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ABSTRACT 
 
 
 

MYCOLOGY APPLICATIONS FOR LANDSCAPE ARCHITECTURE 
 
 
 

Katie Nikota, 0817970         Advisor:  
University of Guelph, 2018       Karen Landman  
 

Recent advancements in mycology have led to revolutionary discoveries of underground 

fungi that form essential symbiotic relationships with plants, connecting nutrients and 

communicating between root systems. Knowing how to utilize fungi to our benefit through 

mycorestoration and mycology applications might allow landscape architects to become 

ecological balancers for both human and natural environments. There is a lack of understanding 

of the complex systems of mycology. Bridging this gap between mycologists and landscape 

architects is essential to create a healthy mycorrhizal network in designed landscapes, 

especially distressed urban soils. This exploratory research investigates how mycology can be 

applied within the practise of landscape architecture, in order to propose applications of 

mycology and mycorestoration techniques, through a review of key literature and key 

informant interviews. Applications of mycology and mycorestoration in urban environments 

that contribute to healthier myco networking are proposed.  

Key Words: Fungi, Mycelium, Mycology, Mycorestoration, Mycorrhizal (Mycorrhizae) 
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GLOSSARY  

Before getting into the basic understanding of this complex system, there are some 

essential terms that will be repeated throughout the literature. Mycologist Bryce Kendrick 

defines the following terms in his fourth edition of The Fifth Kingdom: An Introduction to 

Mycology (2017):  

Arbuscular mycorrhiza: see endomycorrhiza 

Arbuscule: a finely-branched organ produced by endomycorrhizal fungi inside host root 

cells; the interface at which fungus and plant exchange phosphorus and photosynthates.  

Ectomycorrhiza or ectotrophic mycorrhiza: mycorrhiza in which a dikaryomycotan 

mycelium ramifies through the soil, forms a mantle around individual rootlets, and 

grows between cells of the root cortex, forming a Hartig net (the interface between the 

symbionts). The fungus exchanges phosphorous for photosynthates from the root. 

Many forest trees, esp. Pinaceae and Fagaceae, have ectomycorrhizal associations with 

agarics or boletes (cf. endomycorrhiza; see also mycorrhiza) Mycelium (pl. = mycelia): 

collective term for hyphae, the vegetative thallus of a fungus excluding organs of 

sporulation or sclerotia.   

Endomycorrhiza or endotrophic mycorrhiza: an ancient symbiosis of fungi with green 

plants; hyphae, gathering nutrients from the soil, esp. phosphorus and nitrogen, are 

continuous with others that grow between and within root cells and produce 
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arbuscules; found in 90% of angiosperms and conifers, except Pinaceae; also called 

arbuscular mycorrhizae (cf. ectomycorrhiza; see also mycorrhiza).  

Eukaryotic: having nuclei that are delimited by nuclear membrane, contain an even 

number of discrete chromosomes, and divide mitotically; the cytoplasm also contains 

organelles, such as mitochondria (cf. prokaryotic).  

Eutrophication: excessive richness of nutrients in a lake or other body of water, 

frequently due to runoff from the land, which causes a dense growth of plant life and 

death of animal life from lack of oxygen. 

Fungi (sing. = fungus): nonphotosynthesizing (i.e. heterotrophic) eukaryotes that 

produce exoenzymes and absorb their food; usually producing, and living inside, a 

network of apically extending, branched tubes called hyphae; may belong to kingdom 

Chromista (which are really pseaudofungi) or kingdom Eumycota.  

Hypha (pl. = hyphae): the tubular architectural module of almost all fungi, its wall 

chitinous in eumycotan fungi, cellulosic in oomycetes.  

Inoculate: to put a microorganism into an organism or a substratum.  

Inoculum: a small amount of a fungus used to inoculate fresh culture medium or to 

infect a host organism.   

Mushroom: a fleshy basidioma, usually stalked and with cap (pileus) beneath which gills 

or fleshy tubes are covered with or lined with the hymenium; edible or poisonous; see 

also agaric, bolete.  
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Mutualism: a type of symbiosis in which both or all partners gain from the association, 

e.g., mycorrhizas, lichens.  

Mycelium (pl. = mycelia): collective term for hyphae; the vegetative thallus of a fungus 

excluding organs of sporulation or sclerotia.    

Mycology: the study of fungi 

Mycorrhiza: symbiotic relationship between a filamentous fungus and the roots of a 

higher plant; see also ectomycorrhiza, endomycorrhiza.  

Prokaryotic: lacking a membrane-bound nucleus and paired chromosomes; also lacking 

cytoplasmic organelles such as ribosomes, mitochondria, and Golgi apparatus; describes 

the bacteria and the cyanobacteria (cf. eukaryotic).  

Saprobe: a heterotrophic organism that derives food from dead organisms or from 

organic substances liberated by living ones. 

Symbiosis: a state of intimate association or living together; the relationship benefits 

both partners in mutualistic symbioses or one partner at the expense of the other in 

parasitism or may be neutral, as in commensalism.  
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CHAPTER 1: INTRODUCTION 

The profession of Landscape Architecture is multi-disciplinary, including aspects such as 

botany, horticulture, architecture, fine arts, landscape design, geography, ecology, 

environmental psychology, and soil sciences. Some Landscape Architects see their role in design 

as being an ecological balancer.  

 In recent years, it has become evident that the natural processes that occur below our 

feet everyday are more important and complex than we could have ever imagined.  In fact, 

there are more species of fungi, bacteria, and protozoa in a single scoop of soil than there are 

species of plants and vertebrate animals in all of North America (Stamets, 2005). But why 

should that matter to us? It’s just dirt ... right? In 2015, German forester Peter Wohlleben, 

published The Hidden Life of Trees, which quickly became a New York Times best seller. This 

book chronicled his experience managing a forest in Eifel Mountains Germany. Wohlleben 

presented a new way of thinking and understanding trees, not as singular plants but as 

socializing, communicating, feeling, loving, nourishing, living communities. A unique discovery 

of a fungal network that carries messages and nutrients from tree to tree and sometimes to 

other plant species - even competitors, because a tree needs the assistance of the surrounding 

plants to create the right climate for it to survive. To better comprehend this network, we have 

to acknowledge that mushrooms are more like humans than plants. Fungi were originally 

recognized as part of the animal kingdom, then these diverse organisms were completely 

separated into its own kingdom, making it more related to humans than plants. Fungi and 

animals are both eukaryotes, consisting of cells in which the genetic material is DNA in the form 
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of chromosomes contained within a nucleus. Fungi play vital roles in all ecosystems and are 

capable of regulating the flow of nutrients and energy through their mycorrhizal networks 

(Stamets, 2005). As Wohlleben discovered in the forests he observed the mycorrhizal network 

covered hectares of forest floor. This further proves that fungi play a crucial role to our planet 

and are the ecosystem engineers, disassembling large organic molecules into simpler forms to 

replenish the ecological community. This process would not be possible without mycelium, 

which is the digestive membrane. Through evolution these fungi have developed an essential 

symbiotic relationship with plants called mycorrhizae, linking nutrients and communicating 

between root systems.  

The sprawl of the human population has repressed and destroyed the natural processes 

and connections of fungi, resulting in the need for stronger and stronger artificial fertilizers and 

chemical dependence, thus ultimately eroding sustainability and poisoning our life-support 

ecosystem. However, we can create mycologically sustainable environments by introducing 

plant-partnering mycorrhizal fungi in combination with substrates and harness the power of 

saprophytic mushrooms. The results of these fungal treatments include healthy soil, 

biodynamic communities, and endless cycles of renewal.  

For the general population, there is a lack of knowledge and understanding when it 

comes to the complex systems of mycology. Through the research of Alice Lee (MLA, UofG, 

Thesis) it became obvious that landscape architects ‘have yet to develop a stronger foundation 

in understanding and incorporating knowledge of soils in their work’ (Lee, 2017). Bridging this 

knowledge gap between mycologists and landscape architects can be a daunting task but is 

essential to move forward in creating a healthy mycorrhizal network in all environments, 
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especially distressed urban ones. This exploratory research aims to investigate how mycology 

can be applied within the practise of landscape architecture, in order to propose applications of 

mycology and mycorestoration techniques. The outcome of this research will be to develop 

applications of mycology and mycorestoration in urban environments and contribute to 

healthier myco networking.  

RESEARCH GOAL:  

To investigate how mycology can be applied within the practise of landscape architecture. In 

order to propose applications of mycology and mycorestoration techniques in urban 

environments. 

OBJECTIVES:  

1. To identify key informants who have expertise in mycorestoration techniques.  

2. To review the targeted technical literature on mycology that is relevant to landscape 

architecture. 

3. To propose landscape architecture applications of mycology and mycorestoration in 

urban environments. 

4. To contribute to healthier urban myco networking.  
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CHAPTER  2: REVIEW OF LITERATURE 

2.1 The Symbiotic Fungi Network 

When we think of the complexities of our own body, the nervous system and 

differences between each individual through the evolution of time, it is very much comparable 

to the complexity of mycology. Fungi have been waiting a long time for us to discover and 

utilize their knowledge and power. This lack of understanding by humanity has resulted in the 

loss of the mycorrhizal network under our feet. By trying to control natural processes we have 

ultimately disrupted and altered the ecosystem in a way that it no longer functions properly. 

The first understanding of the mycorrhizal network became obvious to Peter Wohlleben when 

he was observing the undisturbed forest floor; the same discovery happened with Paul Stamets 

when he was exploring undisturbed forest and old growth mushrooms. Think of comparing an 

old growth forest to a city, there are a lot of missing key ecosystem functions in our urban 

environments but most notable through recent research is the lack of a healthy mycorrhizal 

network. If we started developing our cities with fungi in mind we could achieve sustainability 

and even regeneration. Paul Stamets believes that mushrooms can help save the world, and he 

is not alone in this thinking.  

To better comprehend the importance of the fungi network we should think of 

mycelium as the neurological network of nature (Stamets, 2005). If human beings can not live 

without our nervous system then how will nature.    

 



5 
 

2.2 Mushroom Morphology 

Four hundred and sixty-five million years ago, humans shared ancestry with fungi. Two 

hundred and fifty million years ago a meteorite destroyed 90 % of Earth’s species; at this time 

fungi inherited the planet. Slowly evolving, a second extinction happened and again fungi 

inherited the Earth. Fungi were the original inhabitants of Earth, but this was not proven until 

2007 by C. Kevin Boyce who verified that the mysterious giant fossils first described in 1859 

were actually giant fungus (Stamets, 2005). Humans originated from fungus; we split paths 

when life hit the beach. In order to protect ourselves from moisture loss above ground, we 

developed skin cells, that were multicellular. The fungi chose the underground route and 

digested nutrients within, basically forming a stomach around the food source, secreting 

enzymes and acids, and digesting the food within. Fungi remained as a one-cell-thick filament 

structure, digesting nutrients externally to the cells (Stamets, 2005).  

Fungi are the first to decompose fallen trees and dead animals, starting the 

decomposition process. This is known as mycodegradation and mycodeterioration. Normally 

we notice mushrooms when they pop up, but this is the final fruiting stage similar to that of 

trees, with unseen cellular events occurring through exchanges in the soil. Most people believe 

that fungi are classified as plants, but fungi have their own kingdom. Fungi are eukaryotic 

organisms, meaning that they consist of cells containing membrane-bound nuclei, similar to 

plants and animals. However, fungi lack chlorophyll. They are heterotrophic, meaning they are 

incapable of converting carbons into sugar to produce their own energy, and also lack the 
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vascular systems found in animals and plants (Lowenfels, 2017). They reproduce asexually 

through spores.  

The life cycle begins at the spore, developing on a microscopic layer of tissue of mature 

mushrooms called gills, teeth, or pores found underneath the cap of the mushroom. A mature 

mushroom can produce millions even billions of spores in a single day, all of which ejects at an 

incredibly high force to enter their surrounding environment (Darwish, 2013).  At the 2017 

LABASH conference James Urban, FASLA, urban arboriculture and soil specialist, said “There are 

thousands of microscopic spores in this room right now…. In fact, we are breathing them in 

now.” When a spore lands in a suitable habitat, it quickly germinates, producing a single-cell 

filament, or hypha (plural hyphae). This grows through its substrate (food source) in search of a 

genetic mate. Spores contain only half the genetic information of their parent and need to join 

with the hypha of another spore in order to be genetically whole (Darwish, 2013). The hyphae 

grow and branch, connecting to other hyphae to form a mycelial mat. As the mycelium grows 

small primordium form or ‘pinheads’, these grow into mushrooms. The food source degrades as 

the mushroom transforms. To accomplish this, a considerable portion of carbon and nitrogen 

used to support the growth of fungi is transported from elsewhere in the mycelium network 

(Stamets, 2005). This ability to import nitrogen and phosphorous gives fungi a strong advantage 

over bacteria in decomposition. Fungi control the flow of nutrients, ruling the ecological 

equilibrium. The strength and health of an ecosystem is a direct measure of its diverse fungal 

populations and their interplay with plants, insects, bacteria, and other organisms (Stamets, 

2005).  
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Fungi can be complex multicellular or simple unicellular (single cell) organisms; for 

instance, mycorrhizal fungi are multicellular, comprising masses of branching filaments, or 

hyphae (Lowenfels, 2017). Hyphal fungi succeed in many environments, especially soil if oxygen 

is accessible.  

 

 Most hyphal tubes have diameters of only 2-10 micrometers, compared to the diameter 

of a human hair which is about 100 micrometers (1 micrometer equals .001 millimeter) 

Figure 1 The Mushroom Life Cycle (Stamets, Fungi Perfecti, 2018) 
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(Lowenfels, 2017). A single teaspoon of good garden soil contains several meters of hyphae that 

are invisible to the human eye.  

Inside a fungal hyphae the organelles work similar to plants and animals, although 

chloroplast used for photosynthesis in plants is not produced by fungi. Fungal hyphae can grow 

up to 40 micrometers a minute, the cells grow from the tips and respond to water, gases and 

nutrients in the soil, moving toward favorable and away from unfavorable food sources and 

traveling long distances (Lowenfels, 2017).  

At the hyphae tip new molecules are pushed along the cell wall, moving outward and 

lengthening the hyphal tube. These fresh branches explore new areas searching for nutrients. 

Yet, every newly-formed hypha branch performs exactly the same function as the original 

hypha. Scientists used microscopes and identifies dark spots at the very tips of the hyphae; 

these dark spots are an 

organelle called Spitzenkӧrper 

(Lowenfels, 2017). Basically, all 

fungal growth starts at the 

Spitzenkӧrper.  

 

 

 

Figure 2 The Spitzenkӧrper at the Hyphal Tip (Lowenfels, p. 26, 2017) 
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The hyphae tip growth has tremendous force; it is reported that some fungal hyphae 

can produce 1200 pounds of force per square inch (218 kilos per centimeter). As the new hypha 

grow the older parts are deteriorating or self-destructing. Resources and nutrients that can be 

reused are moved toward the growing tip, while the rest of the decaying fungus become 

available to other organisms in the soil food web. Additionally, hyphae leave behind 

microscopic tunnels in the soil that water and air flow through, contributing to soil structure 

and health (Lowenfels, 2017).  

The complexity of the morphological process of fungi it leaves many questions 

unanswered. Stamets believes,  

mycelium operates at a level of complexity that exceeds the computational powers of 
our most advance supercomputers. I see the mycelium as the Earth’s natural Internet, a 
consciousness with which we might be able to communicate (p.7, 2005). 

He goes as far to state that, 

these externalized neurological nets sense any impression upon them, from footsteps to 
falling tree branches, they could relay enormous amounts of data regarding the 
movements of all organisms through the landscape. A new bioneering science could be 
born, dedicated to programming myconeurological networks to monitor and respond to 
threats to environments. Mycelial webs could be used as information platforms for 
mycoengineered ecosystems (p.8, 2005). 

This sense of intelligence and consciousness is further proven by the work of Toshuyiki 

Nakagaki, a professor at Future University Hakodate (Stamets, 2005). He cultivated slime mold 

in a petri dish with a maze and placed two food sources at an entrance and exit.  The brainless 

organism was able to organize its cells to create the most direct route through the maze in 
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order to reach a source of food. 

 

The findings highlight how slime mold possesses information processing abilities shared 

by humans and are smarter than the most advanced computer. According to Professor 

Nakagaki, "Humans are not the only living things with information-processing abilities” 

(Stamets, 2005). If this is true, then the mycelial network could be profoundly intelligent.  

2.3 Mycorrhizosphere  

From recent research and discoveries, it is hard to believe that most people do not 

know or understand the importance mycorrhizal fungi play in the survival of our world. Without 

mycorrhizal relationships, most plants would probably not exist and without plants would 

humans exist? Plants involved in a mycorrhizal relationship are better able to withstand 

drought and other environmental stresses, root pathogens, and even foliar diseases (Lowenfels, 

2017). Plant biomass is improved, as well as the number of flowers and fruit produced. 

Mycorrhizae improve soil structure because the fungal hyphae explore and bring back 

nutrients. The benefits of this relationship are extensive but the most astonishing discovery to 

mycology is the nutrient exchange. Fungi associate with the plant’s roots to bring back nutrients 

Figure 3 Slime Mold Maze (Stamets, p.7, 2005) 
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beyond the plants root zone. The hyphae are considerably thinner than the plant roots which 

means they are able to reach smaller pores in the soil within and outside the root depletion 

zone. Even though the mycorrhizal hyphae are smaller, their quantitative mass adds to the 

surface area and increase absorption. For example, one study showed that fungal hyphae 

associated with a pine tree added 20% more mass to the tree’s root system (Lowenfels, 2017).   

In return for this nutrient transfer the host plant sends around 20% of its carbon to the 

hyphae. That is a large sacrifice but it is worth it. Phosphorous is an essential plant nutrient and 

is tied up chemically in the soil. Most plants would not be able to absorb it without the help of 

mycorrhizal fungi. Nitrogen, copper, zinc, iron, and nickel are all essential plant nutrients, and 

are transferred to the host plant through the mycorrhizal fungi. In addition to absorbing the 

nutrients in the soil mycorrhizal hyphae extracellular digestion can also result in decay that 

releases even more nutrients to the soil, especially nitrogen (Lowenfels, 2017).  

In fact, one mushroom species can create a continuous network over many acres of 

forest. In one experiment, Beiler et al. (2009) followed the flow of nutrients between three 

trees through the mycorrhizal fungi: a Douglas Fir (Pseaudotsuga menziesii), a paper birch 

(Betula papyrifera), and a western red cedar (Thuja plicata). The Douglas Fir and paper birch 

shared the same ectomycorrhiza, while the cedar had endomycorrhiza. The researchers 

covered the Douglas Fir to simulate deep shade, lowering the tree’s ability to photosynthesize 

sugars. The mycorrhizae responded by channelling sugars, tracked by radioactive carbon, from 

the root zone of the birch to the fir. In this exchange 9% of the net carbon compounds 

transferred to the fir from the birch, while the cedar received only a small fraction. The amount 

of sugar transferred was directly proportional to the amount of shading (Simard et al. 1997). 
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This highlighted mycelial net uniting three species of trees and working together for survival. It 

also showed the ability of mycorrhizal fungi to keep diverse species of trees in forests fed, 

particularly younger trees struggling for sunlight. Now, we have a better understanding of how 

saplings survive in the shadows of mature trees towering overhead and block out sunlight with 

their canopy. The fact that a single mycorrhizal mushroom nutritionally supported two different 

trees – one a conifer and the other deciduous – shows that the mycelium is in charge of the 

forest’s overall health (Stamets, 2005).  

In Oregon, there is a 2400-acre site that had a continuous mycelium network. Estimated 

at 1,665 football fields in size and 2200 years old, this one fungus has killed the forest above it 

several times over, and in doing so has built deeper soil layers that allow the growth of ever-

larger stands of trees (Stamets, 2005).  Beiler et al. (2009) collaborated to map the belowground 

distribution of the fungi Rhizopogon vesiculosus and Rhizopogon vinicolor and interior Douglas-

fir trees Pseudotsuga menziesii var. glauca in order to determine the pattern of the mycorrhizal 

network in a multi-aged old-growth forest in Oregon. Mycorrhizas were collected within a 30 x 

30 m plot. Trees and fungal genets were identified using multi-locus microsatellite DNA 

analysis. Tree genotypes from mycorrhizas were matched to the trees aboveground. Two trees 

were considered linked if they shared the same fungal genet(s) (Beiler et al. 2009). Young 

saplings were linked through the mycorrhizal network to older Douglas-firs. It also showed a 

strong positive relationship between tree size and its connectivity.  
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Figure 4 Shows the plot (square outline) with 67 trees of various ages, represented by 

the size of the green shape (diameter of tree trunk). The small black dots mark Rhizopogon 

ectomycorrhiza sample locations, 338 of which were associated with a specific tree and fungal 

genet based on the analysis. Samples representative of each fungal genet are outlined in 

different colours. Rhizopogon vesiculosus genets are shaded with blue background, and 

Figure 4 Douglas Fir Mycorrhizal Connections (Beiler et al., p.546, 2009) 
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Rhizopogon vinicolor genets with pink. The lines show linkages between tree roots encountered 

in Rhizopogon ectomycorrhizas and corresponding source trees aboveground (‘root lengths’) 

and are coloured according to tree geno-type (Beiler et al. 2009). The arrow points to the most 

highly connected tree, having 47 links with other trees through eight R. vesiculosus genets and 

three R. vinicolor genets.  

In Figure 5, circles represent the tree’s canopy coverage and are coloured with four 

different shades of yellow or green. The darker the color, the older the tree. Again, the arrow is 

pointing to the tree with the most connections.  

 Beiler et al. (2009) uncovered an 

extensive network that linked trees of all ages 

in an uneven-aged old-growth forest. The two 

youngest trees had a 62% network connection 

to the older trees. The mycorrhizal network 

was comprised of R. vesiculosus and R. 

vinicolor, each with unique horizontal and 

vertical spatial patterning in the soil. Beiler et 

al. (Stamets, 2005) found, that multiple tree 

cohorts, rather than a single age class, were 

included in the mycorrhizal network implies 

that Rhizopogon fungi have a diverse energy 

source that is secure over space and time. Linked trees 

collectively supply carbon to the fungus, and in turn young 

Figure 5 Douglas Fir Tree Coverage  

(Beiler et al., p.549, 2009) 
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trees establish a fungal inoculum source. In conclusion, this study demonstrates that the 

mycorrhizal symbiosis is not just between two or more organisms but is a complex 

accumulation of fungal and plant partnerships over multiple generations.  

Mycorrhizal associations help host plants tolerant of drought conditions. Studies have 

demonstrated that from 50 to 100 times more water is available to plants when their roots 

associate with mycorrhizal fungi and form mycorrhizae (Lowenfels, 2017). Mycorrhizal fungi do 

this by creating water storage structures in the roots. The mycorrhizal net branching surrounds 

plant roots and holds water, acting as a storage reservoir.  

Physical barriers are created around, and even within, roots by the mycorrhizal fungi to 

prevent pathogenic organisms from harming the host plant. The layering of the ectomycorrhizal 

hyphae around the roots also make roots difficult to penetrate. If a pathogen does penetrate a 

root, it is stopped by the internal structure of mycorrhizae. Pathogens are also in competition 

for foraging nutrients from the mycorrhizal fungi. 

Mycorrhizal fungi produce sticky exudates that help unite individual soil grains into 
water-stable aggregates surrounded by pore spaces, which are essential for the 
movement of air and water. In addition, the fungi produce glomalin, a carbon-laden 
compound that remains in the soil even after the fungi die. Sarah Wright, a soil research 
scientist for the US Department of Agriculture (USDA), discovered glomalin in 1996. It 
turns out that the mysterious soil ingredient comes from arbuscular mycorrhizal fungi. 
The large molecules include not one, but two carbon sites (along with lots of nitrogen). 
Glomalin is an extremely stable molecule with great longevity in the soil. Its molecular 
structure is sticky and contributes to soil structure. As arbuscular fungi grow and die 
they are continually adding glomalin to soils. In fact. Glomalin contributes 27 to 30 % of 
the carbon in soil where mycorrhizal fungi are present (Lowenfels, p.17, 2017). 
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One of the most astonishing functions of mycorrhizal fungi is the shared nutrients 

amongst different plant species. As a result of this, mycorrhizae associations benefit the entire 

forest, as the larger trees literally nurture and protect the smaller trees. When a tree dies its 

nutrients are recycled into the network. However, sometimes mycorrhizal fungi insist on 

protecting the host making it difficult or even impossible for plants other than its host to grow, 

which slows down or stops forest successions. The fungi use several mechanisms for this – 

some produce chemicals that weaken or counteract the chemical components necessary for 

the invaders’ survival, while others influence the microbes in the area with metabolites that 

attract or repel other plants (Lowenfels, 2017).  

Mycorrhizal fungi are also the telephone lines providing a communication network for 

the forest. Dr. Suzanne Simard of the University of British Columbia in Vancouver (Wohlleben, 

2015) discovered that trees also use the fungal network to warn each other with chemical 

signals sent through the network around their root tips. Surprisingly, news bulletins are also 

sent through electrical impulses that travel at a third of an inch per second. In a healthy 

symbiotic community all the plant species exchange information and nutrients this way. Now, 

compare this to farm fields and the vegetation becomes very quiet. Thanks to selective 

refinement, cultivated plants have lost their ability to communicate above or below ground 

making them deaf and dumb (Stamets, 2005).  
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2.4 Mycorrhizal Types  

Mycorrhizal associated plants grow better than non-mycorrhizal associated plants, 

especially in poor soils. This is because the fungi symbiosis searches through high volumes of 

soil for sparse nutrients. Many plants cannot become established or grow normally without an 

appropriate fungal partner. Plants with fungal partnerships do not need fertilizers, withstand 

heavy metal and acid rain pollution better, and grow better on the infertile soils of marginal 

lands, on mine spoils, on other areas needing revegetation, and at high elevations (Kendrick, 

2017). They also survive transplant shock, are resistant to soil borne diseases, withstand high 

soil temperatures, tolerate high soil salinity, and survive in soil pH extremes.   

Mycorrhizal fungi are classified into two groups according to how the fungal cells 

associate with plant cells. The extraradical mycelium explores for nutrients beyond the root 

zone and carries them back to the plant, whereas the hyphal structure within the root tip is 

more complex and needs further clarification. Some fungi completely cover root tips with 

interwoven hyphae and restrict cortex penetration between cells; others develop full-blown 

intraradical mycelium and poke directly inside root cells for nutrient exchange (Phillips, 2017). 

The prefixes eco and endo translate to ‘without’ or ‘within’ the root cell. Hyphae of 

endomycorrhizal fungi penetrate the cell wall, but they do not enter the cell beyond the plasma 

membrane; these types are most often associated with roots of vegetables, grasses, flowers, 

shrubs and fruit and ornamental trees. Hyphae of ectomycorrhizal fungi do not penetrate all 

the way through the cell wall; these mainly connect with conifers and some deciduous trees 

such as oaks (Lowenfels, 2017).  
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Figure 7 Mycorrhiza Root Association (Kendrick, p.324, 2017) 

Figure 6 Root cross-section with several mycorrhizal types (Lowenfels, p.47, 2017) 
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Ectomycorrhizal fungi are more modern than endomycorrhizal fungi. Ectomycorrhiza 

associate with dominant forest trees, amounting to as much as 3-5% of all plants. Therefore, 

ectomycorrhizal networks can be vast, accounting for a third of total microbial biomass on 

forest soils (Phillips, 2017). Ectomycorrhizae plant hosts are usually woody plants, generally 

trees, such as pine (Pinus), beech (Fagus), birch (Betula), and myrtle (Myrtle), including some 

25,000-tree species found across the globe. Ectomycorrhizal fungi are more acidophilic and 

prefer acidic soils with a low ph.  

As pointed out by Beiler et al. (2009) one tree may have several, or many, different 

ectomycorrhizal partners on its roots at the same time, and these may be replaced by others as 

the tree ages. Take for example a Douglas Fir, that may be able to form ectomycorrhiza 

partnerships with as many as 2,000 different species of fungi (Kendrick, 2017).  

Ectomycorrhizas normally develop one to three months after a seed germinates, 

forming on the feeder roots. Roots can be colonized by hyphae growing through the soil from 

another mycorrhizal root or by germinating spores. The process of colonization involves: 

1. Penetration of hyphae between the cells of the root cortex to form a characteristic 
Hartig net. 

2. Establishment of a mantle of hyphae around the outside of the root. 

3. Extension of hyphae from the mantle into the surrounding soil.  

The fungus produces plant growth hormones which cause the short roots of the plant to 
grow faster, to become thicker, branching in characteristic ways. 

(Kendrick, p.325, 2017) 

As the root grows, this activity moves further and the older parts of the Hartig net die. 

Meanwhile, the fungal hypha that spread into the soil grow parallel to one another and branch. 
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They can also merge to form rhizomorphs, hollow structures that store and transport water, or 

store nutrients. To the naked eye rhizomorphs look like roots, and they perform some of the 

same functions. They can carry nutrients and water over long distances.  

Mycorrhizal rootlets are perennial, but the mantle acts as a storage organ when the root 

is not acting as a growing organ. This, and the ability of the fungus to fruit massively in a short 

amount of time, indicates that ectomycorrhizal plants are common in cool temperate climates, 

in boreal forest, in montane regions, and in other habitats subjected to environmental 

extremes (Kendrick, 2017). Many are native to the Northern Hemisphere, contributing to the 

boreal forest. The Pinaceaea is the most important plant family for ectomycorrhiza, since they 

cover large forested portions of the world and are replanted in huge quantities. To improve the 

survival and growth of ectomycorrhiza; one should select the appropriate mycorrhizal partners 

for the forest trees, inoculate seedlings before planting, and encourage the spread of native 

ectomycorrhizal fungi to out planting sites.     

Figure 8 Dichotomously branched ectomycorrhizas of a basidiomycete with a 

conifer (Kendrick et al., p. 1, 2017). 



21 
 

 

 

 

 

Figure 9 Dichotomous ectomycorrhizas (upper) and mycelial strands (lower) of 

Amanita muscaria on Pinus strobus (Kendrick et al., p. 2, 2017) 

Figure 10 Ectomycorrhizas of Laccaria bicolor with Populus tremuloides (Kendrick et 

al., p. 2, 2017) 

Figure 11 Seedlings of Douglas fir with and without ectomycorrhizal partners (Kendrick et al., 
p. 4, 2017) 

https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjOsMHKj_vXAhUO0GMKHaN0B4kQjRwIBw&url=http://mycorrhizae.com/info-by-industry/forestry/&psig=AOvVaw3tsEzJ9WKMwUhGTQzlFw6t&ust=1512846743511453
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Endomycorrhizal fungi have three main subgroups, each of which have adapted to 

particular types of host plants influencing the name type: arbuscular, ericoid, and orchid 

mycorrhizae. Of these the most common and important one to most growers is arbuscular 

(Lowenfels, 2017). For the purpose of this paper I will focus on arbuscular. Arbuscular 

mycorrhizae are the largest functional group and associates with the roots of four out of every 

five plant species, including many crop plants. They are the fungi that originally assisted plants 

in moving from water to land in the first place. In 1968, early mycologist Jim Gerdemann said 

“The symbiosis is so ubiquitous that it is easier to list the plant families in which it is not known 

to occur than to compile a list of families in which it has been found” (Phillips, p.15, 2017). 

Arbuscular mycorrhizae are asexual and form when specialized hyphae enter the cells of the 

root cortex and set up finely-branched microscopic intracellular interfaces called arbuscules. 

This is where nutrients are exchanged between fungus and root. Most arbuscular mycorrhizae 

fungi go on to form storage structures called vesicles, containing large amounts of lipids, and 

often numerous nuclei. Vesicles left behind in root fragments are one of the ways these fungi 

carry forward to infect new roots (Kendrick, 2017). 

Plant hosts initiate the process of forming arbuscular mycorrhizae connections when soil 

nutrients are low. These conditions increase the production of specialized hormones 

(strigolactones) to attract fungal spores or hyphae in the soil. Once the strigolactones are 

discovered by the fungus it guides the fungal hyphae to the host plant’s roots. An arbuscular 

mycorrhizal spore can last seven to ten days on its own carbon supply in order to reach the root 

before it dies.   
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Figure 12 Colonization of a root by an endomycorrhizal fungus. Note hyphae, 
arbuscules and vesicles (Kendrick et al., p. 3, 2017)  

Figure 13 (Left) A part of the "extramatrical" mycelium of Glomus mosseae, an 
endomycorrhizal fungus grown in leek roots in a root chamber. Figure 14 (Right) showing 
monosporic sporocarps of Glomus mosseae with hyphal peridium (Kendrick et al., p. 1,2, 
2017) 

Figure 15 A stained arbuscule of Glomus mosseae in a leek root cell (Kendrick et al., p. 4, 
2017) 

Figure 16 Hyphae and arbuscules of an endomycorrhizal fungus in Asarum (wild ginger) 
(Kendrick et al., p. 4, 2017) 
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The most desirable function of the mycorrhizal network is the increased surface area for 

absorption, allowing a plant root to access 100,000 times more soil than a root can access 

without the mycorrhizal association. The key elements to mycorrhizal fungal success is the 

ability to adapt. Fungal hyphal systems fuse together, known as the common mycorrhizal 

network, which can literally link the roots of all plants at a site.  Dissolved nutrients, recognition 

hormones, and nuclei can be passed from one hypha to the next (Phillips, 2017). Any and all 

adaption by a fungal organism will be recorded in its genes. Fungi have many nuclei in both 

hyphae and spores, ranging from eight hundred to up to thirty-five thousand. Nuclei mingling 

passes along improved traits, building the arbuscular portfolio.  

Another subgroup of the endomycorrhizal is the Ericoid mycorrhiza. These fungi form 

mutualistic symbiotic relationships with members of the plant family Ericaceae, including 

rhododendrons and azaleas rhododendron, blueberries and cranberries Vaccinium. These plants 

grow in acidic, peat-rich soils and make up about 5% of plant species. Ericoid mycorrhizal fungi 

do not penetrate as deeply into the soil as other mycorrhizal fungi, but rather specialize in 

obtaining nitrogen from organic matter in environments where nitrogen is a limiting factor for 

plants, producing strong acids that break it up (Lowenfels, 2017). This results in fungi that can 

free up a lots of hydrogen ions, and the soil becomes acidic.  

The other subgroup of endomycorrhizal fungi is orchids mycorrhizae. From the orchid 

family Orchidaceae, about 10% of the Earth’s plant species are in this family and depend on the 

fungi at some point in their lives. Orchid seeds are tiny and do not contain sufficient nutrients 

to support the growing embryonic plant, therefore they get what they need from the 

mycorrhizal association (Lowenfels, 2017).  
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2.5 Mycorrhizal Behaviour and Location 

Trying to determine the location of mycorrhizal fungi and plants in the soil is a chicken 

or egg situation: the type of mycorrhizal fungi present in the soil affects the distribution and 

diversity of the plants that grow there, but at the same time, the plants control the local 

distribution of the fungi by associating or not associating (Lowenfels, 2017). Geographic 

location determines the types of mycorrhizal fungi group that can grow, which in turn is based 

on soil type, the availability of nutrients, and climatic conditions. For example, some 

ectomycorrhizal tree hosts grow only in particular areas, and their associated mycorrhizal fungi 

as well.  

The influence of soil type, 

phosphorous availability, 

mineralization, and latitude 

provides an ecology for 

mycorrhizal colonization 

(Phillips, 2017).  

   

Vegetation locations will correspond to mycorrhizal types. In subarctic regions with 

extremely low pH levels ericoid mycorrhizae dominate.  In conifer and hardwood forests, with 

warmer temperatures, higher pH, and more available nutrients, ectomycorrhizal fungi prevail. 

In temperate grasslands with warmer temperatures, with even higher pH and nitrates, 

arbuscular mycorrhizae succeed.   

Figure 17 Mycorrhizal colonization and ecology (Phillips, p.16 2017) 
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From this we can start to piece together the plant affiliations and vegetation regions to 

develop mycorrhizal ecology.  

 

 

Figure 18 Mycorrhizal type (Lowenfels, p.65, 2017) 

Figure 19 Plant affiliations (Phillips, p.17, 2017) 
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Here is where it gets more complex. One fungal network connected to certain plants in 

an ecosystem will also have multiple affiliations with ‘passage plants’ that also have mycorrhizal 

networks. These shared vascular systems are transfer sites where different species of 

arbuscular mycorrhizae fungi can pass along nutrient deals to each other. To understand this, 

lets walk through a mycorrhizal network:  

The trees in a temperate forest are interconnected by multiple ectomycorrhizal fungal 
networks. Meanwhile, understory shrubs, grasses, and herbs are interconnected by multiple 
arbuscular fungal networks. Many of these arbuscular fungi tie in as well with select trees, 
particularly softer hardwoods such as maple and poplar, which act to ‘bridge’ the two fungal 
realms together. Some communities even form a third or fourth fungal canopy with ericoid and 
orchid mycorrhizal plants. Now add fungal adaptability to the mix along with the ready 
acceptance by plants of nonspecific overtures … and we’re looking at a fungal map where no 
plant is left out of the loop (Phillips, p.55-56, 2017).  

 

 

This creates an ecosystem. Mycelium networks are the medium of soil structure, 

determining the flow of water and air, and direct the pathways of roots. Mycorrhizae moderate 

the soil’s microbial community as a whole.  

Figure 20 Mycorrhizal network (Phillips, p.56, 2017) 
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CHAPTER 3: METHODS 

An exploratory approach was selected, because this research is focused on new 

advancements in mycology that can be applied to landscape architecture. Exploratory research 

produces conjectural knowledge by direct encounter and reflection upon phenomena (Deming 

and Swaffield, 2011).  

The methods used for data collection are; key informant interviews and key literature 

review. There are many advantages in interpretive research in adopting a research design that 

uses key informant interviews. In selecting people who are familiar with the topic, the 

likelihood is that the interviews will yield rich and relevant data. The process of identifying and 

contacting informants is also easier and interviewees are more comfortable in a one on one 

conversation between two people (Deming and Swaffield, 2011).   

The approach to this research is a combination of a literature review to synthesize the 

relevant, current, and available published knowledge (Deming and Swaffield, 2011). This led to 

the development of criteria for key informant selection and semi-structured interview 

questions. The major outcome of this study is based on the key informant interview analysis, in 

developing possible applications. In order to do this, a review of targeted technical literature 

was necessary to evaluate overlap possibilities of mycology and landscape architecture 

applications.  
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3.1 Method Process 
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3.2 Questionnaire Development  

While researching recent articles and literature on mycology and mycoremediation 

methods, questions started to develop that would indicate potential uses in urban 

environments and landscape architecture practises. As I developed a better understanding of 

the importance of fungi in ecological systems, it became evident that it would only benefit 

urban environments if applied. The next step was to determine from the knowledge of the 

interviewees as to whether they thought that this could be achieved.  

The questions developed focused on:  

- How to encourage a healthy mycorrhizal network in urban environments 

- Greater potential for myco uses 

- Inoculation 

- Mycofiltration and mycoremediation methods in urban environments 

- Challenges and limitations of designing with complex mycology systems 

- How can landscape architects redesign cities with a mycologist’s knowledge 

3.3 Criteria for Key Informant Selection 

There are no publications that identify the importance of fungi in landscape architecture 

to date, although it has been identified in similar practises such as mycogardening, 

mycoforestry, organic gardening, and commercial mycorrhizal uses. Due to this lack of 

understanding fungi’s role in landscape architecture, the main focus of these interviews is on 

the recent revelations in mycology. The purpose of these interviews is to summarize the role of 

fungi in ecology and determine the overlapping use and importance fungi can be in landscape 
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architecture practises, as well as proposing potential scenarios that could utilize 

mycoremediation methods in urban environments. 

Key Informants were selected based on the following criteria:  

- Profession must be directly focused on mycology or landscape architecture. This will 

allow for the interview to be based on their professional knowledge.  

- Must have knowledge and experience of/ with fungi and the importance of fungi 

ecology. 

- Knowledge of mycoremediation methods and techniques 

- Must be recognized by scientific peers. 

- Must have recent and reviewed literature. 

- Interviewees must have knowledge on Canadian climate and environmental conditions 

For the purpose of this analysis it was important that the key informants have separate 

professional backgrounds of mycology and landscape architecture in order to address the 

knowledge gap between the professions.  The key informants resulting background and 

knowledge are: landscape architecture, mycology, geology, ecology, organic gardening, soil 

specialists, urban soils, mycelium materials, mycorrhizal inoculants, biomimicry, forestry, and 

commercial mycorrhizal fungi.  

The foreseen limitations with the chosen key informants and interview process include:  

- Small sample size of key informants 

- Lack of knowledge of landscape architecture profession amongst mycologist 

- Commercial-based ‘product pushing’  
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- Bias toward soil health over fungi health 

- Bias for mycoremediation methods based on interviewee’s experience with each 

method 

- Lack of my scientific background with mycology requires further explanation from key 

informants  

- Technical issues with the voice recorder or phone 

- Time constraints for key informants 

 

     3.4 Key Informant Interviews 

Prior to the interview each key informant was contacted either through email or phone 

and given a brief description of the thesis topic, research goal and approximate time it would 

take to answer the questions. It was also requested that phone interviews would be voice 

recorded with the key informant’s permission. Once the key informant had agreed to the 

interview they were given the option of either answering in a written format through email or a 

recorded phone conversation or a meeting with myself at a location convenient to them, that 

would also be voice recorded while I took notes.  A majority of the key informants preferred a 

recorded phone conversation or to write their answers through email. During the interview, I 

recorded data by note-taking and the use of a voice recorder. The interview questions were 

asked in a pre-determined order with further discussion and clarification prompting when it 

arose naturally in the conversation. At the end of every interview the key informant was given 

the chance to address or comment on any other information that was not earlier discussed.  
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 Due to the differing experiences, professions, and background of each key informant the 

interview questions were catered to each individual and slightly altered to produce the most 

effective answer using the individual’s knowledge.  To better understand the key informant and 

tailored interview questions, a brief description of the interviewee is given before the interview 

questions.  

3.5 Analysis 

The outcome of the interviews and key literature review are tables that can be used in 

landscape architecture applications. The responses are in a table format in order to create a 

comparative process, further analyzing:  

- recognized similarities 

- reoccurring themes  

- reoccurring mycology methods and gaps 

- reoccurring landscape architecture methods and gaps  

- contrasting opinions 

- new knowledge  

The next step was to take the targeted literature reviewed and create an urban 

environment application table, identifying mycological applications that overlap. Further 

analysis and discussion of the key informant answers and comments are concluded upon and 

contribute to the application tables. Collectively these tables can be used to provide guidance 

for landscape architects to create healthy fungi environments in urban conditions and utilize 

mycoremediation methods.   
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CHAPTER 4: RESULTS AND ANALYSIS 

The selected key informants met a majority of the criteria listed in the table below. The 

anticipated gaps were due to the differing professions, therefore recognizing the knowledge 

gap between mycology and landscape architecture. However, it should be noted that the 

landscape architect professionals chosen had knowledge of fungi’s importance in ecology.   

  

CRITERIA K1 K2 K3 K4 K5 

Profession must be directly focused on mycology  

  

  

 

Profession must be directly focused on landscape 
architecture 
 

  

  

 

Must have knowledge and experience of/ with 
fungi and the importance of fungi ecology 
 

     

Knowledge of mycoremediation methods and 
techniques 

  

  

 

Must be recognized by scientific peers 

     

Must have recent and reviewed literature 

 

 

   

Interviewees must have knowledge on Canadian 
climate and environmental conditions 
 

     

 

 

Table 1 Key Informant Criteria Table 
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4.1 Key Informant Background 

 

KEY 
INFORMANT 

PROFESSION 

K1 Mycologist 

K2 Fungi Perfecti Specialist 

K3 Landscape Architect 

K4 Landscape Architect 

K5 Mycologist 

 

Key Informant Code: K1 

Name: Bryce Kendrick                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

Profession: Mycologists, Author 

Related Publications/ Key Literature: The Fifth Kingdom: An Introduction to Mycology Fourth 

Edition (2017) 

 

Key Informant Code: K2 

Name: Tristan Woodsmith 

Profession: Technician and Customer Service Representative for Fungi Perfecti, Paul Stamets 

Company 

Related Publications/ Key Literature: Writer for Fungi Perfecti website. Including articles such 

as; Get Associated with Mycorrhizae, Fungal Luminescence, Carbon Dioxide Enrichment through 

Decomposition 

Table 2 Key Informant Coding 
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Key Informant Code: K3 

 Name: Joe Dahmen  

Profession: University of British Columbia Assistant Professor, Landscape Architect, Masters of 

Architecture, AFJD Company co-founder, co-founder of Watershed Materials 

Related Publications/ Key Literature: Author of articles such as; Soft Futures: Mushrooms and 

Regenerative Design, Soft Matter, They Grow Without Us 

 

Key Informant Code: K4 

Name: James Urban 

Profession: FASLA, Soil Specialists, Author 

Related Publications/ Key Literature: Up by Roots: Healthy Soils in the Built Environment, Author 

of article such as; Plant it Right – New Details and Specifications for City Trees are Based in 

Science and Ready to be Used in Contract Documents, Soils: The Measure of Moisture, The Root 

of the Problem 

 

Key Informant Code: K5 

Name: Jeff Lowenfels 

Profession: Geologist, Mycologist, Organic Garden Specialists, Author 

Related Publications/ Key Literature: Teaming with Microbes, Teaming with Fungi: The Organic 

Growers Guide to Mycorrhizae, Teaming with Nutrients 
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4.2 Key Informant Interview Tables 

The following tables provide a summary of the key informant answers to each interview 

question. This is important to show each key informant’s responses in a comparative process, 

and this will allow for further analysis to:  

- recognize similarities 

- identifies reoccurring themes  

- identifies reoccurring mycology methods and gaps 

- identifies reoccurring landscape architecture methods and gaps  

- contrast opinions 

- new knowledge  

For the purpose of this section the interview answers are summarized in bullet format. 

INTERVIEW 
QUESTION 1 

How can landscape architects, urban planners, architects, and city officials 
provide and encourage a healthy mycorrhizal network in our busy urban 
environments? 

KEY INFORMANT YES MAYBE NO SUMMARY 

K1 
 

  - Create well established fungi 
partnership from the start 
(seedlings). This may require one or 
more fungi.  

- Understand ecto and endo 
relationships and select tree and 
plant species based on this. For 
example, spruce, pine, fir larch all 
have ecto. These fungi do not 
produce mushrooms. 

- Local fungi are better adapted 

Table 3 Summary of Key Informant Interview Question 1 
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- Find mycorrhizal partners that out 
compete and benefit trees and 
plants 

- Make sure tree is mycorrhizal 
partnered when you plan it. 

- Create urban soil that encourages 
mycorrhizal growth 

- You need to design ‘urban 
connectors’; these would be 
continuous soil cells 

- City planners and urban designers 
need to talk to nurseries and 
become less uninformed toward 
mycorrhizal relationships.  

- People need to become educated on 
the role fungi play in ecology 

- Beneficial to plant native plant 
species 

- Take soil and root samples  

K2 
 

  - Mycorrhizal fungi can only grow on 
the roots of plants. Therefore, 
planting plants in combination with 
mycorrhizal inoculation of lawns, 
urban gardens and other green 
spaces can help improve fungal 
diversity in the urban landscape. 

K3 
 

  - I’m not a mycologist so I can only 
provide some insight 

- As soon as we put an impervious 
surface over soil it makes it hard for 
organisms to survive 

- Look at structural soil components 
and getting air into the soil 

- Soil should not bear the weight of 
structures. Loads should not be 
carried down. Look at other 
methods of support such as a 
substructure within the soil. 

K4  
 

 - All LAs need to become scientists 
- If you have the right soil conditions 

then you’ll have the right 
mycorrhizal connections 

- My observations are that you need 
to build soil systems that have the 
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right conditions. The right pH, 
organic matter, drainage and 
compaction, then you will have 
mycorrhizal. A study found 11 
mycorrhizal species 40’ below 
ground.  

- Do not manufacture soil. From my 
experience structural soil did not 
have organisms whereas 
unscreened soils had mycorrhizae 

- Urban environments have invasive 
soils and sterilized soils 

- Currently they sterilize the soils then 
add mycorrhizae but this is a 
backward way of doing it 

- Be cautious with inoculant product-
pushing. Is it good research or is it 
bias? 

K5 
 

  - Frankly, they need to learn about 
mycorrhizal fungi. This was not a 
subject taught until recently due to 
the inability to grow these fungi in 
the lab, the use of phosphorous in 
the mixes trying to use them and the 
lack of commercial availability.  

- My book and plenty of others cover 
the subject. 

 

 

INTERVIEW 
QUESTION 2 

How do you think humanity can create a symbiotic relationship with 
fungi? 

KEY INFORMANT YES MAYBE NO SUMMARY 

K1 
 

  - Currently there is an ignorance of 
fungi. Be aware of fungi and know 
and educate the benefits 

- Raise awareness 
- Essentially, we wouldn’t have 

forests without fungi 

Table 4 Summary of Key Informant Interview Question 2 
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- Introduce in school curriculum          
Fungi are necessary 

- Educate the educators of the role 
fungi have 

K2  
 

 - I believe the question might need to 
be rephrased. But, symbiosis (a long-
term biological interaction between 
2 organisms) already occurs 
between fungi and humans. From 
the yeasts helping digest food in our 
guts to Athlete’s foot, we are in 
close symbiosis with many different 
fungi.  

- If you are referring to how humans 
can appreciate, support and nurture 
fungi, that is a different question 
altogether. Paul’s book Mycelium 
Running offers an excellent 
summary of the different ways 
people can help benefit nature by 
studying, promoting and cultivating 
fungi - mushrooms in particular. 

K3 
 

  - Generalize it further to natural 
systems 

- Accommodate and assimilate 
heterogeneity rather than becoming 
a society that responses to need. If 
we rather look at function then we 
would be in a more symbiotic 
relationship 

- Start to incorporate a lifecycle into 
structure such as creating a building 
with demolition potential. ‘Switch 
on’ the fungus and it will digest itself 

- Look at the degrative properties of 
saprotrophs that break down and 
make nutrients available to other 
organisms 

- Essentially understanding natural 
systems will lead us into having a 
sense of empathy  

K4  
 

 - Education of symbiotic relationship 
with nature  
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- Focus on soil education and 
knowledge  

- We all need to become scientists 
first then make science beautiful 

K5 
 

  - It is possible but we have to realize 
the dependence of fungi on plant 
and human health 

 

 

INTERVIEW 
QUESTION 3 

Is there greater potential for myco uses? Where do you think it is possible 
to apply mycorrhizal fungi in urban environments? 

KEY INFORMANT YES MAYBE NO SUMMARY 

K1 
 

  - You either have fungi or you don’t 
have a forest, no matter the location  

- Appropriate mycorrhizal partnership 
with urban plants 

- Research and use the decomposition 
properties of fungi  

- Look at mycoremediation 
techniques and assess where they 
can be used in urban environments 

K2 
 

  - On the appropriate plant roots!  
- In general, we feel that mycologists 

have only just begun to discover the 
potential for these organisms to 
denature toxins, filter pathogens 
and jumpstart ecological recovery to 
help heal environments 

K3 
 

  - I can not speak directly about 
mycorrhizal fungi because I’m not a 
mycologist, but its use in urban 
environments can be beneficial 

- I foresee using mycelium as a 
replacement material. Although the 
next era will be biotechnology and 
bio materials. If you read my article 
Soft Matter it looks at replacing 
concrete and polystyrene foam, two 

Table 5 Summary of Key Informant Interview Question 3 
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of the most used materials in 
construction  

- Mycelium products can be a 
replacement for wood products  

- What could the role of mushrooms 
and mycelium be in 20-50 years 
from now? Look at the design 
implications  

K4  
 

 - I do not know about the myco uses 
but there have been advancements 
in mycelium materials  

- If urban soil is healthy then 
mycorrhizal fungi will be healthy. 
You have to have the right soil 
conditions; it all depends on the soil 
in urban environments.  

K5 
 

  - Up to 96% of all plants for 
mycorrhizae. Virtually all landscape 
plants are included with the 
exception of decorative Kale. 
Mycorrhizae are essential to plant 
health and must be established. 
Turf, trees, shrubs, etc! There are 
now liquid mixes for existing 
plantings and all seed for turf should 
surely be rolled in powder 
formulations. These fungi should be 
used in all public settings. They are 
essential to plant health! 

- It doesn't matter if you are in a rural 
or an urban environment. They 
should be used on all plantings 
when they are installed just to 
ensure mycorrhizae are formed. 

 
 

 

INTERVIEW 
QUESTION 4 

Do you think myco inoculated urban plants and trees would have a higher 
success rate? 

Table 6 Summary of Key Informant Interview Question 4 
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KEY INFORMANT YES MAYBE NO SUMMARY 

K1 
 

  - No doubt, yes 
- There have been many experiments 

and tests showing this; it is often 
referred to as ‘Big Plant & Little 
Plant’. This is a mycorrhizal plant 
that grows and a non-mycorrhizal 
plant that does not succeed. This 
has been proven again and again 

K2 
 

  - Yes. Beneficial fungi can help plants 
greatly, especially in urban 
environments where soil 
compaction is often an issue, in 
addition to many areas being 
stripped of their topsoil 

- Mycelium improves soil structure, 
reduces erosion, nourishes plants, 
and improves soil's capacity to 
absorb and retain moisture  

- Both incorporating mycorrhizal fungi 
into your soil and inoculating mulch 
beneath the trees with the Garden 
Giant (Fungi Perfecti’s MycoGrow 
products) would be helpful 

K3 
 

  - For sure, inoculation products show 
this is true 

- I can not talk further due to lack of 
mycology background 

K4  
 

 - Mycorrhizal organisms do not 
survive storage and transport. 
Therefore, inoculation doesn’t work. 

- Inoculation is commercial product-
pushed and there are thousands of 
mycorrhizal. My research looked at 
these companies that have had 
successful inoculation ‘Don Marks & 
Company’ and ‘Plant Health Care 
Products & Inoculants’. But are we 
inoculating with invasive mycorrhizal 
species? 

- Be cautious with inoculant product-
pushing 
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K5 
 

  - Yes, I do. I am quite sure of it. 
Application or infection should be at 
the earliest possible stage of growth, 
i.e. nursery 

 

 

INTERVIEW 
QUESTION 5 

What are the constraints and limitations with using mycological practices 
in urban environments? Is a mycorrhizal network to complex too design 
for?   

KEY INFORMANT YES MAYBE NO SUMMARY 

K1   
 

- No, it is a general phenomenon 
occurring naturally if the conditions 
are healthy 

- Mycorrhizal partnerships have to be 
established from the very beginning 
though 

- Tree roots are intertwined and fungi 
will find the same tree species to 
connect to. These forests tend to be 
uniform with a dominant species but 
the fungi will support other species. 
If we can replicate this in an urban 
environment then the network will 
grow  

- When you plant a new tree you just 
put an M underneath it and say this 
tree requires a mycorrhizal 
association 

- These days by doing soil sampling 
and root sampling and doing mass 
extraction of DNA we can figure out 
what mycorrhizal associations. So, 
we have a ‘quick handle’ on this 
now.  

- The way we need to start thinking is 
in connecting mycorrhizal systems 
either though similar plant species  

Table 7 Summary of Key Informant Interview Question 5 
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K2  
 

 - Constraints are lack of habitat and 
organic materials (food) and 
increased pollution and 
environmental extremes (heat, 
drought, flood, etc.)  

- The network grows; you don’t really 
plan it. You can expand mycelial 
networks by inoculating areas with 
spores, spawn or mycelium 

K3  
 

 - I went to a conference in San 
Francisco called Build Well where I 
learned about a company called 
Ecovative. I requested literature 
from them and then contacted a 
mushroom farm to be able to grow 
mycelium bio-composite. All the 
information was available for us 
although it was mainly done in the 
States and had never been done in 
Canada 

- I do not foresee any constraints 
other than regular urban stress 
problems  

- I can not speak toward the 
complexity of mycorrhizal network 
but for using mycelium as a material 
I found it was a learning process that 
wasn’t difficult 

K4   
 

- If the soil is stressed and the urban 
conditions are intolerable then the 
fungi will be stressed. For example, 
if the soil is compacted or if the pH 
levels are too high or if there is very 
little organic matter, then the fungi 
will be limited in it’s growth 

-  No, it isn’t too complex to design 
for because if you have healthy soil 
you’ll have healthy mycorrhizal 

- Also, you will need to provide a 
decomposing source; for instance, 
straw or particle board or mulch 

K5   
 

- There are no constraints. There is no 
complexity. Roll or spray seeds; roll 
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or spray roots during transplanting; 
keep soil aerated. Simple. 

 

 

INTERVIEW 
QUESTION 6 

If we applied mycofiltration methods to urban bioswales do you think this 
would have a higher success rate for filtering toxins. How else can we 
apply mycofiltration and mycoremediation methods to urban 
environments?   

KEY INFORMANT YES MAYBE NO SUMMARY 

K1 
 

  - The question here is ‘what are the 
toxins’?  Depends on if the toxins 
are heavy metal or pesticides or 
something else. You’ll have different 
answers 

- I had a graduate student in 
Switzerland who worked on one of 
the characteristics of mushrooms 
being that they accumulate heavy 
metals. So, you have to make sure 
that when the mushroom fruits it 
does not get eaten because it will 
have the toxin in it. Definitely heavy 
metals can be accumulated by fungi  

- I do remember once in Portland that 
there were green street medians 
and we walked around and found 50 
different types of fungi in them. 
Those places are obviously where 
fungi are highly active so it is 
entirely possible.  

- For long rain periods there still 
needs to be storm sewers to take 
the accumulated flow. Fungi can’t 
absorb that quickly. It would also 
still need a wetland area afterwards 
for it to be filtered. This could have 
mycofiltration along its route.   

Table 8 Summary of Key Informant Interview Question 6 
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K2 
 

  - When compared to uninoculated 
controls, buckets of mycelium were 
able to effectively reduce fecal 
coliform and other harmful bacteria 
from water.  

- Fungi Perfecti continues to support 
the development of mycofiltration 
as an environmentally rational 
addition to the toolkit currently 
available for surface water 
management. In 2012, a mesocosm-
scale study jointly conducted by 
Fungi Perfecti and Washington State 
University (WSU) confirmed the 
potential of mycofiltration media to 
remove E. coli from synthetic 
stormwater under laboratory 
conditions. The study confirmed that 
the “garden giant” mushroom, 
Stropharia rugoso-annulata, has 
superior resiliency to the 
environmental conditions present in 
mycofiltration field settings and 
affirmed Stamets’ original discovery 
by documenting improved removal 
of bacteria with this species 

K3 
 

  - My thesis student claimed that 
there is real potential there. She was 
looking at which mushrooms would 
break down petrol hydrocarbons 

- I think bioremediation is one strong 
candidate for this process    

K4  
 

 - I’m not to sure about this because it 
has been proven that the quicker we 
get water out of a city the better a 
city functions, and now we are 
saying ‘no let’s keep the water in 
our city’. We need to fully 
understand all the ramifications 
from that.  

- I’m a big fan of copying natural 
systems. But every decision needs to 
solve a problem. So, when you 
change something ‘what am I trying 



48 
 

to solve’ and ‘what have I done to 
solve the problem in a different way’ 

- Much of our designs are to deal with 
protecting us from water diseases 
and contamination by getting it out 
of the city as fast as possible. And 
now we are saying let’s hold the 
water in the city  

- Our whole profession (LA) is 
functioning without a whole lot of 
science   

K5 
 

  - Yes, we can apply mycofiltration 
methods to bioswales but these are 
not mycorrhizal. They are 
saprophytic  

- Mycorrhizal fungi should be used in 
all public settings  

 

 

INTERVIEW 
QUESTION 7 

In urban environments do we need to start providing a network for 
mycorrhizal fungi to connect from tree to tree and all urban plants? 

KEY INFORMANT YES MAYBE NO SUMMARY 

K1 
 

  - Mycorrhizal fungi will grow any way 
that there is a way to do it  

- Yes, if there is a way to provide the 
connection. This must be done 
through root system connections. 
The encouragement is given in the 
form of living roots. There needs to 
be a root presence 

- There should also be organic 
compost  

K2  
 

 - You will be limited by the presence 
and extent of roots which are 
required to support mycorrhizal 
networks. If the plant roots are in 
proximity to one another and they 
share common mycorrhizal partners, 
they may interconnect 

Table 9 Summary of Key Informant Interview Question 7 
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- However, this is an extreme 
oversimplification of the incredibly 
complex fungal networks in forests  
One tree can have a hundred or 
more fungal partners. You cannot 
achieve anywhere near the diversity 
in an urban setting 

K3  
 

 - I see this being possible, although 
I’m not a mycologist so I can not 
speak further on the topic 

K4 
 

  - Interconnections need to be 
provided through soil masses. Seek 
the knowledge of soil biologists. We 
don’t have the technical smarts to 
micro-manage the process. We are 
especially trying to create healthier 
soil 

- Yes, you should provide connections 
through soil. This needs to be 
roughly figured out then the 
biological functions will flourish and 
complete the process 

K5  
 

 - Not necessary. Individual plants 
need to be infected, they will 
connect naturally 

 

 

INTERVIEW 
QUESTION 8 

With new uses of mycelium such as myco concrete, what’s your opinion 
on its effectiveness in urban environments? Would this be effective in 
winter climates? 

KEY INFORMANT YES MAYBE NO SUMMARY 

K1  
 

 - I can see this being possible but I’ve 
never used mycelium as a material. I 
would have to ask your LA 
interviewee because I would have 
questions about the stabilization 
and if the material is dormant. How 
long does it live for? And is it alive?  

Table 10 Summary of Key Informant Interview Question 8 
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- I would also ask the question of 
whether this would be as strong as 
man-made stone aka concrete. Will 
it require rebar to make it a strong- 
enough material?  

- How are they modifying the 
properties of concrete? 

K2  
 

 - Mycelium, although useful in 
building, has its limitations. First and 
foremost, mycelium is 
biodegradable and decomposes 
readily when moist. We are not 
currently working on producing 
structural mycelium or related 
technologies; however, I would 
encourage you to reach out to 
Ecovative for their opinion in the 
matter. They are doing incredibly 
exciting work; in fact, the owners 
originally attended our cultivation 
seminar to learn mushroom 
cultivation when they began the 
business. We support this industry 
wholeheartedly! 

K3  
 

 - I haven’t come across myco 
concrete but I can fully support it as 
a replacement building material  

- As I mentioned earlier if we can 
grow building materials we will be 
self sufficient  

- What will the role of mushroom/ 
mycelium be in 20-50 years? How 
will this change our design 
applications?  

- We are transitioning into a 
biotechnological approach  

K4  
 

 - I can see this material being used 
but it will not replace common 
building materials because we have 
been using these materials for many 
years. Also costs will determine the 
use of this material 
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K5  
 

 - The jury is still out but, so far these 
have proven to be useful, 
regenerative practices. 

 
 

 

INTERVIEW 
QUESTION 9 

We are starting to see more innovative building materials everyday. For 
instance, Phillip Ross has grown and molded mycelium into bricks. Do you 
believe that mycelium will be a successful material to replace common 
construction materials? 

KEY INFORMANT YES MAYBE NO SUMMARY 

K1  
 

 - This is very interesting and 
Mycoworks look like they have been 
progressing with the development 
of the bricks, they can speak further 
about the topic  

- I would say provisionally yes, but 
that would be if the material can 
withstand the rigorous conditions of 
the world. Can they make it stable 
and strong enough to live in our 
environment?  

- Also, would this material be 
susceptible to infestation, for 
instance slugs, other invasive fungi, 
and springtails bugs eat fungi 

- We have to protect the fungi from 
bacteria which evolve quicker than 
fungi. Bacteria swap genes with 
each other and also get involved in 
the genomes of other organisms. 
People often forget how important 
bacteria is to systems and also how 
powerful it is  

K2  
 

 - I believe it has many potential 
applications in construction, 
packaging and insulation.  

Table 11 Summary of Key Informant Interview Question 9 
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- We are not currently working on this 
facet of mycological research so I 
cannot offer an informed response. 

K3 
 

  - We are aware of Philip Ross’s work 
and definitely follow his 
achievements 

- There are many possibilities for 
construction materials. With our 
development of the brick, it took 7-9 
days to grow in a controlled sterile 
environment. One of the biggest 
issues would be moisture. You 
would have to find a way for it to be 
hydrophobic. For instance, if you 
have a roof leak the fungi brick 
would start growing. For our project 
we are looking into a biochemical 
coating. But I have no doubt that 
these issues can be addressed and 
resolved 

- It can totally be used in large scale 
development 

- There’s no doubt in my mind that 
there is a role for it. It can definitely 
replace wood materials 

- Construction materials have very 
different characteristics and we ask 
different things from them. For 
instance, I think it can replace 
polystyrene insulation which is a 
very toxic chemical with disposal 
issues. The next step is replacing a 
material we use everywhere such as 
concrete. It does have comparable 
thermal resistance and similar 
strength to polystyrene. So that 
would be the best replacement 
material 

K4  
 

 - This is a subject I’m not familiar with 
but I have seen grown packaging 
and even furniture. It makes sense 
for us to use a material that we can 
grow and is sustainable 
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K5  
 

 - I think it won’t replace it but it will 
supplement it 

 

 

INTERVIEW 
QUESTION 10 

If buildings were all designed with green roofs and soil channels along the 
outer walls to green streets do you think mycelium would grow to 
connect a fungal network, thus providing nutrient supply to street trees 
from green roofs? 

KEY INFORMANT YES MAYBE NO SUMMARY 

K1 
 

  - Yes, if there is a way to provide the 
connection. It will grow any way that 
it can to reach nutrients. But this 
must be done through the 
encouragement of living root 
systems 

- For instance, if there is a soil 
pathway up the side of a building to 
the green roof and then to the green 
street strip it would follow that. It’ll 
grow down from the roof. These 
‘living walls’ need to be designed 
with a continuous soil connection 

- So, if you have a 50’ building they’re 
going to have to grow through 50’ of 
what?  

K2  
 

 - You will be limited by the presence 
and extent of roots which are 
required to support mycorrhizal 
networks. If the plant roots are in 
proximity to one another and they 
share common mycorrhizal partners, 
they may interconnect  

- However, this is an extreme 
oversimplification of the incredibly 
complex fungal networks in forests. 
One tree can have a hundred or 
more fungal partners. You cannot 
achieve anywhere near the diversity 

Table 12 Summary of Key Informant Interview Question 10 
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in an urban setting 
 

K3  
 

 - Again, this is not really my expertise 
but I can foresee this being possible  

K4  
 

 - As I mentioned earlier this would 
depend on the soils and it would 
require a food source such as 
untreated wood 

- Requires a root system to follow but 
overall it would depend on the soil 
health. This would be a challenge 
along a building wall 

K5  
 

 - Not necessary. Individual plants 
need to be infected they will find a 
way to connect 

 

 

INTERVIEW 
QUESTION 11 

Ikea has recently announced that it will be using mycelium packaging 
instead of polystyrene. Computer company Dell has also been using 
mycelium-based materials to package large materials. Do you see 
mycelium-based materials replacing plastics and other ‘one-time use’ 
packaging products in the near future? 

KEY INFORMANT YES MAYBE NO SUMMARY 

K1 
 

  - Mycelium is a totally renewable 
resource  

- Mycelium can be used in many 
commercial and exploitation ways; 
for instance, FORD has started to 
make mycelium car parts 

- Other commercial exploitation 
includes antibiotics, 
immunosuppressants, enzymes, and 
even furniture   

- It should replace Styrofoam because 
it can temporarily stabilize it but 
leave it open to decay in the 
compost  

Table 13 Summary of Key Informant Interview Question 11 
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- Students at Yale discovered that 
fungi can break down plastics in 
2011 

- Imagine growing a mushroom from 
your packaging that you can actually 
eat afterwards (example, Oyster 
mushroom) 

K2  
 

 - Not entirely, but there is a good 
chance that it will catch on and 
become a significant portion of the 
market 

- A large factor is cost – it’s more 
expensive than current alternatives. 
Plastic is cheap, easy to produce and 
ubiquitous throughout our society, 
so I don’t see it going anywhere 
soon, especially since much of it is 
recyclable 

K3 
 

  - Absolutely. I think that is the reason 
companies such as Ecovative is 
producing materials for packaging as 
their initial market. That’s why the 
easy challenges are technical. The 
much harder challenges are cultural; 
for instance, telling people they 
have to live in a house made of 
mushrooms will immediately raise 
many eyebrows and people are very 
suspicious. Whereas with packaging 
that we are use to throwing away 
immediately is a much easier sell 
because who wouldn’t think it’s a 
good idea 

- Packaging as an initial market is 
obvious but then Ecovative is going 
to target building applications. This 
is a huge market! The polystyrene 
(insulation) that is used in passive 
houses is one of the avenues 
Ecovative is looking at.  

- Currently, in order to save on 
operating costs, we are cladding 
houses in toxic materials. This is a 
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blind approach to the problem. 
Essentially it will require people to 
change cultural habits which is one 
of the most difficult things to do 

- For new companies, such as 
Ecovative, they are extremely 
aggressive as far as patents which 
are written very broadly to secure 
intellectual security  

K4  
 

 - This is not my expertise but if there 
is a way to replace plastics and one -
time use products this would be 
useful  

K5  
 

 - Yes, but only if it is cheaper, 
unfortunately 

 

INTERVIEW 
QUESTION 12 

Is there a way to utilize mushrooms decomposing powers from the very 
beginning of ‘trash hitting the bag’?  There has been recent exploration 
into mushrooms decomposing plastics. Do you believe that this is 
possible? 

KEY INFORMANT YES MAYBE NO SUMMARY 

K1 
 

  - I’m sure it’s entirely possible 
- Can this be done through a specific 

type of bag?  
- When we lived in New Zealand we 

used to have to buy garbage bags 
and purchase the collection/ 
disposal of it as well. And they were 
made of strong paper! That’s a really 
good system. But here we are 
talking about plastic bags but can we 
switch to biodegradable bags  

- Maybe we could provide people 
with a bin of inoculated soil and so 
every time they put garbage in they 
also sprinkle soil (for example 
manure) overtop. That would get 
the decomposing fungi started. 
Although the soil would have to 

Table 14 Summary of Key Informant Interview Question 12 
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provide moisture. It would be easy 
to handle and could be designed as 
little scoops!  

- Recent studies have proven that 
Pestalotiopsis microspora and 
coelomycetous anamorph can break 
down polyurethane 

- What we ultimately want is plastics 
that do not degrade into tiny plastics 
but degrade into non-plastic. I’m not 
sure how far along that is 

- Make sure that a biodegradable 
plastic bag really is 100% degradable 
and not just leaving a shower of 
plastic particles. This is a big hurdle  

K2 
 

  - Yes, but it is not that simple. A 
better solution is to not put your 
trash in the bag in the first place! 

- Here is an appropriate quote from 
an article by Paul: 
“What can you do? Delineate your 
garbage into categories. Not only 
compost all organic debris but 
segregate the refuse into piles 
appropriate for a variety of desired 
mushroom species. Inoculate 
cardboard and paper products, 
coffee grounds, and wood debris 
with mushroom spawn. Teach 
children about the role of fungi, 
especially mushrooms, in the forests 
and their critical role in building 
soils. Encourage mushrooms to grow 
in your yards by mulching around 
plants. Take advantage of 
catastrophe—natural disasters are 
perfect opportunities for community-
action recycling projects. We should 
learn from our elders. Native peoples 
worldwide have viewed fungi as 
spiritual allies. They are not only the 
guardians of the forest. They are the 
guardians of our future.” 
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K3 
 

  - Sounds good to me. I think the idea 
of all materials having the ‘seed to 
their own destruction’ really 
acknowledges the full lifecycle  

- Can they contain what they need to 
become part of the Earth again? 

- Again, the challenges will be largely 
cultural and costs 

- Can we move into the mentality that 
‘nothing will last forever’? 
 

K4  
 

 - This is not my area of expertise but 
mushrooms have powerful 
decomposing properties 

K5  
 

 - I believe it is possible, but it is not 
my areas of expertise. Although 
there is no question that there are 
fungi that can decompose whatever 

 

INTERVIEW 
QUESTION 13 

Mycologist Paul Stamets states that ‘Mushrooms can save the world’. His 
business Fungi Perfecti states that ‘fungi will play a pivotal role in new 
industries of the 21st century.’  Do you believe that this is true? Please 
elaborate. 

KEY INFORMANT YES MAYBE NO SUMMARY 

K1 
 

  - I think he may be over-stating it to 
some degree. With that being said, I 
still agree because some of the 
questions that you have asked today 
explore this concept and move fungi 
into areas where they were not used 

- This is looking at not just 
mycorrhizal fungi but also saprobic 
and mycelium as a growing material 
to ‘fill spaces’. Exploring new 
mycelium material for furniture, 
bricks, etc. And the big advantage is 
the weight of this material 

- But also, we have an emergence of 
new materials that have nothing to 

Table 15 Summary of Key Informant Interview Question 13 
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do with fungi such as graphene, 
buckyballs and all sorts of new areas 
of manufacturing and even robot 
assembly. My point is that fungi may 
be displaced by these ‘newer’ 
materials 

K2 
 

  - Here is a brief and incomplete 
elaboration: 
Fungi is “Earth’s Natural Internet” a 
sentient network, connecting 
organisms throughout ecosystems 
and responding to harm. Fungi 
degrade rocks, sequester carbon, 
create soil and enabled plants 
colonize land. The largest organism 
on the planet is a fungus (2200 acres 
in size,) yet each hypha is only one 
cell wall thick! Fungi release 
enzymes into the environment to 
degrade their food, like externalized 
stomachs. Fungal enzymes can also 
break down petroleum hydocarbons 
remanufacturing them into 
carbohydrates. They can absorb and 
neutralize pathogens such as E. coli.  
“Bunker spawn” placed downstream 
from toxic sites can filter out 
contaminants and jumpstart habitat 
restoration. As many of these fungi 
contain potent antimicrobials, Paul 
Stamets feels that preserving the 
genome of the old growth forest is a 
matter of national security. Fungi 
can also function as potent 
insecticides.  

- “Habitats and humans share 
immune systems and mushroom 
mycelia are cellular bridges 
connecting the two” – Paul Stamets 

 

K3 
 

  - I don’t think mushrooms alone are 
going to save the world. Mushrooms 
are part of the bio-technological 
approach that show great promise 
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in addressing many of the problems 
of the 21st and 22nd century 

- Is this statement just a good tag line 
for TED talks? Or is it really pushing 
forward?  

- We can point to just as many 
failures of natural systems intended 
to do good in the world 

- Its almost looked upon as ‘bring in 
the snakes to eat the rats and then 
the snakes eat everything else’ 

- We really need to enter with our 
eyes open because, as much as I’m 
excited about the possibility of 
genetic manipulation and the 
pathways for growth and decay of 
mushrooms so that we can switch it 
on and off, I think there are some 
real dangers there because it is 
almost like using the technology of 
today to create the problems of 
tomorrow  

- We are in a very technophilic society 
where we think the newest 
technology is going to save us from 
ourselves. There are some days 
where I wake up and I’m an 
accelerationist but every other day I 
wake up and think the answer is not 
simply that. There are even real flip 
sides to solar energy as well 

- Absolutely, it’s a part of it, but we 
need to enter with our eyes open 
and be cautious 

K4 
 

  - I absolutely think its true. I can 
imagine structures being built from 
fungi but this is just the tip of the 
iceberg because we have to really 
understand how it works  

- There are hundreds of thousands of 
different kinds of mushrooms and 
they react to different materials. 
This means that we need a lot of 



61 
 

research and science to be done 
before  

- I’m convinced that Paul is on the 
right track and he is further than 
anybody else  

- But there is nothing worse than a 
landscape architect with just a little 
bit of information  

K5  
 

 - It could be. In addition to feeding 
humankind without the use of 
extensive and expensive chemical 
fertilizers, mycorrhizal fungi are 
responsible for deposition of up to 
37% of the carbon in soil (Glomalin 
from abuscular mycorrhizal).  

- There is no question that there are 
fungi that can decompose whatever. 
These will be used to clean the 
environment and to protect from 
some pathogens and poisons. 

 
 

INTERVIEW 
QUESTION 14 

How could your mycology knowledge be applied to landscape 
architecture? 

KEY INFORMANT SUMMARY 

K1 - I think the biggest aspect is the mycorrhizal aspect. Making sure 
that plants that are growing in the city have the appropriate fungi 
association with them to help them to thrive 

- If possible, let’s infect and inoculate them with useful, edible fungi. 
But be aware of competitive fungi (such as the death cap). 

- Enhance and provide soil continuity with adjacent wildlife 
corridors. These soil corridors should be unobstructed so that 
roots can grow freely and the soil should not be compacted 

- Its not an over-complex concept – in order to maintain mycelium 
continuity, you need to provide soil continuity. We have to think of 
creating links similar to wildlife corridors. These soil/ root links 
need to be unobstructed, low compaction, and mainly living soil. 
When we look at street trees they need to have an underground 
network from one to the next 

Table 16 Summary of Key Informant Interview Question 14 
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- Also, there is this matter of not allowing the soil to dry out too 
much. In urban environments this will be difficult because not only 
does the soil dry out but the soil temperature increases and 
mycorrhizal fungi will not survive in those conditions 

- There should be a legal requirement to plant trees and plants that 
already have an established mycorrhizal association. If this is not 
done and street trees are planted without the mycorrhizal 
associations they will have to build these and this is a very slow 
process. The first thing that would associate would be shrubs 

- If urban environments do not have mycorrhizal associations there 
is a tendency for non-mycorrhizal plants to flourish. For example, 
the cabbage family  

- In urban environments you have to think of where the spores are 
drifting in from. Are there obstructions in the urban environment? 

- There should always be an evaluation and selection of mycorrhizal 
fungi to determine the appropriate mycorrhizal partnership. You 
can even choose fungi that can be drought resistant, and 
withstand high or low pH levels  

- Large scale inoculation needs to be further tested in urban 
environments for its success rate 

K2 - We’ll let you put that part together on your own!  Landscape 
architecture among other fields can incorporate the understanding 
of fungal ecology to enhance landscapes and improve ecological 
health.  

- Paul Stamets: "Every community should have a gourmet 
mushroom farm — to help build carbon in the soil, to provide local 
healthy food and to be able to recycle very proximate sources of 
debris and waste. Every gourmet mushroom farm (they should all 
be certified organic) should be reinvented as an environmental 
healing center so that the mycelium can be used for remediation 
locally... 
My dream is that there would thousands upon thousands of small 
mushroom farms spread across the world that would be tied in to 
healing art centers, schools, to teaching environmental sciences, to 
teaching basic biology and the role of fungi in nature.” 

K3 - This points to a larger aspect because we are alive at an exciting 
moment. We have more and more powerful means of assimilating 
the heterogeneity of the natural world. We are no longer 
restricted to the common ‘one size fits all’ approach to material. I 
think the exciting developments in biotechnology and the 
microbiome in these communities is trying to understand and even 
shepherd these interactions especially complex natural 
interactions. This can produce a whole new range of materials, not 
just mushroom blocks, but this just scratches the surface. 
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- If we shift from this modernist legacy of grey infrastructure and 
‘one size fits all’ centralized approaches of materials to a highly 
site-specific utilization of resources in intelligent ways – masonry 
materials with geopolymers, wood products with mycelium 
blends, there is a range of new material that would immerge and 
address the future of sustainability of architecture and landscape 
architecture 

K4 - We need to become scientists. There is no way around this. The 
worst thing is a landscape architect with just a little bit of 
information. If you get the science wrong the art doesn’t work very 
well.  

- They need to be scientists first and then figure out how to make 
science beautiful. Or we ignore science at our peril.  

- LA’s need to know and understand our soils. The soils right under 
your feet in our cities  

- The first approach to sustainability is to use what is existing and 
what is already provided. Also, to use less and recycle what you 
have 

- Our cities are all different and we need to learn how it was 
originally formed by glaciers and over time because every location 
needs a different solution  
That being said – we are definitely overthinking our soils 

- We need to start using local materials – this also means soils 
because if we are putting in a garden in one part of the city, rather 
than trucking in commercial and manufactured soils we need to 
look locally and see maybe there is a parking garage that is being 
built where the soils are being removed that we can use in the 
park instead  

K5 - Read my book and start making sure that mycorrhizal fungi are in 
all specs 

- One of the biggest problems as we move into commercial sales, is 
viability. We have to come up with a way to test to ensure for it 
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4.3 Criteria for Targeted Technical Literature   

 The following targeted literature has been selected for deeper analysis because 

literature on mycology applications to date is limited and is in the experimental/ exploratory 

stage.  Understanding mycology and the role of fungi in ecosystems is transitioning into an 

essential tool for many professions, but there are very few research publications on this topic, 

especially, in urban environments that could utilize the power of fungi’s living systems to 

establish healthy and connected urban forests, green infrastructure, storm water management 

systems, and urban parks.      

The purpose of this targeted literature review is to: understand urbanization influences 

on fungi, summarize mycology applications, interpret design principles for landscape architects 

from regenerative mycology principles, and to synthesize mycology applications for urban 

environments.     

Targeted literature was selected based on the following criteria:  

- Professional background in mycology. 

- Must have knowledge and experience of/ with fungi and the importance of fungi 

ecology. 

- Knowledge of mycoremediation methods and techniques. 

- Direct experience with mycology applications. 

- Must be recognized by scientific peers. 

- Must have recent and reviewed literature. 

- Publishing company must be recognized.  
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4.4 Urbanization Influences on Fungi 

In a literature review article in 2010 Newbound et al. published Fungi and the urban 

environment: A review in Landscape and Urban Planning, showing the effects of the urban 

environment on fungi. The following is a summation of the key points from the article.  

Fungi play an important role in ecosystems, yet there is little or no focus on its role in 

urban systems. Between now and 2030, urban land use around the world is expected to 

increase by 250% (Newbound et al. 2010). The growth of urbanization has significantly reduced 

green and natural spaces, leaving disconnected patches. Understanding the ecological 

interactions between built and natural areas within cities will help us manage and plan urban 

environments, promote diversity and enhance ecological function.  

The majority of ecological systems rely on fungi that, require particular ecosystem 

properties for appropriate soil habitat. Fungal communities struggle if the soil becomes 

eutrophic or polluted with contaminants. Urban environments are often enriched by chemical 

inputs from anthropogenic sources with added nutrients and harmful pollutants in local 

ecosystems. Removal and modification are considered by most mycologists to be the main 

threat to fungal conservation, because fungi need specific biological interactions such as 

mycorrhizal plant hosts or plant debris as substrates for growth. Fungi are also affected by 

habitat fragmentation, loss of dispersal agents and invasive species (Newbound et al. 2010).  

In urban environments, one of the biggest problems for fungal communities is soil nutrient 

status. This strongly influences the fungal communities; in natural ecosystems, soil 

eutrophication has been linked to reductions in fungal numbers and abundance of species. 
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Numerous studies in urban soil quality have found urban sites to be enriched with both 

nitrogen and phosphorus. This is likely the result of atmospheric nitrous oxides from fossil fuel 

and other pollutants, including fertilizers, leaky sewers, leaching from landfills, industrial spills, 

and storm water run-off. A study in Phoenix, Arizona (Zhu et al. 2006) found nitrate levels were 

10 times higher in urban soils. But this study also differentiated between the types of urban 

land use. For example, the highest NO3 concentration was found at these sites: bare soil next to 

major highways, and the former sewerage holding-pond, showing the importance of site-

specific factors in determining soil quality.  

Soil eutrophication in cities also affects fungal communities. This is demonstrated in 

urban areas and supported by wider research. Studies of ectomycorrhizal and saprotrophic 

fungal sporocarps around the industrial city of Oulu in northern Finland found lower 

ectomycorrhizal species richness in urban zones with N pollution (Markkola et al., 1995; 

Tarvainen et al. 2003). The ratio of saprotrophic to ectomycorrhizal fungi may, therefore, be a 

useful indicator of fungal community disturbances in cities, particularly in those places of high 

levels of urban pollutants.   

Numerous studies investigated urban soil pH and heavy metal contamination. Soil pH 

research has shown that acidity decreases with urbanisation. Higher levels of heavy metals 

have also been found in cities, such as, Pb, Zn, Cu, Ni and Co. Heavy metal soil contamination 

limits the growth of fungi. In Sweden, species richness and abundance of fungi were negatively 

associated with pollution, the dominant soil contaminants were As, Cu, Cd, Pb and Zn. 

However, it was observed that ectomycorrhizal fungi have a greater tolerance of pollutants. 

This is a very important function of the mycorrhizal association. Arbuscular mycorrhizae and 
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ectomycorrhizal fungi continue to survive in contaminated soil and prevent or reduce the 

uptake of toxic heavy metals by their host plant. Although, a common pattern observation of 

the fungal growth showed the growth reduced when concentrations of a particular metal 

exceeded a critical level, but the surviving mycorrhizae prevent movement of metals into plant 

roots and thereby alleviate toxicity.  

Climatic conditions, such as, rainfall and water availability, directly affect the health of 

fungal species and the composition of fungal communities. Generally urban climates are 

warmer and wetter than rural climates in the same region. Cities temperature is increased by 

the urban heat island effect. Also, irrigation increases the water consumption. It might be 

expected to benefit fungi because if the higher temperature and soil moisture; however, 

precipitation falling in urban catchments flows through different paths due to the numerous 

impervious surfaces. Resulting in less water retained in urban catchments, and groundwater 

recharge may be decreased by 50%. The effect of these changes on fungi has not been studied 

(Newbound et al. 2010).  

Fungi have evolved in close association with plants and habitat types. The loss of 

suitable habitat is considered by mycologists to be the major threat for fungal conservation 

(Newbound et al. 2010). Ectomycorrhizal fungi species dominate older stands of the same plant 

community, because many species require habitat of a certain maturity. Changes in the 

abundance or chemical composition of leaf litter from human alterations influences fungi 

habitat, as this is the primary substrate source. The general pattern of urbanization is 

associated with a decline in native species, but overall species richness is enhanced because it 

colonizes with non-native plants. Remaining vegetation in urban disturbed areas is more likely 
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to be colonized by non-native plants, or be disturbed through trampling, and may have reduced 

stem densities and fewer understory species. Often plant debris and dead trees are removed 

from urban remnants for recreational use. Also, urban remnants have fewer older trees and no 

longer have forests but rather isolated trees.   

Vegetation change due to urbanization was investigated by looking at the diversity in 

and around urban environments. A study in Pheonix (Cousins et al. 2003) observed how species 

composition of arbuscular mycorrhizal fungal communities was largely influenced by the 

presence of native plants. This observation aligns with other research that links plant diversity 

to arbuscular mycorrhizal fungal diversity. On the other hand, the planting of exotic non-native 

vegetation brings exotic invasive fungi, such as the poisonous death cap mushroom Amanita 

phalloides.   

The connection between stand age, urbanization and fungal diversity was shown in a 

study along an urbanization gradient in the Kanto district of Japan (Ochimaru and Fukuda, 

2007). There, a reduction in the number of ectomycorrhizal species with urban and suburban 

forests was explained by the reduced area of the host plants. Similarly, Gaston et al. (2005) 

observed that by placing dead logs into English suburban gardens, five species of fungi came 

back over three years. This acknowledges the potential for fungal diversity in urban areas if well 

managed and successional methods are practiced. 

Fungi associations have evolved with animals and many rely on them for substrates and 

spore dispersal. Animal species decline and the loss of decomposing resources from parks 

maintenance practices to clear debris and corpses results in fungi decline. Other impacts on 
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fungi are a result of changing invertebrate communities, through altered nutrient cycling or 

spore dispersal. Research in North America found lower richness and colonization of oak 

(Quercus) trees in urban stands that had higher counts of exotic earthworms, greatly reducing 

the organic layer of soil and increased N mineralization and nitrification (Baxter et al. 1999). 

Another influence on urban fungi is the loss and limited movement of species that feed on fungi 

(mycophagous), affecting the dispersal of underground ectomycorrhizal fungi.    

Remaining vegetation patches in cities are limited in size and isolated from similar 

vegetation types. Fungi are vulnerable to the negative effects of fragmentation. Drinnan (2005), 

in potentially the only study of urban fragmentation effects on fungi, was able to significantly 

correlate species richness with patch size, perimeter-to-area ratio and distance to other large 

reserves, suggesting that species richness declines rapidly in reserves of less than 2 ha. It was 

also discovered that urban environments interfere with spore dispersal, because of the distance 

between remnants or physical barriers. Fragmentation not only impacts native fungi struggling 

to survive in remnants, but also raises the question of the capability of fungi to colonize 

restored habitats in urban areas.   

To establish fungi conservation in cities, it is necessary to know which human activities 

exclude fungi from areas, and then re-think these factors to promote fungal health. A logical 

starting point is to study the ecology of urban fungi. Urban studies need to include fungal and 

soil surveys in similar habitats along gradients to explain the relationship between soil, fungi 

and urbanization. Also, it is important to look at the ratio between the number of saprotrophs 

and ectomycorrhizal species, because increases in saprotrophs could be a sign of disturbance. 
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These two groups have significantly different functional roles, any shift in the ratio alters 

ecosystem properties (Newbound et al. 2010).  

Fungi have key ecological roles; their establishment is vital for the integrity and 

sustainability of installations and projects. Invasive plant species are less dependent on 

mycorrhizal associations than native species, although the evidence is not entirely conclusive. 

Further research on fungal colonization and functionality, as well as the potential of inoculation 

management, will provide practical information for urban ecology.  

In Australia, awareness is being promoted through ‘Fungimap’, a project that attempts 

to plot the distribution of 200 target species throughout Australia using information submitted 

by volunteers (Newbound et al. 2010). By including non-mycologists in collection, this will 

educate the broader community, while extending and progressing the scope of the surveys.  

Evidence from around the world is showing a decline in fungi species, proving that we 

need to start conserving fungi. Research in urban environments can help promote fungal 

conservation by illustrating their value to people, ecosystems, and by demonstrating the 

threats, or possible opportunities, of urbanization (Newbound et al. 2010). Ecological research 

can identify the habitat properties that promote rich fungal communities; once this is 

understood we can move towards managing our urban environments, diverse and functionally 

important groups.   
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 The following table categorizes specific urban problems identified by Newbound et al. 

(2010). During the review of the influences on fungi, I have provided an analysis of possible 

solutions based on Newbounds et al. (2010) along with the input from the key informants.    

 

Urban 
Problem 

Negative Anthropogenic 
Influences on Fungi 

(as per Newbound et al. 2010) 

Analysis of Possible Solutions 

Monoculture - Planting of one plant species of 
tree, shrub, and perennial which 
thrives in urban conditions, 
decreasing ectomycorrhizal 
species richness 

- Lack of biodiversity for fungi to 
establish on roots 

- Lack of natural forest ecology 
(leaf litter, understory planting, 
conifer and deciduous mix) 

- Create and enforce a biodiverse 
planting plan with fungal 
partnerships 

- Biomimic the natural forest 
ecology with all forest succession 
stages 

- Leave leaf litter, even in 
recreational areas 

- Provide assistance for fungal 
growth through inoculation or 
through substrate sources 

Soil Nutrient 
Status 

- Soil becomes eutrophic, 
specifically, nitrate 
eutrophication 

- Soil polluted with contaminants 
- Fertilizer and pesticide 

disturbance of soil ecology  
- Increase in saprophytic fungi  
- Decrease in ectomycorrhizal 

fungi 

- When soil sampling and surveying 
implement fungal sampling and 
surveying 

- Do not use fertilizers or pesticides  
- Reduce/ eliminate the amount of 

salts used during the winter 
- Select fungal partners that can 

withstand heavy metal 
contamination  

- Use saprophytic fungi to absorb 
the heavy metals (then remove 
the fruit bodies). Make sure these 
fungi do not invade 
ectomycorrhizal areas by 
removing them 

- Choose organic soils during 
installation and restoration 
projects rather than structural/ 
commercial and test for microbial 
activity 

Table 17 Urban Problems and Influences on Fungi 
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- During soil restoration apply site-
specific methods  

 

Soil Acidity - Increased soil acidity decreases 
fungal health, although slightly 
acidic soil is preferred. 

- Sulphuric acid damages roots of 
host plant and therefore 
damages fungal communities  

- Use fungi to absorb the sulphuric 
acid (then remove the fruit 
bodies); this is a 
mycoremediation practice 

- Select fungal partners that can 
withstand more acidic conditions 

- Examine source of soil acidity and 
reduce/ eliminate it 

Heavy Metal 
Contamination 

- Run off from impervious 
surfaces  

- Heavy metal and sulfur 
pollution reduce fungi growth 

- Pb, Zn, Cu, Ni and Co decreases 
ectomycorrhizal species 
richness 

- Increase porous surfaces in urban 
environments and integrate 
fungal communities with 
mycorrhizal links to other green 
patches 

- Use mycofiltration methods in 
urban bioswales and storm-water 
infiltration areas 

- Use fungi to absorb heavy metals 
(then remove the fruit bodies); 
this should be a regular part of 
park maintenance  

Urban Climate - Storm-water runoff flow rates 
do not infiltrate and urban areas 
become over-saturated 

- Urban heat Island effect creates 
drought and hostile 
temperatures, decreasing fungal 
community success 

- Soil disturbance is practiced in 
landscape maintenance 

- Maintenance crews remove 
‘Weeds’ which could host fungi 

- Fertilizers and pesticides are 
used, resulting in unhealthy 
growing conditions for fungi 

- Slow down flow rates by having 
more porous green surfaces with 
soil channels for mycorrhizal 
growth 

- Design and redesign green spaces 
considering urban heat island 
effect. This might require cooling 
areas with recycled irrigation or 
other methods 

- Use no-till methods and let urban 
soil develop a healthy mycorrhizal 
network; monitor and reduce 
human disturbance in these areas 

- Leave ‘weeds’ that host healthy 
mycorrhizae 

- Monitor and aerate when needed 
to reduce compaction  

- Do not use fertilizers and 
pesticides; adopt alternative 
natural methods 
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Urban 
Vegetation 

- Exotic street trees, shrubs and 
perennials bring in exotic fungi 
species 

- Colonizing non-native plant 
species typically do not require 
ectomycorrhizal fungi 

- Fewer mature tree and other 
species to nurture fungi 

- Disturbance of forest succession 
cycle  

- Change in chemical composition 
of leaf litter 

- ‘Sterile’ urban parks and green 
spaces 

- Ruderal species decreased and 
replaced with ornamental 
species 

- Nursery trees, shrubs, 
perennials, and annuals grown 
without mycorrhizal fungi 

- Planting native species over 
exotic. If exotic species are used, 
inoculate with appropriate native 
fungi partner 

- Encourage appropriate fungal 
partnership 

- Plant diverse range of native 
species as well as different age 
range 

- Design for natural forest ecology 
and enforce a maintenance 
practice that encourages it 

- Examine leaf litter and preserve 
only native leaves (e.g. remove 
Norway Maple leaves); this leaf 
litter should be inoculated  

- Create plant diversity, including 
ruderal species for 
decomposition 

- Establish a plant nursery that 
practices inoculation and 
encourages healthy fungal 
partnerships 

- Examine tree spading techniques 
when trees are removed from 
nursery and put into urban 
environments. (e.g. The spading 
area be increased to include 
fungi) 

- There should be a percentage of 
fungal growth required in nursery 
trees, shrubs, perennials, and 
annuals before planted in urban 
environments (trees must have 
70% fungal growth)   

Urban Animals - Loss of habitats for native 
animal species results in loss of 
associated fungal partners 

- Encourage habitat development 
for native animals which are non-
threatening to humans, including 
native earthworms 

- Create a drop off area for 
domestic dog and cat fecal 
matter and encourage fungal 
partnership of decomposing 
species  
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Fragmentation - Isolated vegetation patches 
disconnect ectomycorrhizal 
network 

- Limited vegetation size and 
vegetation types correlate with 
limited fungal species richness 

- Disruption of spore dispersion 
blocked by physical barriers and 
long distances between green 
areas. 

- Species richness declines if 
green ‘reserve’ is less than 2 ha.  

- Lack of fungal colonization will 
result in restoration failure in 
restoration projects 

- Aggressive invasive species 
colonies  

- Redesign and plan urban 
environments with connective 
paths for unobstructed green 
corridors at the soil level. To 
encourage a healthy mycorrhizal 
network 

- Decrease isolated vegetation 
patches with green corridors and 
increase biodiversity   

- Research and understand spore 
dispersal and paths in urban 
settings. If spores are not 
dispersed then inoculation may 
be required 

- Minimal green ‘reserve’ size 
should be 2 ha 

- Fungal colonization needs to be 
encouraged from the beginning 
and health monitored  

- Plant native species with fungal 
partnerships to increase strength 
against invasive species  

Human 
Disturbance 

- Shift in ecosystem balance 
- Compaction from trampling 

results in barren soil 
- Non- decomposing litter 
- Removal of native debris and 

dead trees 
- ‘Sterilized’ environment 
- Bare soil in winter because of 

annual plantings  
- Salt pollution  

- Isolate and decrease human 
disturbance in green spaces 

- Minimize trampling areas with 
path rotation and aerate 
compacted areas  

- Encourage community garbage 
picking to minimize non-
decomposing litter 

- Leave native leaf litter and fallen 
trees (as long as it is not a hazard) 
to decompose allowing natural 
forest succession. These 
decomposing materials can be 
inoculated as well 

- Plant perennials instead of 
annuals to reduce bare soils 

- Decrease or eliminate use of salt 
- Research fungal partners that are 

salt tolerant and absorb salt 
pollution (fruit bodies will be 
picked afterwards) 



75 
 

Awareness - Lack of fungal conservation  
- Lack of fungi education 
- Very little understanding of 

fungi’s ecological role 
- Soil surveying but no fungal 

surveying  
- Lack of knowledge of native 

fungi in areas before 
development 

- Educate the public and provide 
early childhood school curricula 
on the importance of fungal 
networks in the ecosystem 

- Schools and community gardens 
should have a fungi garden 

- Develop urban standards and 
maintenance practices that 
encourage healthy mycorrhizal 
networks  

- All urban professions dealing with 
urban plant/ soil health should 
consult mycologists  

- Develop fungal survey procedure  
- Develop urban conservation and 

preservation of fungi as advised 
by mycologists  

- Promote use of native plants and 
fungi  

- Create a fungi map of cities. 
Utilize citizen science and 
volunteers   
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4.5 Regenerative Mycology Design Principles  

 Fungi are the loop closers and system builders of nature, expanding past growing limits 

by providing numerous means for increased nourishment through a shared mycelium network, 

weaving an intricate design of resiliency. By supporting and strengthening plant growth, 

mycorrhizal fungi increase the establishment of sensitive and ecologically important plants and 

reduce desertification while increasing soil stability and salinity tolerance. Formed from the 

elements of natural mushroom farming come processes and integrated living (eco)systems that 

reflect the connections of a mycelial network. In effect, a regenerative culture is grown that can 

readily synergize, magnify and revel numerous efforts and design systems that increase quality 

of life (McCoy, 2016).  

 McCoy’s (2016) work in Radical Mycology engages in the practise of co-creation by 

enhancing fungi’s relationship with the natural environment. McCoy argues that by introducing 

a mycomimicking concept into all aspects of design we can learn to create pathways toward a 

regenerative future supporting the webs that underlie our lives, our communities, and the 

ecologies we live within. The following are McCoy’s guiding principles for integrating nature’s 

patterns into any design that will integrate the features of an environment into a cohesive, 

efficient, and self-supporting system. In the following table I present McCoy’s regenerative 

mycology design principles and interpret the main concept for Landscape Architecture practise.    
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Regenerative 
Mycology 
Principle 

(as per McCoy, 

2016) 

Principle Explanation  
(as per McCoy, 2016) 

Use of Principle in 
Landscape Architecture  

Observe and 
work with fungi 
 
This principle is 
reflected by the 
fungi in their 
surveying and 
responding to 
environments in 
ways that reflect 
the needs or limits 
of that habitat. (p. 
292) 
 

- This applies to all outdoor 
installations where the 
environment is in control and 
not the cultivator.  

- Through observation, we can 
learn to anticipate the 
success of future installations 
as fungi responses and 
behaviour can be predicted.  

- Study and understand the 
local ecology of fungi in the 
wild and its substrate to be 
able to recreate it.  

- Consult with 
mycologists; LAs can 
learn and apply methods 
where advised. 

- Research and observe 
fungi responses in 
installations.  

- Recreate healthy fungal 
habitat in urban 
environments.  

-  Survey, monitor and 
analyse fungi responses 
throughout the 
applications lifespan.   

Catch and store 
energy  

 
This conservation 
of energy principle 
is reflected in the 
means by which 
fungi gather and 
store nutrients in 
their mycelium and 
later release them 
to efficiently 
navigate and 
steward their 
environment. 
(p.292) 

- Infrastructure and 
landscaping methods should 
use efficiently means of 
harnessing solar energy, 
radiant heat, and water to 
reduce impact on the 
environment while 
simultaneously cultivating a 
resilient mycoscape.  

- The structure and 
function of fungi in the 
ecosystem is part of a 
collective system. In 
order to have a healthy 
fungal network and 
environment we need to 
simultaneously reduce 
our impact on the 
environment. 

- Conservation needs to 
also include fungi and 
fungal stewardship.  

- Mycelium networks are 
only as strong as their 
nutrient supply and 
connectivity to expand 
their network   

Obtain a flush 
 

- Harvesting a large flush or 
amount of fungi brings joy 
and food to the table, it also 

- Fungi harvesting should 
be encouraged in 
community gardens, 

Table 18 Regenerative Mycology Design Principles  
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This principle is 
exemplified by the 
fungi through their 
tireless efforts to 
always produce 
and distribute 
spores, regardless 
of environmental 
constraints. (p.292) 

encourages the cultivator 
and others to pursue future 
cultivation projects.  

- Bountiful quantities are 
visual affirmations of the 
importance and value of 
mushroom farming. It also 
brings a sense of self 
sufficiency in general and 
help ensure the evolution 
and spawning of future 
cultivators.  

school gardens, home 
vegetable gardens, and 
parks. If we all had 
gourmet fungi gardens 
and harvested large 
flushes then we would 
all appreciate and learn 
about fungi.  

- Similar to seed collection 
schools and public 
should be taught about 
spore collection and 
dispersal 

- Education should include 
mycorrhizal fungi that 
are constantly producing 
and spawning in the soil.  

Apply self-
regulation and 
accept feedback 
 
This principle is an 
integral aspect of 
fungal growth and 
development. 
Fungi 
epigenetically, (this 
means - relating to 
or arising from 
nongenetic 
influences on gene 
expression), 
respond to 
changes in their 
environment in 
ways that are self-
preserving, energy 
efficient, and 
regenerative for 
the whole system. 
(p.293) 

- Do not assume that you 
know how a fungus will 
respond to novel conditions 
or controlled environment. 
Experimentation is 
encouraged; maintain a 
sense of humility as you 
learn from the success and 
failures of innovation. In 
most cases failing will gain 
new insight and knowledge.  

- Don’t get discouraged, 
become creative instead.  

 

- It is best to consult with 
a mycologist and 
experiment in an un-
controlled environment 
similar to the one to 
which the fungi will be 
introduced. Research 
similar local fungi 
species and 
partnerships. Study their 
responses to urban 
stresses. 

- Learn from each success 
and failure with a 
creative output. As 
designers, LAs are 
efficient at creative 
design solutions. These 
should be in partnership 
with mycologist.    

-  Knowing that fungi will 
respond to 
environmental changes 
in a self-preserving, 
energy efficient and 
regenerative process will 
produce a constant 
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learning curve and 
design process that will 
need to complement the 
change.  

Use and value 
renewable 
resources 
 
The fungi reflect 
this principle in 
their efficient 
management and 
redistribution of 
resources within 
an environment. 
(p.293)  

- Mushroom cultivation is 
founded on the realization 
that agricultural ‘waste’ 
streams can be transformed 
into high quality food and 
medicines. This, essentially 
creates and output, input 
cycle. 

- Many other elements and 
practises used in mushroom 
cultivation and 
mycorestoration offer a 
range of outputs that can be 
resourcefully utilized.  

- Nearly every tool used in the 
cultivation process can be 
built from reusable materials, 
lowering costs and waste. 

- The fungi themselves can be 
valued for their stages of 
regenerative functions.  

 

- Regeneration is 
achievable by taking our 
‘waste’ and allowing 
decomposing and 
filtration properties from 
fungi to absorb and 
regenerate new soil and 
nutrients. LAs need to 
creatively utilize this in 
design.  

- The creation of these 
living systems can be 
built from reusable 
materials, lowering 
costs.  

- There are so many 
resources that are 
wasted and inefficient; 
LAs need to reflect upon 
the management and 
redistribution of 
resources within an 
environment. Is there a 
way to make every 
output an input?  

Up the functions 
 
This principle is 
embodied by the 
fungi in the range 
of actions that they 
efficiently engage 
within their 
environment as a 
unified web of 
autonomous 
hyphae. (p.293)  

- Everything in nature 
performs more than one 
function. Ecological science is 
based on comprehending 
how the various ‘outputs’ of 
an organism or element 
affect the environment as a 
whole.  

- Prosperous systems are 
designed to mimic natural 
systems through efficient 
integration of the various 
outputs. The design’s 
elements take advantage of 

- LA design functions need 
to complement every 
‘output’ of a living 
organism and element in 
order to create a healthy 
environment as a whole.  

- Designed systems need 
to mimic natural 
systems. This requires an 
integration of every 
output in order to take 
advantage of every 
output.  

- Project and system 
efficiency needs to 
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every output that a 
component has to offer. 

- Always consider how a given 
project/ installation or act 
can accomplish more goals in 
a shorter amount of time. In 
most systems currently 
designed by humans, fungal 
functions are entirely absent.  

- As mycology progresses, new 
integration strategies will 
arise to raise the bar of what 
is possible when working 
with fungi.  

 

accomplish more goals in 
a shorter amount of 
time. This missing link 
may be provided by 
fungal functions being 
integrated into the 
process.  

- More mycomimcry will 
be possible when we 
more fully understand 
the possibilities of 
working with fungi.  

- If LAs design as an 
autonomous web 
mimicking the mycelial 
network, the strength 
and unity of fungi will 
follow. 

- When LAs design 
projects they should also 
design for a phased 
successional ‘Master 
Plan’ that can have an 
endless lifespan.    

Close loops and 
produce no 
waste 
 
This principle is 
witnessed in the 
fungi’s capacity for 
recomposing the 
elements of plant 
and animal matter 
into the lush 
topsoil that breeds 
new life.  (p.293)  
 

- There is no waste in nature. 
The by-products of any 
system will be utilized by 
another system. Outputs 
become inputs.  

 

- All LA designs should be 
closed loops to mimic 
natural systems. Any 
waste is a resource for 
another system.  

- Every LA should ask: 
How can every aspect in 
urban environments 
become a closed loop?  

 

Spawn from 
patterns to 
details 
 

- Techniques of cultivation are 
based upon the principles 
and patterns of fungal 
biology and ecology. 

- Research and 
understand the local 
principles and patterns 
of fungi biology and 
ecology. Create a healthy 
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This endless 
expansion of life is 
exemplified in the 
holographic 
growth of a 
mycelial network. 
(p.293) 

- A detailed understanding of 
the behaviours of fungi is 
needed to best enhance the 
success of any system.  

 

environment for the 
fungi to succeed.  

- With every mycological 
application consider the 
‘bigger picture’ in 
creating an endless 
expansion of life through 
the mycelial network. 

Myceliate rather 
than segregate 
 
In natural systems, 
fungi thrive when 
they are enmeshed 
within a dynamic 
and harmonic 
ecosystem. 
Increasing diversity 
in an ecosystem is 
an inherent role 
that the fungi play 
as a keystone 
species. (p.294)   

- Everything is connected. The 
most resilient natural 
practises integrate fungi into 
multi-canopied food forests, 
annual vegetable production, 
and other installations. 
Inoculating with beneficial 
microbes when necessary. 
Creating a diversity of 
organisms in a landscape not 
only enhances the overall 
productivity of a place, it also 
strengthens the mycelium 
and leads to a more vigorous 
installation.  

- When the proper mixture of 
elements is applied to any 
system, their combined 
effect is greater than the sum 
of their individual outputs. 
Allowing even small-scale 
installations to be highly 
productive.  

- Recognizing the intimate 
connection that all life forms 
share with each other and 
their habitats imparts a 
reverence for the brilliance 
of nature and the humility to 
support its longevity for 
present and future 
generations. (294) 

 

- The practise of LA is to 
create ecosystems as 
resilient as natural 
systems. In order to do 
this, we need to reduce 
fragmentation of green 
patches and generate a 
connected system 
integrating fungi into 
every aspect, including 
canopied food forests, 
vegetable gardens, 
street trees, parks, LID 
infrastructures, etc. LAs 
need to design for 
microbial assistance 
through inoculants to 
create diversity of soil 
organisms.  

- Every small-scaled 
project and installation 
needs to function at a 
high level of 
productivity. Every 
output should be an 
input creating a loop 
system.   

- Ultimately LAs practise 
should try to support 
natures lifecycle with an 
endless timeline.  

-  The more diverse an 
ecosystem is, the more 
valuable fungi become 
as keystone species.  
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Use small, slow 
and simple 
solutions 
 
This principle is 
seen in the slow, 
steady, and 
powerful march of 
microscopic hyphal 
threads as they 
ramify substrates 
and enhance 
ecologies over 
centuries. (p.294) 

- Designs and installations with 
fungi should be seen as long-
term endeavors, gradually 
working to improve 
landscapes over time. 

- When integrating fungi into 
more complex systems, start 
small gaining familiarity with 
the fungi’s reactions and 
behaviours, then scale up as 
your understanding 
increases. 

- When designing regeneratve 
and remediative installations 
apply caution when dealing 
with the fruit bodies apply 
caution at first. Apply 
techniques to a small area 
slowly to observe the effects 
that your initial design has on 
the regenerative work that 
nature is bringing in of its 
own accord. Make small 
intervention in these cycles 
where possible.  

- When mimicking nature, 
LAs need to remember 
that evolutionary 
processes have taken 
many years to establish. 
These are long- term 
endeavors and should be 
gradually phased over 
many years. Design with 
short term goals but 
initiate long term 
successional goals. 

- When using fungi in 
complex systems, base 
larger projects off site - 
specific small 
experiments in order to 
produce a known 
outcome of how the 
fungi will behave.  

- Installations that utilize 
fungi for regeneration 
and remediation need to 
be used with caution 
because of toxin and 
chemical accumulation 
in the mushrooms. If 
time permits, oversee 
the application of this 
method to a small-scale 
experiment before 
installing in a large 
project.  

- Majority of regenerative 
and remediation projects 
should allow for ‘nature 
to take its course’ with 
constant monitoring. 
Small interventions can 
be done to contribute to 
these cycles.   

- Monitor and study the 
paths and spread of 
microscopic hyphal 
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threads as they ramify 
substrates and enhance 
ecologies for future 
generations.  

Use and value a 
diversity of 
species and 
strains 
 
The importance of 
diversity is found in 
the mixture of 
fungal and non-
fungal species that 
abound in healthy 
ecosystems and in 
the incredible 
array of genetic 
expressions 
offered through 
the mating of 
spores. (p.294) 

- Every fungal species and 
strain adds unique blend of 
characteristics to an 
installation.  

- Integrate a wide variety and 
number of fungal species, 
strains, and installations to 
your design. This increases 
the diversity of functions 
offered by the fungi. Adding 
functional value to the land 
and enhances the potential 
for the system to respond 
and adapt to future changes.  

- A mycological resilience is 
created through increased 
diversity and redundancy of 
species/ strains.  

- Supporting the growth of 
local fungal strains also helps 
to increase the geographic 
distribution and genetic 
diversity of these strains as 
their spores spread along air 
currents.  

 

- Consult with mycologist 
to understand each 
fungal species and 
strain’s characteristics. 
Create an interpretive 
list of plant/ fungi 
partnerships that thrive.  

- Design diversity with 
plants as well as diversity 
with fungi species and 
strains to increase the 
beneficial functions 
offered by the fungi and 
potential to adapt to 
environment changes.  

- Fungi diversity also 
allows for ‘helper’ 
species and strains, 
where one fails the other 
will thrive and become 
resilient.  

- Local fungi should be 
sourced, that succeed in 
similar conditions. This 
will also encourage the 
genetic and spore 
distribution.  

- Designs should allow for 
an unobstructed spore 
path in urban 
environments (this 
applies above ground 
and under).  

- Fungal diversity and 
genetic expressions will 
assist with healthy 
ecosystems.  

Use a diversity 
of local 

- Sourcing local materials, 
fungi, and substrates reduces 
the environmental and 

- Source local fungi 
species and native 
vegetation but also 
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substrates and 
increase vitality 
 
The fungi are 
regenerators of 
landscapes. They 
thrive under 
diversity and in 
return leave their 
habitat richer and 
more fertile than 
originally found. 
(p.294) 

economic impact of 
importing.  

- Developing strains that 
prefer a locally abundant 
waste or plant increases a 
system’s resilience. Design 
for a native ecological 
community with fungi 
partnerships.  

 

consider other local 
substrates for fungi. This 
will also benefit the local 
economy. 

- Determine fungal food 
sources that are site 
specific and plentiful. 
This could be a healthy 
street tree, compost pile, 
or even a pollutant.  

- If LAs plan and install a 
diverse range of fungi 
from the beginning the 
habitat will become 
richer and more fertile.  

Expand the 
edges and value 
the marginal 
 
The value of the 
edge in mycology is 
reflected in the 
rich diversity and 
density of fungal 
species that is 
often found where 
two habitats 
intersect. 
Mushrooms often 
fruit on the edge of 
an installation, 
where hyphal tips 
are most active, 
reflecting the 
importance of 
increasing edge 
length. Mycelium is 
only one cell thick, 
giving the network 
as a whole a very 
high surface area. 
(p.295) 

- The boundary zone where 
two environments overlap, 
known as the ecotone, often 
supports a greater variety of 
species than the two 
individual environments on 
their own. When the total 
length of a zone’s edge is 
increased through the 
creation of curves in 
preference to straight lines, 
the total available space for 
edge dwelling species is 
thereby increased. 
Installations that follow 
contours and maintain a 
maximized edge length can 
support species diversity at a 
boundary. (295) 

- Marginalized and 
undervalued fungal species 
should be reconsidered for 
any overlooked traits. The 
underutilized spaces of 
properties in turn should as 
well.  Evaluate every square 
inch of an installation ability 
to support a fungal network. 

 

- Consult with mycologists 
to understand the value 
of the edge and ecotone. 

- LA practise should reflect 
the growing patterns of 
hyphal zones and use 
the overlap species 
richness zone to 
advantage. This may 
have an influence on the 
planting pattern.  

- By increasing the fungal 
source along curved lines 
instead of straight lines, 
LAs can enhance and 
maximize the length of 
mycorrhizal networks.    

- Consider the right fungi 
for the right plant 
partnership or substrate. 
Do not disregard any 
other fungi that can have 
traits useful in the 
future. Keep a running 
log of all species used 
and consult mycologists 
with possible capability 
studies.   
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- Where two fungal 
habitats intersect design 
for diversity richness 
because the fungi is 
there to support it.   

- LA should be trained on 
how to measure and 
quantify the growing 
zones of hyphal.  

Creatively adapt 
to change 
 
Fungi are one of 
the greatest model 
organisms for the 
strength and 
resilience that 
come from directly 
confronting and 
creatively 
responding to 
changes in the 
environment. They 
thrive under 
challenging 
environments and 
demonstrate the 
value of pursuing 
one’s goals in the 
face of adversity.  
(p.295)  

- Fungal installations are not 
static and need regular 
attention, modification, and/ 
or relocation to maintain 
their health and vigour. 
Maintenance can include 
changing substrates, adding 
spawn, and improving 
designs. (295)  

- Gradually introduce 
modifications as stepping 
stones developing a 
familiarity and routine that 
can anticipate and prepare 
for future shifts in the 
environment.  

- Where appropriate, let 
nature take its course in 
response to changes. This 
often provides unexpected 
alternatives but solves the 
problem in a different way.  
 

- A routine maintenance 
and monitoring schedule 
needs to be established 
to check the health of 
fungal systems. This can 
include: changing 
substrates, adding 
spawn, inoculating, 
removing invasive fungi, 
and improving designs 

- Fruiting bodies of 
mushrooms that are 
used for remediation will 
need to be removed and 
recycled.  

- If there is a new 
environmental stress or 
shift then modifications 
should be done as 
progressive steps with 
evidence of success.  

- Sometimes the solution 
is for a system to 
naturalize in its own 
way.  

- Remember that every 
system is part of an 
overall linked network 
and every upgrade and 
design modification 
should be trying to 
achieve this.   

- Mycomimicry is one of 
the greatest models to 
follow to combat 
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challenging changes and 
adversity. ‘Nature will 
find a way’. LAs need to 
encourage naturalization 
through phasing, 
including decomposition.   

Spread spores 
 
The fungi, as with 
all the elements of 
nature, present 
and endless array 
of lessons and 
insights for how to 
live in recognition 
of one’s personal 
impact upon the 
lives of the future. 
(p.295) 

- The threads that interlace 
together contemporary 
knowledge of fungi have 
branched from the legacies 
of countless ancestors who 
have succeeded and failed at 
methods and techniques. 
With every failure there is a 
lesson to be learned. Stay in 
a perpetual state of learning.   

- Our systems should actively 
pursue to inspiration and 
education to all those that 
encounter them.  

 

- Seek the knowledge of 
those who have been 
applying and 
propagating fungi for 
generations. Whether 
this is dated literature or 
research results. But stay 
on top of new mycology 
knowledge. Keep 
learning.   

- LAs need to consult 
mycologists at the 
beginning of project 
development and work 
together to unite fungal 
growth.  

- Our designed systems 
should inspire nature to 
reach its highest 
potential and educate 
those who experience it.  

- Fungi have endless 
lessons to teach us and 
are constantly adapting 
to changes and 
challenges. LA 
professions and practises 
should teach and reflect 
this.    
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4.6 Mycology Applications 

Mycologists can become environmental artists by designing landscapes for both human 

and natural benefit. Landscape architects working with mycologists can take on the role of 

ecological balancers, by utilizing mycelial paths to create thriving environments with healthy 

soils, and natural systems, steering the course of ecological development.  

In recent years mycology has made profound advancements in using fungi to repair and 

restore the weakened immune systems of environments. Mycologist Paul Stamets brought 

mycorestoration to the world’s attention by advocating for the ‘power of fungi’ through his 

literature, experiments, workshops and TED talks. Inspired by this work Peter McCoy dedicated 

his mycology profession to start the world’s first online mycology school for anyone interested, 

and in 2016 published his life’s work with fungi in Radical Mycology. In 2017 Jeff Lowenfels took 

a deeper scientific look at how we all can Team with fungi, through his literature that focuses 

on mycorrhizal fungi for all growers. I have chosen to review and synthesize literature from 

these three mycologists because they have taken bold steps for the future of mycology, 

proposing new radical theories exploring mycology applications.      

The following section will explain mycology applications based on an analysis of these 

mycologists’ literature. The focus of this will be to review their experience and success in order 

to analyse whether it would be suitable and capable to apply to urban environments. I will 

provide further synthesis in a table format to link the usefulness to landscape architecture 

practises.  
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4.7 Mycology Application Synthesis  

 From the targeted technical literature review of mycology applications, there is enough 

evidence showing beneficial results from Stamets (2005), Lowenfels (2017), and McCoy’s (2016) 

explorations. In order to connect the knowledge gap between mycologists and Landscape 

Architects, this section will focus on the targeted literature Mycology applications. Interpretive 

tables will be created to list landscape architecture design elements that can be applied to 

urban environments using the mycology application to show the overlap method. Finally, a 

synthesis will be provided to further explain how this could be successfully accomplished.  

 

For all of the following applications these two steps supersede every function:  

4.7.1 Step 1: Structure all projects and applications around the 15 Regenerative Mycology 

Principles: 

1. Observe and work with fungi  

2. Catch and store energy  

3. Obtain a flush  

4. Apply self-regulation and accept feedback 

 5. Use and value renewable resources  

6. Up the functions  

7. Close loops and produce no waste  

8. Spawn from patterns to details 
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9. Myceliate rather than segregate 

10. Use small, slow and simple solutions  

11. Use and value diversity of species and strains 

12. Use a diversity of local substrates and increase vitality 

13. Expand the edges and value the marginal 

14. Creatively adapt to change 

15. Spread spores 

Thoroughly examine the interpretive LA analysis of these principles to see how, when 

and where it can be applied.  

4.7.2 Step 2:  

All practises need to provide these five fungal elements to achieve their greatest longevity.  

1. Substrates – Reflect on the ecological niche of the species being worked with; every 

species will require either fresh wood, other fresh organic materials, or partially 

digested substances as a substrate. All substrates need to be balanced nutritionally 

with the highest quality. To reduce resource inputs, substrates such as straw, 

sawdust, wood, or mulch, should be harvested and processed close to the 

installation site.  

2. Water – Installations need a frequent supply of high quality water, especially during 

the fruiting season. System designs that collect excess water from the environment 

or a building and channel it to installations offer the most resource efficient means 

to ensure appropriate hydration.  
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3. Inoculum – Installations can become overrun by a feral fungus; to avoid this, apply 

fresh vigorous spawn at high inoculation rates. The use of locally adapted species/ 

strains is emphasized in the creation of resilient installations as their survival rates 

far outweigh those of exotic varieties.  

4. Microclimate – A humid environment is required to initiate mushroom creation. In 

forests and fields, this humidity is provided by the moisture held beneath understory 

plants and in the space between blades of grass. To increase warmth and moisture, 

installations should be placed under pre-existing plant canopies in multi-aged tree 

stands, co-planted with beneficial plants at the time of inoculation, or covered in a 

thick bed of natural debris or mulch or other insulating materials. For mycorrhizal 

fungi the soil is the microclimate, therefore it needs to remain oxygenated with 

some moisture.  

5. System – No hypha is an island. Fungi do not live isolated from the flora, fauna, and 

human systems that surround them. Strength is found through an interplay of a 

dynamic environment. Designs should mimic (mycomimic) this mycelial bridging by 

integrating the following skills into self-supporting, closed loop systems that provide 

for the needs of the fungus while also enhancing the resilience of the surrounding 

ecosystem.  

(McCoy, 2016)       
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4.7.3 Step 3: Knowing how to utilize fungi to our benefit through mycology methods and 

applications can allow landscape architects to become ecological balancers for both human and 

natural environments. 

Mycology 

Application 

(as per Stamets, 2005) 

Mycofiltration - Uses mycelium as a membrane for filtering out 

microorganisms, pollutants and silt. This is usually done through an 

inoculation and substrate process.  

Urban Environment 

Application 

- Green Streets 

- Green Infrastructure  

- Bioswales 

- Infiltration Basin 

- Storm Water Management Processes 

- Decrease Flow Rates  

- Edges Treatment where urbanization and naturalization 

intersect 

- Edge Treatment for urban creeks, rivers, and water bodies 

- Restoration Projects in Urban Environments 

- Erosion Control 

Synthesis - Install along water flow channels, low points, contours, 

swales, and edges.  

- Essentially, provide a barrier with the filtration system so 

that pollutants do not contaminate further.  

- Filtration systems work best if the flow rate is slow or if the 

contaminated water can be isolated for a longer duration.  

- Model appropriate versions of the biofiltration treatment 

cell (see appendix), with modifications when necessary 

Table 19, Stamets Mycofiltration Application and Synthesis 
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- Model appropriate versions of the fungal biofilter, known 

as a MycoFilter TM 

- Research fungal species and run test to see which removes 

targeted pollutants. Research if fungi and bacterial 

combination would be more effective.  

- Potential species to use include: Pleurotus ostreatus, 

Stropharia rugoso-annulata mycelium 

- Stropharia demonstrated resiliency to cycles of saturation, 

drying, heating, and freezing that represent urban 

conditions 

- Results were best in woodchip and straw mix biofilters. But 

each scenario is site-specific. Test and research local fungal 

communities.  

- If there is a fruiting body (mushroom) this will need to be 

removed due to pollutant absorption and recycled. 

- Adding mushroom compost or mushroom compost tea to 

this process will enhance filtration 

- Enhance mycorrhizal network strength with native tree, 

shrub, perennial species. Practice diversity and successional 

(age) tree, shrub, and perennial planting methods. 

- Maintain healthy soil through no-till methods, aeration, and 

microbial boosts.   

 

 

Mycology 

Application 

(as per Stamets, 2005) 

Mycoforestry - Uses fungi to sustain forest communities to 

achieve; preservation of native forests, recovery and recycling of 

Table 20, Stamets Mycoforestry Application and Synthesis 
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woodland debris, enhancement of replanted trees, strengthening 

sustainability of ecosystems, and economic diversity. 

Urban Environment 

Application 

- Urban Forests 

- Urban Forest and Street Tree Management Practises 

- Tree Pit Installations 

- Urban Parks  

- Urban Ravines 

- Restoration Projects in Urban Environments 

- Erosion Control 

Synthesis - Generate a closed-loop management system for urban 

forest and street trees. Proposing questions such as: How 

will this effect tree permits, bylaws, arborist reports, 

nursery growth protocols, planting and installation 

methods, maintenance practises and methods, and other 

questions guided by mycologists.   

- Research and test what type of fungal system partnership is 

required: ectomycorrhizal, endomycorrhizal arbuscular 

mycorrhizal, saprophytic. 

- Never clear-cut a forested area; this will kill all fungi 

networks.  

-  Plant native, mixed age, and diverse fungi and plants.  

- This will require an aesthetic shift in cultural views and 

values to be able to mimic forest successional stages in 

urban environments.  

- Design with the intent to create a city-wide mycorrhizal 

network for overall health of an urban forest. This may 

require fungal soil and root channels similar to Silva cell 

designs. 
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- Redesign current urban tree pits to provide thriving fungal 

communities. Designers are not just planting a tree but a 

system.      

- Inoculate seedlings, bare roots, and soils of urban trees 

with mycorrhizal fungi. 

- Use native species of fungi in restoration habitats.  

- Amplify saprophytic fungi based on available wood 

substrates to turn decaying wood into new soil. 

- Select fungal species known to help plant communities. 

- Select fungal species according to their interactions with 

bacteria and plants. 

- Choose species that compete with disease rot fungi (such as 

Armillaria species and Heterobasidion annosum) by using 

saprophytes such as Hypholoma, Psilocybes, Trametes, 

Ganoderma, Sparassis, and allies. 

- Choose economically valuable mushrooms that can also be 

harvested to help balance in favor of preservation. 

- Promote ground contact with fallen trees, sticks, limbs, leaf 

debris, native worms, etc. to re-enter the food chain with 

decomposing mushrooms. 

- Use chain saw oils, chippers, and cutting tools inoculated 

with spores, so that wood debris is immediately put into 

contact with fungal spores to accelerate decomposition. 

- Retain wood debris mass on site, and place debris around 

newly-planted trees, along roads, etc., to re-enter into the 

food web. This should be achieved in urban parks, ravines 

and naturalized areas.  

- Only burn wood debris as a last measure for disease 

control. 
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Mycology 

Application 

(as per Stamets, 2005) 

Mycoremediation - Uses fungi to degrade or remove toxins 

from the environment. This involves inoculation and substrate 

process.  Hyperaccumulating mushroom species can be chosen to 

accelerate this process. These are mushrooms that can take in 

large amounts of toxins faster.  

Urban Environment 

Application 

- Brownfields 

- Toxic Spills  

- Industrial Sites 

- Renewal Projects  

- Bioswales 

- Green Streets 

- Edge Treatment of urbanization and naturalization 

Synthesis - Use for the control of potentially toxic trace elements 

(PTEs) in soils. 

- Practices involve mixing mycelium into contaminated soil, 

placing mycelial mats over toxic sites, or a combination of 

these techniques. There are many different techniques and 

many experiments using different ratios, substrates, 

inoculum, size, etc. It is best to consult a mycologist who 

has successfully practiced these techniques.  

- Urban polluted soil can be dug up, piled and then layered 

with the bunker spawn to begin treatment. By forming 

lasagna-like layers with the spawn and contaminated soil, 

you may be able to provide a suitable habitat for 

remediation.  

Table 21, Stamets Mycoremediation Application and Synthesis 
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- Some saprophytic fungi species can bioaccumulate higher 

concentrations of metals Cd, Pb, Hg, Cu, Cr, Mn, Zn, Se, Fe, 

and Ni, and even cesium into their fruit bodies.  

- The following list are toxins that mycoremediation methods 

have been proven to accumulate, reduce and remove from 

the contaminated environment: Arsenic, Cadmium, Iron, 

Nickle, Lead, Zinc, Mercury, Copper, Crude Oil, Diesel, Gas, 

Petro, Polycyclic Aromatic Hydrocarbons, Polychlorinated 

Biphenyls (PCBs), Pentachlorophenols (PENTAs), Chlorine, 

Anthrecenes, Benzopyrenes, Chromated Copper Arsenate, 

Dimethyl Methyl Phoshphonate, Dioxin, Persistent 

Organophosphates, Chemical Weapons, Trinitrotoluene 

(TNT), Nitrates and Phosphorus Cound Toxins, 

Dirhlorophenol (2,4), Biologicals (Escherichia coli, Bascillus), 

Malachite Green, Radioactive cellulosic, and more recently 

plastics. 

- There are millions of fungi strains and species that are yet 

to be discovered and used for biodegradation, biosorption, 

and bioconversion. 

- Here is a short list of fungal species proven successful in 

mycoremediation: Shaggy Mane, Elm Oyster, Shiitake, King 

Oyster, Pearl Oyster, Pheonix Oyster, Turkey Tails 

- This remediation can be cost effective compared to other 

methods.  

- Remediation can be done on-site because contaminated 

soil does not need to be hauled, burned, or buried.   

- Amazon Mycorenewal Project (AMP) is a grassroots project 

experimenting with mycoremediation. 
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Mycology 

Application 

(as per Lowenfel, 

2017) 

Mycorrhizae in Urban Agriculture - Uses mycorrhizae 

partnerships to enhance agriculture growth and productivity. This 

is often applied though inoculation. Commercial mycorrhizal fungi 

have been available to the green industry since the 1990s and have 

recently been introduced into the public market 

Urban Environment 

Application 

- Urban Gardening/ Agriculture 

- Community Vegetable Gardens 

- School Vegetable Gardens 

Synthesis - Any interested person can purchase commercial 

mycorrhizal fungi, although it has been proven that local, 

native fungi outperform commercial fungi.  

- There are many benefits to linking mycorrhizae to 

agricultural plants. In many studies this test is referred to as 

the ‘big plant, little plant’ test, which shows how 

prosperous the mycorrhizal-aided plant is. 

- Benefits of mycorrhizal association include; helping plants 

resist infection from parasitic nematodes, fungal 

pathogens, and other disease-causing organisms. Plants are 

stronger and healthier. Increased hormones will increase 

formation of flowers, stems, and leaves and the 

development and ripening of fruit. Arbuscular mycorrhizae 

can reverse soil damage caused by modern crop 

production. During drought, plants with arbuscular 

mycorrhizal associations show less stress because a 

colonized plant’s ability to explore for and find water is 

Table 22, Lowenfel Mycorrhizae in Urban Agriculture Application and Synthesis 
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greater. Arbuscular mycorrhizal plants compete effectively 

and can starve nonmycorrhizal weeds  

- To be able to have successful inoculation the fungal 

species/ spore must have direct contact with the host.  

- There are many methods of inoculation to choose from, 

including: Propagules mixed with granular substances, 

Propagules mixed in soil, Propagules mixed in liquid, Seed 

inoculation, Seed germination mix inoculation, Bare-root 

inoculation, Bare-root soil inoculation, Transplant 

inoculation, Root inoculation.  

- Choose a method of inoculation and test on a sample size 

plot before applying to larger plots. 

- Mycologists emphasis that every garden should have a 

gourmet mushroom farm to educate the importance of 

fungi for the ecosystem. 

- School gardens and community gardens should have a 

decomposing pile utilizing saprophytic fungi. Children 

should be taught about fungi’s importance and every child 

should be encouraged to grow their own gourmet 

mushroom.   

- This would include a cultural shift in the view of city 

agricultural production. Theoretically, if our ultimate goal is 

to have a healthy continuous mycorrhizal network then we 

should be able to create urban agricultural streets. Imagine 

walking down the street while collecting fruit from the trees 

and gourmet mushrooms.  
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Mycology 

Application 

(as per Lowenfel, 

2017) 

Mycorrhizae in Urban Horticulture - Uses mycorrhizae 

partnerships to enhance horticulture practises and produces 

stronger healthier blooms. This is often applied though inoculation. 

Commercial mycorrhizal fungi are used and can be purchased from 

distributers. This product is not widely sold at garden centres yet in 

Canada.   

Urban Environment 

Application 

- Green Streets 

- Green Corridors 

- Urban Parks   

- Urban Park Maintenance Practises 

- Urban Ravines 

- Nursery and Wholesaler Supplier methods and practises 

- Landscaping Companies Practises  

- Restoration Projects in Urban Environments 

Synthesis - Any of the methods listed in agriculture for inoculation can 

be applied to horticulture practises. There is an abundance 

of commercial inoculants available but as mentioned earlier 

using native, local fungal species far outperforms these.   

- Most perennials and annuals form arbuscular mycorrhizal 

relationships 

- Adding mycorrhizal propagules and inoculants to soil and 

seed greatly increases the uptake of nutrients and water. 

Many mycorrhizal formulas and delivery systems have been 

developed to make inoculation easier and cost effective.  

- City supplied trees, shrubs, perennials, and annuals should 

be from a nursery/ wholesaler practising healthy fungal 

partnerships. Criteria should be met requiring a certain % of 

Table 23, Lowenfel Mycorrhizae in Urban Horticulture Application and Synthesis 
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fungal association before it is transplanted into urban 

environments. These fungal associations should be local/ 

native and tolerant of urban stresses.  

- There are many benefits to inoculating nursery plants. 

Some include: Seeds and seedlings with early mycorrhizal 

association advantages. Adding mycorrhizal propagules to 

the soil mix before planting can help the tiny cuttings 

establish string root systems so that healthy plants can be 

transplanted earlier. A plant with established mycorrhizal 

root association has a stronger connection to the planting 

media and readily accepts nutrients. It also handles stresses 

such as lack of water and excessive heat better. Seedlings 

grown with mycorrhizal fungi show a uniformity often 

required in horticultural displays and landscape beds. 

Nursery inoculation helps ensure that strong plants will 

survive and thrive in their next location.  

- Nurseries can inoculate seed and transplant with liquid and 

granular mixes, and liquid formulas can be applied to a drip 

system. 

- It is important to create a fungal association early in the 

host plant’s life. Fortunately, you cannot apply too much 

mycorrhizal propagules to plants. 

- Urban parks maintenance structure should be re-assessed 

to improve fungal associations and fungal health.  

- Mycologists suggest to plant more perennials instead of 

annuals, reducing the amount of time the soil is bare, 

because mycorrhizae will not exist in these conditions.   

- An overall mycorrhizal network should be planned along 

urban green corridors to create one system.  
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Mycology 

Application 

(as per Lowenfel, 

2017) 

Mycorrhizae in Urban Silviculture - Uses mycorrhizae 

partnerships to enhance silviculture practises. Often it is applied 

though inoculation of the seedlings and saplings but is ideal for 

transplanting.   

Urban Environment 

Application 

- Urban Forest 

- Urban Parks   

- Urban Ravines 

- Restoration Projects in Urban Environments 

Synthesis - Any of the methods listed in agriculture for inoculation can 

be applied to silviculture practises. There is an abundance 

of commercial inoculants available but using native, local 

fungal species far outperforms these.   

- Similar practises, methods and benefits as mentioned 

earlier in mycoforestry. 

- The focus is on the biggest, mature ‘mother’ trees, not only 

because they will be harvested for lumber, but also because 

they protect the health of the understorey, provide shade, 

and supply organic debris in a closed loop system. 

- Silviculturalists use mycorrhizal fungi to accelerate growth 

when re-establishing trees in disturbed areas, such as 

chemical spill sites, borrow pits, and heavily eroded terrain.  

- Studies show that mycorrhizae improve both growth and 

survival of seedlings in disturbed soils and during times of 

drought. Thousand of studies demonstrate the efficiency of 

inoculating with ectomycorrhizal and arbuscular 

mycorrhizal fungi for seeding, rooting, and transplanting 

shrub and tree seedlings. 

Table 24, Lowenfel Mycorrhizae in Urban Silviculture Application and Synthesis 
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- Nursery and wholesaler suppliers to urban areas should 

meet criteria required for healthy fungal partnerships. It 

should not just be a tree purchased from a nursery but a 

tree with a thriving mycorrhizal community.  

- Transportation of nursery trees to planting location needs 

to fungal health. This is a constant problem currently with 

transportation methods because fungi die in transportation.    

- Plant a majority of native trees, shrubs, perennials, and 

fungi. Plant a diverse range and multi aged. In already 

established urban forested areas create healthy mycorrhizal 

networks to new trees.  

- Urban restoration, ravine and forest projects/ installations 

need to have a successional forest plan and designed 

phasing. Appropriate fungi associations can be chosen to 

enhance and create these phases. Monitor this process and 

intervene when fungi growth is struggling.  

- Mycorrhizae in urban forests, parks, ravines, and 

naturalized areas need to monitored and maintained. This 

should be integrated into city maintenance.  
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Mycology 

Application 

(as per Lowenfel, 

2017) 

Mycorrhizae for Urban Lawns and Turfgrass - Uses 

mycorrhizae partnerships to enhance lawn and turfgrass growth 

and resilience. This is often applied though inoculation. Fungi will 

not grow if turf/ lawns have pesticides.   

Urban Environment 

Application 

- Green Roofs 

- Urban Lawns/ Turf 

- Urban Recreational Park  

- Sports Fields 

Synthesis - Any of the methods listed in agricultural inoculation can be 

applied to lawn and turfgrass practises. There is an 

abundance of commercial inoculants available but using 

native, local fungal species far outperforms these.   

- It is a common misunderstanding that grasses do not have 

mycorrhizal symbiosis but this is wrong. Unfortunately, with 

all the chemicals used to keep a green ‘weed-free’ lawn, 

majority (if not all) of the mycorrhizal fungi are destroyed.  

- Grass has an arbuscular mycorrhizal partnership. It acts the 

same as it does to benefit trees, shrubs, and other 

colonized plants. There have been numerous studies 

showing that using arbuscular mycorrhizal fungi 

outperforms fertilizers that have to be constantly applied.  

- Grasses inoculated with mycorrhizal fungi are generally 

healthier. Grasses inoculated with mycorrhizal fungi contain 

more chlorophyll with improved photosynthesis. Root 

systems grow larger, denser and faster as a result, 

maintaining total coverage without needing to replant. 

Table 25, Lowenfel Mycorrhizae for Urban Lawns and Turfgrass Application and Synthesis 
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Mycorrhizae bind particles, allowing for better air and 

water movement throughout the soil. Mycorrhizae improve 

soils damaged by compaction, particularly soils supporting 

grass on playing fields and parks. Mycorrhizae improve 

drought resistance. Mycorrhizae lessen infection rates from 

bacterial wilt, parasitic nematodes and other pathogens.  

- An example of the success of fungal partnerships was seen 

in the Creeping Bentgrass and Kentucky Bluegrass 

inoculated with Funneliformis mosseae, Glomus 

aggregatum, or Rhizophagus intraradices showed 60 % 

higher colonization under low phosphorus conditions and 

controls. Creeping Bentgrass showed twice as much 

established mycorrhizae.  

- Mycologists also suggest that allowing for ‘some’ weeds in 

your lawn will actually help to keep it healthy. For instance, 

clover is a nitrogen fixing plant and if a mycorrhiza shares a 

connection with clover the grass will receive these 

nutrients.  

- Mycorrhizal grown sod should be properly transported. Re-

evaluate sod production practises and ask if the sod cut 

includes a mycorrhizal community. Is rolling an appropriate 

installation method?  

- Park maintenance should reflect this knowledge when 

applying it to turf practises. Urban areas should be banned 

from all use of fertilizers and replace them with fungal 

associations.  

- Overall if we are trying to achieve a connected mycorrhizal 

network then there is a possibility that green roofs with 

healthy fungal partnerships can connect down green walls 
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to green streets. This is a hypothetical scenario but has 

been suggested by mycologists to be a provable theory.   

Mycology 

Application 

(as per Lowenfel, 

2017) 

Mycorrhizae for Home Gardener - Uses mycorrhizae 

partnerships to enhance home gardening growth, production, and 

resilience. This is often applied though inoculation or inoculated 

purchased plants, athough these are not common at garden 

centres yet.   

Urban Environment 

Application 

- Urban Gardener 

- Community Gardens  

- School Gardens 

Synthesis - Any of the methods listed in agriculture for inoculation can 

be applied to home gardening practises. Commercial 

inoculants are available but not widely produced for home 

gardening. Commercial inoculants are being pushed at the 

wholesale level. Using native, local fungal species far 

outperforms these.  

- Mycologists have been incredibly busy in recent years 

developing ways to improve methods of producing 

inoculum, although this has become a patent war in the 

industry.   

- To grow your own arbuscular mycorrhizal inoculum, you 

can start with spores, hyphal fragments, or colonized root 

fragments. You can also gather your own propagules from 

soil collected in a field or areas adjacent to a field, such as 

fence rows or woodlots. After you collect soils from several 

areas mix them together and use a sieve to remove large 

Table 26, Lowenfel Mycorrhizae for Home Gardener Applications and Synthesis 
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debris. The soil should contain a large and diverse 

population of indigenous mycorrhizal fungi to use as an 

inoculant. Another simple way is to take a fruiting body, 

mushroom, and cutting it into pieces and mixing it into soil.   

- Design home gardens with unobstructed mycorrhizal 

network connections.  

- With mycology knowledge becoming more readily available 

and published we are starting to see a shift in academic 

mycologist to DIY mycologists, who are self taught from 

countless trials of their own. 

- Mycology classes should be taught alongside community 

gardening classes.    

- Every homeowner in an urban area should have a compost 

with gourmet mushroom’s decomposing in it.  

- Instead of using fertilisers every homeowner should be 

educated on the effectiveness of fungal associations and 

encourage fungal health through community classes or 

joining mycology groups.   
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Mycology 

Application 

(as per McCoy, 2016) 

Mycosorption - Applying mycosorbency in remediation design is 

most effective for heavy-metal polluted water. This happens when 

the heavy metal ions bind to the mycelial surface, which are then 

chelated, absorbed, crystallized, precipitated, and entrapped in the 

polysaccharide material of fungal cell wall, and then diffused 

through the cell wall and membrane. Afterwards the fruit body can 

be disposed. 

 

Urban Environment 

Application 

- Green Streets 

- Green Infrastructure 

- Bioswales 

- Infiltration Basins 

- Storm Water Management Processes 

- Decrease Flow Rates  

- Edge Treatment of urbanization and naturalization 

- Treatment for urban creeks, rivers, and water bodies 

- Restoration Projects in Urban Environments 

- Erosion Control 

Synthesis - Similar methods, practises and applications as mentioned 

earlier in mycofiltration can be used for mycosorption.  

- Always consult with a mycologist on which fungal species to 

use.  

- Experimentation has shown that modifying the mycelium’s 

tissue chemistry through chemical or thermal treatments 

can increase the absorbency of some species. Consult a 

mycologist if this route is required.  

Table 27, McCoy Mycosorption Applications and Synthesis 
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- When metal contaminated water passes by the appropriate 

fungal species mycelium, the metals sorb to the mycelial 

surface. The mycelium containing metal is then be removed 

from the water system and treated to reclaim or dispose of 

the metals.  

- Another concept, if contaminated water contains several 

metals is to construct a series of mycelial nets of several 

species. Then filter the water through it at a slow flow rate.  

- Experiments have also shown that fungal activity can be 

enhanced with bacterial species.  

- A filter system does not always have to be applied using 

mycosorption.  Another option is to create bricks of 

mycelium, then dragged through the contaminated water 

to sorb the metals during their movement. Once the metals 

have sorbed into the fungus, the mycelium brick can be 

removed from the water and the metals extracted from the 

tissue to be recycled. This method can be modified for 

larger experiments.  

- Mycosorption rates can be intensified in the presence of a 

magnetic field, which could enhance liquid culture 

practices. 

- Install along water flow channels, low points, contours, 

swales, and edges. Bricks and mycelial nets do not need to 

be installed in the soil but rather can be introduced to 

standing water. Although there are no results from large 

water bodies.  

- Provide a barrier with the filtration system so that 

pollutants do not contaminate further.   
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- Sorption systems work best if the flow rate is slow or if the 

contaminated water can be isolated for longer durations in 

order for the contaminant to attach to the fungi. This 

should be considered when designing storm-water 

management processes. 

- Adding mushroom compost or mushroom compost tea to 

this process will improve sorption 

- Enhance mycorrhizal network strength with native tree, 

shrub, and perennial species. Practice diversity and 

successional (age) tree, shrub, and perennial planting 

methods. Maintain healthy soil through no-till methods, 

aeration, and microbial boosts.   

 

 

Mycology 

Application 

(as per McCoy, 2016) 

Solubilization - Many metal ions and compounds are 

hydrophobic and insoluble: this a problem because they do not 

dissolve in water. Living mycelium of many fungal species can 

increase the solubility of metals and/ or immobilize these 

elements. Hyperaccumulating species can be used to accelerate 

the intake.  

 

Urban Environment 

Application 

- Brownfields 

- Toxic Spills 

- Metal Contaminated Urban Areas  

- Bioswales 

- Green Streets 

- Edge Treatment of urbanization and naturalization 

Table 28, McCoy Solubilization Applications and Synthesis 
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Synthesis The materials in the fungi that allow for this process are 

Organic Acids. - Negatively charged organic acids produced 

by fungi (e.g., citric and oxalic acid) form complexes with 

positively-charged metal cations. Siderophores- Bacteria 

and fungi produce a variety of low molecular weight ligands 

that chelate and solubilize environmental iron for their own 

metabolism. Siderophores also bind to magnesium, 

manganese, chromium, gallium, and plutonium.  

- Many other non-specific metal binding compounds are 

produced by fungi. Arbuscular mycorrhizal fungi increase 

the immobilization of heavy metals in soils.  

- Similar methods, practises and applications as mentioned 

earlier in mycoremediation can be used for solubilization. 

- Heavily inoculate the contamination site and provide 

substrate over the expanse of the contamination area.   

- Arbuscular mycorrhizal fungi release metal-attracting 

agents such as glomalin, metallothionien, and 

phytochelatin, that control heavy metals in soils. It has been 

shown that the spores of arbuscular mycorrhizal species 

isolated from zinc-polluted soils had a higher germination 

rate.  

- Consult a mycologist for further experimentation and 

specific fungal species that increase solubility.   

- Solubilization methods can be integrated into a filtration 

system similar to the biofilters mentioned earlier. Evaluate 

and re-design biofilters accordingly.  

- Further research and experimentation is required before 

applying this method.  
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- Proper disposal of fruit bodies need to be considered due to 

increased toxins.  

 

 

Mycology 

Application 

(as per McCoy, 2016) 

Translocation and Mycoaccumulation – Uses decomposing 

and mycorrhizal to accumulate toxins through a mycelial network. 

Time is the major difference in this process because it may require 

years to accumulate. Translocation refers to the mycelial network 

taking in the toxins and redirecting them to a fruiting body or 

dispersing it to the network dissipating the toxins strength.  

Urban Environment 

Application 

- Brownfields 

- Toxic Spills 

- Soil Contaminated Sites 

- Industrial Sites 

- Renewal Projects  

Synthesis - Similar methods, practises and applications as mentioned 

earlier in mycoremediation can be used for translocation 

and mycoaccumulation. This process emphasises the factor 

of time. There is greater accumulation with longer 

durations. This also benefits translocation dispersion 

because toxins become diluted over a longer period of 

time.   

- Decomposing and mycorrhizal fungi have demonstrated the 

incredible ability to remove heavy metal ions and 

radioactive isotopes out of their environment by drawing 

the elements into their mycelial networks. By applying 

inoculation (any of the methods listed earlier) and 

substrates such as wood chips, straw, and sawdust for the 

Table 29, McCoy Translocation and Mycoaccumulation Applications and Synthesis 
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fungi species to feed off of these sites can be remediated 

on site.  

- Consulting a mycologist is essential to determine the most 

efficient fungi species to accumulate toxins. 

- In large areas of land, these inoculation strategies are 

challenging because the mycoaccumulation and 

translocation may require years. Although this method is 

time consuming, it is a low-cost remediation method that 

can be done on site.  

- Design for phased mitigation of these sites. Combining 

these methods with other environmental remediation 

techniques. For instance, the first phase should be 

mycoaccumulation. The second phase would be 

phytoremediation with mycorrhizal associations. 

- With translocation there is always the question of how we 

dispose of an accumulated toxic mushroom. Is there 

another process to do this? 

 

 

Mycology 

Application 

(as per McCoy, 2016) 

Soil Fungi vs. Chemicals – When an ideal remediate species is 

not found, the principle is to compare chemical compounds in 

fungi to toxins chemical compounds. The majority of the 

compounds fungi that are known to remediate are aromatics 

(these contain multi-atom rings with double bonds) and non-

aromatic (compounds that do not contain aromatic rings).   

Urban Environment 

Application 

- Brownfields 

- Toxic Spills 

- Soil Contaminated Sites 

Table 30, McCoy Soil Fungi vs. Chemicals Application and Synthesis 
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- Industrial Sites 

- Renewal Projects  

Synthesis - Similar methods, practises and applications as mentioned 

earlier in mycoremediation and mycoaccumulation can be 

applied for soil fungi vs. chemicals.  

- Numerous studies show that soil fungi have the ability to 

break down a wide variety of pollutants such as PCBs, TNT, 

pesticides, chlorinated phenols, and PAHs. Along with the 

extensive list mentioned in mycoremediation. This method 

specifically deals with the matching of chemical compounds 

between fungi and toxins.   

- This means that using fungi collected from non-

contaminates sites and then applying them to 

contaminated sites is not an adaptive strategy but, rather 

survival tactics. These soil fungi fall along a spectrum that 

runs between decomposer and symbiont, serving a range of 

ecological roles, essentially nature finding a way to survive 

in even the harshest conditions. 

- Consulting a mycologist is essential to determine the most 

efficient fungi species. For instance, Trichoderma species 

can effectively degrade the PAHs pristine, hexadecane, and 

pyrene (up to 75%), T.harzianum can degrade many 

pesticides, including ciliate, glyphosate, DDT, dieldrin, 

endosulfan, pentachloronitrobenzene, and 

pentachlorophenol, as well as the herbicide Diuron 60% in 

soil after 24 hours. Using multiple species such as T.viride, 

Aspergillus carneus, and Fusarium oxysporum enhanced 

degradation of herbicide trifluralin to over 90% efficiency.  
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- These methods prove that combining multiple fungi can 

increase consumption of chemicals.  

- Also combining plant support can enhance results. For 

instance, Trichoderma fungi can also enhance 

phytoremediation strategies by raising the essential 

remediation abilities of plants. T. harzianum has been 

shown to increase arsenic uptake in the hyperaccumulating 

fern Pteris vittata by up to 140%.  

With the extensive amounts of plants, fungal species (that 

are still being discovered) and bacteria, there are endless 

combinations and possibilities. Further experimentation is 

required.  

- Design for phased mitigation of these sites but allow for 

‘nature to take its course.’ Monitor and maintain removal of 

toxic accumulated fungi if necessary.  

 

 

Mycology 

Application 

(as per McCoy, 2016) 

Soil Remediation Strategies – There are two methods of 

remediation soil: in situ or ex situ. Different fungi will thrive in 

these strategies. Find the right fungi for the right treatment.  

Urban Environment 

Application 

- Brownfields 

- Toxic Spills  

- Bioswales 

- Renewal Projects  

- Green Streets 

- Green Infrastructure 

- Edge Treatment of urbanization and naturalization 

- Edge Treatment of Waterways 

Table 31, McCoy Soil Remediation Strategies Application and Synthesis 
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- Erosion Control  

Synthesis - Similar methods, practises and applications as mentioned in 

mycoremediation and soil vs fungi. As always consult a 

mycologist before applying these strategies.  

- The first step is to contain the spill zone from the 

surrounding environment. Where possible, swales should 

be constructed to mitigate the flow downhill and filled with 

substrates known to sorb the contaminant(s). Remember 

that the slower the flow the better the rememdiation. 

These buffers should be built on contour and, as a 

precaution, lined with plastics outside the substrates, to 

collect as much of the pollutant as possible in the event of 

rain. The sorbing material should be replaced as needed 

and moved to an off-site location for further inoculation 

and treatment. Any inoculation methods listed earlier may 

be applied with appropriate substrate.  

- The most effective species for in situ soil remediation tend 

to be those that naturally inhabit soils (e.g., later-stage 

decomposers and mycorrhizal species). Ideally use local 

fungi species for greater success. Wood decomposing fungi 

will not survive in the unfamiliar substrate of soil.   

- For soils that will be treated ex situ in a constructed pile, 

saprophytes are the better choice.  

- Starting small scale and working up with these strategies is 

another method. By taking a jar with contaminated soil 

then allowing the mycelium to grow, the jars content can 

then be used as an inoculum for a bag of sawdust. Then 

once that is myceliated, the bag can be opened carefully 

and the sawdust can be top-dressed with more 
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contaminated soil. This can then be broken up and spread 

over a larger contaminated soil area.  

- For a lot of species, the degradation rate increased with 

high temperatures.   

- Assisting methods should be applied as well such as; 

Biochar. When organic materials are cooked in high heat 

and low oxygen, a process known as pyrolysis will occur and 

the carbon will be left behind in a highly stable crystalline 

form.  

Vermiculture – using native worms to assist in soil 

development.  

Mushroom Compost Tea – creating a liquid inoculum of 

beneficial, oxygen loving microbes and micro fungi.  

- Use stacking methods – The heat produced by an aerated 

compost pile can be utilized to warm a mushroom bed and 

increase growth rate.  

- Design a successional forest floor by creating a ‘log layer’, 

mimicking an ideal place for incubating mushrooms.  

- Design for Hügelkultur, which is the practise of burying 

woody material within piles of soil in order for it to 

decompose, creating a raised garden bed that allows for 

years of fungi food by digesting the wood.   

 

 

Mycology 

Application 

(as per McCoy, 2016) 

Water Remediation Strategies – The treatment of 

contaminated water is one of the greatest challenges for 

remediators, and the larger the body of water the harder this 

becomes. The only way that remediators can encourage fungi to 

Table 32, McCoy Water Remediation Strategies Application and Synthesis 
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significantly reduce dissolved pollutants is through long term 

interactions between the contaminant and the fungi’s extracellular 

oxidation mechanisms. 

Urban Environment 

Application 

- Green Infrastructure  

- Bioswales 

- Infiltration Basin 

- Storm Water Management Processes 

- Decrease Flow Rates  

- Treatment for urban creeks, rivers, and water bodies, 

including edge treatments. 

- Restoration Projects in Urban Environments 

- Erosion Control 

Synthesis - Similar methods, practises and applications as mentioned 

earlier in mycofiltration.  

- Consult a mycologist with experience before applying these 

techniques. Research fungal species and run sample test to 

see which removes targeted pollutants. 

- Unfortunately, contaminated water is most effectively 

remediated when it is collected and contained, and then 

treated. For landscape architects, this means storm water 

ponds or infiltration basins. Another way to slow down the 

water flow is by digging a swale on a consistent elevation, 

the water will be captured and unable to move downhill.  

- In urban areas, designs need to have green channels to slow 

flow rates of run-off water. The more impervious surfaces 

the quicker the water flows and remediative methods are 

irrelevant.  
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- Though there are three ways mycologists deal with water 

and flow constraints. Landscape architecture practises can 

incorporate these:  

1. Bioreactors- Remediative mycelium can be grown in jars 

or tanks filled with chemically-contaminated water. As the 

mycelium grows through the liquid, its extracellular 

enzymes degrade the pollutant(s), leaving less- or non- toxic 

by-products behind. Contaminated water can be treated 

with bioreactors as one-off batches or as a continuous 

stream. For batch-fed fermentation systems, polluted water 

is diluted and/or mixed with substrates in a sealed vessel, 

sterilized, and then inoculated with one or several species. 

Filtered air is introduced to the system as the mycelium 

grows through the liquid until, after a set amount of time, 

the container is opened and the liquid is sampled to 

determine how effective the mycelium was.  More 

elaborate bioreactor systems have been designed that 

allow for remediated water to leave the fermentation 

container as more contaminated water flows in slowly. 

Known as continuous fermentation. Both batch-fed and 

continuous systems have been used to successfully treat 

heavy metal contaminated water.  

2. LC Broth -  When remediative fungi are grown in a liquid 

broth, their oxidative enzymes are released into growing 

medium. When the mycelium is filtered out of this enzyme-

rich broth, the liquid fraction is directly applied to the 

contaminated water to oxidize and degrade a given 

pollutant. 
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3. Enzyme Extracts – Through a series of chemical reactions, 

the water-soluble digestive enzymes of white rot fungi 

species can be extracted from liquid broths or myceliated 

substrates and applied to contaminants in a high 

concentrated form. 

- Model variations of these 3 techniques to appropriate 

application size.  
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4.8 Mycorrhizal Network  

 It is clear that humanity is destroying the very ecosystem we need to survive. The 

cascade of toxins and debris generated by humans destabilizes nutrient return cycles, causing 

crop failure, global warming, climate change and, in a worst-case scenario, quickening the pace 

towards ecocatastrophes of our own making. As ecological disrupters, humans challenge the 

immune systems of our environment beyond their limits (Stamets, 2005). Many mycologists 

believe that humanity may be balanced with nature again by using mycelium. Every interview I 

had and every piece of literature I read stressed that the next revolution in human life will 

undoubtedly be the rise of the mycoculture, and that fungi will play a pivotal role in new 

industries of the 21st century (Fungi Perfecti, 2018). This is evident in new exploratory concepts 

such as: mycorestoration, mycomimicing, closed loop system design, biodegradable / soft 

architecture and revolutionary discoveries such as; replacing construction materials with 

mycoconcrete and mycoinsullation; growing mycelium bricks, furniture, and fabric; breaking 

down plastics with fungi; and even 3D printing with fungi. The role that landscape architects will 

take with fungi will be to become ecological balancers - solving problems biologically rather 

than with chemical solutions.   

By applying mycology applications to urban environments, landscape architects can 

start to piece together the mycelium puzzle pieces. The overall objective is to create and 

enhance a healthy mycorrhizal network. There are many negative influences urban 

environments have on the health and growth of fungi; addressing the negative influences and 

implementing proposed solutions will shift urban environments into a self-sufficient ecosystem 
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for all humans, plants and fungi. Once the mycology and mycorestoration applications have a 

thriving environment to grow, the mycorrhizal network will follow.  

 There are ways to encourage the establishment of a healthy mycorrhizal network. 

Lowenfels (2017), outlined some general rules to follow to have a healthy mycorrhizal network:   

1. Match the fungi to the plant – Mycorrhizal associations are host-specific. Generally, 

most forest trees associate with ectomycorrhizal fungi whereas flowers and shrubs 

associate with arbuscular endomycorrhizal fungi. Use a mixture of various species of 

mycorrhizal propagules this usually increases the probability of getting a good match. 

Each fungal species has unique abilities to offer the most benefits in total.  

2. Use viable propagules – Use viable propagules including spores, fungal hyphae 

fragments, and root fragments with vesicles. Commercially - produced spores last for a 

couple years, and root fragments with vesicles only last about a year.  

3. Monitor phosphorous – If the soil contains too much phosphorous, a potential host 

plant will not create, partner with, and form mycorrhizae. To ensure continuous 

colonization, avoid the use of fertilizers that contain phosphorous. In lab analysis, look 

for phosphorous levels less than 70 parts per million (ppm). Some suggest that 

phosphorous levels should be lower than 30 ppm.  

4. Add propagules to soil mixes – Add mycorrhizal propagules to all soil mixes, including 

compost mixes, and use when transplanting, even if plants already have associations. 

Tests show that early colonization maximizes benefits, but colonies do not necessarily 

transfer successfuly without replenishment. The more propagules the better the 

chances are that fungal hyphae will encounter roots.  
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5. Inoculate as early as possible – Give the plant a head start so that the benefits of 

mycorrhizae are available immediately and continuously for germination. One method 

to do this is to roll seeds in propagules. Another is when you purchase a plant, add 

propagules to the soil and/or roots before you transplant.  

6. Beware of “icides” – Pesticides (insecticides, herbicides, and fungicides) impact both the 

mycorrhizal fungi and the soil organisms that come in contact with them. Adding 

pesticides can kill mycorrhizal fungi.  

7. Be gentle – Mycorrhizal fungi and networks are fragile; treat them with care and try not 

to disturb the soil. Avoid tilling, deep plowing, leveling, or other mycelium-destroying 

activities. Do not burn fields to remove stubble; high temperatures kill the fungi and 

spores. Fungi need oxygen to survive, so avoid practises that result in soil compaction 

and poor drainage. Aeration is encouraged.   

8. Store propagules properly – Store propagules in the range of temperatures that will 

keep them alive: 65-75°F (24-30°C) is best. Temperatures above 120°F (49°C) will 

damage or kill propagules. Keep them cool, dry, and contained to avoid contamination.  

9. Stay up-to-date – Even though, mycorrhizae were discovered more than a century ago, 

their full potential and power is not known. Scientists look for new ways to use 

mycorrhizae and produce a tremendous amount of research. Many universities conduct 

mycorrhizal research, and new studies are published regularly.  

10. Experiment – Using propagules to create mycorrhizae is a new process for growers and 

needs citizen science. Experiment to find ways to optimize existing processes and 

improve with each result. Remember results will vary, even when scientists study fungi. 
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We still have an endless amount to learn. Experiment to find the best fungal 

combinations for the plants in your soil, and always share your results.  

(Adapted from Lowenfels, 2017)  

  

  By utilizing mycology and mycorestoration applications we start to see the forming of a 

mycorrhizal network. If landscape architects apply this to every urban environment, then all 

urban plants will be better able to withstand drought, environmental stresses, urban 

stresses, root pathogens, and diseases. By associating with fungi, plant roots use the 

nutrients brought back by the fungal hyphae growing beyond their own root zone; these 

plants grow stronger, faster and healthier. Imagine a self-sufficient urban environment 

where street trees grow tall and healthy, nurturing, communicating and supporting 

saplings, shrubs, and perennials through a connected mycorrhizal network.  

For instance, if we look at an area such as downtown Guelph, ON, all we see is grey: 

grey roads, grey parking lots, grey roofs, grey walls, and grey sidewalks. Instead of trees we 

see a concrete jungle of roads and buildings, instead of lawns we see vast parking lots, and 

instead of healthy street trees we see small barely surviving exotic trees, shrubs and 
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perennials. Where is the life? How is this a healthy ecosystem?   

 

 If we shifted our perspective from human supremacy into co-existence with plants, and 

fungi we could start to see ecological balance and harmony of all systems. To establish this, we 

need to apply mycorestoration techniques along our green streets, emphasizing mycorrhizal 

fungi partnerships. 

 

Figure 22 Downtown Guelph, Ontario (Google Earth, 2018) 

Figure 23 Green Streets; Downtown Guelph, Ontario (Google Earth, 2018) 
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     If we then accompanied these methods with mycorrhizae in horticulture and silviculture 

techniques to green roofs and created healthy plant-root/- soil channels down the walls of 

buildings, linking to integrated porous green sidewalks and roads to enhance our urban forest 

we would start to see the mycorrhizal networks growing and expanding.   

 

 Then we complement mycorrhizae in horticulture and silviculture methods by creating 

community gardens, urban parks, and school gardens using mycorrhizae in agriculture, lawns 

and turfgrass techniques. Then, we enhance existing green corridor mycorrhizal networks and 

establish new green/ fungal corridors, unobstructed with man-made materials. The mycorrhizal 

network could grow from the roof, down the living walls, to the urban forest streets and into 

the urban parks to create healthy root associations.  

Figure 24 Green Roofs, Living Walls, and Streets; Downtown Guelph, Ontario (Google Earth, 

2018) 
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       This would transition the concrete jungle into a breathing, living, nourishing ecosystem 

and combat urban problems such as urban heat island effect, storm-water run off, pollution 

and flooding, salination, high flow rates, poor air quality, little to no green porosity, 

compaction, and overall ‘dead’ city. By utilizing mycology applications and mycorestoration 

techniques, urban environments can achieve thriving and healthy green-roofs, living walls, 

green streets, urban forests, urban parks, green corridors, naturalized areas, storm-water 

management, creeks and ponds, and even neighborhood lawns.  

         

  

 

Figure 25 Green/ Fungal Corridors; Downtown Guelph, Ontario (Google Earth, 2018) 
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 Imagine an underground network that connects a symbiotic human, plant, and fungi 

system. Humanity has the ability to do this through the ‘power of fungi’, to achieve fungal 

harmony. The next role and revolution for landscape architects should be to endeavour to 

become ecological balancers.    

 

 

 

 

 

Figure 26 Mycorrhizal Network; Downtown Guelph, Ontario (Google Earth, 2018) 
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CHAPTER 5: DISCUSSION 

 Gaining knowledge of mycology, the role of fungi in ecosystems, and the 

utilization of mycological applications is transitioning into an essential tool. Yet there are very 

few academic publications that provide research on this topic, and on large-scale installations 

and projects. In urban environments there is no focus on fungal health, as we become a 

dominant species, disconnected from nature and ecological functions. Mycologists and their 

practises understand that the majority of plants can not survive without fungal partnerships, 

and that fungi are essential ecosystem loop closers. In many designing professions science is 

usually not accounted for in designs and this creates a divide in knowledge. The purpose of this 

exploratory research was to identify the knowledge gap through key informant interviews of 

mycologists and landscape architects, then bridge this gap through a targeted technical 

literature review on mycology that is relevant to landscape architecture. The result from the 

targeted literature review was to: understand urbanization influences on fungi, summarize 

mycology applications, interpret design principles for landscape architects from regenerative 

mycology principles, and synthesize mycology applications for urban environments. It was 

important to categorize urban influences on fungi and propose solutions. Further analysis of the 

technical targeted literature led to a step-by-step process on how mycology and 

mycorestoration applications could be applied in the urban environment through landscape 

architecture practises.   

 The key informant interviews were conducted through a range of professions: soil and 

fungi specialists, landscape architects, architect, mycologist and geologist. The objective of 
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these interviews was to: identify reoccurring themes, identify mycology and landscape 

architecture methods and gaps, and to gain new knowledge. All key informants agreed on the 

importance of fungi in ecosystems and reiterated that fungal health is overlooked in designs 

and installations. Some key informants had biased opinions on whether fungi health was more 

important than soil health, but I acknowledged that these were co-dependent. Particular 

mycologist key informants believed strongly that ‘mushrooms could save the world’, whereas 

other key informants thought this was an overstatement. When I proposed a theoretical design 

solution/ mycology application for an urban environment such as bioswales or connective 

fungal corridors, all the key informants suggested that this would be possible but that there 

needed to be more research and large-scale experimentations. This was a re-occurring point 

that was brought up by the key informants, stating “Yes, but more research needs to be 

conducted” for many of their answers. It became clear that this was because mycology species 

and strains are still being discovered and their capabilities are not yet known; also, very little to 

no research has been done with fungi in urban environments. It was unanimous that 

humanity’s next revolution will be mycoculture and, when asked to discuss/ share their 

knowledge for future landscape architects, I think Joe Dahmen put it best: 

We are alive at an exciting moment. We have more and more powerful means of 
assimilating the heterogeneity of the natural world. We are no longer restricted to the 
common ‘one size fits all’ approach. I think the exciting developments in biotechnology 
and the microbiome in these communities is trying to understand and even shepherd 
these interactions especially complex natural interactions. 

 

 During the interview process, the biggest limitation was time. Although the key 

informants were willing to participate, they had limited time to do so. Phone or in-person 
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interviews were more effective because the amount of information and effective answers from 

speaking directly with the key informants far out-weighed that of key informants who chose to 

respond through written answers, which were short and brief and sometimes needed further 

clarification. Also, this process was difficult at times due to the knowledge gap between science 

and design professions.  

 It was difficult to find current mycology practises and applications that could be applied 

to urban environments because there are so few experiments in this realm to date. Also, 

mycology and mycologists are currently learning about new species and strains because there 

are thousands yet to be discovered. It seemed overwhelming at times to understand scientific 

papers and experiments and to stay on top of the newest findings. This challenge showed me 

that mycology needs to be taught in school curricula from elementary age onwards; its 

importance is revolutionary.   

 I believe that I have met my research objectives and proved that there are great 

benefits in utilizing mycology and mycorestoration applications in landscape architecture 

practises. In order to achieve these benefits, there needs to be a step-by-step process to follow 

for landscape architects. Steps 1 and 2 oversee each of step 3’s mycology applications to 

achieve fungal health and regenerative design principles. The first step is to accomplish all of 

the 15 regenerative mycology design principles in all designs and installations for landscape 

architecture practises. These are: 1. Observe and work with fungi 2. Catch and store energy 3. 

Obtain a flush 4. Apply self-regulation and accept feedback 5. Use and value renewable 

resources 6. Up the functions 7. Close loops and produce no waste 8. Spawn from patterns to 

details 9. Myceliate rather than segregate 10. Use small, slow and simple solutions 11. Use and 
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value diversity of species and strains 12. Use a diversity of local substrates and increase vitality 

13. Expand the edges and value the marginal 14. Creatively adapt to change 15. Spread spores. 

The interpretations I have provided synthesize how landscape architects can apply these 

techniques. The second step is to provide the 5 fungal elements to achieve greatest longevity: 

substrates, water, inoculum, microclimate, and system. The third step was developed through 

the targeted technical literature of Stamets, 2005, Lowenfels, 2017 and McCoy, 2016. I created 

a list of mycology and mycorestoration applications that can be utilized in urban environments 

through landscape architecture practises. These include: Mycofiltration; mycoforestry; 

mycoremediation; mycorrhizae in - agriculture, horticulture, silviculture, lawns and turfgrass, 

and the home garden; mycosorption; solubilisation; translocation; mycoaccumulation; soil fungi 

vs. chemicals; and soil and water remediation strategies. All of these applications are 

synthesized by me for landscape architects and urban environment applications were listed. For 

instance, some of them include: green streets, green infrastructure, bioswales, infiltration 

basins, storm-water management processes, flow rates, edge treatment where urbanization 

and naturalization intersect, edge treatment for urban creeks, rivers, and water bodies, 

restoration projects in urban environments, erosion control, urban parks, urban ravines, and so 

on.  

Further research would be to take each table developed for the applications and proceed to a 

small-scale, site-specific experiment, with proper consultation from mycologists. Once the 

experiment is run and there is a known outcome of how the fungi will behave, it should be 

applied to a large-scale test.  
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Once these mycology and mycorestoration applications are integrated into everyday 

city management plans, maintenance procedures, installation methods and practises, then a 

city can start to develop a mycorrhizal network under its busy urban environment, achieving 

ecological balance. By following Lowenfels 10 general rules: 1. Match the fungi to the plant 2. 

Use viable propagules 3. Watch the phosphorous 4. Add propagules to soil mixes 5. Inoculate as 

early as possible 6. Beware—Pesticides, herbicides, and fungicides 7. Be gentle 8. Store 

propagules properly 9. Stay up-to-date 10. Experiment, the mycorrhizal network can stay 

healthy and strong for centuries.   

             Taking on an endeavour such as a thesis will lead any student into an 

overwhelming scope, where refinement creates one research question after another. Reflecting 

upon my methods, results and analysis, I have learned that one can get lost in the excitement of 

new mycology experiments and materials. It is hard to stay focused on an ultimate goal when 

there are so many possibilities and opportunities presenting themselves. It was easiest to 

collect my many thoughts and research results into tables for clarification and simplification, 

and then synthesize for landscape architecture applications and find the overlapping urban 

environment scenario where the application could be utilized. The best method to set out doing 

this type of research is exploration, although it can seem never ending at times. It is important 

to remember that all research is flawed in some way. This being said, my overall experience was 

one of enlightenment; I feel as though I have provided a missing link in a regenerative system.   

 This is just the beginning of an unlimited union of knowledge and design in 

overlapping landscape architecture with mycology. There is so much more to learn and 

contribute to both professions, future research should develop design and installation 
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specifications merging the knowledge gap of mycology and landscape architecture. Through 

continuing education via conferences, workshops, and webinars I hope to share the information 

I have gained.  If we are trying to achieve ecological harmony between nature and humans then 

we, in turn, should find a harmonious balance between mycological scientific knowledge and 

landscape architecture practises in urban environments. 

CHAPTER 6: CONCLUSION 

 The overall research approach of using semi-structured key informant interviews 

proved to be very effective in exploring and gathering detailed information. The nature of my 

interviews was thought provoking since the key informants had different backgrounds, and 

because of the knowledge gap between mycologist and landscape architects. This range of 

backgrounds was very efficient at showing every perspective from the soil, to the fungi, to the 

designer. To produce the best knowledge from a semi-structured interview, I found that it is 

better to have a smaller group with set questions but also allow for a free-flowing discussion. 

The targeted technical literature review produced knowledge that I was able to reflect upon 

and synthesize. To gain a perspective of mycology and fungi applications for urban 

environments was difficult due to the fact that it is a new area of study with very little 

conclusive research. This became evident through Stamets (2005) revolutionary bold 

statements bringing mycology into the public eye, but it was important to step back and look at 

new mycologists who are driving the force of innovative research such as McCoy (2016).        

 The next generation of landscape architects should learn more about fungi and its 

essential role in ecology, then take the results produced in this thesis and apply them in urban 
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environments in conjunction with mycologists. Further experimentation and mycologist 

consultation will be required to do this, but there is no doubt that results will have a positive 

outcome from this research. The biggest opportunity for landscape architects is not to become 

the ‘know it all’ of ecological functions but rather to evolve through constant learning and 

education so that our practise can collaborate with evidence-based research. This is how 

landscape architects will become ecological balancers. Soil specialists James Urban repeatedly 

stated in his interview that ‘LAs need to become scientists’. To some degree this is true, but 

landscape architects should also ask for assistance and additional consulting when integrating 

mycology applications.            

 In conclusion, the purpose of this research was to investigate how mycology could be 

applied within the practise of landscape architecture, in order to propose applications of 

mycology and mycorestoration techniques in urban environments. The underlying problem was 

that there is little knowledge on fungi and the importance of fungal network health in urban 

environments. Results from the key informant interviews proved that there is a knowledge gap 

between mycologists and landscape architects and provided perspectives on possible 

integration methods while gaining new knowledge. Through a review of targeted technical 

literature, a step-by-step process was developed to guide landscape architecture practises 

through mycological applications in urban environments. With the next revolution of 

mycoculture, I hope to see the development of myco-landscape architecture closing the loop in 

the ecological system design.       
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APPENDIX 

Mycofiltration  

Mycofiltration uses mycelium as a membrane to filter out microorganisms, pollutants, 

toxins and silt. Habitats infused with mycelium; reduce downstream particulate flow, mitigate 

erosion, filter out bacteria and protozoa, and moderate water flow. Mycofiltration has many 

applications and can filter; Pathogens (including protozoa, bacteria, viruses), silt, and chemical 

toxins. This method can be effectively installed around the following types of sites; Farms and 

suburban and urban areas, watersheds, factories, roads, and stressed, harmed or malnourished 

habitats. 

From 2007 to 2008, two mycofiltration treatment studies in north-western Washington 

documented bacteria removal from agricultural runoff under widely different loading and 

design parameters. In an experimental treatment conducted by the Mason County Public 

Works department, (Taylor, Stamets, 2014) a significant though relatively short-term 38% 

reduction in fecal coliform bacteria was achieved in a shallow suburban creek. The results were 

verified in 2009 in a study conducted by Pacific Northwest National Laboratory. The study 

evaluated the performance differences in rain gardens (planted bioretention basins) in an 

agricultural region. Two identical rain gardens were constructed to compare the performance 

differences between a garden inoculated with Pleurotus ostreatus and Stropharia rugoso-

annulata mycelium and a rain garden without fungal inoculum in the wood mulch layer. The 

mycelium-enhanced rain garden removed 24% more fecal coliform from runoff than the rain 

garden without mycelium. When the experimental treatment cells were spiked with dairy 
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lagoon waste (259,000 CFU/100 ml), the rain garden without fungal inoculum had a short-term 

export of bacteria (376 CFU/100 ml) one hour after the influent spike, while the mycelium-

enhanced rain garden resisted coliform export with effluent concentrations remaining below 10 

CFU/100 ml over the same period (Taylor, Stamets, 2014).  

In 2013 Paul Stamets company Fungi Perfecti collaborated with researchers, to create a 

comprehensive assessment of mycofiltration biotechnology to remove pathogens from urban 

storm-water. Pollution from pathogens is the primary cause of weakened waters worldwide, 

with storm-water being one of the leading contaminant. This revolutionary research focused on 

removal of E. coli from water under runoff model flow conditions.  

The project used physically durable and biologically resilient fungal species and low-cost 

cultivation methods to produce a fungal biofilter, known as a MycoFilter TM.  

Several conclusions were 

drawn; the first was to find 

fungal species that are 

appropriate candidates for 

mycofiltration. Of eight 

fungal strains that were 

tested, Stropharia 

demonstrated resiliency to 

cycles of saturation, drying, 

heating, and freezing 

Figure 27 Cross-section schematic of a biofiltration 

treatment cell (Pacific Northwest National Laboratory, 

Thomas et al, p.25, 2009) 
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representing urban conditions. Also, after undergoing these biological stresses, statistically 

significant reductions in E. coli concentrations were observed. The second conclusion is that 

Stropharia demonstrated a significant capability to remove freely suspended E. coli from 

flowing water. This is important, because many storm-water best management practises 

achieve bacteria reductions simply by removing sediment-bound pathogens. Therefore, 

mycofilters demonstrating a capacity for treating free-floating bacteria is a new useful 

application. Additionally, mycofiltration may be more effective against sediment-bound 

bacteria and could possibly achieve 100% E. coli removal (Stamets et al. 2013).  

The conclusion from Phase I project is that, specific fungal strains are resilient enough to 

be considered for storm-water treatment applications against a variety of toxins including 

pathogens, but more research is required to define treatment design and operating limits.   

 

Figure 28 Mycofilter Trial, Average % Removal of Sediment-Bound E.coli 

(Stamets et al., p.19, 2013)   
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Only a handful of studies have evaluated bacteria removal using mycofiltration. In 2009 

a field-scale mycoremediation study (Taylor et al., 2014) was performed in the Dungeness 

Watershed in western Washington. 

Two vertical-flow biofilters (18 m2 area, 1.5 m thick) were constructed with layers of 
sandy loam, organic compost, geotextile fabric, and gravel. One biofilter was inoculated 
with the mycelia of S. rugoso-annualata and P. ostreatus. A second biofilter contained 
wood chip mulch without fungal inoculum. Biofilters were lightly loaded at 
approximately 1.4 L/min (0.003 m/d) with mildly contaminated inflow from a lagoon 
(<40 cfu/100 mL). The study reported a 66% reduction in thermotolerant coliform in the 
control filter and a 90% reduction in the fungal inoculated biofilter. In 2013 an 
experiment was performed to examine the effectiveness of P. ostreatus in a spent 
mushroom compost in reducing E. coli in simulated stormwater runoff. It was found that 
the number of E. coli increased exponentially in control reactors but decreased in 
reactors with the spent mushroom compost (Taylor et al., 2014).  

Figure 29 Summary of Results for Pleurotus Mycofilter Sediment & Bacteria Series 

Test (Stamets et al., p.20, 2013)   
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Figure 30 E.coli % concentration removal in biofilters (Taylor et al., p.83, 2014) 

Figure 31 Thermotolerant coliform concentration from biofilters (Taylor et al., p.83, 
2014) 
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Mycoforestry 

Mycoforestry uses fungi to sustain forest communities. It accomplishes the following 

goals; preservation of native forests, recovery and recycling of woodland debris, enhancement 

of replanted trees, strengthening sustainability of ecosystems, and economic diversity (Stamets, 

2005).  

Mycoforestry has emerged from ecoforestry practices that emphasis the role of beneficial 

fungi.  Trees stands in a ‘fungal forest’ have as much as a third of the biomass in the top soil 

being mycelium. The concept of mycoforestry involves far more than merely inoculating 

seedlings with mycorrhizal fungi. Stamets states these guiding principles:  

1. Use native species of fungi in the habitats needing restoration. 
2. Amplify saprophytic fungi based on available wood substrates. 
3. Select species known to help plant communities. 
4. Select mushroom species that attract insects whose larvae are food for fish and birds. 
5. Select fungal species according to their interactions with bacteria and plants. 
6. Choose species that compete with disease rot fungi (such as Armillaria species and 

Heterobasidion annosum) by using mycorestorative saprophytes like Hypholoma, 
Psilocybes, Trametes, Ganoderma, Sparassis, and allies. 

7. Choose species of known medicinal or culinary value if economically valuable 
mushrooms help tilt the balance in favor of preservation. 

8. Promote ground contact with fallen trees so they can re-enter the food chain. 
9. Leave snags to sustain bird and insect populations. 
10. Use spored oils in chain saws, chippers, and cutting tools so that wood debris is 

immediately put into contact with fungal spores, speeding up decomposition. 
11. Retain wood debris mass on site, and place debris around newly planted trees, along 

roads, or wherever erosion control is needed. 
12. Only burn wood debris as a last-ditch measure for disease control. 
13. Use mycorrhizal spore inoculum when replanting forestlands. Seedlings cultivated in 

pasteurized or constructed soils on tree nurseries typically lack mycorrhizae.  

(Stamets, p.74, 2005)  



143 
 

Clear cutting is a death sentence for the fungal network. Mass planting of same aged trees 

will never create the mixed age stand and diversity of a natural forest. Managing a forest 

properly for harvesting causes little harm to the mycorrhizal network. Applying a fungal 

framework to forestry practices greatly changes the way things are done. Always consider the 

natural succession process of the forest that the fungal networks have been creating for 

decades. Current forestry methods result in unrepairable loss. Heavy equipment damages and 

further divides the mycelium into fragments. Hardwood stump sprouts attempt to carry things 

forward by regenerating massive leaves. Seedlings lack the mycorrhizal nurture of mother 

trees. The overall loss of diversity in the herbaceous understorey lessens critical nutrient 

sharing between species. Arbuscular mycorrhizal fungi can not recover if herbicide is used. 

Everything shifts when proper forestry methods are applied to mixed aged stands of healthy 

succession, this allows the mycelial network to connect across the ecosystem. By leaving legacy 

trees to live out their existence will preserve fungal connections for generations. Young trees 

are provided with carbon sugars and other nutrients while struggling to reach the light. Stumps 

sprouts maintain fungal ties, and strengthening the network as a whole, while new trees fill 

back holes in the canopy. Deadwood decomposing provides nutrients for the mycorrhizae.   

In 2003 Stamets company, bought land on Cortes Island, British Columbia, half of which had 

been clear cut. Remaining was a mixture of old growth and second growth Douglas Fir, 

Hemlock, and Western Red Cedar forests. This mycoforestry experiment is multi-generational 

and will compare the effects of introducing mycorrhizae. This long-term experiment divided the 

property into 4 test plots. Two native tree species were chosen, Douglas Fir and Cedar, 35000 

seedlings total. Half the seedlings were root dipped in a mycorrhizal spore mass slurry. The root 
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balls of half the Cedars were each exposed to approximately half a million spores of the 

endomycorrhizal species Glomus intraradices, while the 

root balls of half the Douglas Firs were exposed to the 

ectomycorrhizal species Rhizopogon parksii. Half of the 

Cedars and Douglas Firs did not. Around the base of half of 

the trees the team used a topdressing of wood chips to 

make use of the fungi’s appetite for wood chips, and to 

increase the soil depth for later tree successions.   

By September 2004, the team had measured the 

height and girth of 700 trees, with and without 

mycorrhizal treatments. A net 8 % increase in overall 

height and girth was shown, in only 10 months, this is a result of re-establishing mycelial 

network (Stamets, 2005).  

Piles of branches sit 

undecomposed after 20+ years on a 

farm. If this was chipped and 

inoculated with saprophytic fungi 

the debris by-products would have 

re-entered the food chain.  

 

 

Figure 33 20+ Year Old Wood Debris (Stamets, p.79, 2005) 

Figure 32 Mycorrhizal Growth  

Comparison (Stamets, p.81, 
2005) 
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Mycoremediation 

Mycoremediation uses fungi to degrade or remove toxins from the environment. Fungi 

are natures recyclers and are molecular disassemblers, breaking down many recalcitrant, long 

chained toxins into simpler, less toxic chemicals (Stamets, 2005). By using mycoremediation, 

brownfields can be renewed as green fields. Remediation with living organisms is a low-cost 

method. It eliminates the expense of removing massive amounts of tainted soil to a remote 

toxic waste storage site. Current policy and methods are burning, hauling, or burying toxic 

waste, resulting in ecologically crippled environments.   

Mycoremediation is an emerging technique for the control of potentially toxic trace 

elements (PTEs) in soils (Stamets, 2005). These practices include; mixing mycelium into 

contaminated soil, or placing mycelial mats over toxic sites, or combining them. Mushrooms 

release enzymes and acids that degrade polycyclic aromatic hydrocarbons, polychlorinated 

biphenyls, petroleum hydrocarbons, and pesticides into simpler compounds. They can degrade 

paper and pulp industrial wastes, agricultural organic wastes, and sewage sludge. The fruiting 

bodies of saprophytic fungi, can bioaccumulate higher concentrations of metals Cd, Pb, Hg, Cu, 

Cr, Mn, Zn, Se, Fe, and Ni than compared to plants, vegetables, and other fruits (Amjad, Ali et 

al. 2017).  

This became evident after the Chernobyl core meltdown, months later health officials 

discovered that people had increases in whole body radioactivity after a single meal of wild 

mushrooms. A single jar of dried mushrooms emitted radiation 20 times the admissible level 

(Stamets, 2005).  



146 
 

 In 1998 Stamets research team applied mycoremediation methods to the Washington 

State Department of Transportation, that had a 30-year-old diesel-contaminated yard. It had 

levels of 2%/ 20,000 ppm of total aromatic hydrocarbons. The team took a small pile (4’height x 

20’ length x 8’ width) of the contaminated soil and applied oyster mushroom spawn with 

sawdust to 30% of the pile. After 4 weeks, the soil had lightened significantly and large oyster 

mushrooms were growing, by 8 weeks the total petroleum hydrocarbons plunged from 20,000 

to less than 200 ppm, and the pile was an oasis of green plants (Stamets, 2005).  

 

  

  

 

  

 

Figure 34 Top left: Contaminated Pile Before, Figure 35 Top right: 4 Weeks After Oyster 

Spawn Applied, Figure 36 Bottom: Oyster Mushrooms Grew Larger than Hand (Stamets, p. 

93, 2005) 
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Stamets research and experiments have led to discovering mushroom species that degrade or 

remove chemical toxins;  

 

Here is a short species list of experimented mushroom species that have removed/ 

sequestered toxins and heavy metals (Darwish, 2013):  

- Shaggy Mane Corprinus comatus - Mycelium grown on sawdust can easily be buried in 

the ground. It favors the edges of grassy areas, polluted soils and eroded and disturbed 

areas. Known for its ability to break through asphalt. Useful tool for metal-polluted soils 

to sequester arsenic, cadmium and mercury.  

- Elm Oyster Hypsizygus Ulmarius – Produces strong cellulases useful for paper products, 

dioxins and wood preservatives such as chromated copper arsenate. Incredibly easy to 

cultivate on many substrates.  

- Shiitake Lentinula edodes – Not as easy to grow using the above techniques above. Kits 

can be packed into burlap sacks and used as water filters. Shiitakes are known to break 

Figure 37 Contaminant Toxin and Recommended Mushroom (Stamets, p.113, 2005) 
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down polycyclic aromatic hydrocarbons, polychlorinated biphenyls and 

pentachlorophenols.  

- King Oyster Pleurotus eryngii –  Can breakdown a variety of toxins, it’s recommended for 

soil remediation and filtration applications.  

- Pearl Oyster Pleurotus ostreatus - The iconic remediator mushroom, this prolific spore 

producer and aggressive decomposer targets a range of pollutants, notably PCBs and 

the PAHs found in petroleum products, pesticides and many other toxins. It can also 

sequester cadmium and large amounts of mercury. This is one of the easiest mushrooms 

to cultivate and can be easily applied to techniques.  

- Pheonix Oyster Pleaurotus pulmonarius – This species is known to sequester dioxins and 

TNT, cadmium, mercury, and copper. Like other oysters, it’s easy to cultivate.  

- Turkey Tails Trametes versicolor - known to remove mercury and filter Escherichia coli, 

Listeria monocytogenes, Candida albicans and Aspergillus species. It also breaks down 

many PAHs including pyrenes, fluorine and styrene as well as pentochlorophenols, TNT, 

CCA, dioxins, anthracenes and persistent organophophates. An easy, aggressive species 

to cultivate.  
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Figure 38 Mushrooms with Activity Against Chemical Toxins (Stamets, p.96, 2005) 
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 This chart is a 

preliminary guide to 

bioaccumulation 

concentration factors of 

mushroom species’ that 

are able to up channel 

heavy metals. Note that 

some mushrooms are 

hyperaccumulators, with 

the ability to take in and 

concentrate elements 

such as cesium at 

thousands of times above 

normal levels in the 

surrounding area. This 

chart is a work in 

progress.  

 

 

Figure ?? Mushroom versus Heavy Metals (Stamets, 2005) 

Figure 39 Mushrooms Versus Heavy Metals (Stamets, p.106, 2005) 
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 There are millions of fungi strains and species which have yet to be discovered and 

utilized for their biodegradation, biosorption, and bioconversion abilities. Current research and 

experiments are still being explored, in 2014 Kulshreshtha et al. reviewed mushrooms used in 

mycorememdiation.  

   

 

Figure 40 Role of Mushroom in Degradation of Pollutants (Kulshreshtha, p.3, 2014) 

Figure 41 Removal of Pollutants by Biomass of Mushroom using Biosorption Process   

(Kulshreshtha, p.3, 2014) 
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Mycorrhizae in Agriculture 

 Modern agricultural practices depend on heavy machinery, constant soil disturbance, 

periods of bear unplanted, chemical fertilizers, pesticides, herbicides, fungicides, fumigants, 

and soil sterilization. Resulting in disrupted and destroyed mycorrhizae in agricultural soils. 

Crops suffer if mycorrhizal populations are not present. Arbuscular fungi are fragile and 

generally grow in the top 6 to 15 inches of the soil, this means that crop rotation, fallowing, 

tilling, fertilizing and sterilization kills this fungi layer.  

Commercial mycorrhizal fungi have been available to the green industry since the 1990s. The 

benefits to using mycorrhizal fungi in agricultural practises include;  

- Mycorrhizal colonization help plants resist infection from parasitic nematodes, fungal 
pathogens, and other disease-causing organisms. Colonized plants are strong and 
healthy and can resist or tolerate root rot pathogens such as Fusarium, Rhizoctonia, 
Pythium, and Phtophthora as well as stem diseases such as Verticillium.  

- The formation of mycorrhizae can increase the production of a variety of plant 
hormones. These hormones are important signaling molecules that regulate cellular 
processes, including the formation of flowers, stems, and leaves and the development 
and ripening of fruit.  

- Establishing arbuscular mycorrhizae can reverse soil damage caused by modern crop 
production, specifically with the Glomalin, the sticky carbon-based glycoprotein. This 
helps bind soil particles together, adding structure. Arbuscular mycorrhizae fungi can 
make up as much as 50% of the microbial mass in a given volume of soil.  

- During drought, plants with arbuscular mycorrhizal associations show less stress than 
plants with few or no mycorrhizae. This could be from several factors; increased soil 
root contact, a colonized plant’s ability to explore for and find water and greater ability 
to absorb it, changes the osmotic forces, increased number of aquaporins, or changes in 
hormonal signaling in mycorrhizae.  

- Arbuscular mycorrhizal plants compete effectively and can starve nonmycorrhizal weeds 
of phosphorous, thus reducing their populations.  
(Lowenfels, p.73-80, 2017) 
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There are many ways to inoculate crops, but they all have one thing in common; as 

many of the fungal spores as possible must be located in a position that ensures that they will 

receive the host plant’s chemical signals, prompting the spores to branch their hyphal 

extensions into the roots. Methods of inoculation include;  

- Propagules mixed with granular substances. These mixes are spread into soil or other 
planting media and onto roots in various ways.  

- Propagules mixed in soil. These are natural soils that contain known mycorrhizal fungi.  
- Propagules mixed in liquid. The liquid formulation is an important innovation that 

increases the uses of mycorrhizal fungal spores, which can be used in drip irrigation 
systems and delivered to existing plants.  

- Seed inoculation. Seeds can be rolled in granular and powdered formulas or sprayed 
with liquid formulas.  

- Seed germination mix inoculation. All formulas can be used in the soil when seeds are 
germinated. Seed starting cubes, transplant cubes, and growing media for hydroponics 
can all be inoculated with granular or liquid formulas.  

- Bare-root inoculation. Bare plant roots can be sprayed, sprinkled with or dipped into any 
of the formulas and inoculation will result.  

- Bare-root soil inoculation. Planting bare-root plants in soil that already contains 
arbuscular mycorrhizal propagules will result in the formation of mycorrhizae.  

- Transplant inoculation. Both liquid and granular formulas can be applied to the plant 
roots during transplanting.  

- Root inoculation. All formulas can be used to feed roots of existing plants, as long as 
they contact the roots. Whether it is liquid, granular or soil mix.  

(Lowenfels, p.89-90, 2017)  

 

 

 

 

 
Figure 42 Drought Resistant Mycorrhizal Tomatoes Test (Lowenfels, p.78, 2017) 
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Mycorrhizae in Horticulture 

Most perennials and annuals form arbuscular mycorrhizal relationships, and many 

plants willingly welcome inoculation. Many plants have a difficult time surviving without 

mycorrhizae, especially trees, shrubs and plants with thick roots. Adding mycorrhizal 

propagules and inoculants to soil and seed greatly increases nutrients and water supply. Newly 

developed mycorrhizal formulas and delivery systems make inoculation easier and cost 

effective. Studies confirm that inoculating nursery plants include;  

- Plants started from seed can be inoculated at the earliest growth stage, offering seeds 
and seedlings the advantages of early mycorrhizal association.  

- For plants that are propagated using tissue culture, adding mycorrhizal propagules to 
the soil mix before planting help the tiny cuttings establish string root systems so 
healthy plants can be transplanted earlier. 

- A plant with established mycorrhizal root association has a stronger connection to the 
planting media and readily accepts nutrients. It also handles stresses such as lack of 
water and excessive heat better.  

- Plants with mycorrhizal associations can better withstand damage by common root 
pathogens, such as nematodes and mites.  

- Seedlings grown with mycorrhizal fungi show a uniformity often required in horticultural 
displays and landscape beds. All seedlings in a flat can share the same mycorrhizal 
matrix, they share nutrients and other benefits.  

- Nursery inoculation helps ensure that strong plants will survive and thrive in their next 
location.  

(Lowenfels, p. 99, 2017)  

Two general types of inoculants are available to nursery wholesalers, retail nurseries, and 

home growers; a bag of fungal species, and propagules of one specific kind of mycorrhizal 

fungus. Fungus can regenerate from just a tiny amount of a hyphae. Fortunately, you cannot 

apply too much mycorrhizal to plants. Nurseries inoculate seeds and transplant with liquid and 

granular mixes, and liquid formulas are used in drip systems. One of the key factors of success is 

the timing of the inoculation. Apply the inoculant to late and its benefits are lost. Inoculate as 
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early as possible to ensure that the plant gets the maximum benefits from the mycorrhizal 

association. Roll or spray seeds in mycorrhizal formulas before they germinate. Also, 

mycorrhizal fungi spores need to have direct contact with the proper root or else they will not 

grow and thrive, and hyphal fragments will not develop. To ensure proper placement, make 

sure propagules are in physical contact with roots. The standard advice is to roll the roots of 

transplants in mycorrhizal mix or sprinkle the mix directly on exposed roots (Lowenfels, 2017). 

It’s also good practise to mix propagules throughout the potting mix before transplanting. 

Thousand of studies on the horticultural uses of mycorrhizal fungi have been conducted by 

commercial entities, academic institutions, and home growers. These are some results for 

common horticulture plant species;  

- Daffodil - Bulbs inoculated with Funneliformis mosseae showed improved flower yield, 
stalk length, and quality.  

- Hosta - Use of commercial mycorrhizal fungi resulted in greater top growth, an 
important development for commercial growers.  

- Marigold and Zinnia - Seeds inoculated with Claroideoglomus etunicatum flowered 
faster and produced more flowers.  

- Petunia - Inoculated plants had higher reproductive growth than nonmycorrhizal control 
plants, with a threefold increase in vegetative growth, and colonized plants flowered 15 
days earlier than controls.  

- Rose - Rhizophagus intraradices improved the growth of container-grown mini roses. 
Using mycorrhizal fungi was as good or better than using rooting hormone.  
Snapdragon - Plants inoculated with Claroideoglomus etunicatum outperformed 
controls with regard to size and blooms. (Lowenfels, p.104-105, 2017) 

 

 

Figure 43+44 Daffodil and Marigold Inoculation Comparison (Lowenfels, p.103, 104, 2017) 
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Mycorrhizae in Silviculture 

Majority of trees either form arbuscular mycorrhizae while others have evolved over 

time to host ectomycorrhizal fungi. Although, ectomycorrhizal fungi are the main partnerships 

in forests. For example, biologists discovered a forest in Sweden where 95 % of all the root tips 

had mycorrhizal associations and 1.2 million ectomycorrhizae were found in 1 square meter of 

soil (Lowenfels, 2017).  

Silviculturist focus on the biggest trees, when managing a forest, not only because they 

will be harvested, but also, they protect the health of the understorey, provide shade, and 

supply organic debris. These mother trees are colonized by mycorrhizal fungi, and the resulting 

mycorrhizae support other ecosystem plants. The mycelial network is shared with seedlings and 

young trees in the under canopy that do not receive sunlight.  

Unlike arbuscular fungal spores, ectomycorrhizal fungal spores can survive forest fires 

by forming spore banks that reside in the soil until the spores are needed. Many shrub species 

rapidly sprout after a fire and keep mycorrhizal populations fed until regenerating trees can 

plug into the mycelial network.  

Silviculturalists and agriculturalists use mycorrhizal fungi to speed up the growth process 

when re-establishing trees in disturbed areas, such as chemical spill sites, borrow pits, and 

heavily eroded terrain (Lowenfels, 2017). Studies show that mycorrhizae improve the growth 

and survival of seedlings in disturbed soils and during drought. Thousand of studies 

demonstrate the efficiency of inoculating for seeding, rooting, and transplanting.  



157 
 

These are some summaries of the results of studies on trees and shrub species (Lowenfels, 

2017):  

- Apple - Five months after Rhizophagus intraradices was used to inoculate apple 

seedlings, the plants showed an increase in phosphorous, stem length, number of 

nitrogen-fixing nodules, and dry weight. When Diversispora versiformis and Glomus 

macrocarpum were inoculated, the trees’ ability to withstand drought was improved. 

Inoculated trees grew more leaves and increased their uptake of zinc, copper and other 

minerals.    

- Black walnut trees high levels of root colonization with arbuscular mycorrhizae Glomus 

deserticola and Claroideoglomus etunicatum. Walnuts inoculated with Rhizophagus 

intraradices produced taller seedlings. This also shows the importance of using the 

appropriate fungal symbiont for the source.  

- Douglas Fir - Inoculation with Laccaria proxima greatly improved growth. Inoculation 

with Heleloma longicaudum, Paxillus involutus, and Pisolithus arhizus increased growth 

of seedlings compared to applications using fertilizer. Suggesting that if mycorrhizae are 

established, less fertilizer is required.  

- Oak - Inoculation with ectomycorrhizal Pisolithus arhizus improved seedling growth, 

shoot diameter, and height. Inoculation with native mycorrhizal species showed the 

same effect.  

- Pine - Inoculation with Laccaria proxima greatly improved growth of pot-grown 

Japanese black pine, Jack pine, and Mugo pine. Inoculation with Hebeloma 

longicaudum, Paxillus involutus, and Pisolithus arhizus increased growth of seedlings 
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compared to applications with fertilizer. Inoculated Sitka spruce were healthier after 11 

years of growth. Pines with mycorrhizae contained more nitrogen. Ponderosa pine 

seedlings inoculated with Rhizopogon roseolus showed higher survival rates when 

planted in the field, with a 93% survival rate versus 37% for uninoculated. Red pine 

inoculated with H. arenosum in the nursery showed greater survival rates when planted 

in the field.  

 

 

 

 

 

 

 

  

 

 

 

 

Figure 45 Planting Inoculated Red Spruce in North Carolina (Lowenfels, p.116, 2017) 
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Mycorrhizae for Turf Specialist/ Lawn Owners 

Homeowners and groundskeepers fertilize their lawns and turf a couple times a year, 

adding pounds of chemical fertilizers. Due to runoff and pollution of waterways majority of 

fertilizers are banned now in Canada (Lowenfels, 2017). The solution is arbuscular mycorrhizae, 

quality of grasses grown in lawns, golf courses, and recreational fields are enhanced by 

maintaining a healthy network of arbuscular mycorrhizal fungi. The benefits are; 

- Grasses inoculated with mycorrhizal fungi are generally healthier. 
- Tests show that lawn grasses inoculated with mycorrhizal fungi contain more 

chlorophyll with improved photosynthesis.  
- Root systems grow larger, denser, and faster as a result, maintaining total coverage 

without needing to replant.  
- Mycorrhizae improve soil structure as fungal hyphae extend and explore surrounding 

soils. Mycorrhizae bind particles, allowing for better air and water movement 
throughout the soil.   

- Mycorrhizae improve soils damaged by compaction, particularly soil supporting grass on 
playing fields and parks.  

- Mycorrhizae improve drought resistance by reaching deep into the soil to access water 
resources.  

- Mycorrhizae lessen infection rates from bacterial wilt, parasitic nematodes and other 
pathogens.  (Lowenfels, p.128, 2017) 

Research proves that when mycorrhizae are established in lawns and turfgrass, less water is 

used than other areas with low colonization. In some climates, grasses with mycorrhizal 

associations need no irrigation. Mycorrhizal inoculation helps grass seeds germinate faster and 

establish quicker. Allowing a few weeds to grow in a lawn, golf course, or playing field isn’t 

necessarily a bad idea. Monocultures, areas planted in a single crop, are magnets for fungal or 

nematode infections because it is likely to spread throughout a single species lawn. Some 

weeds add nutrients to a lawn, for instance, clover is a nitrogen fixing plant and if a mycorrhiza 

shares a connection with a clover the grass receives these nutrients. Dandelion is so skilful at 
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mining minerals with its mycorrhizal partners that it is used as a cover crop. The following year 

plants will benefit because the soil contains more phosphorous. 

Some grasses welcome associations with many different types of fungi; for example, a 

Canadian study (Lowenfels, 2017) using soils of varying fertility, researchers found 17 species of 

arbuscular mycorrhizal fungi in root zones of Velvet Bentgrass and 15 in Creeping Bentgrass.  

Many other grasses, including weed grasses, have been studied for their dependency on 

mycorrhizal fungi and the impact on their growth.  

These are some of the results;  

- Creeping Bentgrass and Kentucky Bluegrass inoculated with Funneliformis mosseae, 
Glomus aggregatum, or Rhizophagus intraradices showed 60 % higher colonization 
under low phosphorus conditions and controls. Creeping Bentgrass showed twice as 
much established mycorrhizae.  

- After inoculation with arbuscular mycorrgizal fungi, Ryegrass plants contained up to 29% 
more chlorophyll than uninoculated plants. They also showed increased biomass and 
better visual quality, and contained more phosphorus, potassium, and zinc 
concentrations than controls.   
(Lowenfels, p. 132-133, 2017) 
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Mycorrhizae for Home Gardener 

Mycologists have been extremely busy in recent years developing ways to improve 

inoculum methods and create systems for easier reproduction of fungi. Resulting in increased 

availability of commercial mycorrhizal fungi products for agriculture, silviculture, horticulture, 

and home gardening. To grow your own inoculum, you can start with spores, hyphal fragments, 

or colonized root fragments. You can also gather your own propagules from soil collected in a 

field or areas adjacent to a field. After you collect soils from several areas mix them together 

and use a sieve to remove large debris. The soil will contain a large and diverse population 

native mycorrhizal fungi to use as an inoculant. Studies show that native inoculum perform 

better than introduced species.  

Ectomycorrhizal fungi are easy to produce if you have an appropriate host plant. Studies 

show that soil containing ectomycorrhizal fungi taken from a forest at one location can be 

successfully used with host trees at another. One study used soils taken from New Zealand, 

India, Italy, Wisconsin, and the Alaskan tundra to establish successful mycorrhizal associations 

with the same tree hosts in one plot (Lowenfels, 2017). Conifers and deciduous trees 

responded similarly to these treatments.  
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To use ectomycorrhizal fungi simply collect mushrooms to use as propagules. These are 

loaded with spores, by removing the stem and placing the cap spore side down on a piece of 

paper or glass for 24 hours the spores will be deposited onto the paper or glass. Finally, add 

propagules directly adjacent to the roots or spray seeds with spores. Or for the home gardener 

and small grower, an easier method is to cut 

the fruiting body into small pieces and mix 

them into potting soil.  

 

 

 

 

 

 

Figure 47 Harvesting Mushroom Spores (Lowenfels, 

p.145, 2017) 

Figure 46 4 Ways to Harvest Spores from the 

Field (Stamets, p.130, 2005) 
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Mycosorption 

 Mycelium of many fungal species can naturally bind up (sorb) various heavy metals 

through an ion exchange mechanism on the mycelial surface. Once the metal ions bind to the 

mycelial surface, they are generally chelated, absorbed, crystallized, precipitated, entrapped in 

the material of fungal cell wall, and then diffused through the cell wall and membrane. 

Experimentation shows that modifying the mycelium’s tissue chemistry by chemical or thermal 

treatments can increase the absorbency. Dead mycelium can also be effective.  

 Mycosorbency in remediation design is most effective in heavy metal polluted water. 

Simply put, when metal contaminated water passes by the mycelium of appropriate fungal 

species, the metals sorb to the mycelial surface. This mycelium containing metal can then be 

removed from the water system and treated to reclaim or dispose of the metals. If the 

contaminated water contains many metals, a series of mycelial nets – each comprised of their 

own species or perhaps as a ‘mycoalloy’ of several species – will be required to capture the 

various elements (McCoy, 2016).  

 Fungal sorbtion does not necessarily require the use of a filter-like system. For instance, 

bricks of mycelium can also be dragged through the contaminated water to sorb the metals 

during movement. Once the metals have sorbed into the fungus, the mycelium brick can be 

removed from the water and the metals extracted from the tissue to be recycled. In 2014, the 

Finnish company VTT Technical developed a method of mycosorbtion that was able to salvage 

80% of the gold produced through the processing of old cell phones and other electronic waste. 
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Mycosorption rates can be intensified in the presence of a magnetic field, suggesting a future 

prospect of fusion with liquid culture practices.  

  

Solubilization 

 Many metal ions and compounds do not dissolve in water because their hydrophobic 

and insoluble. These heavy metals don’t move through or out of soil systems willingly, resulting 

in toxic conditions. The living mycelium of many fungal species can increase the solubility of 

metals and/ or immobilize them by producing various metabolites that cause reduction, 

methylation, or dealkylation reactions with the metals. These substances include:  

- Organic Acids; Negatively-charges organic acids produced by fungi (e.g. citric and oxalic 
acid) form complexed with positively-charged metal cations. Metal citrates are generally 
highly mobile while most oxalates tend to be immobile complexes.  

- Siderophores; Bacteria and fungi produce a variety of low-molecular-weight ligands that 
chelate and solubilize environmental iron for their own metabolism. Siderophores also 
bind to magnesium, manganese, chromium, gallium, and plutonium.  

- Other Compounds; Many other non-specific metal-binding compounds are produced by 
fungi, each with their own effect on metal ions. Some released into the environment, 
while other (e.g. alcohols and large polysaccharides) remain on the surface of the fungal 
tissue. Arbuscular mycorrhizal fungi release metal chelating agents such as glomalin, 
metallothionien, and phytochelatin, which also help increase the immobilization of 
heavy metals in soils (McCoy, p.351, 2016). 
 

It has been shown that arbuscular mycorrhizal species have a higher germination rate 

when exposed to high concentrations of zinc than the spores of similar non-contaminated 

sites. 

Translocation and Mycoaccumulation 
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 Many decomposing and mycorrhizal fungi have demonstrated the ability to remove 

heavy metal ions and radioactive isotopes out of their environment by drawing the elements 

into their mycelial networks (McCoy, 2016). These ions are then channeled through the 

network into mushrooms where they accumulate and remove the soil of toxins. These metal 

laden mushrooms must then be harvested and removed from the environment and either 

‘mined’ for their metals or disposed of as a form of toxic waste. However, in large areas of land, 

the mycoaccumulation may require years.  

Soil Fungi vs. Chemicals 

 Numerous studies, in recent years show soil fungi that have the ability to break down a 

wide variety of aromatic pollutants such as PCBs, TNT, pesticides, chlorinated phenols, and 

high-weigh PAHs. Many of these studies of remediative soil fungi have worked with mycorrhizal 

species that were collected from non-contaminated areas, suggesting that their remediative 

traits are innate survival tactics. In McCoys assessments, these remediative soil fungi fall along a 

blurry spectrum that runs between decomposer and symbiont, serving a range of ecological 

roles.  

 Arbuscular mycorrhizal have a significant amount of remediative properties, potentially 

being able to degrade contaminants such as atrazine, PAHs, DDT, and weathered p, p-DDE in 

soils, while helping plants survive in soil containing PAHs.  

 Many ectomycorrhizal fungi have shown the ability to degrade the herbicide atrazine 

and dichlorophenoxyacetic acid. However, ectomycorrhizal fungi may not fully degrade 

pollutants but start the decomposition process that is completed by microorganisms. Thus, 
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combining fungi and bacteria in remediation strategies will help create a healthy biofilm in the 

mycorrhizosphere that can most effectively coordinate the soil enhancing the health of the 

environment’s biota.  

 McCoy also investigated Trichodermamediation: 

Trichoderma species of soil fungi can effectively degrade the PAHs pristine, 
hexadecane, and pyrene (up to 75%), as well as organochlorides similar to those used in 
the paper industry. T.harzianum can degrade many pesticides, including ciliate, 
glyphosate, DDT, dieldrin, endosulfan, pentachloronitrobenzene, and 
pentachlorophenol, as well as the herbicide Diuron (60% in soil after 24 hours). These 
effects can be enhanced when applied with other fungi as the combination of T.viride, 
Aspergillus carneus, and Fusarium oxysporum has been found to degrade the herbicide 
trifluralin to over 90% efficiency.  

With the plant support that Trichoderma species provide these fungi can also enhance 
phytoremediation strategies by raising the essential remediation abilities of plants. T. 
harzianum has been shown to increase arsenic uptake in the hyperaccumulating fern 
Pteris vittata by up to 140%. Its combination with willow Salix eriocephala may be 
effective for treating cyanide-polluted soils. It also increases cadmium, lead, manganese, 
nickel, and zinc uptake (McCoy, p.359, 2016).    

 

Soil Remediation Strategies 

 To treat soils contaminated with chemical pollutants, the first step is to contain the spill 

zone from the surrounding environment. If possible, swales should be constructed on the 

downhill slope of the area and filled with substrates known to sorb the contaminant(s). These 

buffers should be built on curved lines and lined with plastics to collect as much of the pollutant 

as possible in the event of rain. The sorbing material should be replaced as needed.  

 McCoy states, that the most effective species for in situ soil remediation tend to be the 

those that naturally inhabit soils (e.g. later-stage decomposers and mycorrhizal species). Wood 

loving saprotrophs may not persist for long in the unfamiliar substrate of soil. Remediative 
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mycorrhizal species that are found on site should be considered strong candidates for 

amplification and inoculation. For soils that will be treated ex situ in a constructed pile, 

saprobes are the better choice. Aerating systems (e.g. potential mycoreactors) can be included 

in these installations to increase microbial and fungal respiration.   

Water Remediation Strategies 

 There is no simple method for efficiently capturing and remediating toxic chemicals that 

are dissolved in water. Remediators can encourage fungi to significantly reduce dissolved 

pollutants by the creation of long term interactions between the contaminant and the fungi’s 

extracellular oxidation mechanisms. This is very difficult, if not impossible, in large bodies of 

water. Contaminated water is most effectively remediated when it is collected and treated in 

containers. In most of McCoy’s studies, there are three ways he has dealt with this;  

- Bioreactors- Remediative mycelium can be grown in jars or tanks filled with chemically 
contaminated water. As the mycelium grows through the liquid, its extracellular 
enzymes degrade the pollutant(s), leaving less-or non- toxic by-products behind. 
Contaminated water can be treated with bioreactors in discrete, one-off batches or as a 
continuous stream. For batch-fed fermentation systems, polluted water is diluted 
and/or mixed with co-substrates in a sealed vessel, sterilized, and then inoculated with 
one or several species. Filtered air is introduced to the system as the mycelium grows 
through the liquid until, after a set amount of time, the vessel is opened and the liquid is 
sampled to determine how effective the mycelium was at degrading the pollutant(s).  
More elaborate bioreactor systems have been designed that allow for remediated water 
to leave the fermentation container as more contaminated water is introduced. This is 
known as continuous fermentation. Both batch-fed and continuous systems have also 
been used to successfully treat heavy metal contaminated water.  

- LC Broth -  When remediative fungi are grown in a liquid broth, their oxidative enzymes 
are released directly into the growing medium. When the mycelium is filtered out of this 
enzyme-rich broth, the liquid fraction can then be directly applied to the contaminated 
water to oxidize and degrade a given pollutant. This may sound to simple to be true, but 
several studies have applied just this approach with great success.  

- Enzyme Extracts – Through a series of chemical reactions, the water-soluble digestive 
enzymes of white rot species can be extracted from liquid culture broths or myceliated 
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substrates and applied directly to contaminants in a concentrated form. This practise 
can be quite effective at degrading various aromatic and non-aromatic compounds  
(McCoy, p. 369-370, 2016). 

Large scale water treatment systems are possible if the above principles are properly scaled 

up.  
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The following is a detailed list of plant affiliations to mycorrhizal fungi. This is provided from a 

commercial mycorrhizal company www.mycorrhizae.com:  

 

http://www.mycorrhizae.com/
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