free to leave it blank. 

Thank you for your time! 

Joel Sypkes  Dr. Karen Landman 

(519)-803-0284 klandman@uoguelph.ca 
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GreenKey Evaluation Form

Design Guide Development Questions

Q1. The Guide has been developed to target key stakeholders within green infrastructure and bioretention 
design, specifically, landscape architects, stormwater engineers, ecologists, horticulturalists and project 
managers. Are there any stakeholders missing from this list?

R1.

Q2: Can you comment on the use of the Ecological Land Classification System (ELC) for identifying model 
habitats for planting design? Does this seem appropriate? If not, is there a more suitable method you can 
recommend? 

R2.

Q3: Can you comment on the approach this Guide takes to bring ecological considerations into design 
decisions? Has ecological design been adequately represented within the Guide?

R3:
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Q4: Do you have any concerns with using the ELC system as a basis for aesthetic design decisions? In your 
opinion, can distilling the aesthetic properties of a natural space contribute to more readable urban nature? 

R4.

Q5: Planting guidance for the LID and bioretention facility context has traditionally been more horticultural in 
nature (sun exposure, moisture, soil type, spread etc.). Have the horticultural components of planting design 
been fully represented within the Guide or is there something missing?

R5:

Q6: Can you comment on the hydraulic design component of the Guide? Does the Guide provide the required 
inputs necessary to summarize the design of bioretention facilities or are there elements/features you would 
like to see added to the interface?

R6:
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Q7: Can you comment on the potential for the Guide to act as a collaborative document? Does the Guide
provide the components necessary to improve the transfer of information from one consultant or party to the 
next? Do you see this as being a valuable resource for project management, and if so, are there any 
changes that could be made to improve the Guide in this regard?

R7:

Design Guide Application Questions

Q1: Does the Guide speak to the items your profession wants to bring to the table with regard to green 
infrastructure and bioretention facility planting design? Does it adequately represent your professional 
interests as they pertain to green infrastructure planting design? If not, how might this be improved?

R1:

Q2: Can you comment on the user experience of the Guide? Was the Guide easy to navigate? Was there too 
much information provided, or too little?

R2:
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Q3: Can you comment on the aesthetic sub-components provided? Are there any other sub-categories 
required?

A. Aesthetics
a. Performance of Appearance

i. Attention grabbers
ii. Elements of fascination

iii. Evoke and provoke
b. Patterns for Amplification

i. Dominant species attributes
ii. Elements of visual composition

iii. Structural elements
iv. Visual patterns and focal points
v. Light

c. User Experience
i. Biological preferences

ii. Emotional responses
iii. Understanding and exploration

d. Context
i. Elements of formality

ii. Elements of spontaneity 
iii. Sense of place and urban context

R3:

Q4: Do the descriptions relevant to your profession provide enough information to sufficiently inform design 
decisions? If not, are there specific items that could be improved?

R4:

Q5: Step Six of the Guide will summarize the recommended design alternative. Do you feel as though these 
categories adequately capture the design process laid out in the previous steps? If not, are there specific 
categories or output features that would be helpful to include?

R5:
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Q6: Finally, can you comment on the Guide’s value as it pertains to the design process? Was it overly 
prescriptive? Does it present any barriers to creative design solutions?

R6:
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GreenKey Evaluation Form

Name: Mark Schollen; Schollen & Company

Design Guide Development Questions

Q1. The Guide has been developed to target key stakeholders within green infrastructure and bioretention 
design, specifically, landscape architects, stormwater engineers, ecologists, horticulturalists and project 
managers. Are there any stakeholders missing from this list?

R1. No.

Q2: Can you comment on the use of the Ecological Land Classification System (ELC) for identifying model 
habitats for planting design? Does this seem appropriate? If not, is there a more suitable method you can 
recommend? 

R2. This approach is sound. However, ELC includes cultural and disturbed landscapes so the final report state 
that the approach utilizes the ‘natural’ ELC categories as a foundation.

Q3: Can you comment on the approach this Guide takes to bring ecological considerations into design 
decisions? Has ecological design been adequately represented within the Guide? 

R3: It would helpful to add a habitat overlay that describes the function of the ELC and the species that are 
supported. This may aid in decision-making with respect to targeting habitats/species. The ecological 
function of the ecotone could be a key driver in terms of the selection of one ELC class over another.
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Q4: Do you have any concerns with using the ELC system as a basis for aesthetic design decisions? In your 
opinion, can distilling the aesthetic properties of a natural space contribute to more readable urban nature? 

R4. No concerns with utilizing ELC.

The translation from natural to urban context from an aesthetic perspective is tricky. The influences of the 
urban environment can be profound and include intensive illumination, noise and physical impact (trampling, 
snow removal, dumping/litter). A beautiful ‘natural’ aesthetic may not translate to the urban context. For 
example, some species entrap windblown litter (plastic bags, food packaging) in an urban environment 
whereas in a natural setting, entrapment issues are not a concern. This could be addressed in the model by 
adding a ‘requirement for maintenance’ criterion.

Q5: Planting guidance for the LID and bioretention facility context has traditionally been more horticultural in 
nature (sun exposure, moisture, soil type, spread etc.). Have the horticultural components of planting design 
been fully represented within the Guide or is there something missing?

R5: Yes.

Q6: Can you comment on the hydraulic design component of the Guide? Does the Guide provide the required 
inputs necessary to summarize the design of bioretention facilities or are there elements/features you would 
like to see added to the interface?

R6: N/A to my area of expertise.
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Q7: Can you comment on the potential for the Guide to act as a collaborative document? Does the Guide
provide the components necessary to improve the transfer of information from one consultant or party to the 
next? Do you see this as being a valuable resource for project management, and if so, are there any 
changes that could be made to improve the Guide in this regard?

R7: This would be a good resource to inspire collaborate design amongst disciplines. In the final eversion it 
needs to be clearly stated that this tool is not intended to be a ‘short-cut’ and that the outcomes need to be 
tempered by professional experience and a keen understanding of the nuances of a specific site. With these 
types of tools, there is always the tendency for a discipline to utilize the tool in isolation with the perspective 
that ‘with the tool, we don’t need the other discipline because the tool simply spits out the right answer’. 
There needs to be a caveat that stresses that the multidisciplinary approach is essential.

Design Guide Application Questions

Q1: Does the Guide speak to the items your profession wants to bring to the table with regard to green 
infrastructure and bioretention facility planting design? Does it adequately represent your professional 
interests as they pertain to green infrastructure planting design? If not, how might this be improved?

R1: Yes – it would be a useful tool but it does need to place an emphasis on the need for invasive species 
management in bioretention facilities (which can be prone to invasion by aggressive urban species such as 
Tree-of-Heaven, Manitoba Maple and a multitude of urban ’weeds’).

Q2: Can you comment on the user experience of the Guide? Was the Guide easy to navigate? Was there too 
much information provided, or too little?
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R2: It was easy to navigate. The filters should be structured to be a progressive spectrum of choices, ie. Full 
shade to full sun. In the present format the selections are not sequential and this results in a less intuitive 
experience.

Q3: Can you comment on the elements laid out within the Guide? Are there any changes that should be made?

A. Ecology
a. Soil Composition - Soil chemistry is important in an urban context. Brownfield site are now 

the norm. 
b. Microclimate – Reflected heat and albedo should be included
c. Vegetation Structure

B. Aesthetics
a. Performance of Appearance
b. Patterns for Amplification
c. User Experience
d. Context

C. Horticulture
a. Components for Abstraction
b. Horticultural Criteria
c. Selecting Substitutions

R3: See notes above
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Q4: Can you comment on the sub-components provided for each section? Are there any other sub-categories 
required?

A. Ecology
a. Soil Composition

i. Soil texture
ii. Soil pH

iii. Soil OM
iv. Soil health 

b. Microclimate
i. Environmental factors

ii. Ecological niches
c. Vegetation Structure

i. Constraints and threats
ii. Species composition

iii. Spatial variation
iv. Growth forms
v. Distribution patterns and sociability

B. Aesthetics
a. Performance of Appearance

i. Attention grabbers
ii. Elements of fascination

iii. Evoke and provoke
b. Patterns for Amplification

i. Dominant species attributes
ii. Elements of visual composition

iii. Structural elements
iv. Visual patterns and focal points
v. Light

c. User Experience
i. Biological preferences

ii. Emotional responses
iii. Understanding and exploration

d. Context
i. Elements of formality

ii. Elements of spontaneity 
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iii. Sense of place and urban context
C. Horticulture

a. Components for Abstraction
i. Visual essence

ii. Species combinations
iii. Density and distribution

b. Horticultural Criteria
i. Plant culture

ii. Spatial characteristics 
c. Selecting Substitutions

R4: With respect to b under Horticulture – Tolerance to urban conditions should be a primary consideration.

Q5: Do the descriptions relevant to your profession provide enough information to sufficiently inform design 
decisions? If not, are there specific items that could be improved?

R5: Soil chemistry, urban air pollution, urban heat island effect, tolerance of soil compaction, tolerance of dog 
induced impacts (urine…this is a major issue for the survival of urban trees and herbaceous plants) need to 
be addressed because these parameters dictate the success of species in the urban context.

Q6: Step Five of the Guide will summarize the recommended design solution. Do you feel as though these 
categories adequately capture the design process laid out in the previous steps? If not, are there specific 
categories or output features that would be helpful to include?

R6: This appears to be sound.

Q7: Finally, can you comment on the Guide’s value as it pertains to the design process? Was it overly 
prescriptive? Does it present any barriers to creative design solutions?

R7: It would be a useful tool to inform decision-making and to convey the decision-making process to the public 
at a PIC,
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GreenKey Evaluation Form

Name: Donna Evans 
Program Manager II
Stormwater BMP Inspection & Maintenance
Department of Environmental Protection
Montgomery County

Design Guide Development Questions

Q1. The Guide has been developed to target key stakeholders within green infrastructure and bioretention 
design, specifically, landscape architects, stormwater engineers, ecologists, horticulturalists and project 
managers. Are there any stakeholders missing from this list?

R1. Landscape Designers

Q2: Can you comment on the use of the Ecological Land Classification System (ELC) for identifying model 
habitats for planting design? Does this seem appropriate? If not, is there a more suitable method you can 
recommend? 

R2. Most if not all our BMP’s use specific engineered soils and are located in pretty harsh urban conditions that 
are not consistent with the surrounding native habitat or soils.  For stream restoration and bay landscapes or 
meadow riparian forest plantings I could see this approach would be more relevant. 

Q3: Can you comment on the approach this Guide takes to bring ecological considerations into design 
decisions? Has ecological design been adequately represented within the Guide? 

R3: Our BMP soils have a high sand content and in Montgomery County MD we have more clay type soils.  
Maybe separate out in the beginning if the project is stream restoration, riparian forest plantings or water 
friendly conservation plantings that will be in native soils and surroundings vs engineered BMP installation.  
The plants that handle these BMP’s are not native to the surrounds they are installed in. 

Q4:  Do you have any concerns with using the ELC system as a basis for aesthetic design decisions? In your 
opinion, can distilling the aesthetic properties of a natural space contribute to more readable urban nature? 

R4. These systems (BMP’s) are installed along the Right of Way and in the middle of parking lots.  Aesthetics 
need to meet “neighborhood” aesthetics and/or plants with controlled growth habits.  Urban street 
landscapes or commercial sites. Line of sight issue and mature growth habits as well as 4 seasons of 
interest all need to be addressed for aesthetics and low maintenance, many times a ground cover layer is 
needed. The Aesthetic will be different in these locations vs a natural setting.
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Q5: Planting guidance for the LID and bioretention facility context has traditionally been more horticultural in 
nature (sun exposure, moisture, soil type, spread etc.). Have the horticultural components of planting design 
been fully represented within the Guide or is there something missing?

R5: Animal browse is a big concern in our area (white tale deer), Identifying plant types that will make sense to 
use given the sq ft and location of the facility. (tree/shrub/grass/perennial/groundcover) One size does not fit 
all. 

Q6: Can you comment on the hydraulic design component of the Guide? Does the Guide provide the required 
inputs necessary to summarize the design of bioretention facilities or are there elements/features you would 
like to see added to the interface?

R6: I think the hydraulic design component is important, but I am not connecting the dots with the ELC system. 
There may be more information than necessary.  Seems a bit complicated, I think designers would like a more 
simplified approach. (Just my opinion) There are just not that many different situations it seems in our BMP’s

Sights with underdrains will drain out quicker than ones without most likely so important to identify plants                                                                   
that can handle either of these situations. 

Most relevant for me would be:

bioretention cell area  
depth of soil media 
depth of gravel storage (if any) 
depth of pea stone (if any) 
ponding depth 
infiltration rate of in situ soil 
biomedia composition 
underdrain depth below underdrain

Q7: Can you comment on the potential for the Guide to act as a collaborative document? Does the Guide
provide the components necessary to improve the transfer of information from one consultant or party to the 
next? Do you see this as being a valuable resource for project management, and if so, are there any 
changes that could be made to improve the Guide in this regard?

R7:

Design Guide Application Questions

Q1: Does the Guide speak to the items your profession wants to bring to the table with regard to green 
infrastructure and bioretention facility planting design? Does it adequately represent your professional 
interests as they pertain to green infrastructure planting design? If not, how might this be improved?
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R1: I think it covers a wider range of plantings, not just BMP. Might break this out in the beginning and add 
more selection for “Green Streets”, parking lots. (one size does not fit all)  Other considerations such as 
maintenance costs (what is a Low maintenance planting consist of?)  and specific aesthetic needs (who is 
viewing, where is it located)

Q2: Can you comment on the user experience of the Guide? Was the Guide easy to navigate? Was there too 
much information provided, or too little?

R2: Too much information, some not relevant it seems to BMP’s More aesthetic guidance needed

Q3: Can you comment on the elements laid out within the Guide? Are there any changes that should be made?

A. Ecology
a. Soil Composition
b. Microclimate
c. Vegetation Structure

B. Aesthetics
a. Performance of Appearance
b. Patterns for Amplification
c. User Experience
d. Context

C. Horticulture
a. Components for Abstraction
b. Horticultural Criteria
c. Selecting Substitutions

R3: Ecology, more drilled down for BMP’s

Aesthetics, more drilled down for size and location of BMP. Plant “Type” to consider, who is viewing this

Horticulture, low maintenance approach using clump growers, dwarf cultivars, ground cover, 4 seasons of 
interest, line of site issues, who will be maintain and how often

Q4: Can you comment on the sub-components provided for each section? Are there any other sub-categories 
required?

A. Ecology
a. Soil Composition

i. Soil texture
ii. Soil pH
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iii. Soil OM
iv. Soil health 

b. Microclimate
i. Environmental factors

ii. Ecological niches
c. Vegetation Structure

i. Constraints and threats
ii. Species composition

iii. Spatial variation
iv. Growth forms
v. Distribution patterns and sociability

B. Aesthetics
a. Performance of Appearance

i. Attention grabbers
ii. Elements of fascination

iii. Evoke and provoke
b. Patterns for Amplification

i. Dominant species attributes
ii. Elements of visual composition

iii. Structural elements
iv. Visual patterns and focal points
v. Light

c. User Experience
i. Biological preferences

ii. Emotional responses
iii. Understanding and exploration

d. Context
i. Elements of formality

ii. Elements of spontaneity 
iii. Sense of place and urban context

C. Horticulture
a. Components for Abstraction

i. Visual essence
ii. Species combinations

iii. Density and distribution
b. Horticultural Criteria

i. Plant culture
ii. Spatial characteristics 

c. Selecting Substitutions

R4:

Q5: Do the descriptions relevant to your profession provide enough information to sufficiently inform design 
decisions? If not, are there specific items that could be improved?

R5: My design approach: (since the engineered soil is pretty consistent)

Initial site visit to identify cultural needs for the plants and location for aesthetics, deer, sediment, salt load, 
sun, shade, water volume/velocity etc. 
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Size of BMP and location drives plant ‘Type’ choices (tree, shrub, grass, perennials, ground cover and
knowledge of how large they mature to) I think this step is missing.

Plant attributes are considered for layout and seasonal interest as well as maintenance concerns (access, 
who is viewing the planting. Who is maintain and how often? Bloom times, textures, etc.)

Low maintenance is of major concern to understand plant growth and initial installation practices (plant 
grade, size and spacing for quick establishment)

Inflow areas need sturdy plants, side slopes drier, etc.

Q6: Step Five of the Guide will summarize the recommended design solution. Do you feel as though these 
categories adequately capture the design process laid out in the previous steps? If not, are there specific 
categories or output features that would be helpful to include?

R6: See above

Q7: Finally, can you comment on the Guide’s value as it pertains to the design process? Was it overly 
prescriptive? Does it present any barriers to creative design solutions?

R7: I think I covered this in other questions. 
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GreenKey Evaluation Form

Design Guide Development Questions

Q1. The Guide has been developed to target key stakeholders within green infrastructure and bioretention
design, specifically, landscape architects, stormwater engineers, ecologists, horticulturalists and project 
managers. Are there any stakeholders missing from this list?

R1. I think the GreenKey would be especially valuable for landscape architects, ecologists and engineers during 
the design process. The most important linkage will be translating the specific plant community into a planted 
landscape, so working with construction managers / contractors (i.e. the people who actually put the plants in the 
ground) will be very important too. The model has to make sense not only to design professionals, but to the 
installers.

Q2:  Can you comment on the use of the Ecological Land Classification System (ELC) for identifying model 
habitats for planting design? Does this seem appropriate? If not, is there a more suitable method you can 
recommend? 

R2. The ELC system seems appropriate to generate natural analogue communities, as a starting point. For 
designed planting to shift into a more ecological realm (which it should), it’s important to consider designed 
planting as a community of multiple interacting species, and the ELC provides a good foundation for that. 

Q3:  Can you comment on the approach this Guide takes to bring ecological considerations into design 
decisions? Has ecological design been adequately represented within the Guide? 

R3: The guide seems well designed to allow designers to look at a certain green infrastructure / bioretention site, and 
easily translate it into an analogue plant community based on the site’s characteristics. Starting with a plant 
community in mind (i.e. a mix of species, herbaceous and woody) is a fundamental shift in a more ecological 
direction. 

NNaammee:: Ben O’Brien, Wild by Design
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Q4: Do you have any concerns with using the ELC system as a basis for aesthetic design decisions? In your 
opinion, can distilling the aesthetic properties of a natural space contribute to more readable urban nature? 

R4. I think the ELC system provides a good starting point but using it too literally could be difficult and potentially 
aesthetically off-putting. Trying to include a huge range of species in a small space, just because all are 
listed as part of the ELC reference community, could lead to a planting that lacks legibility, or appears 
“weedy” to people. The best use of the tool, as it seems is the goal, would be to start with a community in 
mind and then work to distill / amplify / simplify / abstract to make that community more readable. The 
importance of legibility and “cues to care” can’t be overstated.

Q5: Planting guidance for the LID and bioretention facility context has traditionally been more horticultural in 
nature (sun exposure, moisture, soil type, spread etc.). Have the horticultural components of planting design 
been fully represented within the Guide or is there something missing?

R5: I think the horticultural components have been fully represented, but in some cases the ecological language 
(i.e. “shoot distribution”, “sociability”) may be a bit too specialized for some to understand, especially 
installers. In that case using simpler language like “spread” or “spread at ground level” may make more 
sense. 

Q6: Can you comment on the hydraulic design component of the Guide? Does the Guide provide the required 
inputs necessary to summarize the design of bioretention facilities or are there elements/features you would 
like to see added to the interface?

R6: This isn’t my area of expertise, but the metrics and inputs seem very thorough. If anything I would worry some of 
the metrics may be too difficult to provide for every project.

Q7: Can you comment on the potential for the Guide to act as a collaborative document? Does the Guide
provide the components necessary to improve the transfer of information from one consultant or party to the 
next? Do you see this as being a valuable resource for project management, and if so, are there any 
changes that could be made to improve the Guide in this regard?

R7: As mentioned above, I think one missing gap might be translating the results of the GreenKey tool from a 
designer to a contractor – who will be ultimately responsible for sourcing plants, installing, and maintaining them. As 
it currently stands (which I realize isn’t fully complete), the tool seems more useful as a design tool than a tool for 
installation and maintenance. 
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Design Guide Application Questions

Q1: Does the Guide speak to the items your profession wants to bring to the table with regard to green 
infrastructure and bioretention facility planting design? Does it adequately represent your professional 
interests as they pertain to green infrastructure planting design? If not, how might this be improved?

R1: The guide definitely speaks to my interest in seeing more ecological vegetation in our designed landscapes, 
especially in cities. My only worry is that it may be too aesthetically limiting to confine designers to native-
only plant palettes. There is room for creativity in planting design, and if we limit ourselves to a certain 
species mix it may limit a planting’s aesthetic possibilities.

Q2: Can you comment on the user experience of the Guide? Was the Guide easy to navigate? Was there too 
much information provided, or too little?

R2: Certainly easy to navigate and very well-presented visually. If anything there may be too much information 
provided in some cases.
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Q3: Can you comment on the elements laid out within the Guide? Are there any changes that should be made?

A. Ecology
a. Soil Composition
b. Microclimate
c. Vegetation Structure

B. Aesthetics
a. Performance of Appearance
b. Patterns for Amplification
c. User Experience
d. Context

C. Horticulture
a. Components for Abstraction
b. Horticultural Criteria
c. Selecting Substitutions

R3: I think you can leave some of the aesthetic prescriptions up to the individual designer. It’s very difficult to 
spell out a method for the myriad ways a designer chooses to put plants together (i.e. drifts vs. scattered 
individuals vs. intermingled groups etc.). 

The most important information to give a designer would be research-derived observations such as the 
height of herbaceous vegetation that most people prefer (vegetation that’s above head height seems 
overwhelming / messy to people), the fact that people want to see something in bloom throughout the 
growing season (colour is important) etc. Nigel Dunnett and James Hitchmough at the University of Sheffield 
have done some excellent research about this, and Joan Nassauer’s work is obviously very useful too. 
Once designers know those baseline things (i.e. keep herbaceous vegetation knee-high and colourful), they 
can freely design within those general parameters, rather than following a tightly scripted method.
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Q4: Can you comment on the sub-components provided for each section? Are there any other sub-categories 
required?

A. Ecology
a. Soil Composition

i. Soil texture
ii. Soil pH

iii. Soil OM
iv. Soil health – difficult metric to quantify, especially in the field

b. Microclimate
i. Environmental factors

ii. Ecological niches
c. Vegetation Structure

i. Constraints and threats – not sure what this refers to?
ii. Species composition

iii. Spatial variation
iv. Growth forms
v. Distribution patterns and sociability

B. Aesthetics
a. Performance of Appearance – simpler horticultural language could suffice (i.e. “showy plants” “long 

bloomers” “foliage plants” “filler plants” etc.)
i. Attention grabbers

ii. Elements of fascination
iii. Evoke and provoke

b. Patterns for Amplification – this seems like a category that could be left to the designer to determine
i. Dominant species attributes

ii. Elements of visual composition
iii. Structural elements
iv. Visual patterns and focal points
v. Light

c. User Experience – maybe just give a general overview of relevant research (as I mentioned above)
i. Biological preferences

ii. Emotional responses
iii. Understanding and exploration

d. Context – this seems like a category that could be left to the designer to determine, hard to translate 
“sense of place” into a method for every unique site

i. Elements of formality
ii. Elements of spontaneity 

iii. Sense of place and urban context
C. Horticulture

a. Components for Abstraction – this seems like a category that could be left to the designer to determine
i. Visual essence

ii. Species combinations
iii. Density and distribution

b. Horticultural Criteria
i. Plant culture

ii. Spatial characteristics 
c. Selecting Substitutions

R4: See notes above
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Q5: Do the descriptions relevant to your profession provide enough information to sufficiently inform design 
decisions? If not, are there specific items that could be improved?

R5: See comments below

Q6: Step Five of the Guide will summarize the recommended design solution. Do you feel as though these 
categories adequately capture the design process laid out in the previous steps? If not, are there specific 
categories or output features that would be helpful to include?

R6:

Q7: Finally, can you comment on the Guide’s value as it pertains to the design process? Was it overly 
prescriptive? Does it present any barriers to creative design solutions?

R7: I think the tool is very useful, but there has to be a balance between giving designers a starting point to build 
on, and prescribing exactly which species they should use and how they should be arranged. As I 
mentioned above, certain aesthetic judgements can be left to the designer to determine.

One of the ways there could be more creativity allowed for would be to prepare different plant lists for each 
community. One could be native species (i.e. as listed in the guide now). Another could be native cultivars 
that may be more readily available in the trade, or have a specific improved trait like disease resistance, 
more compact growth etc. Phlox paniculata, for example, is nonexistent in the trade, but cultivars like 
‘Jeana’ (which has improved mildew resistance and higher nectar content), can be found more easily. 
Cultivars still have ecological value, but they make plant sourcing easier and may provide more legibility and 
“flower power” than native species alone. 

Another potential barrier when it comes to sourcing is that certain species listed in the guide may only be 
available as seed, rather than live plants. This makes installation more complicated, especially if a planting 
incorporates both live plants and seed.
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GreenKey Evaluation Form

Name: Jouke Sypkes; Product Manager, Biologicals, Greenhouse and Specialty Crops

Design Guide Development Questions

Q1. Can you give me an idea of the specific fungi and bacteria inoculants that would be of relevance for this 
Lowland Willow site? High pH, high Ca, 3% OM and CEC of 24.5 meq/100g. Also, an extremely low bacteria 
to fungi ratio at a time of the year when fungi populations should be at its peak. How might we encourage 
this biological condition within an urban soil?

R1. There are a couple fungi products, although they are not precise by any means. That said, the idea is to 
load these soils with good microbes upon establishment. The answer will lie in ratios. You could suggest a 
70:30 ratio of bacterial to fungi inoculant. Generally speaking, fungi to bacterial should work towards 1:1.  
That’s in an agricultural context though and working with what we know as being high yielding soils. There is 
still a lot we don’t know and what each microbe brings to the table. That said, four options for your context:

1. Myke Pro for trees and shrubs: because you are dealing with a forested site, this product includes both 
endomycorrhizae and ectomycorrhizae (hard wood type trees). Endomycorrhizae associate with 90% of 
plants, largely herbaceous species and ectomycorrhizae associate with 10% of species associated with 
woody plants (hardwood trees and shrubs)

2. Belchim BioCult: This product has 3 species of endomycorrhizae (for 90% of herbaceous 
trees/shrubs/perennials/annuals etc.) as well as Trichoderma asperellum another beneficial fungi. There are 
many other mycorrhizae products but the best ones are those that provide a high level of diversity as every 
plant has an affinity towards specific species.

3. Synergro: this is a bacteria inoculant. Ideal bacteria applications have a consortium of microbes with a mix 
of as many bacteria as possible along with amino acids, humic and fulvic acids to help get the microbes 
established. Source of carbohydrates (sugars) like molasses is a great option to throw in the tank with the 
bacteria.

4. Key Input Solutions BioD: This product is not yet available in Canada but we are working to bring it here by 
2022. These things take time to get registered through our government agencies. That said, this product 
has a very high diversity of species.
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Q2: I've provided the standard biomedia specs below. These are what our drawings and construction specs look 
like and I'm wondering if there is anything else that could be added to the spec to help establish a more 
diverse and resilient microbiome right from the start.

R2. I would add another section called biological inputs: fungi:bacteria ratio of 0.5 to 1.0 dependent on target 
ecological sight. The rates from the manufacturers are a good place to start but what is important is planting 
the biological “seeds” that will introduce as many good microbes as possible. The plant and its community 
of plants will “farm” the appropriate microbes that they want around at the right time of the year. These 
populations fluctuate a lot based on time of year and what the plant puts out as root metabolites to attract 
and feed the right ones at the right time. Bacteria will solubilize tied up nutrients over time. So future needs 
of say Phosphorus, Nitrogen, Potassium will all come from the work these bacteria do for the plant as long 
as there is good carbon cycling going on.
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APPENDIX D: SPENCER CREEK LOWLAND WILLOW FOREST SOIL 
HEALTH RESULTS
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Report Number: C20300-10081 A & L Canada Laboratories Inc.
Account Number: 95000 2136 Jetstream Road, London, Ontario, N5V 3P5

Telephone: (519) 457-2575 Fax: (519) 457-2664
To: JOEL SYPKES

18 MCCRAE BLV
GUELPH, ON  N1G 2O1

For:

Reported Date: Nov 9, 2020 Printed Date: Nov 9, 2020 SOIL TEST REPORT Page: 1 / 1

The results of this report relate to the sample submitted and analyzed. 
Results Authorized By: Ian McLachlin, Vice President* Crop yield is influenced by a number of factors in addition to soil fertility.

No guarantee or warranty concerning crop performance is made by A & L.
A&L Canada Laboratories Inc. is accredited by the Standards Council of Canada for specific tests as listed on www.scc.ca and by the Canadian Association for Laboratory Accreditation as listed on www.cala.ca

Additional information available upon request
This Certificate of Analysis has been prepared for use by the Recipient only.  Possession of this Certificate of Analysis, does not carry with it the right to reproduction or publication in whole or in part,nor may it be used by anyone other than the Recipient without the prior written consent and approval of A & L Canada Laboratories Inc. (“A&L Canada”).  Upon receipt of this Certificate of Analysis by the Recipient from A&L Canada, 
A&L Canada shall not be responsible for and no claim shall be advanced against A&L Canada as a result of the unauthorized reproduction, use or distribution of this Certificate of Analysis.

This report is not an original A&L Canada report.  This report was printed from the A&L Data-Web, some data may have been altered by the end user. 
A&L Canada is a laboratory accredited by Standards Council of Canada / CAEAL and OMAF

Sample
Number

Lab
Number

Organic
Matter

Phosphorus - P ppm Potassium
K ppm

Magnesium
Mg ppm

Calcium
Ca ppm

Sodium
Na ppm

pH CEC
meq/100g

Percent Base Saturations
Bicarb Bray-P1 pH Buffer % K % Mg % Ca % H % Na

FOD7 54310 3.0 5 VL 7 VL 52 L 150 L 4600 VH 32 L 8.1 24.5 0.5 5.1 93.9 0.6

Sample
Number

Sulfur
S ppm

Zinc
Zn ppm

Manganese
Mn ppm

Iron
Fe ppm

Copper
Cu ppm

Boron
B ppm

Soluble
Salts

ms/cm
Saturation

%P
Aluminum

Al ppm
Saturation

%Al
Nitrate

Nitrogen
NO3-N ppm

K/Mg
Ratio ENR Field

ID
Chloride

Cl
ppm

FOD7 36 M 15.2 VH 28 M 153 VH 3.8 VH 0.6 M 0.4 VL 44 0.0 G 3 VL 0.10 42 37 H

OE VL = VERY LOW,  L = LOW,  M = MEDIUM,  H = HIGH,  VH = VERY HIGH,  G = GOOD, MA = MARGINAL, MT = MODERATE PHYTO-TOXIC, T = PHYTO-TOXIC, ST = SEVERE PHYTO-TOXIC
SOIL FERTILITY GUIDELINES (lbs/ac)

Sample
Number Crop Yield Goal Lime

Tons/Acre N P2O5 K2O Mg Ca S Zn Mn Fe Cu B
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Report Number: C20300-10081 A & L Canada Laboratories Inc.
Account Number: 95000 2136 Jetstream Road, London, Ontario, N5V 3P5

Telephone: (519) 457-2575 Fax: (519) 457-2664
To: JOEL SYPKES

18 MCCRAE BLV
GUELPH, ON  N1G 2O1

For:

Reported Date: 2020-11-09

Page: 1 / 1
Printed Date: 2020-11-09 VitTellus Bio Soil Health Report

The results of this report relate to the sample submitted and analyzed. Results Authorized By: Ian McLachlin, Vice PresidentNo guarantee or warranty concerning crop performance is made by A & L.
A&L Canada Laboratories Inc. is accredited by the Standards Council of Canada for specific tests as listed on www.scc.ca and by the Canadian Association for Laboratory Accreditation as listed on www.cala.ca

Sample
ID

Lab
Number

FOD7 54310 2604 2555 1842 2657 2744 2300 2854 577 482 7001 14702 18615 0.77 0.97 0.23 4.94 4

VL=Very Low, L=Low, M=Medium, G=Good, H=High

Sample
ID

Lab
Number

FOD7 54310 1 0 66 0 8 40 55 48 0 8 6 8 36 1 55 46
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Report Number: C20300-10081 A & L Canada Laboratories Inc.
Account Number: 95000 2136 Jetstream Road, London, Ontario, N5V 3P5

Telephone: (519) 457-2575 Fax: (519) 457-2664
To: JOEL SYPKES

18 MCCRAE BLV
GUELPH, ON  N1G 2O1

For:

Reported Date: 2020-11-09

Page: 1 / 1
Printed Date: 2020-11-09 VitTellus Soil Health Report

The results of this report relate to the sample submitted and analyzed. Results Authorized By: Ian McLachlin, Vice PresidentNo guarantee or warranty concerning crop performance is made by A & L.
A&L Canada Laboratories Inc. is accredited by the Standards Council of Canada for specific tests as listed on www.scc.ca and by the Canadian Association for Laboratory Accreditation as listed on www.cala.ca

Sample
ID

Lab
Number

Organic
Matter %

Phosphorous-P ppm
Bicarb Bray-P1

Potasssium
K ppm

Magnesium
Mg ppm

Calcium
Ca ppm

Sodium
Na ppm

Sulfur S 
ppm

Zinc Zn 
ppm

Manganese
Mn ppm

Iron Fe 
ppm

Copper
Cu ppm

Boron B 
ppm

Aluminum
Al ppm

FOD7 54310 3 5 7 52 150 4600 32 36 15.2 28 153 3.8 0.6 44

VL=Very Low, L=Low, M=Medium, G=Good, H=High
Parameter Result Optimum Level

CEC, meq/100g 24.5
K/Mg Ratio 0.1 0.25-0.35

GFI 44 L
%K 0.5 2-4

%Mg 5.1 10-20
%Ca 93.9 65-72
%H 0 5-15

%Na 0.6 <1

Parameter Result Rating
pH 8.1 VH

Buffer pH
EC, ms/cm 0.4 VL

Saturation %P 0
Saturation % Al 0 G
Nitrate-N, ppm 3 VL
Chloride, ppm 37 G

PMN, ppm 15

Parameter Result Rating

Solvita CO2-C, ppm 16

Reactive C, ppm 851

Soil Health Index 23
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A & L Canada Laboratories Inc.
REPORT NUMBER: C20300-10081 2136 Jetstream Rd, London, Ontario, N5V 3P5

ACCOUNT NUMBER: 95000 Telephone: (519) 457-2575 Fax: (519) 457-2664

REPORT OF ANALYSIS
TO: JOEL SYPKES DATE RECEIVED: 2020-10-26

18 MCCRAE BLV DATE REPORTED: 2020-11-09
GUELPH, ON  N1G 2O1 PAGE: 1 / 2

Results Authorized By:

A&L Canada Laboratories Inc. is accredited by the Standards Council of Canada for specific tests as listed on www.scc.ca and by the Canadian Association for Laboratory Accreditation as listed on www.cala.ca
Additional information available upon request

This Certificate of Analysis has been prepared for use by the Recipient only.  Possession of this Certificate of Analysis, does not carry with it the right to reproduction or publication in whole or in part,nor may it be used by anyone other than the Recipient without the prior written consent and approval of A & L Canada Laboratories Inc. (“A&L Canada”).
Upon receipt of this Certificate of Analysis by the Recipient from A&L Canada, A&L Canada shall not be responsible for and no claim shall be advanced against A&L Canada as a result of the unauthorized reproduction, use or distribution of this Certificate of Analysis.

This report is not an original A&L Canada report.  This report was printed from the A&L Data-Web, some data may have been altered by the end user. 
A&L Canada is a laboratory accredited by Standards Council of Canada / CAEAL and OMAF

LAB NO. SAMPLE ID ANALYSIS RESULT UNIT METHOD
54310 FOD7 Biological Quality Rating 2
54310 FOD7 Anaerobes - soil 482
54310 FOD7 CO2 Respiration 16 ppm
54310 FOD7 Total bacteria 14702
54310 FOD7 Trichoderma - soil 577
54310 FOD7 Rhizobium - soil 1842
54310 FOD7 Mineralizable Nitrogen 15 ppm
54310 FOD7 General bacteria 2300
54310 FOD7 Active Carbon 851 ppm KMnO4 Method
54310 FOD7 Total microbial activity - soil 18615
54310 FOD7 Actinomycetes 2744
54310 FOD7 Pseudomonas - soil 2604
54310 FOD7 Nitrogen Fixers - soil 2555
54310 FOD7 Gram positives - soil 2657
54310 FOD7 Total gram negatives - soil 7001
54310 FOD7 General Fungi - soil 2854
54310 FOD7 Sand 61 % MSA Part 1 (1986) pp 404-408
54310 FOD7 Silt 27 % MSA Part 1 (1986) pp 404-408
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A & L Canada Laboratories Inc.
REPORT NUMBER: C20300-10081 2136 Jetstream Rd, London, Ontario, N5V 3P5

ACCOUNT NUMBER: 95000 Telephone: (519) 457-2575 Fax: (519) 457-2664

REPORT OF ANALYSIS
TO: JOEL SYPKES DATE RECEIVED: 2020-10-26

18 MCCRAE BLV DATE REPORTED: 2020-11-09
GUELPH, ON  N1G 2O1 PAGE: 2 / 2

Results Authorized By:

A&L Canada Laboratories Inc. is accredited by the Standards Council of Canada for specific tests as listed on www.scc.ca and by the Canadian Association for Laboratory Accreditation as listed on www.cala.ca
Additional information available upon request

This Certificate of Analysis has been prepared for use by the Recipient only.  Possession of this Certificate of Analysis, does not carry with it the right to reproduction or publication in whole or in part,nor may it be used by anyone other than the Recipient without the prior written consent and approval of A & L Canada Laboratories Inc. (“A&L Canada”).
Upon receipt of this Certificate of Analysis by the Recipient from A&L Canada, A&L Canada shall not be responsible for and no claim shall be advanced against A&L Canada as a result of the unauthorized reproduction, use or distribution of this Certificate of Analysis.

This report is not an original A&L Canada report.  This report was printed from the A&L Data-Web, some data may have been altered by the end user. 
A&L Canada is a laboratory accredited by Standards Council of Canada / CAEAL and OMAF

LAB NO. SAMPLE ID ANALYSIS RESULT UNIT METHOD
54310 FOD7 Clay 13 % MSA Part 1 (1986) pp 404-408
54310 FOD7 Soil Textural Class Sandy Loam MSA Part 1 (1986) pp 383-385
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APPENDIX E: ECOSITE CHARACTER TABLE
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