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Abstract 

Mankind has complex interactions with plastic, characterized by our dependence on and use of 

it, often deceptively easy and short-lived, followed by its inconvenient longevity. The spiraling 

accumulation of ubiquitous waste, threatening all ecosystems and our health, poses one of the 

greatest challenges of our time, which many people try to ignore because of its enormity.   

This problem prompted my two-stage research into remediation, remedying or reversing the 

environmental damage caused by plastic. Firstly, adopting a deductive approach, I undertook a 

scientific experiment exploring the biodegradation potential of the thin polyethylene (PE) lining 

on paper cups achieved by mycelium. Secondly, through inductive methods, I developed a way 

of communicating my findings and their wider context to the non-scientific community through a 

illustrated book for a general audience, to empower and encourage small-scale positive action. 

Science, as commonly practiced, operates within an anthropocentric paradigm grounded in the 

belief that human reasoning is the primary means of understanding reality. Because science is 

designed by humans, it reflects human logic, values, and interests. Biodesign has emerged as an 

alternative epistemology, a theory of knowledge without the boundaries and limitations of the 

traditional scientific framework. My interdisciplinary research and design, drawing not just from 

science but from nature, poetry, philosophy, art, and other disciplines, worked towards 

emergence from small-scale intentional action contributing to broader ecological transformation. 

Without understanding how individual actions connect to wider collaborative systems, 

speculative environmental design risks remaining idealistic or utopian. Rather than focusing 

solely on my own work, I highlighted the relationships and connections formed throughout this 

study, situating them within a global community striving to develop innovative solutions to 

sustain life on Earth. I aimed to demonstrate how collaboration with microorganisms, 

particularly fungi, can help address plastic pollution. Driven by non-human, fungal intelligence, 

this investigation demonstrated the opportunities of looking to existing mechanisms in nature to 

guide our response to the ecological crisis, as well as to build resilience and adaptability, striving 

to reconnect people disengaged from the plastic crisis. 



 

 

3 

My laboratory skills were gained at a biodesign course (Fabricademy Brussels) and at my current 

workplace, Sapro-Tech, a company producing bio-polymer textile materials. PE-lined paper cup 

pieces on agar plates were inoculated with three fungal strains (Trametes versicolor, Pleurotus 

ostreatus and Pleurotus pulmonarius) and compared with controls. Macroscopic and scanning 

electron microscopy (SEM) examination revealed deterioration of the PE-lining. This allows 

hope for a post‑anthropocene future, in which synthetic materials no longer dominate ecological 

systems. Interestingly, Pleurotus pulmonarius flaked PE as well as Pleurotus ostreatus, which so 

far had the best supportive data for biodegradation in the literature. This merits future study. 

Throughout my project, I observed, listened, learned, and reflected on our complex relationship 

with plastic, our behavioral economics and the power of storytelling. I then translated my 

research journey using illustrative watercolour art and non-scientific language, compiled into the 

tactile form of a watercoloured illustrated book for a general audience titled A Future with 

Fungi. This seeks to communicate with people disengaged from the realities of plastic via 

environmental storytelling, effecting positive change. 
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Introduction 

Interdisciplinary collaboration has become vital for addressing climate change due to the 

scale and complexity of the issue. Climate change is a so-called “wicked problem” resistant to 

solution, affecting all areas of life, and deeply intertwined with socio-economic factors 

(Herziger, 2025). Collaboration is therefore a key theme explored in my research, not only 

within the human species, but also involving micro-organisms, finding opportunities for positive 

environmental transformation through collaboration with fungi. Newly emerging 

interdisciplinary design disciplines focus on facilitating future life on Earth as well as on 

transitioning into more sustainable ways of living, rather than aiming to design marketable 

products. “Speculative design” envisages future scenarios and considers, for example, emerging 

environmental changes and new technologies to stimulate critical thinking and discussion. 

“Transition design” aims to implement societal changes towards sustainability, equity, and 

justice using collaboration between disciplines as called for by our current complex issues. 

“Biodesign”, again, is interdisciplinary, combining design principles with biological sciences, 

engineering, and emerging biotechnologies, to solve human problems in a sustainable, 

regenerative, and innovative way. My primary practice is biodesign, but elements of all three 

have played a role in my methodology. Working within an emerging discipline has opened up 

possibilities beyond the constraints of established deductive research practice, enabling new 

forms of inquiry and experimentation. At the same time, it has required a thoughtful negotiation 

between scientific rigour and design-led exploration. 

The project consisted of 4 stages: (1) attending Fabricademy, (2) conducting laboratory 

experiment (phases 1 & 2, (3) evaluation of results and creative design process, and (4) an 

artefact communicating the results, inviting speculation. Fabricademy was a one-week 

immersive introduction to biodesign research, specifically mycotechnology. It was an imperative 

step for approaching the research question, ‘Can fungi degrade polyethelene’ as I learnt fungi 
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cultivation and aseptic lab etiquette. The laboratory experiments addressed the research question 

from a purely scientific lense, collecting qualitative results in the form of Scanning Electron 

Microscopy photographs. Stage 3, evaluating the scientific results, prompted a creative 

exploration of the research question, and the broader role of fungi in approaching climate change. 

Stage 4 is the manifestation of this: my book, A Future with Fungi.  It is the result of reflecting 

on my initial scientific research while also embodying the conceptual framework that shaped it. 

A Future of Fungi  brings together the many strands of this research and invites the reader to 

speculate and explore the topic on their own. 

The methods of inquiry introduced in the methodology section differentiate deductive 

from inductive research. The Danish philosopher Søren Kierkegaard (1843) observed that life 

can only be understood by looking backwards, even if it must be lived forwards. This captures 

the idea that while we experience life as a sequence of unfolding events, we can only fully 

understand their meaning through reflection. 

Inductive research allows action on this reflection; it is open‑ended and adaptable, while 

deduction focuses on confirming or rejecting a hypothesis. Taking an inductive approach 

facilitated my transition from a scientific experiment to a creative output. This required interim 

conclusions and discussion within the methodology and results sections, as my project’s practical 

aspect—and even direction constantly evolved in response to learning and influences along the 

way. This differs from the rigid separation of these sections customary when reporting on 

deductive research. 
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                                               Chapter One: Literature Review 

 

Introduction to Human Design in a Shared Ecosystem 

Microplastics have a ubiquitous presence in all ecosystems (Cox, 2019). The scale of 

impact the invention of plastic has had on the global ecosystem illustrates the extent of the 

impact afforded by the ability to design and produce. However, statistics documenting the 

widespread environmental impacts of plastics also highlight the scale of positive change that 

could be achieved through a transition to less harmful materials. The greater the difficulty, the 

greater the glory in surmounting it (a concept associated with Epicurus, 341 BC - 271 BC). 

Twelve point seven million metric tonnes of plastic waste are reported to be entering the 

ocean annually (Jambeck et al. 2015). Filho et al. (2020) and Stanley et al. (2025) warn that the 

effects of plastic pollution extend beyond wildlife and into human health, particularly through 

microplastics found in food, drinking water, and human tissues, raising significant concerns 

about their toxicity.  

The first plastics (Greek: plaskitos, “able to be molded”) were naturally occurring 

polymers such as shellac and rubber. These were forerunners to the first synthetic plastic: 

“Parkesine”, developed by Alexander Parkes in 1862 (Stanley et al., 2025). This was followed 

by “Bakelite”, a polymer made from phenol and formaldehyde with impressive heat‑resistant and 

non‑conductive properties, which made it valuable for the growing car and electrical industry. 

Synthetic materials have continued to replace natural materials ever since; for example, glass, 

wood, metal, wool, cotton and silk, especially during times when trade was restricted by political 

instability. World War II is an example of an era when natural resources were scarce, causing the 

need for cheap, readily available alternatives (Dennis, 2024). Stanley et al. (2025) describe 

further production inflation post‑war, caused by a spike in consumerism, which saw plastics 

becoming established as a material for packaging, bottles, straws and everyday household items 

by the 1950s. Plastics offer great benefits: they are low-cost, durable, extremely versatile and 
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perform incredibly well. Therefore, it has taken time to realise their main drawback: most 

plastics do not decompose. 

Waste management systems are limited and unable to keep up with the rate of plastic 

production. According to Filho et al. (2020), the production of plastics has increased from one 

point five million metric tons in 1950 to 359 million metric tons in 2018. Few other materials 

have so quickly dominated all areas of human activity. The first reports of plastics in the ocean 

appeared in the 1970s (Jambeck et al. 2015), but awareness of their devastating ecological 

impact only developed during the subsequent decades. Jambeck, in an interview with Parker for 

National Geographic (2018), stated that leakage from global waste systems into the oceans was 

inevitable with this scale of increase in plastics use by mankind. 

Plastics are a family of materials rather than a singular one (Dennis, 2024). The number 

of materials within this family satisfies the demand for almost every property, texture, strength, 

or stiffness. Plastics are constantly evolving, with material scientists working on new formulas, 

combinations of materials, and new “feedstocks” (raw materials to supply or fuel a machine or 

industrial process) to overcome issues of permanence and waste accumulation. Some plastics are 

only partially synthetic and therefore often less permanent, more biodegradable, and developed 

with waste management in mind, which can include utilisation of microorganisms for 

mycodegradation (Olonisakin K).  

Polyethylene 

Polyethylene (PE) constitutes 26 percent of the total plastic production and can, for 

example, be found in the lining of paper cups. PE is the most abundantly used plastic of all types 

(Jeremic, 2014) and presents a significant environmental challenge. Apart from production from 

limited fossil fuel resources, its chemical stability and resistance to biodegradation leads to 

long‑term persistence in ecosystems. Its extensive global use continues to drive accumulation in 

the environment (Singh & Argarwal, 2024). Recent industry and sustainability reports indicate 

that around 99% of disposable paper cups are lined with PE (Closed Loop Partners, 2023) and 

that approximately 97% of cups produced end up in landfill due to recycling limitations (Cho, 
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2025). GreenMatch calculated that about 16 billion disposable PE‑coated paper cups are used per 

year. (GreenMatch, 2023).  

PE is a polyolefin plastic (a versatile class of petroleum-based synthetic polymers 

derived from simple olefins/alkenes), consisting of long methylene group (CH₂) chains, 

hydrocarbons containing a carbon-carbon double bond. These organised repeating components 

often exceed those found in nature (Odigbo et al., 2023). In the polymerisation reaction to form 

PE, ethylene opens up under high temperatures, forming covalent bonds. These are subsequently 

very hard to break, therefore, PE is difficult to degrade (El‑Sherif et al., 2022). Reconstructing 

polymers during PE-recycling to synthesise new plastics also requires artificial temperatures and 

pressure, which again has adverse environmental impacts. Carole Colett, Professor in Design for 

Sustainable Futures, emphasises that we must design under life‑friendly conditions in order to be 

truly sustainable in our practices, as well as shifting our material choices by not exceeding 

conditions found in nature in their production (2025). Transitioning to more economical and eco-

friendly methods of production and waste management is imperative (Srivastava et al., 2026). 

Polylactic Acid 

Polylactic acid (PLA) is used to line a small proportion of paper cups that are not coated 

with PE. PLA is more sustainable as it is made from renewable sources such as sugarcane or 

corn starch; however, it has a limited shelf life, less heat resistance, and is still only degradable 

under complex conditions that are not easily achieved through hydrolysis, enzymatic action, 

microbial assimilation, ultraviolet light irradiation, and thermal processes. 

Bioremediation and Mycoremediation 

New technologies for the biological degradation of PE need to be developed. 

Possibilities for converting the degraded product into valuable materials for onward use should 

be explored. Current waste management processes often require energy-intensive physical and 

chemical degradation methods and lead to the release of toxic byproducts. 

Bioremediation is the process of using organisms, or derivatives from organisms, to 

degrade pollutants (Van Dillewijn et al., 2009). Microorganisms are essential for detoxifying 
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ecosystems without further pollution (Pattani et al., 2026). This can sometimes offer a permanent 

solution, transforming the pollutant to its molecular constituents, such as carbon dioxide and 

water, rather than a remediation method that transfers waste from one phase to another. 

By 2020, nearly 436 species had been reported to degrade PE (Gambarini, 2021, as cited 

in Perera et al., 2023), with a ubiquitous presence due to microbial diversity and adaptability 

(Zhang et al., 2022). Species include a wide variety of fungal strains capable of a form of 

bioremediation called mycoremediation. 

Interdisciplinary collaboration for addressing climate change is a key theme explored in my 

research, not only within the human species, but also involving micro-organisms, finding 

opportunities for positive environmental transformation through collaboration with fungi. One 

example is their ability to transform pollutants into their non-toxic molecular constituents, such 

as carbon dioxide and water, in a process known as Mycoremediation. This short introduction to 

mycoremediation, and mycotechnology is an invitation to imagine an alternative future in which 

humans and nature exist in a truly symbiotic relationship. 

Depolymerisation is the process of breaking up the polymer chains in PE, which enables 

degradation. The mycelia of some fungi release enzymes which cause depolymerisation,. A 

particularly important enzyme is laccase, a type of multicopper oxidase enzyme catalysing the 

oxidation of various phenolic substrates. Wadhwa et al. (2023) describe laccases as enzymes that 

are typically excreted by filamentous fungi as part of their secondary metabolism. One function 

of fungi in forests is that of decomposers, “eating” or digesting dead organic matter. This 

mechanism can be harnessed to help humans in their waste management. The laccase enzymes 

serve different, even opposing, functions in different organisms. In plants, they are involved in 

lignification (building lignin). In fungi, they are linked to delignification, meaning laccases help 

to construct organic matter in plants and to deconstruct it in fungi (Wadhwa et al., 2023).  

Laccases have utility in the textile, food, paper, and pulp industry, as well as in soil remediation 

and biodegradation of environmental pollutants. Further applications include the breakdown of 

pesticides and insecticides, transformation of toxic textile dyes, and waste detoxification. 
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Although many fungal species make extracellular laccase, not all produce sufficient quantities 

for bioremediation (Thakkar & Bhatt, 2020).  

Ratuchne et al. (2019) state that species Pleurotus (P.) ostreatus and P. cystidiosus can 

absorb nutrients from plastic polymers. The ability of these fungi to extract energy from 

synthetic materials such as plastics, suggests greater resistance and resilience of some lifeforms 

to the ecological impact of humans than is often recognised. It also illustrates the Earth's 

potential for recovery. In studies led by Perera et al. (2023), the degradation of low-density PE 

(LDPE) using wood decay fungi was explored. Fifty fungal samples were harvested from 

decaying Sri-Lankan hardwoods and assessed for their wood degradation properties as well as 

depolymerisation enzyme activitiy. Twenty-two of the fifty fungal samples were incubated with 

LDPE sheets, with and without wood as a carbon source. A strength of this study was the 

number of measures, both qualititatve and quantitative, including sample weight, tensile strength,  

infra-red spectroscopy and Scanning Electron Microscope (SEM). Phlebiopsnis flavidoalba 

cultures demonstrated the most reduction in sample weight and tensile strength as well as the 

extent of scanning electron microscopy (SEM) change. (Figure 1). LDPE layers were peeling 

off, showing surface degradation. LDPE layers were peeling off, showing surface degradation. 

Fungal-treated LDPE sheets became rough, showing cracks, holes, and focal peeling-off, 

whereas the untreated sheets retained a smooth appearance. The qualitative SEM results are 

limited in scope, as best suited to showing surface deterioration, yet are congruent with the other 

measures of degradation chosen. As the most effective culture, Phlebiopsnis flavidooalba 

cultures were also selected for a formal test of biodegradation (based on CO2 production) and 

again performed well, confirming mineralisation (the end stage of biodegradation where CO2 is 

released). The results in this paper consistently showed more effective LDPE degradation if no 

wood was present in the culture to degrade, which is an interesting finding (and the opposite of 

the Authors’ hypothesis that wood would enhance the process), reflecting the flexibility of Fungi 

in choice of carbon source. The transferability of these findings to the degradation of PE-lined 
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cups remains unclear, as the experiments employed highly specific fungal cultures from Sri 

Lankan forests and excluded other carbon sources. 

 

Figure 1 

SEM Images of Mycelium-induced LDPE Degradation (Perera et al., 2023) 

 

Note.Image reproduced from Perera, P., Herath, H., Paranagama, P. A., Wijesinghe, P., & 

Attanayake, R. N. (2023). Wood decay fungi show enhanced biodeterioration of low‑density 

polyethylene in the absence of wood in culture media. PLOS ONE, 18(7), e0288133. 

https://doi.org/10.1371/journal.pone.0288133. Licensed under CC BY 4.0.  

 

The Role of Fungi 

Brown‑rot and white-rot fungi are saprotrophs, organisms that break down dead organic 

matter through extracellular digestion. They release enzymes through their cell walls to 

decompose complex molecules. Brown‑rot fungi primarily degrade cellulose and hemicellulose, 

leaving wood brown and crumbly. In contrast, white‑rot fungi can break down all components of 

wood, including lignin, resulting in a pale, fibrously textured residue. Key enzymes involved in 

this process include lignin peroxidases, manganese‑dependent peroxidases and laccases, all of 

which dismantle large carbon‑based structures. This releases nutrients, which are then 

reabsorbed and cycled back into the forest’s ecosystem (Kirk & Cullen, 1998).  

This remarkable ability to decompose tough organic material extends beyond the forest 

system. Saprotrophic fungi have been shown to degrade some of the most persistent pollutants, 

including pesticides, industrial dyes, hydrocarbons, and even components of nuclear waste 

https://doi.org/10.1371/journal.pone.0288133
https://doi.org/10.1371/journal.pone.0288133
https://doi.org/10.1371/journal.pone.0288133
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(Dadachova et al., 2007). They can be employed to clean oil spills and remediate contaminated 

soils (Stamets, 2005). Many pollutants share structural similarities with lignin, such as long 

hydrocarbon chains, and are therefore amenable to the same enzymatic breakdown by fungi. This 

process is called mycoremediation.  

 White‑rot fungi, in particular, are recognised for their exceptional ability to degrade a 

wide range of environmental pollutants, including plastics (Singh et al., 2026). Their natural role 

in composting dead wood makes them powerful agents for myco-remediation. This potential has 

inspired contemporary research into fungi‑led recycling. For example, Hannah‑Lee Turner 

(2024) demonstrated that P. ostreatus  (grey oyster mushroom) can grow on textile waste and 

accelerate its degradation, a finding echoed by ongoing research from the University of Leeds, 

UK (Fletcher, 2025). There is also supportive literature for the ability of  P. ostreatus to degrade 

plastics (da Luz et al., 2013). Despite the body of research exploring the ability of various Fungi 

to degrade LDPE, I identified a research gap when looking for the studies of the ability of Fungi 

to degrade LDPE coated paper, or LDPE tightly bonded onto paper cups. There has been a single 

publication (Gotvajn et al., 2018) demonstrating delamination of plastic-coated waste paper by 

the white rot fungus *D. Squalens., but a complete research gap regarding the efficacy of fungal 

cultures in degrading LDPE within paper cups. The reasons behind this are unclear, but may 

relate to publication bias if attempts to degrade the LDPE in paper cups have been unsuccessful. 

I spoke to one researcher, François Audredéz whose pilot study tackling this question ran into 

technical difficulties. 

A History of Collaboration with Living Organisms 

  Fungi have played a fundamental role in shaping life on Earth and still underpin many 

human processes, although their contributions often are unappreciated. In Entangled Lifeh, 

Merlin Sheldrake explains how four hundred million years ago, “fungal allies” helped plants 

from freshwater habitats to move onto land. Fungi were therefore foundational to the rise of 

plant life and, ultimately, the evolution of human life on Earth (Sheldrake, 2020; Strullu‑Derrien 
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et al., 2018). Continuing this collaboration, many deeply embedded human practices rely on 

fungal activity, such as beer brewing, and making bread, cheese, or penicillin. 

This long-standing entanglement between humans and fungi provides an important 

foundation for contemporary biodesign practices, where collaboration with living organisms 

becomes both a conceptual and material strategy. Mending Cracks by Christina Stadlbauer is a 

project exploring the transformative potential of mycelium in repairing discarded human 

artefacts. Drawing inspiration from the traditional Japanese technique of Kintsugi, in which 

broken ceramics are repaired with gold, Stadlbauer’s process, known as BactoHealing, aims to 

mend cracks by using microorganisms. In this process, bacteria and fungi grow a bond, rather 

like “scar tissue” over fractures (Stadlbauer, 2025). The timeline of this process is biological and 

therefore beyond human control, encouraging mindfulness and humility in the face of natural 

cycles. Stadlbauer’s work has shaped my understanding of the autonomy of living organisms 

within the collaborative practices promoted by biodesign. As a creative precedent, BactoHealing 

opens up conversations about the agency of non-human life-forms, the foundations of care ethics, 

and what it means to work with living entities. While the project does not provide empirical 

evidence regarding these concepts, it demonstrates how biodesign can be used to provoke 

reflection on human relationships with living organisms. It also raises important questions about 

where co-working with living organisms sits on the spectrum between exploitation and 

collaboration.  

A Future Built Environment 

Alongside co-designing with living organisms, designing in a way which facilitates more 

integration between nature and humans is becoming increasingly relevant. In Dezeen 

Architecture and Design Magazine, Alyn Griffiths writes about a project “Led by Living” in 

which a pavilion made from materials with microbial properties was created to explore how 

architecture can help to build healthier environments for humans (Griffiths, 2021). Projects such 

as Led by Living demonstrate growing interest in integrating biological systems into 

architectural design. While these projects do not provide evidence that such approaches will 
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become widespread, they illustrate emerging design directions within bio-integrated architecture 

and prompt speculation as to what co-designing with living organisms may look like in the future. 

There is no doubt that addressing the environmental impact of construction will become 

critical in the future, as it remains one of the most significant polluting industries. According to 

Yu et al. (2024), construction activities account for for 40 % of global energy consumption and 

36 % of carbon emissions. 

BioKnit by Kaiser et al. (2023) addresses this problem with a biocomposite called 

mycocrete. A mycelium-containing paste was injected into a tubular textile framework acting as 

an exoskeleton. Over time, the mycelium grew through the substrate into the form pictured 

below (Figure 2). Mycocrete could be created at the scale necessary for construction in a low-

energy and carbon-neutral process, but growth time remained a limitation and was difficult to 

influence. Mycocrete provides a speculative example of how mycelium-based construction 

systems might be applied within future built environments. 
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Figure 2  

BioKnit Self-supporting Structure 

 

Note. Adapted from Kaiser R, Bridgens B, Elsacker E and Scott J (2023) BioKnit: development 

of mycelium paste for use with permanent textile formwork. Front. Bioeng. Biotechnol. 

11:1229693. doi: 10.3389/fbioe.2023.1229693 Copyright 2023 by the authors. Licensed under 

CC BY 4.0 

  

 

Urban mycelial structures are not solely a utopian future. Kaiser et al. (2023) 

observe that research into biomaterials, particularly mycelium-based composite materials 

for construction, has expanded substantially over the past decade. However, the potential 

adoption of these materials depends not only on their technical performance but also on 

public understanding and acceptance. As the preceding discussion suggests, 

unfamiliarity with fungal materials may create emotional and perceptual barriers to their 

use within the built environment. This challenge informed the decision to explore 

communication through a book format. By combining scientific information with 
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creative storytelling and visual imagery, the book aims to foster familiarity with fungi 

and communicate their potential role in sustainable futures, thereby addressing some of 

the barriers associated with material acceptance. 

Barriers to Collaboration with Fungi 

Walker (2022) examines barriers to adopting mycelium-based materials in A 

Mycelium Connection, focusing particularly on sensory responses and the emotion of 

disgust (Figure 3). She identifies a significant research gap surrounding mycelium 

biocomposites, noting that existing studies have largely prioritised production processes 

and technical performance over users' sensory experiences. To address this gap, Walker 

presents a "material experience study" that uses surveys and video observation to 

examine early adopters' responses to mycelium materials. She characterises disgust as a 

"pseudo-threat", a response that signals perceived risk despite the absence of actual 

danger. Her findings reveal the complex role that sensory perception plays in shaping 

public attitudes towards mycomaterials. 

This insight is particularly relevant to my project, as it highlights the importance 

of sensory and emotional experiences in the acceptance of emerging materials. If 

negative sensory responses can inhibit acceptance, positive experiences may help to 

foster familiarity, trust, and engagement. This understanding contributed to the decision 

to develop an interactive illustrated book that communicates fungal concepts through 

creative storytelling and visual engagement. 

Walker also acknowledges the diversity of responses to mycomaterials, noting 

that curiosity may coexist alongside feelings of disgust. This tension between attraction 

and aversion warrants further investigation and points to a potential limitation of the 

study: the inherently subjective and unpredictable nature of emotional responses. 
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Figure 3 

The Proxemic Challenge of Disgust, Concern, Interest, Repulsion and Attraction (Walker, 2022) 

 

 

 

 

 

 

Note. Reproduced from A Mycelium Connection: A study of the influence of mycelium 

bio‑composites’ senso‑aesthetics on disgust and other barriers to uptake in architecture, by M. 

Walker (2022), Master’s thesis, Victoria University of Wellington. 

https://www.researchgate.net/publication/363665844. Copyright 2022 by the author. Reproduced 

with permission. 

 

Walker (2022) continues to dissect negative emotional responses toward fungi, recognising that 

many people experience an innate feeling of disgust:  

           “Our minds tend to function by identifying what is and what is not. We find comfort in 

polarities, life and death, waste and commodity, human and non-human; when these 

polarities are challenged, it provokes existential anxieties. Mycelium represents life and 

death, and are neither plant nor animal; this inability to make sense of them can evoke 

fear and mistrust, compounded through the awareness of the health risks of poisonous 

fungi and moulds.” (Walker, 2022, p.116). 

 

 

 

 

 

 

 

https://www.researchgate.net/publication/363665844
https://www.researchgate.net/publication/363665844
https://www.researchgate.net/publication/363665844
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Figure 4 

Mycelial Contact: calming, grounding, pleasant to hold, stimulating curiosity (Walker, 2022)  

Note. Reproduced from A mycelium connection: A study of the influence of mycelium 

bio‑composites’ senso‑aesthetics on disgust and other barriers to uptake in architecture, by M. 

Walker (2022), Master’s thesis, Victoria University of Wellington. 

https://www.researchgate.net/publication/363665844. Copyright 2022 by the author. Reproduced 

with permission. 

 

 

Participants of her study described material responses to mycelium composites such as 

“calming”, “grounding”, “pleasant to hold”, as well as “stimulating curiosity” (Figure 4). 

Furthermore, mycelium‑based composites can contribute to healthier indoor environments as 

they are bio‑based. Completely organic materials, grown from fungal mycelia and lignocellulosic 

substrates, are low‑toxicity materials with minimal chemical emissions (Elsacker et al., 2020). 

Elsacker and Jones express the need for research that focuses on issues of awareness and trust 

towards bio-composites (as cited in Walker, 2022, p.5). Walker (2022) discusses the 

psychophysiological benefits of indoor architectural nature exposure, for example by integrating 

mycelium into our built environment. 

 

 

https://www.researchgate.net/publication/363665844
https://www.researchgate.net/publication/363665844
https://www.researchgate.net/publication/363665844
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Mycotechnology, Humans and Nature 

To understand the landscape that humans have built on Earth, we should understand 

what has shaped our cultural perception of nature and what drives our interactions with the 

environment. We are dependent on nature functioning well. Collet (2021, p.1): “Simply by 

looking at the history of food, we can witness a long-established relationship with microbial 

invisible organisms”. However, some Western science and cultural traditions center on an 

“anthropocentric” belief that we are separate from nature and the microbial world.  

Cartesian dualism (Plumwood, 1993; Haraway, 2008), formulated by 17th-century 

French philosopher René Descartes, is the idea that everything that exists falls under two 

categories. Both of these categories are required to give a true description of reality. Humans are 

differentiated and separated into mind and body. He argued that non-human animals are 

autonomous machines without a mind, soul, or body. More recently, Anna Tsing (2015) 

described Western philosophers as identifying a nature that is grand and universal but also 

passive and mechanical, shaping our understanding of science and our place in the world. 

Haraway (2008) and Plumwood (1993) both argue that Western science is deeply shaped by 

Cartesian dualism, particularly through its enduring separation of mind and body, culture and 

nature, the observer and the observed. Western science discourages a holistic understanding of 

humans as an integrated life form within ecosystems. Taxonomy and classification of life-forms 

have created a hierarchy in which we feel superior to the bacteria and fungi with whom we 

cohabit our bodies, who were there long before us and who have granted us a space to evolve 

into. Cartesian dualism, as a philosophy encouraging separation between humans and other life-

forms, is still carried in societal behaviours today and partially accounts for the environmental 

exploitation. The Western anthropocentric worldview sees nature's resources as a tool for 

furthering the self and rapid economic growth (Collet, 2021). Mylius (2018) extends this critique 

through the concept of normative anthropocentrism, arguing that scientific inquiry is often 

shaped by assumptions of human superiority and centrality. Such assumptions can limit how 

humans understand and engage with the more-than-human world. 
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Biodesign has emerged as an alternative approach that challenges these assumptions by 

positioning nature not simply as a resource to be extracted, but as a source of knowledge, 

intelligence and collaboration. Rather than focusing solely on human needs, biodesign explores 

reciprocal relationships between humans and other living systems, seeking design solutions that 

support broader ecological wellbeing. 

Several theorists have shaped contemporary biodesign discourse, including Donna 

Haraway, Janine Benyus and Carole Collet. Of particular relevance to this research is Collet's 

(2021) framework for designing with living systems. Collet proposes three approaches: nature as 

a model, nature as a co-worker, and nature as a hackable system. Together, these approaches 

provide a framework for understanding how designers might learn from, collaborate with and 

actively engage biological systems within design practice. 

The concept of nature as a co-worker is particularly relevant to mycotechnology. Collet 

argues that meaningful collaboration with living organisms requires designers to create 

conditions that support growth and agency, allowing organisms to contribute materials or 

perform specific functions. Within this research, fungi are considered collaborators rather than 

passive resources, with their biological processes explored for their potential role in the 

degradation of synthetic materials and the development of alternative material futures. 

The human-nature separation described above is not a value shared across all cultures.  

Mātauranga Māori acknowledges a spiritual and genealogical connection between people and the 

environment (Wehi, 2019). This perspective promotes environmental guardianship and reflects 

knowledge systems that are deeply rooted in relationships with the natural world.  Wehi reflects 

that ‘Working with interdisciplinary knowledge including Mātauranga will be critical to halt 

further biodiversity loss and improve outcomes for the environment and people, in New Zealand 

and worldwide’. Wehi's (2019) recognition of the value of interdisciplinary knowledge, 

including Mātauranga Māori, is particularly relevant to this project. The research similarly draws 

upon multiple ways of knowing, combining scientific literature, design practice, and creative 

communication to explore human relationships with fungi and the environment. 
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Some innovations widely regarded as novel within Western design and biotechnology 

such as mycelial leathers (Figure 5), have precedents in Indigenous material practices. 

Blanchette et al.(2021) documented Tlingit wall pockets constructed from fungal mycelial mats, 

demonstrating the historical use of fungal-derived textiles by Indigenous communities in North 

America. 

Figure 5 

Mycelium Skins made by Annah-Ololade Sangosanya, Brussels, Photo by Author, 22/05/2025  
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A New Roadmap for Design 

Biomimicry, dubbed by Janine Benyus, is an integration of multiple disciplines 

including biology, design, engineering, and ecology. From the Latin “bios” - life and “mimesis” 

- the act of representation or imitation (Benyus, 1997, p.7), biomimicry involves using 

mechanisms found in nature to help solve human problems. Benyus (1997) speaks of Indigenous 

and traditional communities who have lived in symbiosis with a deep-rooted connection to 

nature for millennia. She adds that this way of being and seeing the world comes intuitively. It 

means returning to ancient practices of a time in which human behaviour was in synchronicity 

with the Earth's cycles. Benyus (1997) states that “wisdom” comes with time on the planet, and 

is to be found in Indigenous communities and species that have lived on Earth far longer than 

humanity. Flaws in Western science can arise from studying our world in separation, rather than 

as a whole (Benyus, 1997).  
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Figure 6 

Hand-drawn Notes about the Living Systems Theory, by the Author, 17/05/2024, 

Wellington

 

“Living systems design” and “holism” are alternative intertwined worldviews, 

understanding interdependence and connection across life-forms (Figure 6). The relationships 

organisms have to one another and their environment are studied and prioritised. In Emergent  

Strategy, Brown (2017) describes a paradox: Humans align themselves to animals who rule the 

food chain, for example lions and tigers. Yet these very animals are isolated in their power and 

risk becoming extinct. Instead, small, collaborative species including insects, fungi, bacteria and 

viruses have adapted well and are coping better with the pressures of our rapidly changing 

environment. Some of these species have already survived multiple mass extinctions. Removing 

the sense of hierarchy is required, collaboration with other species offers an evolutionary benefit. 



 

 

32 

We are not better off without our cohabiting  “lesser” species, such as bacteria and fungi. 

Humility may allow us to be led and taught by these species. 

Symbiosis, interdependence and self-organisation are all terms covered under the 

umbrella of the living systems theory. Terry Irwin (2020), the head of school at Carnegie 

Mellon, states that these act as leverage points for change within complex systems. Climate 

change and other wicked problems are tied into systems of incredible complexity. Frameworks 

may be valuable tools. Holism emerged in an attempt to address the loss of biodiversity and its 

impacts, caused by human decision-making (Khajuria & Kumar 2017), and provides a 

framework to consider all affected individuals:  

1) The individuals in charge of managing the whole - these are the decision-makers. 

2) The resource base - this entails all of the resources available, such as land, machinery, and 

skills. 

3) The individuals who influence or are influenced by the decision-makers. 

Though simple, this tool encompasses the decision process from start to finish: 

manufacturers are the decision-makers in the scenario “PE-lining of paper cups”. The current 

resource base for PE-lined paper cups relies heavily on petrochemical feedstock and associated  

industrial infrastructure. The “individuals who influence” are biotechnologists and designers 

working on alternatives. The “individuals being influenced” are both consumers and the 

environment, which suffer consequences of the initial decision. 

Decisions have primarily been human-centred for a long time (Wakkary, 2021). This 

individualistic way of seeing the world may have emerged out of industrialisation. Carole Collet 

discusses how design as a profession emerged out of the Industrial Revolution, a time in which 

the seemingly limitless abundance of the Earth's resources presented “a means to pursue rapid 

economic growth and wealth” (Collet, 2021).  The financial progression of the individual has 

been misconstrued to equate to a person’s place and value in the world, which has founded the 

motivation to further the self at any cost. The predominant human-centred approach to 

management has contributed to stretched resources, a strained planetary ecosystem, widespread 
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inequality and poverty. Pollution is a wicked problem, interlaced with social issues. Viewing 

climate change in isolation fails to acknowledge its entanglement with related socioeconomic 

problems (Islam & Winkel, 2017). Disadvantaged societies and groups will suffer 

disproportionately from the adverse effects of climate change, resulting in greater subsequent 

inequality, which is reinforcing feedback in a vicious cycle. A “tower of consumerism” driven 

by the Western world has seen a rapid surge of industrial development in countries such as India, 

putting strain on a system that has not been built to deal with this rate of extrapolation (Singh et 

al., 2023) and an ecosystem that has to pay the price. 

Systems thinking is required to understand the plethora of factors influencing climate 

change to help identify possible leverage points for change and areas of weakness within the 

system. Another form of thinking directly adjacent to systems thinking is “Emergence”. 

Emergence notes how small actions and connections inform the development of ecosystems and 

societies (Brown, 2017). One aspect is the opportunity for a shift in human behavioural patterns. 

Doom is predicted and presented by every headline, making it difficult to see less sinister 

trajectories for the human race. But Emergence, explored by Adrienne Maree Brown in 

Emergent Strategy, speaks of hope, of awareness for how little changes across an interconnected 

system can create space for the worlds we aspire to. She describes her book as a thought cluster 

for those who seek to turn our legacy from crisis towards harmony. As a designer, I require this 

optimism and larger picture to prevent my efforts in biodesign from being swallowed by the 

mainstream lack of consideration for the environment prevalent in the design industry at large. 
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Collaborative Survival 

Anthropologist Anna Tsing introduces the idea of collaborative survival: “To recognise 

processes where multiple species rely on each other to survive within damaged landscapes” (qtd 

in Liu et al., 2018, p.2). She emphasises that this is not a narrative in which humans are framed 

as the protectors of the planet, but rather a focus on building collaborative relationships with 

other species. Existing interactions in nature can inspire us to move towards benefiting all life. In 

The Mushroom at the End of the World, the matsutake mushroom is an example of a lifeform 

that resisted prolonged damage from humans. Matsutake mushrooms appeared during 

devastation: “When Hiroshima was destroyed by an atomic bomb in 1945, it is said, the first 

living thing to emerge from the blasted landscape was a matsutake mushroom” (Tsing, 2015, 

p.3). Life's ability to persist in the most hostile conditions provides hope for the future and 

changes the question from: “Will there be life on Earth?” to “What will life look like, and which 

species will adapt to thrive in the Earth's rapidly changing climate?” 

In Two Natures,  the “first nature” means nature as it was before human intervention 

(Cronon, 1995). The “second nature” then encompasses changes made by humans to increase 

productivity for capitalistic exploitation. The “third nature”, as added by Tsing (2015), describes 

life-forms managing to thrive despite human capitalism. This third category is uncertain, open to 

change, and full of possibilities. “Post-capitalist” or "post-anthropocentric" design are associated 

disciplines, alternative to the design that has historically been human-focused innovation to 

improve human lives. Post-anthropocentric design acknowledges that neither capitalism nor 

humans will exist in the future, but the effects of our design choices will last. This reframes 

design from something centred on human needs to something oriented towards other life-forms 

and future ecologies.  
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Synthesis and Research gap 

The scientific literature reviewed in this section highlights the need for continued 

research and innovation to address the plastic crisis. It also provides substantial evidence that 

fungi can degrade polyethylene (PE). While evidence exists, few studies fully examine how 

fungi interact with PE that is tightly bonded to paper. Furthermore, none compare the efficiency 

of different fungal strains for this application. 

Precedents from creative industries such as Architecture, textiles, and biotechnology 

added a new angle to my research: human response to fungi and foreign materials, the distinct 

barriers to acceptance, and the historical evolution of this relationship. This prompted me to 

explore an illustrated book to connect people with the subject and spark curiosity. 
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Chapter Two: Methodology 

Introduction to Inductive Methodology resulting in My Two Phases of Work 

This project combined experimental biomaterial research with creative practice-based 

design research. The research developed through an iterative process in which laboratory 

experimentation, reflection, literature review, and design exploration informed one another. The 

project consisted of two interconnected phases. Phase One investigated the potential of selected 

fungal species to biodegrade polyethylene (PE)-lined paper coffee cups through a series of 

laboratory experiments. Phase Two translated insights gained from this experimental work into a 

speculative design outcome, an illustrated book titled A Future with Fungi, intended to 

communicate the potential of fungal collaborations to a broader public audience. Rather than 

following a strictly deductive or inductive research pathway, the project moved iteratively 

between observation, experimentation, interpretation, and creative development, allowing 

findings from each phase to inform subsequent decisions. 

Haque (2022) defines the inductive process as starting with observation and then 

progressing to exploration and discovery. He contrasts the deductive method as starting with 

theories or hypotheses which then lead to secondary observations. Induction is open-ended and 

adaptable, while deduction focuses on confirming or rejecting a hypothesis. My research journey 

oscillated between deductive and inductive processes. Further observations led to 

interdisciplinary work between design, science, art and others, as befitting a complex problem. 

The project evolved through practice-based and experimental research. I learned the 

specific skills I needed by attending Fabricademy Brussels, a course for interdisciplinary 

designers that shares emerging technologies and practice techniques. The programme provided 

foundational knowledge and technical skills that supported the research, particularly in 

laboratory protocols and aseptic working techniques. These skills, taught by Biologist & Textile 

Designer Anna Ololade were essential for cultivating fungi under controlled conditions and 

minimising contamination from competing microorganisms during the experimental work. I 
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refined my laboratory practice at Sapro-Tech under the supervision of Chemist Gayani 

Weeratne. 

Phase one consisted of multiple rounds of laboratory experiments that continually 

improved as facilities became available, along with critical reflection and iteration. The second 

phase was complex, starting with an exploration of the potential meaning of the scientific results, 

using speculative thinking about future applications of fungi and their role in tackling climate 

change and sustaining life on Earth. I then considered different design-based communication 

methods for making this information accessible. This phase addressed how to overcome barriers 

for collaboration with nature and how to raise greater awareness of the opportunity for 

environmental restoration through collaboration with mycelium as a lever to greater engagement 

with nature overall. I used speculative design to envisage future collaborations with fungi. I 

present this in A Future with Fungi. Beyond people concerned about climate change and 

interested in positive, solution-oriented innovations, the target audience includes individuals who 

might not engage with environmentalism, in the hope that the book's illustrations and interactive 

nature awaken their interest. The intention is to encourage reflection on the presence of plastics 

and other forms of pollution; however, rather than experiencing climate doom, the interaction 

might result in small positive actions that gather momentum toward a healthier collaboration 

with nature. 

As biodesign is an emerging discipline, there is no set framework for approaching 

research, which opens the opportunity to create one’s own pathway. My project pathway started 

from observing a problem (littering with PE-lined paper coffee cups), considering nature as a 

model of life-cycling waste, scientific investigation of mycoremediation (working with nature), 

towards consideration of the wider context and exploration of how to translate these findings into 

change (fungal networking and interspecies collaboration as a hackable system of nature). 
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Research Design  

My research journey is depicted in the flowchart in Figure 7, and shows key practitioners 

whose work influenced my research lenses as well as my writing style in A Future with Fungi. 

Merlin Sheldrake (Science), Anna Tsing (Anthropology) and Adrienne Maree Brown (Activism) 

all work in interdisciplinary spaces. Merlin Sheldrake’s book Entangled Life (2020)  exposed me 

to creative scientific writing and the importance of storytelling in connecting the public with 

nature. Anna Tsing’s research methodology complements this project's inductive approach. In 

The Mushroom at the End of the World (2015), Tsing describes the process of allowing research 

goals to emerge over time, rather than being predetermined as in big science. I allowed 

observations of, and collaboration with, mycelium to shape and inform the direction of my 

research. 
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Figure 7  

Flow chart of Inductive Creative Process During Masters Work. By the author, 18 June 2026 

 

 
 

My scientific and creative pathway illustrated in figure 7 led towards the two project 

outcomes: SEM photographs showing fungal impact on PE, and the book A Future with Fungi.  I 

began with rapid idea generation, which led to iteration one, a self-degrading, therefore truly 

biodegradable, coffee cup. After seeking the advice of the wide range of practitioners listed in 

the diagram above, this idea was deemed unsuitable due to its complexity. 
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Table 1 

Summary of the Two Main Phases / Components of My Master’s Work  

Table 1 summarises the two primary phases of this research, along with their aims, 

methods, theoretical influences, and outputs. The experimental phase generated insights through 

laboratory observation and testing, while the creative phase translated these findings into 

accessible public communication. 

Several limitations influenced the experimental work. Access to laboratory facilities was 

initially restricted, and although collaboration with Sapro-Tech improved resources, the research 

remained limited to low-risk fungal strains. I could not perform regular scanning electron 

microscopy (SEM) analysis of samples, so relied on laboratory staff for imaging. Furthermore, 

while visual assessment showed biodeterioration, additional chemical analysis of degradation 

products would have strengthened the scientific evidence for biodegradation. 

Reflecting on these limitations highlighted that scientific findings alone are unlikely to 

drive change unless they are communicated effectively beyond academic and technical 

audiences. This insight informed the transition from the experimental phase to the creative phase 

Approaches Methods Theoretical Influences Outputs 

1. Test the ability of 

three strains of fungi 

to degrade PE 

Practice based 

research: Scientific 

experiments into 

biodegradation. 

Inductive research 

reflection, Advice 

from subject 

specialists 

Literature review 

Secondary research 

Learning/sharing ideas 

at 

Fabricadamy and 

Sapro-Tech,  

Secondary research  

 

 

 

Qualitative SEM 

photography results. 

Reflection on limitations. 

New idea formulation 

detirmining  

2. Create a means to 

communicate 

scientific content in 

order to achieve a 

culture change in our 

relationship with 

plastics and nature 

Reach out to many 

people, including non-

scientists. 

 

Aim to publish to 

broaden reach after 

completion of Masters 

Literature review  

Observation 

Intuition 

Reflective practice 

Formation of a 

mycelium-like network 

of people and ideas 

Storytelling 

Watercolour art 

 

Storytelling 

Watercolour art 

Create an illustrated book 

for readers outside of  

readers outside of 

environmental and 

scientific communities 
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of the project. Laboratory observations, combined with insights from the literature, shaped the 

development of A Future with Fungi, an illustrated book designed to engage non-specialist 

audiences, particularly readers who may not typically engage with environmental or 

sustainability-related content. 

The two phases are complementary. The experimental research contributed to 

knowledge regarding fungal interactions with PE-lined paper cups, while the book sought to 

communicate broader possibilities for human-fungal collaboration and environmental 

restoration. The creative development of the book was guided by narrative inquiry, which 

proposes that people make sense of complex ideas through stories and that narrative and imagery 

can influence understanding, meaning-making, and cultural attitudes (Clandinin & Connelly, 

2000). 

Purpose of Fabricademy  

  Attending Fabricademy Brussels, hosted by Celia Raspanti (Textiles), contributed as 

preparation and skills development for the experimental work. Though the topics covered 

spanned across a range of emerging technologies, mycelium and biomaterials were the key focus 

of the program. The opportunity to connect with those already practising in this space has been 

invaluable for my project, for sharing stories and ideas, observations and reflections, for 

becoming part of a network. In April 2025, Annah-Ololade Sangosanya presented her project 

“Fungal Skins: Macro” at Milan Fashion Week. In a process developed at the microbiology 

department of the Vrije Universiteit Brussel (VUB), Annah-Ololade fed textile waste to fungi, 

which grew into new materials (Treciokaite, 2025). At Fabricademy, she introduced me to the 

microbiology skills necessary to inoculate mycelium for growing cultures and materials, which I 

subsequently reproduced in a home setting. At a factory visit to underground fungi farm I 

explored scaling up bench-top research with modern farming techniques, and learnt current 

research into textiles and plastics waste at the Centexbel Research Centre. 
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Procedure of Culturing Fungi 

Figures 8 and 9 demonstrate how to create an aseptic working area using a Bunsen burner and 

the pouring of agar plates, both of which are common procedures in fungal cultivation and 

inoculation. Traditionally, microbiology practitioners have used a Bunsen burner to generate an 

upward air current that may help reduce the deposition of airborne contaminants in the 

immediate workspace. To support aseptic technique, the work surface was cleaned with either 

isopropyl alcohol or ethanol before procedures were undertaken. However, the use of flammable 

solvents near an open flame presents potential fire and burn hazards and therefore requires 

appropriate laboratory safety precautions, training, and supervision. 

During inoculation, small sections of mycelium can be transferred from a colonised 

culture plate to a fresh agar plate under aseptic conditions to minimise the risk of bacterial or 

mould contamination. Once established, vigorous mycelial growth may be better able to compete 

with some contaminants. The same working area can be used when pouring fresh agar plates. In 

this process, laboratory bottles containing molten agar medium, typically maintained at 

approximately 40 to 50°C, are briefly exposed to the flame to reduce contamination at the bottle 

opening before the medium is poured into disinfected Petri dishes and sealed with laboratory 

tape. 

I was instructed to hold the Petri dish slightly ajar while pouring the agar in order to 

minimise airflow into the dish and thereby reduce opportunities for contamination. Although the 

use of a Bunsen burner remains a widely taught component of aseptic practice, recent 

experimental research has found that Bunsen burners do not consistently reduce airborne 

microbial contamination and that their effectiveness appears to be highly dependent on 

environmental conditions (DeVincent et al., 2026). Their findings suggest that the technique 

should be applied cautiously and as part of a broader aseptic protocol rather than relied upon as a 

guaranteed means of creating a sterile working zone. This, in combination with the potential 

associated hazards of the method led to revision of the chosen methodology for the second round 

of experiments, conducted in the Sapro-Tech laboratory. 
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Figure 8 

Aseptic area of the Bunsen burner. Diagram provided by Fabricademy, 19/05/2025 
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Figure 9 

Pouring an Agar Plate. Diagram provided by Fabricademy, 19/05/2025 
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Limitations of Fabricademy Method 

The methods taught at Fabricademy are not necessarily practised in laboratories due to 

challenges with heat-based sterilisation and hazards associated with open flames. A risk of using 

a Bunsen burner to sterilise tools for mycelium inoculation is the potential to damage the 

mycelium if the tool is not cool enough. This method also cannot be up-scaled, as would be 

required for real-world applications in tackling plastic waste. Nevertheless, the Bunsen burner 

method is appropriate for home setups if a research laboratory is not available. 

 

More Possibilities of Collaboration with Microorganisms 

Another skill in collaborating with micro-organisms I learnt at Fabricademy was 

bacterial dyeing using antibiotic bacteria known as Streptomyces. This technology is being 

developed as a chemical-free alternative to traditional dyeing methods. We transferred a small 

amount from a Streptomyces spp. culture, which had already begun producing purple colour onto 

new agar plates (Figure 10). Streptomyces is a genus of actinomycetes, gram-positive bacteria 

known for their filamentous structure, resembling fungal hyphae growing in different colours; in 

this subspecies purple, creating stunning eco-friendly fabric dyes. 
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Figure 10 

Bacterial Workshop at Fabricademy Brussels, 20/05/2025 
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The Choice of Takeaway Coffee Cups as Research Object 

Paper cups made a good choice as research objects for several reasons. Misconceptions 

concerning their sustainability, a lack of transparency, and, most importantly, insufficient waste 

management systems to handle the rate at which they are produced result in a sizable problem. 

Most “paper cups” are only about 95% paper and 5% tightly bound plastic (Zangmeister, 2022). 

Starbucks Coffee Company, one of the top consumers of paper cups, estimated they were 

distributing six billion disposable cups annually and using more than 8,000 plastic cups every 

minute (Gregory, 2021). This places Starbucks as one of the key polluters in the coffee industry 

and drove my choice to research the degradation of their disposable cup plastic lining. Alongside 

easy availability of their cups for my research, I thought it important to choose a brand people 

recognise, highlighting it as a problem of immediate relevance. 

The increasing consumer demand for environmentally friendly products has also 

increased the amount of “greenwashing” in the packaging industry, misleading consumers into 

believing a company or product is more environmentally friendly than it actually is. This can 

come in the form of adding natural elements to the design, such as leaves, the colour green, or 

deceptive labels on the cups, such as “eco-friendly” or “biodegradable” (Somany, 2023). Studies 

carried out by the Biodegradable Products Institute, North America, confirmed that most people 

do not understand what different composting labels mean. A survey of 2700 participants showed 

that 49% could not distinguish between “biodegradable” and “compostable” (Pyzyk, 2023). 

Paula Luu, senior project director at the Centre for the Circular Economy at Closed Loop, New 

York City, explains that the improper disposal of paper cups plays a critical role in the 

contamination and pollution surrounding takeaway cups (Luu, 2021). Figure 11 offers an insight 

into how much confusion there is about how to best dispose of waste. In Aotearoa New Zealand, 

the term “commercially compostable” is misleading, resulting in many cups ending up in 

landfill. Clearer labelling and transparency are required, as well as greater public education. 

“Biodegradable” means spontaneous degradation over time, whereas “compostable” requires 
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specific conditions. “Commercially compostable” requires constant higher temperatures over 

longer time than usually achieved in “home compostable” settings. 

Figure 11 

Consumer Answers to Questionnaire about Understanding of “Compostable” Label (Pzyk 2023) 

 

Note. Adapted from “Unpacking Labeling and Design: U.S. Consumer Perception of 

Compostable Packaging” by Closed Loop Partners and Biodegradable Products Institute. As 

cited by Pzyk K. 2023. Consumers don’t understand ‘compostable’ messaging on packaging, 

survey finds. (Consumers don’t understand ‘compostable’ messaging on packaging, survey finds 

| Packaging Dive). 2023 

 

The specific barrier inhibiting the recycling of paper cups is their PE lining, which 

constitutes five percent of the cup (Ma, 2018). Researching possible solutions for this specific 

issue is a feasible approach to addressing the large-scale problem of all plastic pollution. Rather 

than being recycled,  77.1% of cups are incinerated, and 22.9% end up in landfill (Eurostat 2023, 

qtd in Anand et al., 2023). The incineration process results in a high risk of microplastic release 

due to incomplete thermal degradation and heat-driven fragmentation. Paper cups have been 

shown to release plastics at 4°C, 50°C and 80°C at 126 to 1420 particles per litre, depending on 

temperature (Akbulut et al., 2024). Incineration risks aside, this also means that consumers are 

drinking microplastics as part of their takeaway coffee. 

https://www.packagingdive.com/news/compost-recycling-report-BPI-closed-loop-partners/686039/
https://www.packagingdive.com/news/compost-recycling-report-BPI-closed-loop-partners/686039/
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The risk of pollution is not limited to the material constitution of the cups; the fleeting 

nature of single-use takeaway products increases the likelihood of littering. This highlights the 

social issue tied to consumer- or consumption-culture (referring to societal norms, values, and 

practices surrounding the acquisition, use, and disposal of goods and services, shaping both 

individual identity and social structures), and presents another angle from which the plastic crisis 

needs to be addressed (Liboiron,  2021). Choosing to focus on paper cups also evolved out of 

noticing them in my daily life, every day in the classroom and on my way home, discarded at the 

side of the road. 

Once I started looking for them, I saw the scale of the problem and was alarmed by how 

desensitized we are to littering and pollution in our daily lives. Big companies like Starbucks 

rely heavily on marketing via their logo, in this case, on their cups. The more prevalent their 

cups are, the stronger the marketing. The view that “no publicity is bad publicity” may further 

disincentivize the company from reducing the litter problem they cause, which can only be 

tackled through a broader shift in public opinion and resulting consumer pressure. The 

difficulties PE-lined paper cups pose for conventional waste management make them ideal 

candidates for mycoremediation research. I could find no published literature on paper cup 

mycodegradation. 

Choice of Fungi  

Following my literature review, I decided to work with  P. ostreatus, P. pulmonarius 

(phoenix mushroom), and Trametes (T.) versicolor (turkey tail mushroom), supplied by 

SporeShift Mushrooms NZ, as these species are well‑documented for their enzymatic versatility, 

with enzymes capable of breaking down tough, recalcitrant plant polymers (Reyes, 2021; Yang, 

2024) and supported by research in plastic mycoremediation. Furthermore, they are non-

pathogenic to humans and non-invasive, therefore readily available through online suppliers 

without requiring specific laboratory authorisation. Whereas Seenivasagan R. et al. (2022) 

identified different fungi (Rhizopus species (spp.) and Aspergillus spp.) from a plastic disposal 

site and used them to degrade LDPE on disposable paper cups, in a study by Marquez et al. 
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(2024) P. ostreatus was used to degrade low-density PE films in liquid fermentation solutions. 

One issue with paper cups is the tight bond between the paper and the PE, which makes up about 

five percent of so-called “paper cups”. Žgajnar Gotvajn A. et al. (2018) used another white-rot 

fungus, Dichomitus squalens, to delaminate plastic-coated waste paper.  I found no previous 

study testing the performance of P. ostreatus, P. pulmonarius and T. versicolor on PE-coated 

paper cups and therefore felt that my experiments could potentially add to the scientific 

literature. 

Phase One: Practical Science-Based Research  

Three rounds of experiments were conducted, each to varying degrees of scientific 

precision. Each round of experiments was not just an iteration of the last, but an improvement 

through new resources and facilities becoming available. I cut Starbucks coffee cup pieces and 

placed them in a star shape onto the agar plates, then inoculated the plates centrally with the 

three fungal strains. 

 I used an observational approach, monitoring, measuring, and photographing mycelial 

growth in these Petri dishes daily. Observations also included any signs of PE degradation or 

culture contamination. I planned to compare samples for vigour of growth and indications of PE 

deterioration, aiming to identify which strain was the most effective. 

Procedure First Round of Experiments 

The first took place at home (Figure 12) using the Bunsen burner method explained in 

Figure 8 and agar plates obtained from SporeShift Mushrooms. Within the aseptic bubble this 

method created, three segments of mycelium, one from each strain, were transferred centrally 

into individual agar plates containing 6 pieces of Starbucks coffee cup and nutrient agar (agar 

containing a sugar food source). They were then left to grow for up to 2 weeks. Observations 

were stopped earlier if the entire plate had been colonised, or detrimental contaminant growth 

became apparent. At this point, each plate was fully dehydrated and a small piece taken for SEM 

analysis. 
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Figure 12 

Home Laboratory Set-Up. Photos taken by Author, 30/08/2025 

 

Figure 13 

Three Fungal Strains and Inoculated Plates with Coffee Cup Pieces. Photo by Author, 

28/08/2025
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Over the following 14 days, data collection methods involved recording daily changes in 

size and any additional observations (Figure 13, Figure 14) by measuring size differences and 

taking photographs. Data was recorded in the results table formatted as seen in Table 3, for 

example - refer to the appendix for full results. 

 

 

Figure 14 

Mycelia Samples on Agar Plates, Day 14.: P. pulmonarius grew best. Photo by Author, 

11/09/2025 
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Table 3  

Sample Table of Observed Changes to Agar Plate over Time, by Author 2025 

Day Species name: 

P. pulmonarius 

Size  

(cm in diameter) 

Observations 

 

Mould  

contamination 

 

1 

 

0.8  No 

2 

 

0.9   No 

3 

 

1.1 Has grown all around 

the agar wedge, 

including underneath 

 

 

No 

4 

 

1.6 Largest size  

increase so far  

No 

 

Procedure Second Round of Experiments 

For the second round of home experiments, I made the agar plates myself because I 

wanted to control the amount of sugar available to the mycelium. I added four grams of malt 

extract per 100 grams of agar to create a low-strength medium so that the fungal strains would be 

more inclined to use the paper cup as a food source. At a one-to-one ratio, distilled water was 

combined with the agar-nutrient mix in a laboratory bottle and placed in the pressure cooker for 

20 minutes with the lid slightly loosened. The agar was poured into Petri dishes (Figure 9) within 

the aseptic zone of the Bunsen burner flame and left to cool slightly before being sealed with 

Petri dish tape. Before cultivating three strains in plates containing paper pieces, I also created 

control groups containing only mycelium. 
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In this round of home experiments, the deeper paper layer of the cup was removed to 

isolate the superficial plastic layer. The intention was to make the decomposition of the material 

more visible by separating layers. Following the same arrangement shown in Figure 13, I 

positioned the plastic pieces around the dishes inoculated with mycelium. Growth was then 

recorded using the same results table. 

After 14 days of recorded growth, some samples were opened inside the small laminar 

flow hood to take photos. Next, they were dehydrated for four hours in preparation for SEM, 

taking photos of the surface morphology as well as a cross-section. Following this, all samples 

had to be disposed of in a biohazard bin in keeping with standard laboratory operating 

procedures. I ensured there was a control group for each strain of mycelium, which contained no 

paper pieces and only nutrient agar. This allowed me to compare growth on the plastic with a 

competing food source to growth on the plastic without. Experiments conducted in the Biolab 

facilities at AUT utilised a miniature laminar flow and a regular cooking pot to replace the 

pressure cooker. The flow hood consisted of an air filter which sucked in air and blew sterile air 

out, creating a 20 cm by 10 cm section of sterile air in front of the air filter. Samples contained in 

this area should not have been at risk of contamination. I did not inoculate any new samples 

containing pieces of paper cups, but created more control plates in case I wanted to use them to 

cultivate new plates in another round of experiments. 

Procedure Third Round of Experiments, at Sapro-Tech Laboratory  

My third round of experiments was carried out at the Sapro-Tech Biotech lab in Parnell, 

Auckland (biopolymer-based textiles company, https://www.sapro-tech.com/). It was clear that 

further iteration of the home experiments was required due to the large range of growth 

morphologies observed. Especially if scientifically viable results were to be obtained, in which 

strains could be compared to each other. Experiment methods were altered to improve 

consistency and create a more stable environment, under the supervision of Dr. Gayani 

Weeraratne. Instead of taking a segment from a cultivated plate and inoculating a fresh agar 

plate, this method involved growing mycelium pellets in liquid media, blending them, and then 
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pouring the mixture onto an agar plate containing solid media. This approach encouraged even 

growth of already partially established colonies across the entire dish, rather than mycelium 

spreading outward from a single central inoculation point.  

Another difference in this experiment was the shape and size of the paper cup pieces, as 

well as the addition of a new test group examining mycelium growth on black PE bin liner 

material. All paper cup samples had six holes punched into them to make it easier to observe 

growth within the cross-section rather than only on the surface. This adjustment was made in 

response to concerns raised by Dr. Keith Hudson (Scientist and founder of Sapro-Tech) 

regarding limitations of my previous results. 

Findings from phase one informed methodological refinements in phase two, particularly 

in relation to gaining access to the surface of interaction between the mycelium and PE without 

damaging the mycelium. The response to this risk was to take cross-sectional scans and 

photograph both “unwashed” and “washed” samples, where the top layer of mycelium had been 

carefully removed. The experimental plan below was inspired by a similar study previously 

conducted by Sapro-Tech. The laser-cutting of the material was intended to increase the 

observable surface area and provide clearer insight into what was happening within the cross-

section. 

Summary of Third Round of Experiments at Sapro-Tech 

1) Laser-cut hexagonal holes into a flat surface of paper removed from a coffee cup, similar 

to the image below (Figure 15)  

2) Create media for culture to grow in using ratios provided by Sapro-Tech 

3) Use the wider end of the pipette to take small segments from a freshly cultivated plate 

4) Place the scaffolds in the autoclave  

5) Add 10 μg/ml tetracycline antibacterial solution to the fungal media to suppress bacterial 

contamination 

6) Inoculate liquid culture (10%) into the fungal media 

7) Gently mix 
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8) Pipette 20 ml into 90 cm Petri dishes and add paper scaffold on top of the media, slightly 

submerge 

9) Make 6 control plates (3 of each media) 

10) Grow and monitor for 7 days 

Figure 15 

Hexagonal Laser-cut Frames to Grow Mycelium, Sapro-Tech, 2024 

 

 

Equipment 

. Tweezers (x 5) 

. Conical flask (x 3) 

. Laboratory bottle  

. Mixing plate 
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. Laboratory scales 

. Autoclave 

. Laminar flow hood 

. Hole punch 

. Refrigerator 

. Sterile Petri dishes 

. Cultivated plates of chosen mycelium strains (x 3) 

Using laboratory scales, I measured the following quantities to create liquid and solid growth 

media: 

- Liquid media in a conical flask: 

Rye 2 g 

Dextrose 10 g  

Yeast extract 5 g  

- Solid media in a laboratory bottle: 

Potato starch 2 g  

Dextrose 10 g 

Yeast extract 5 g 

Agar powder 5 g  

The dilution formula used to calculate the concentrations for both the liquid and solid 

media was C1V1 = C2V2, where C1 is the concentration of the initial solution and V1 the 

volume of the initial solution to be diluted. C2 is the concentration of the final diluted solution 

and V2 the final volume of the diluted solution. I began by preparing two solutions: one for solid 

media and one for liquid media. The solid media recipe included agar powder for producing Petri 

dishes. I measured just under 500 mL of distilled water to account for the increase in volume 

once the agar was added. A visual guide to this process is shown in Figure 16. 

 

 



 

 

58 

 

 

Figure 16 

Process of Creating Liquid Media Plates for Mycelium Cultivation, Sapro- Tech, 2024 

 

 

 

Figure 18 

Process of Creating Liquid Media Plates for Mycelium Cultivation. By Author, Sapro-Tech 2026 
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Both solutions were stored in the fridge overnight and then autoclaved for four hours, 

with utensils wrapped in tinfoil and placed alongside them in water. After cooling to 

approximately 45°C,  all utensils and media were removed, and the extraction cabinet was 

sterilised with isopropyl alcohol before placing the items inside. I was taught to divide the 

cabinet into two sections: one for used or potentially contaminated items, and the other for 

unopened sterile materials. To prevent the agar from cooling and solidifying in the bottle, I 

began by pouring it into Petri dishes, taking care not to position my hands directly over the open 

plates to avoid contamination. The dishes were left to dry with their lids slightly ajar, then sealed 

and stored in the fridge once cooled. The next step involved inoculating the liquid media with 

samples taken from the fully cultivated plates ordered from SporeShift Mushrooms. Using the 

wider end of a pipette, three small plugs were punched from each cultivated plate and transferred 

into the liquid media using sterile tweezers. This process was repeated for all three fungal strains, 

after which the conical flasks were placed in an environmental shaker. The shaking motion 

promoted interaction between the fungi and the nutrient medium.  

After three days in the incubator, mycelium pellets formed in each of the conical flasks 

(Figure 17). Before transferring these onto solid media, the pellets were homogenised inside the  

Extraction cabinet (Figure 18).  Once all pellets had been broken up, a thin layer of the solution 

was pipetted onto each Petri dish. Next, I had to add the paper cup. Using a hole punch to create 

openings in the paper cup, I transferred one disc into each agar plate, ensuring that each fungal 

strain had three replicate plates. I also cut small discs of black PE bin liner plastic to determine 

whether degradation would be easier to observe without the paper layer and remove this 

competing food source. All samples were then labeled, dated, and sealed (18 November 2025). I 

monitored all samples over a period of 14 days for signs of degradation and recorded my 

observations in the digital workbook presented in the appendix. 
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Figure 17 

Mycelium Pellets, P. ostreatus (grey oyster mushroom). Photos by Author, Sapro-Tech 

18/11/2025 
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Figure 18 

Blending of Pellets in the Extraction Cabinet. Photo by Author, Sapro-Tech, 18/112025 

 

 

 

 

 

 

 

 

 

 

As there were three groups of fungal strains and plastic, it was possible to open the 

plates at various stages of growth. One group was opened after three weeks to make observations 

focused on indicators of material degradation, including layer separation and surface 

morphology growth. Although daily changes were not recorded, regular checks for 

contamination were conducted. On 1 December 2025, the experiment was concluded, and all 

Petri dishes were opened and photographed (Figure 19). Next, they were dehydrated, in 

preparation to be scanned in February 2026. As with previous experiments, photographs of both 

the cross sections and surface morphology were taken to assess degradation. 
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Figure 19 

Fully Cultivated Plates (top) and Samples ready for SEM. Photo by Author, Sapro-Tech, 

01/12/2026 
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SEM Examination 

After two weeks of mycelial growth, each culture plate was fully dehydrated before a 

small sample was taken to the AUT lab for SEM analysis by the lab technician Yuan Tao, who 

provided me with images. I analysed these to gain insight into changes in surface morphology, 

which were then classified and recorded. 

Limitations 

A limitation of the first round of my experimentation was the lack of access to the 

laboratory equipment required to cultivate mycelium in liquid culture. The Auckland University 

of Technology (AUT) photo studio facilitated higher-quality photographs (Figure 20); however, 

this also increased the risk of contamination. To reduce the risk, Petri dishes were opened in a 

mini laminar flow hood. This was a 20 cm by 10 cm 3D-printed setup that filtered a small 

section of air in front of the largest panels. I did not have the opportunity to acquire SEM skills 

myself and had to rely on the AUT lab technician to do the SEM examination and provide 

photographs, which limited the number of images I had available for examination. My 

assessment options were macroscopic culture plate examination and SEM, which are both 

different ways of looking at the samples. I had no access to analysis of chemical PE degradation, 

and could therefore only report on biodeterioration. 
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Figure 20 

Fully Grown Mycelia with and without Coffee Cup Pieces. AUT, Photos by Author, 2025 
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 Phase Two: Creative Design Process 

While the experimental component of this project yielded clear quantitative results, it 

offered limited opportunity to communicate the broader body of research and design thinking 

that informed the work. To address this, I developed a book titled A Future with Fungi, intended 

as an accessible introduction to the relationships between biology, design, and sustainability how 

collaborating with mycelium may help to regenerate and sustain life on Earth   

I designed the book for an audience with limited familiarity with mycology, design 

research, or environmental science. Rather than using an academic format, the book 

communicates information through concise text, diagrams, photographs, and visual storytelling. 

This approach was intended to make complex concepts more approachable and engaging for 

non-specialist readers and is supported by a substantial body of academic literature.  

In what is called the screen inferiority effect Khan (2024) explains how brains respond 

differently to knowledge attained from screens versus books. Storytelling and hand painted 

images reach people better by integrating a relatable human element, thereby building trust. 

Narratives have a significant impact on public perception shaping cultural beliefs and societal 

norms (Henry, 2024). Shifting the cultural narrative surrounding fungi and their association with 

disease is important for accepting and advancing mycelium technologies. 

The book draws on literature gathered throughout the research process, including 

sources reviewed during the literature review phase and additional case studies identified after 

the experimental work whilst searching for comparable projects to situate my own work within a 

broader landscape of creative practice. Rather than focusing solely on mycelium's potential role 

in addressing plastic pollution, the book situates this application within a broader context of 

human-fungal relationships. Topics include architecture, medicine, fashion, ecology, and 

examples of design practices that collaborate with living systems. These themes were included to 

show the diversity of fungal applications and encourage readers to see fungi as active 

participants in ecological and social systems. 
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Pieces of literature covered in my book include Design for Collaborative Survival by Liu 

et al. (2018), which acts as an introduction to the subdiscipline of post-anthropocentric design, 

co-design in architecture, and my own speculative designs inspired by mycelium. The writing 

style is influenced by texts such as Anna Tsing’s The Mushroom at the End of the World, Merlin 

Sheldrake’s Entangled Life, and Adrienne Maree Brown’s Emergent Strategy. These works share 

a common thread: they acknowledge the planet’s current state of crisis whilst offering 

constructive, hopeful pathways to navigate and transform our “broken world”. Doom-laden 

climate-related news reduces public motivation and the likelihood of environmental engagement, 

and therefore worsens the problem. Researchers at Charles Darwin University have introduced 

“positive environmental journalism” as a response to this. Recent research shows a growing 

audience preference for hopeful, solution-based content that reconnects humanity with nature 

and fosters ecocultural identification and affiliation (Etaywe & Pinkerton, 2025).  

Science relies on creative storytelling and language to evoke interest and care. Etaywe 

and Pinkerton (2025) emphasise that language is central in scholarly, journalistic and policy 

responses to environmental crises and that it is a means to align values, emotional commitments 

and behaviours. For this reason, A Future with Fungi was intentionally written in an optimistic 

and exploratory tone. 

 

 The book concludes with Brown's concept of emergence (Brown, 2017), the process by which 

small, simple interactions give rise to large-scale patterns, behaviours, or systems that are more 

complex than the sum of their parts. In A Future with Fungi, I chose to leave the reader with the 

idea of emergence to encourage their own mindful exploration of the topic and to suggest a way 

of thinking that supports a positive approach to addressing climate change. Climate grief has 

become an increasingly recognised emotional response to ecological loss, yet there remain very 

few structured tools or institutional frameworks to help people process it (Cunsolo & Ellis, 

2018). The concept of emergence encourages readers to see environmental action not as an 

overwhelming challenge, but as a gradual, collective process of transformation. 
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Choice of images and illustration style 

Images were selected according to their ability to communicate concepts that would be 

difficult to convey through text alone. For example, the first fold-out spread depicting a 

branching mycelial structure was designed to communicate the vast scale of the Armillaria 

ostoyae network described by Bone (2013). Visual references were gathered throughout the 

research process from books, articles, documentaries, and design projects. From these references, 

I developed sketches and layouts that translated key concepts into simplified visual narratives. I 

prioritised imagery that could evoke curiosity and wonder while remaining scientifically 

grounded. Diagrams were used to explain biological processes and relationships, while 

illustrations allowed abstract ideas and future possibilities to be communicated more intuitively. 

The narrative structure of the book was developed iteratively through a process of 

organising and rearranging research themes. Early drafts grouped information according to 

discipline; however, this approach felt fragmented and overly academic. Through successive 

revisions, the content was reorganised into a more accessible narrative that moves from 

introducing fungi and their ecological significance to examples of contemporary design practice 

and finally to speculative futures. This progression was intended to gradually build readers' 

understanding while maintaining engagement through a balance of scientific information, case 

studies, and visual material. 

The book underwent multiple rounds of revision throughout its development. Friends 

and family reviewed drafts alongside the evolving dissertation, ensuring consistency between the 

scientific research and the public-facing publication. During this process, technical language was 

simplified, sections were shortened or expanded, and the balance between text and imagery was 

adjusted to improve clarity and accessibility for a general audience, based on their feedback.  
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Chapter Three: Results 

Introduction to Results of My Practical Science-Based Research 

This section summarises observations and quantitative data obtained over the course of 

three experimental rounds as outlined above, investigating what happened to PE bound onto 

Starbucks paper cups under the influence of P. pulmonarius, P. ostreatus and T. versicolor 

mycelium.  For complete comparative results, refer to the workbook in the appendix. 

Terminology Describing Mycelial Growth  

To accurately describe the range of fungal activity observed, I researched the 

terminology used to characterise different forms of mycelial growth and what each form may 

indicate. This nomenclature was incorporated throughout both the results section and the 

following discussion (Figure 21). 

Delaney (2025) explains that “rhizomorphic” mycelial growth consists of thick, cord-

like strands expanding outwards in a relatively uniform manner. This form of growth is generally 

considered an indicator of good fungal health and is associated with efficient nutrient absorption. 

“Cord mycelium” is a form of rhizomorphic mycelium, distinguished by circular, ring-like 

growth patterns commonly referred to as “fairy rings”.  

“Tomentose” mycelium appears as fluffy, cloud-like formations and is often associated 

with higher humidity and lower oxygen availability.  

“Satellite colonies” are secondary growths that emerge distant from the primary mycelial 

body. These do not inherently indicate contamination. When they develop slowly and share the 

same colour and morphology as the main colony, they are typically of the same fungus and 

benign. However, satellite colonies that appear rapidly or differ in colour or texture from the 

main colony indicate contamination. Images displayed in Figure 22 show examples of three of 

these growth patterns. P. pulmonarius shows healthy, even, rhizomorphic growth on the far left. 

In the middle, P. ostreatus demonstrates satellite colonies, which later became obvious as 

contaminants, and on the far right, a fluffy tomentose growth of P. pulmonarius. 
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“Enshrouded mycelium” describes a condition in which the mycelium becomes 

surrounded by unfavourable environmental conditions, resulting in obscured or inhibited growth 

(Planet Spores, n.d.). A shroud is a covering for burial. To shroud means to obscure, conceal, or 

disguise. Figure 22 illustrates this appearance on a culture plate with P. pulmonarius, which 

initially grew in a healthy tomentose pattern, but then stalled and became withered. 
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Figure 21 

 

Hand-Drawn Diagram of Mycelial Growth Terminology, Author, 09/05/2025 
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Figure 22 

Three Mycelial Growth Examples (P. ostreatus mislabelled as P. parsonsiae.) Photos by Author 

2025. 

Results of Macroscopic Examinations during Round One of Home Experiment 

Growth Rate 

To gain an understanding of each species’ growth behaviour, I initially recorded 

descriptive observations. P. pulmonarius produced long, fluffy hyphae, growing slowly at first 

before increasing in speed. P. ostreatus followed a similar growth pattern. Both species exhibited 

very slow initial development, followed by a steady increase in growth from day five onwards. 

T. versicolor displayed a comparable trend, though noticeable growth began slightly earlier on 

day four. From this point, T. versicolor exhibited increasingly steady growth, characterised by 

healthy rhizomorphic development. Overall, these patterns suggest that all three species 

developed increasing metabolic activity and vigour over time. 
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Appearance 

P. pulmonarius initially displayed rhizomorphic mycelial growth before becoming 

enshrouded and discoloured toward the end of the observation period, indicating unfavourable 

conditions (Figure 23). P. pulmonarius was the only strain in which the PE-paper substrate 

showed visible signs of degradation. Brown discolouration was observed around the edges of the 

paper cup pieces from day seven onwards. Existing literature supports this observation as an 

indicator of biodegradation (Odigbo et al., 2023).  

Figure 23 

Enshrouded Tomentose Growth of P. pulmonarius Culture. Author, AUT 16/09/2025 

 

 

 

 

 

 

 

 

 

 

As the first culture of P. pulmonarius displayed signs of unhealthy growth, the 

experiment was repeated. In the second culture, P. pulmonarius developed successfully, 

displaying fairy rings during early maturation and consistent, even, circular growth (Figure 24). 

P. ostreatus produced the same characteristic furry mycelial tendrils observed in P. pulmonarius, 

consistent with Pleurotus spp. being white-rot fungi. In contrast, T. versicolor formed a sparse, 

flat sheet of mycelium (Figure 25), clearly distinguishing its growth morphology from that of the 

Pleurotus spp. 
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Figure 24 

Healthy Tomentose Growth of P. pulmonarius Culture. Photo by Author, AUT, 16/11/2025 

 

Figure 25 

Sparse Flat Sheet of  T. versicolor Growth in Culture. Photo by Author, AUT, 16/11/2025 
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Results of Macroscopic Examinations during Round Two of Home Experiment 

All three initial control group Petri dishes became contaminated. T. versicolor showed 

very sparse, dotted growth. P. pulmonarius initially grew much better; however, satellite 

colonies developed on the Petri dish, which later were identified as mould. P. ostreatus had 

healthy outward growth, then started thinning out before black mould growth appeared 

(commonly Cladosporum or Aspergillus spp., not specified).  

One further control plate of P. pulmonarius showed the healthiest growth out of all 

samples. As described for rhizomorphic growth, the hyphae were thick and bright white (Figure 

26). The plate still became contaminated; however, the mycelium seemed strong enough to 

withstand the contamination and continue growing. 

Figure 26 

Healthy Rhizomorphic P. pulmonarius, small Mould Contaminants. Photo by Author, AUT, 

16/11/2025  
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Results of Macroscopic Mycelium Growth on Homemade Agar with PE Paper Cup Pieces  

Compared with pre-made agar plates from SporeShift Mushrooms, growth on my 

homemade agar was slower, sparser and thinner, indicating insufficient nutrients. P. pulmonarius 

developed the thickest hyphae, suggesting higher resistance to challenging environments.  

Compared with control plates without paper cup pieces, mycelium on plates with such 

pieces grew considerably better and extended outwards evenly, but then also became 

contaminated.  

Results Round Three of Experiments in a Professional Laboratory 

Learning from rounds one and two, in my third set of experiments at the Sapro-Tech lab 

I used an established agar recipe developed and tested by their team, and their liquid culture 

method as described in the methodology section. 

The daily observation and documentation schedule in my first two sets of experiments 

carried a risk of human perception and interpretation error, as it had become clear that one day 

was not long enough to allow for enough fungal growth to be perceived with certainty. For the 

final round of experiments, I therefore adapted my methodology, recognising that daily 

documentation was not helpful. Instead, I conducted regular checks of the Petri dishes for signs 

of obvious change and visible contamination, and recorded observations only when clearly 

noticeable changes had occurred.  

The controlled laboratory environment at Sapro‑Tech significantly reduced the risk of 

contamination and resulted in more consistent growth patterns. Cultures grown using the liquid 

culture method did not exhibit the typical radial growth associated with mycelium centrally 

inoculated on an agar plate as observed during my home experiments. Instead, they formed a 

dotted, furry morphology resembling individual colonies (Figure 27), which eventually merged, 

showing evenly distributed growth across the Petri dishes. 
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Figure 27 

Even Mycelial Growth by Liquid Culture. Photo by Author, Sapro-Tech 20/11/2025 

 

Terminology describing Appearance Indicative of PE Degradation on SEM Images  

Three distinct progressive morphology changes of PE degradation visible on SEM 

images are flaking, fragmentation, and delamination. “Flaking” is surface-level peeling or 

indentation as an indication of early-stage degradation. “Fragmentation” refers to the cutting of 

PE chains into smaller compounds. This is followed by visible “delamination” of the material as 

a result of chain scission, causing a more substantial and deeper structural breakdown than 

flaking. The separation of layers as seen in Figure 28 occurred because the paper fibres and the 

plastic lining started to break apart and delaminate, as the material weakened.  
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Figure 28 

SEM Image of PE Delamination on Paper Cup Piece with P. ostreatus. AUT November 2025 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comparative Results of SEM Images 

At higher magnification, all strains showed signs of PE biodeterioration. Three 

perspectives were photographed for each strain: a cross‑section, the washed surface and the 

unwashed surface. Cross‑section imaging was the most effective for identifying delamination.  

Changes in surface morphology were most visible after the samples had been washed, as 

otherwise the thick mycelial growth obscured the view onto the PE layer. In contrast, unwashed 

samples were sometimes too thick to reveal subtle structural changes, though they remained 

useful for comparing hyphal growth across strains (Figure 29). 
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Figure 29 

SEM Image of Thick Hyphal Network of T. versicolor Unwashed Sample. AUT November 2025 

 

The washed‑surface scans of all three strains, T. versicolor, P. pulmonarius and P. 

ostreatus, showed clear surface‑level erosion of the PE layer, exposing the darker-appearing 

paper substrate beneath. This transformation looked similar in all species. The exposed paper 

surfaces under the eroded PE seemed to act as trails enabling fungal hyphae advancement. 

Although flaking was present in  P. ostreatus, P. pulmonarius and T. versicolor, it was more 

pronounced in T. versicolor. Cross‑sectional scans confirmed that delamination had occurred in 

samples colonised by both P. ostreatus and T. versicolor, indicating that the fungal–material 

interaction had progressed beyond surface alteration (Figure 30 shows this well for T. 

versicolor). 

The greater extent of visible flaking coupled with significant degrees of delamination 

suggest T. versicolor may be the strongest candidate for PE degradation among the strains tested 

(Figure 31). 
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A selection of SEM photos supporting the observation that degradation of PE took place 

and their associated strain are listed in Table 3. 

Figure 30 

SEM Image of PE Delamination of Paper Cup Piece with T. versicolor. AUT November 2025 

 

Figure 31 

Surface and Cross-sectional SEM Images Showing Degradation of PE by T. versicolor. AUT 

2026 
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Table 3 

Results Table showing PE-lining Degradation Visible on SEM Images 

Strain + Date Scanned Photo Result 

P. ostreatus 

Surface 

Paper cup 

Washed  

Round 3 Feb 2026 

 

Flaking of PE, 

Suggesting initial stages of 

degradation are taking place 

P. ostreatus 

Surface 

Bin liner 

Round 3 Feb 2026 

 

Same as above 

T.versicolor 

Surface 

Washed  

Round 1 Sep 2026 

 

Two layers visible indicating 

the top layer of PE has been 

degraded, revealing the paper 

surface underneath 

T. versicolor 

Surface 

PE 

Round 1 Sep 2025 
 

Signs of flaking visible 

Mycelium induced 

roughening of PE surface 

 

T. versicolor  

Cross-section 

PE 

Round 1 Sep 2025 
 

Delamination  

Layer of PE or paper visible 

under thick layer of 

mycelium 
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P. ostreatus 

Cross-section 

Paper cup 

Round 2 Nov 2025 
 

Delamination  

 separation of layers 

  P. pulmonarius 

Surface 

Washed 

Round 1 Sep 2025 
 

Paths of mycelium growth  

are shown and flaking 

 

 P. pulmonarius 

Surface 

Washed 

Round 1 Sep 2025 
 

More prominent flaking 

 

Moving Forward from Interim Conclusions 

In conclusion, in my experiments all three known indicators of fungal PE degradation 

were observed by SEM: flaking, delamination and fragmentation indicative of surface‑level 

erosion. Across the three experimental rounds, key procedural refinements reduced the risk of 

contamination and created a more controlled growing environment. These adjustments became 

necessary after identifying a wide range of mycelial growth patterns emerging from single strains 

over the growth period, suggesting rapidly shifting environmental conditions that may have 

placed the organism under evolutionary pressure. The most successful experiment took place in 

the Sapro-Tech lab, where I had access to laboratory equipment such as incubators and laminar 

flow hoods, and was supported by biologists and chemists working in the fungal biotech space 

who offered constructive advice and discussion of my work. After completing the final round of 

my experiments, I reflected that further experimental iterations were required to attain 

scientifically robust, reproducible findings. However, such iterations would not necessarily 

directly translate into catalysing the behavioural change that our environment needs. 

 Choosing to re-focus on this change marked an important turning point in refining the 

project’s future direction and intent. Aside from the early speculative designs inspired by 

mycelium, I had not yet engaged creatively with the research topic. It became evident that the 

project should not be confined to demonstrating mycelium‑driven PE degradation on Starbucks 
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paper cups. Rather, this example served as a tangible illustration of how collaborative 

relationships between humans and other organisms can help address climate change and adapt to 

rapidly shifting environmental conditions. Additionally, fungi's capacity for ecological 

restoration demonstrates the potential for alternative environmental futures in which ecosystems 

can regenerate and sustain diverse forms of life. Publicising this information may help counteract 

disengagement associated with doom-laden climate narratives and provide opportunities to 

empower individuals who feel immobilised by crisis-focused reporting. 

The book Entangled Life by Sheldrake first sparked my curiosity in fungi. I then started 

exploring environmental storytelling as a method of bridging the gap between information 

usually reserved for academic literature, and the general public, to catalyse engagement and care 

for the environment. I considered the success of stories that have been passed through 

generations, such as fairy tales and old folklore, understood on a deeper, ancient, communal 

level (Bukenya, 2025), and the reasons for their timelessness. Common themes are simplicity, 

and almost all are accompanied by imagery and artwork. In comparison to oral and visual 

storytelling, which have shaped communication for tens of thousands of years, written 

storytelling is a relatively new cultural technology. Although the earliest writing systems date 

around 3000 BCE (Daniels & Bright, 1997), the high rate of distribution of written language 

was facilitated by the invention of the printing press in 1440 (Alley-Young, 2022). 

  Language can be divisive, not only when using scientific versus commonly understood 

words, but because people are generally divided by different languages. Pictures, however, have 

told stories for as long as humankind has existed, as evidenced by prehistoric cave paintings all 

around the world, address much older brain areas and are easier remembered (Grady, 1998). This 

established two core elements of “A Future with Fungi”: strong visual messaging and the tactile 

experience of a beautiful paper-book, with fold-outs requiring reader interaction. 
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Chapter Four: Journey Towards the book A Future with Fungi 

A challenge of undertaking this project through a biodesign lens was balancing scientific 

experimentation with creative practice. During the experimental phase, the research often felt 

like two parallel projects: one requiring methodological consistency and empirical observation, 

and the other concerned with storytelling, visual communication, and public engagement. 

Ongoing reflection, conversations with others, and engagement with creative scientific literature 

gradually revealed a connection between these strands. Rather than presenting the findings solely 

as an academic dissertation, I became interested in how to translate the research into a form 

accessible to broader audiences. 

This led to the development of A Future with Fungi, a book that combined scientific 

findings, speculative thinking, and environmental storytelling. Because this idea concerns 

interconnectedness, collaboration, and ecological relationships, a visual and narrative medium 

better suited these themes than a traditional scientific format alone. In the process, I learned that 

communicating scientific research to non-specialist audiences required balancing accuracy with 

accessibility. This tension remained one of the most challenging aspects of the design process. 

Environmental storytelling can play an important role alongside scientific research in 

fostering engagement with environmental issues (Sustainability-Directory, 2025). Influential 

texts such as Mycophilia (Bone, 2013) and The Mycelia's Healer (Parker & Parker, 2025) 

emphasise the long-standing interdependence between fungi and other forms of life. This idea 

became a central design principle within A Future with Fungi, shaping both the narrative 

structure and accompanying visual imagery. 

Visual imagery played an important role in supporting this narrative journey. I used 

large watercolour landscapes and illustrations of mycelial networks to communicate 

interconnectedness and encourage reflection rather than simply convey information. Placing 

imagery alongside scientific content created visual continuity throughout the publication while 

remaining accessible to readers unfamiliar with mycology. Through the design process, I learned 
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that imagery can bridge scientific knowledge and emotional engagement, helping readers 

connect with concepts that might otherwise feel abstract. 

This approach drew on research on emotional responses to visual communication. In a 

(2026) study, Zhao found that naturally toned artworks generated significantly more positive 

emotional responses than geometric, high-contrast imagery. Associating information with 

positive emotions may increase engagement with environmental content and strengthen empathy 

towards the natural environment (Nair, Gandhapodi, & Chithra, 2025). Similarly, Nakano and 

Hondo (2023) suggest that emotional engagement and narrative-based communication can 

contribute to pro-environmental behaviour. 

The final spread returned to the imagery of fungal hyphae introduced at the beginning of 

the book, using the networked structure of mycelium as a metaphor for collective action and the 

cumulative impact of small individual contributions. This circular narrative structure was 

intended to reinforce the publication's central theme of interconnectedness. While the narrative 

structure successfully connected multiple themes across the publication, maintaining a consistent 

level of scientific detail throughout each section proved challenging. Some spreads remained 

more information-dense than others, revealing an ongoing tension between educational depth 

and readability. 

A challenge of undertaking this project through a biodesign lens was balancing scientific 

experimentation with creative practice. During the experimental phase, the research often felt 

like two parallel projects: one requiring methodological consistency and empirical observation, 

and the other concerned with storytelling, visual communication, and public engagement. 

Ongoing reflection, conversations with others, and engagement with creative scientific literature 

gradually revealed a connection between these strands. Rather than presenting the findings solely 

through an academic dissertation, I became interested in how the research could be translated 

into a form accessible to broader audiences. 

This led to the development of A Future with Fungi, a book that combined scientific 

findings, speculative thinking, and environmental storytelling. The decision to use a book format 
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was informed by the project's central insight, that humans have always existed in relationship 

with fungi and other microorganisms. Because this idea concerns interconnectedness, 

collaboration, and ecological relationships, a visual and narrative medium was better suited to 

communicating these themes than a traditional scientific format alone. Through developing the 

publication, I learned that communicating scientific research to non-specialist audiences required 

balancing accuracy with accessibility. This tension remained one of the most challenging aspects 

of the design process. 

A key outcome of my dissertation work was the realisation that collaboration with fungi 

is not a new necessity driven by the ecological crisis, but that we have always relied on 

partnerships with microorganisms and the fungal world. This understanding reinforced the idea 

that many contemporary solutions do not require innovation, but instead the unlearning of 

Western epistemologies driven by globalisation and a return to our previously interconnected 

relationship with the environment. Many Indigenous cultures worldwide still live this 

interconnection, and it is also part of Te Ao Māori. A value associated with this connection is 

“whanaungatanga”, an approach to learning that understands knowledge as emerging from 

connections between people, land, ancestors and ecosystems, emphasising responsibility, 

reciprocity and ecological interdependence (Harris et al., 2025). 
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Figure 32 

Double-Paged Watercolour Picture in “A Future with Fungi”, Author, 16 July 2026 
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Figure 33 

Many Pages and Aspects Inviting to be Explored in A Future with Fungi, Author, 16 July 2026 

 

 

Figures 32 and 33 illustrate a key creative decision within the publication: structuring the 

content as a narrative journey. Rather than presenting information as isolated facts, the book 

guides readers chronologically from the evolutionary history of fungi through contemporary 

applications and finally towards speculative futures. This movement from historical relationships 

to speculative futures was influenced by Tsing's (2015) discussion of moving beyond 

assumptions of control and progress to imagine alternative more-than-human futures. 

Furthermore, the choice of this sequencing drew on environmental storytelling approaches that 

build emotional engagement before introducing complex ecological issues. 

Environmental storytelling can play an important role alongside scientific research in fostering 

engagement with environmental issues (Sustainability-Directory, 2025). Influential texts such as 
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Mycophilia (Bone, 2013) and The Mycelia's Healer (Parker & Parker, 2025) emphasise the long-

standing interdependence between fungi and other forms of life. This idea became a central 

design principle within A Future with Fungi, shaping both the narrative structure and 

accompanying visual imagery. 

Visual imagery played an important role in supporting this narrative journey. I used 

large watercolour landscapes and illustrations of mycelial networks to communicate 

interconnectedness and encourage reflection rather than simply convey information. Placing 

imagery alongside scientific content created visual continuity throughout the publication while 

remaining accessible to readers unfamiliar with mycology. Through the design process, I learned 

that imagery can bridge scientific knowledge and emotional engagement, helping readers 

connect with concepts that might otherwise feel abstract. 

This approach was informed by research on emotional responses to visual 

communication.In a (2026) study Zhao found that naturally toned artworks generated 

significantly more positive emotional responses than geometric, high-contrast imagery. 

Associating information with positive emotions may increase engagement with environmental 

content and strengthen empathy towards the natural environment (Nair, Gandhapodi, & Chithra, 

2025). Similarly, Nakano and Hondo (2023) suggest that emotional engagement and narrative-

based communication can contribute to pro-environmental behaviour. 

The final spread returned to the imagery of fungal hyphae introduced at the beginning of 

the book, using the networked structure of mycelium as a metaphor for collective action and the 

cumulative impact of small individual contributions. This circular narrative structure was 

intended to reinforce the publication's central theme of interconnectedness. 

While the narrative structure successfully connected multiple themes across the 

publication, maintaining a consistent level of scientific detail throughout each section proved 

challenging. Some spreads remained more information-dense than others, revealing an ongoing 

tension between educational depth and readability. 
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Figure 34 

Home-Use of the Book Demonstrating Fold-Out-Page, Author, 12/11/2026 

 

Anna Tsing argues that much of our understanding of the future is shaped by inherited 

assumptions of control, progress and predictability (Tsing, 2015). By letting go of these 

assumptions, she suggests we can begin to imagine the “Third Nature”,  the emergent, feral 

ecologies that arise in the ruins of industrial landscapes and point toward alternative, 

more‑than‑human futures. To be able to do so we must start with curiosity. “A Future with 

Fungi” encourages curiosity by posing open-ended questions.  The fold-out feature (Figure 34) 

was included to encourage this curiosity through active participation in the reading experience. 

Rather than presenting information through a fixed linear sequence, the fold-out invited readers 

to physically explore the content and uncover additional layers of information. Upon reflection, 

though The fold-out feature successfully encouraged curiosity it also disrupted the reading 

experience, further iteration could explore more seamless integration of these interactive pages. 
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Anna Tsing argues that much of our understanding of the future is shaped by inherited 

assumptions of control, progress and predictability (Tsing, 2015). By letting go of these 

assumptions, she suggests we can begin to imagine the “Third Nature”,  the emergent, feral 

ecologies that arise in the ruins of industrial landscapes and point toward alternative, 

more-than-human futures. To do so, we must start with curiosity. “A Future with Fungi” 

encourages curiosity by posing open-ended questions and interaction. Rather than presenting 

information through a fixed linear sequence, the fold-out feature (Figure 34) invited readers to 

physically explore the content and uncover additional layers of information. Upon reflection, 

though, the fold-out feature successfully encouraged curiosity it also disrupted the reading 

experience. Further iteration could explore more seamless integration of these interactive pages. 

 

Suitability for the intended audience and reflection on impact 

Assessing the success of A Future with Fungi is challenging because its intended 

outcomes, including increased curiosity, environmental engagement, and shifts in perceptions of 

fungi, are difficult to measure within the timeframe of this study. Furthermore, gaining a 

comprehensive understanding of how the book was received would require formal audience 

evaluation methods, such as surveys, interviews, or other forms of reader feedback. As a result, 

the broader impact of the artifact cannot be conclusively assessed at this stage. 

Furthermore, more expansive distribution methods would be necessary for the book to 

reach its intended audience: the general public and people who would not usually engage with 

sustainability. In the timeframe of this study, feedback was limited to friends, family and people 

interested in my work through seeing it on social media platforms, and therefore had a positive 

bias. Future dissemination methods could include public exhibitions, community events, 

educational programmes, and digital media such as video content, enabling engagement with a 

more diverse audience and providing opportunities for more robust evaluation of the artefact's 

impact. 
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Nevertheless, the completed artefact shows that scientific research can be translated into 

an accessible, visually engaging format for non-specialist audiences. By combining experimental 

findings with narrative and illustration, the book extends the research beyond academic contexts 

and provides a platform for public engagement with emerging fungal technologies. While the 

book's long-term impact remains to be seen, it successfully fulfills its immediate aim of making 

the project's themes and findings more accessible to a broader audience. 
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Chapter Five: Discussion and Final Conclusion 

Research Aim  

The two questions guiding my research were: can mycelium degrade the PE lining on 

paper cups to tackle plastic pollution, and if so, how can I, through creative mediums, use these 

results to engage more people in addressing the plastic crisis? These questions were investigated 

through three rounds of scientific testing, followed by the compilation of a book: “A Future with 

Fungi”. Presenting scientifically validated results alongside creative explorations demonstrated 

how interdisciplinary approaches can aim to accelerate our progress in reaching sustainability 

targets. Apicerni et al. (2026) explained that the combination of creativity and scientific research 

leads to stronger outcomes. Saleh, Rabab and Brem (2023) referenced a large body of work 

suggesting that creativity can help overcome the behavioural and cultural barriers in place 

hindering the move towards a sustainable future. 

Without my book, the primary output of such research would usually be a collection of 

photographs and data within the scientific literature documenting plastic degradation through 

fungal activity. While this is certainly an important way of publishing the capabilities of fungi, 

such reach is limited. In addition to linking in a wider community, there is a rapidly expanding 

landscape of other mycelium-inspired solutions across diverse sectors that I also wished to 

communicate. It became important to shift from a purely scientific account of mycelial-induced 

biodeterioration towards an output that many other people can connect with emotionally and 

intellectually. 

Interpretation of Results 

Linear SEM examination of fungal cultures showed patterns indicative of fungal growth 

potential under different conditions and allowed speculations about the utility of PE as a food 

source for the fungi examined.   

The consistent contamination of agar plates hindering fungal growth in round two of my 

home experiments was an issue. The process of creating my own agar, in the limited sterility of 
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my home lab facilities, had allowed competing spores of other fungi and bacteria to enter before 

the mycelium (already struggling with sparse nutrients) had grown sufficently to be resilient.  

Adding PE paper cup pieces to the homemade agar led to better mycelial growth, 

suggesting that the PE served as an additional food source. 

SEM of all samples exposed to mycelium strains  P. ostreatus, P. pulmonarius, and T. 

versicolor confirmed biodeterioration of the PE layer on a paper cup. Surface morphology 

changes detected through SEM photography included delamination, abrasions, fractures, and 

flaking. Delamination, the process in which bonded layers separate, is regarded as the most 

advanced indicator of degradation of the list above. Based on these observations, T. versicolor 

and P. ostreatus were the most effective strains in promoting material degradation. Further 

descriptive terminology, e.g., biodegradation, biofragmentation, and biodeterioration, were taken 

from supporting literature such as that of Odigbo et al. (2023), Perera et al. (2023), and Shah et 

al. (2008). In a similar study conducted by Perera et al. (2023), the term biodeterioration was 

used when the PE had changed from its native properties and the release of carbon dioxide was 

detected. It is important to note that though biodeterioration and biofragmentation are part of 

biodegradation, the term “biodegradable” refers to the ability of a material to degrade into 

natural chemicals such as biomass, water, and carbon dioxide by the action of microorganisms 

(El Menofy & Khattab, 2022). As I could not measure what components my material broke 

down into, I cannot make this claim. 

Positioning the Findings within Existing Literature 

In a comparison of a control sample versus one post-exposure to T. ostreatus (Figure 35), 

the surface was no longer smooth; instead, it exhibited an uneven, granular texture that typically 

results when microbes or moisture begin breaking down surface-level polymer chains. Similar 

conclusions can be drawn from images of T. versicolor (Figure 35), although there is less peeling; 

rather, the layers of the material had become visible. These findings are akin to those of Bhatia et 

al. (2014), who used Pseudomonas (a bacterium) on low-density PE (Figure 37). Their 

discussion describes a “smooth morphology” prior to bacterial interaction, followed by “worn 
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out areas” with “randomly distributed cracks” post-interaction, highlighting the initial stages of 

degradation.  

 

Figure 35 

SEM Images of P. ostreatus Control Surface Unwashed on Left, versus Washed on Right. AUT 

2026 

Figure 36 

SEM Image of Eroding PE Layers Achieved by T. versicolor. Yuan Tao AUT 2025 
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Figure 37 

SEM Images a: Untreated b: Treated LDPE, Showing Degradation by Pseudomonas (Bhatia 

2014) 

 

 

Note. From “Implications of a novel Pseudomonas species on low density polyethylene 

biodegradation: an in vitro to in silico approach” by Bhatia, M., Girdhar, A., Tiwari, A., & 

Nayarisseri, A. (2014). Neuroscience and Biobehavioral Reviews, 186(1), Article: 106685. 

https://doi.org/10.1186/2193-1801-3-497 

 

Figure 38 

SEM Images: Biofragmentation of  Washed Paper Cup P. ostreatus vs. T. versicolor, AUT 

 

  

P. ostreatus 

Round 2 Nov 25 

T. versicolor 

Round 2 Nov 25 

 

https://doi.org/10.1186/2193-1801-3-497
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Odigbo et al. (2023) tested the ability of P. ostreatus and P. pulmonarius to degrade PE. 

Mycelium was grown in rice and soil substrates mixed with PE flakes. Their results confirmed 

biodegradation post-exposure to P. ostreatus due to the activity of lignocellulolytic enzymes 

produced on the surface of the plastic sheet. Shah et al. (2008) added that enzymes produced by 

P. ostreatus increased the attraction of PE’s functional groups to water, making it easier for the 

polymer to break down into shorter molecules. PE’s hydrophobicity is the presumed cause of its 

resistance to degradation (Kyaw et al., 2012). Removing this hurdle was a major advancement. It 

is the same mechanism that made degradation possible when using P. ostreatus, P. trametes, and 

P. pulmonarius. 

Perera et al. (2023) stated that T. versicolor was well studied as a PE-degrader. Iiyoshi et 

al. (1998) described PE morphology changes detected following exposure to T. versicolor. Clear 

signs included surface pitting, irregular erosion patterns, and small cracks and fissures. Figure 39 

depicts examples of these changes found on my samples following T. versicolor growth. A 2018 

study into the mycelial degradation of bioplastics by Adamcová et al. (2018) supported this 

finding, concluding that the appearance of fractures, breaches, cavities, and holes were clear 

indicators of biodegradation (Figure 40). Figure 40 presents SEM images of three bioplastics and 

their degradation after 14 days. Figure 41 shows similar abrasions on the surface of the paper 

cups in my research, following exposure to  P. ostreatus and P. pulmonarius. 
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Figure 39 

SEM Images: T. versicolor Effect on PE Bin Liner and Paper Cup Samples 
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versicolor 

PE Surface 

Round 1 Sep 25 
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Figure 40 

SEM Images: Original compared to Composted Samples, Adamcová (2018) 

 

Note. From: “SEM Analysis and Degradation Behavior of Conventional and Bio-Based Plastics 

During Composting” by Adamcová et al. 2018, SpringerPlus 2014 3:1, (PDF) SEM Analysis and 

Degradation Behavior of Conventional and Bio-Based Plastics During Composting  
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Figure 41 

SEM Images: Biodeterioration of P. ostreatus and P. pulmonarius                         
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Biodeterioration can be described as surface-level degradation that modifies the 

mechanical, physical, and chemical properties of a material. Results, collected by Bhatia et al. 

(2014) of bacterial degradation of low-density PE (Figure 37), were similar to SEM images taken 

in my research of P .ostreatus and T. versicolor (Figure 38). In their study, cracks and disruption 

on the surface of the PE film highlighted degradation, as well as whiter areas showing erosion 

mechanisms. The biological processes by which bacteria and fungi degrade PE are different. 

However, it is interesting to see the similarities in the surface disruption of the two processes. 

Biofragmentation is the conversion of polymers to oligomers and monomers by the action of 

microorganisms (Adamcová et al., 2018), cutting long chains of molecules into shorter ones. As 

this is not visible through SEM, I cannot claim full degradation has taken place. El Menofy and 
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Khattab (2022) explain the three stages of decomposition. Biodeterioration, as visible in Figure 

40, is the first stage, in which microorganisms change the chemical and physical properties of the 

material. The second stage is biofragmentation, and the final stage, known as assimilation, 

occurs when the microorganisms extract carbon, nutrients, and energy from the biofragmented 

polymer. In summary, the SEM evidence I have collected in my research proved that the first 

stages of decomposition were taking place. 

Interestingly, in my studies on macroscopic examination of the culture plates, P. 

pulmonarius exhibited faster and denser growth than P. ostreatus (Figure 42). SEM comparison 

was not available of these samples due to restricted access. P. ostreatus had the best 

biodeteriorating evidence in the studies cited above, but those two Pleurotus spp. have not yet 

been compared in the literature.  
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Figure 42 

P. pulmonarius growth (top) compared to P. ostreatus (mislabeled parsonsiae), Author. 

11/9/2025 

 

Interpretation of Discolouration of Culture Plate Content  

Odigbo et al. (2023) state that the discoloration of PET flakes noted in their research was 

a clear sign of degradation. Gok (2016, as cited in Odigbo et al., 2023) explains that moisture-

induced yellowing occurs during chain scission as well as the “development of reactive 

intermediates (such as carboxylic acid and hydroxyl end units) which are a result of the growth 

and biodegradation enzymes produced by Pleurotus spp.” In my experiment, discoloration of PE 

was achieved by P. pulmonarius (Figure 43).  
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Figure 43 

Discolouration of PE by P. pulmonarius, Round One Experiments. Author 2025 

 

 

Reflection on the Choice of SEM Photography as Indicator of Degradation 

Most of the SEM photos taken for me by the AUT lab technician were of lower 

magnification, for example, enlarging the image 100 times. At such lower magnifications, the 

mycelial network became visible, which showed whether the fungus was thriving, as seen in 

Figure 44. By analysing these, I learned that higher magnifications were required to see PE 

fragmentation, partial degradation of the lining, and delamination, typically associated with the 

initial stages of decomposition. An increased number of photos of higher SEM magnification 

would have provided more reliable insights into mycelial-induced biodegradation during my 

experiments. 
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Figure 44 

SEM image taken by Yuan Tao of T.versicolor. 2026 

 

 

Adjustments to the method of detecting deterioration included taking cross-section SEM 

photographs as well as removing the upper layer of mycelium from the paper samples to gain 

deeper insights. Prior to this, only the top surface of the mycelium was visible, making it difficult 

to establish what interaction had occurred between the PE surface and the mycelium. Another 

limitation of SEM was that it only provided visible indication of degradation. To scientifically 

confirm biodegradation, the organic compounds released in the deconstruction of the material 

will need to be measured, which suitable laboratories may be able to address in future research. 
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Deductions after my Experimentation 

In summary my results, showing fungal-induced biodeterioration of the PE-lining of 

paper cups, are in keeping with the existing literature regarding mycelial interaction with PE. 

This literature describes enhancement of the degradation process, causing biofragmentation, in 

which the longer chains get shortened so the molecule is easier to further degrade, or fully 

biodegrading the polymer into non-toxic elements. My experimental set-up could not show 

complete decomposition of PE. However, seeking the advice of another researcher working on 

mycoremediation processes, they confirmed that full degradation is hard to achieve (François 

Audrézet, 2025). Images from his study of paper cups exposed to Pleurotus spp. and Ganoderma 

spp. fungi also confirmed biodeterioration rather than biodegradation (Figure 45). This difficulty 

does not preclude the utility of mycelium in waste management, as fungi can successfully work 

synergistically with other treatments, for example ultraviolet light irradiation, accelerating 

biodegradation. 

Figure 45 

Photos Provided by François Audrézet showing Mycelial Deterioration of Paper Cups, 2025 
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Chapter Six 

The Contribution of Creative Practice 

The scientific component of this project provided evidence that selected fungal cultures 

can contribute to the degradation of polyethylene-lined cups. The creative outcome, A Future 

with Fungi, goes beyond communicating experimental findings. Rather than presenting fungi 

solely as a subject of scientific investigation, the book encourages readers to view fungi in 

relation to broader ecological systems and processes. It strives to encourage pro-environmental 

behaviour by making complex biological and climate-related solutions accessible using paintings, 

tactile learning and storytelling. This approach supports the project's aim of connecting scientific 

knowledge with public understanding. 

This is the artefact's primary contribution: translating specialised research into a format 

accessible to audiences outside scientific disciplines. A second contribution is the integration of 

scientific and creative modes of inquiry by drawing on precedents from interdisciplinary 

research in textiles, architecture, and biotechnology. It demonstrates how creative practice can 

operate alongside laboratory-based research to explore environmental issues from multiple 

viewpoints. 

Although exhibitions, workshops, documentaries, and other media formats may also 

support public engagement and warrant further exploration as dissemination strategies, the book 

format provides a durable and shareable resource that can be revisited over time. By integrating 

imagery, narrative, and scientific content, A Future with Fungi offers a mode of engagement that 

complements conventional science communication and supports ongoing reflection on 

environmental issues. 

 

 

 

 

 



 

 

105 

Significance 

 My book serves as an invitation to work differently: to learn through collaboration with 

both people and microorganisms, and to experiment within undefined, exploratory spaces. A 

human-centered hypothesis typically drives traditional scientific research. This can narrow the 

range of possible outcomes, as we become biased toward proving our starting hypothesis. At a 

time of urgent ecological crisis, we need new ways of seeing to imagine new solutions.   

The desensitisation toward raw scientific data, particularly when it delivers 

uncomfortable truths about climate change, makes it unlikely to evoke critical environmental 

action. Creative design, however, may achieve this, possibly through hand‑painted (rather than 

AI‑generated) imagery presented in a beautiful storybook that invites readers to hold, enjoy, 

cherish, explore, and share it.  

The completed artefact appears suitable for its intended audience of non-specialist 

readers interested in sustainability, design, and nature. The visual format enables complex ideas 

to be communicated in an approachable manner, while the narrative structure provides context 

that would be difficult to convey through scientific data alone. Feedback from readers and public 

engagement activities (a small exhibition) indicated that the book encouraged curiosity about 

fungi and their potential applications, suggesting that the artefact successfully supported the 

project's communication objectives. 

The choice to communicate this research through an illustrated physical book was 

informed by literature suggesting that tactile and visual forms of communication can support 

engagement and retention of information (Umejima et al., 2021; Bischoff, 2026; Potter, 2014). 

These considerations shaped the emphasis on hand-painted imagery and the decision to develop 

a physical artefact rather than relying solely on digital dissemination. 

Although a substantial body of literature supports the use of creative communication 

methods to enhance public engagement and knowledge retention, how successfully these 

outcomes were achieved through A Future with Fungi remains speculative. This represents a key 
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limitation of the study. Assessing the effectiveness of the book would require broader audience 

engagement and formal evaluation methods, which were beyond the scope of this research.  

Furthermore, because the project consisted of two interconnected stages, substantial time 

was devoted to developing and iterating the scientific experiments, resulting in less time being 

available for the refinement and testing of the book itself. This was also the result of requiring an 

entirely new set of skills to engage with scientific study - Learning to cultivate mycelium. I spent 

considerable time iterating the experimental phase, seeking precision and clear outcomes. 

Consequently, the creative artefact did not undergo the same degree of iteration as the 

experimental component of the project. While this may be viewed as a limitation, it is difficult to 

separate the relative importance of the scientific and creative outcomes, as each informed and 

shaped the other throughout the research process. 

The expansion in scope between Stage 1, which examined the degradation of 

polyethylene-lined cups by selected fungal cultures, and Stage 2, which situates this research 

within a broader exploration of fungi and sustainability, raises the question of whether the 

creative artefact strengthens the project or makes its relationship to plastic remediation less direct. 

While highlighting fungi's potential role in degrading PE was a central motivation for the 

scientific component of this research, the project was not intended solely as an investigation of 

plastic remediation. Rather, the experimental work provided a starting point for exploring how 

emerging scientific research might be communicated to wider audiences and contextualised 

within broader ecological and cultural discussions surrounding fungi. From this perspective, the 

value of the experiment is not reduced by distracting from it with a book. Rather, the two 

sections feed into each other, and the scientific experiment is a component of A Future with 

Fungi, and an execution of one of the technologies introduced. It was not intended to only 

communicate the findings of the experiment itself, but also to situate those findings within wider 

conversations about human relationships with fungi, sustainability, and environmental futures. If 

this was not clearly communicated, this suggests a limitation of the creative outcome and 

identifies an area for further refinement and iteration. 
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Highlighting fungi’s ability to break down PE is important because it raises awareness of 

credible, nature-based approaches to plastic pollution. Although implementing such approaches 

at scale requires government action, investment, and restructuring of waste-management systems, 

increasing public awareness of sustainable technologies remains important for motivating 

individuals to advocate for environmental change. Without public demand and pressure, change 

at scale will not occur. This theme is reflected in A Future with Fungi through references to 

Brown's (2020) concept of emergence, which emphasises how small-scale actions and 

relationships can contribute to wider systemic change. The intention is to overcome a substantial 

barrier to environmental engagement; the perception that individual actions have little impact on 

broader environmental challenges.   

The convergence of the multiple outcomes of this study points to one conclusion: we 

must adopt technologies that help us to re-engage with knowledge systems already present in 

nature, as exemplified in the world of fungi. Mycelial networks, often referred to as the “wood 

wide web”, form an ancient planet-spanning mycelial intelligence that has been regulating 

ecosystems, distributing nutrients, and maintaining environmental balance since the beginning of 

life on Earth. 

Humans have disrupted communication systems and lifecycles in nature responsible for 

the decomposition of organic matter and the release of nutrients which support new growth. One 

could argue that this has been one of the most detrimental impacts of human activity. However, 

utilising fungi to disassemble man-made “forever plastics” can enable individual compounds to 

be fed back into the nutrient cycle, rather than polluting ecosystems and damaging the health of 

humans and their environment alike. 

Creative technologies are offering potential tools for re-connection. Reducing the 

widening disconnect between humans and the natural world, is critical to long-term survival and  

building resilience. Designing and integrating materials, infrastructures, and systems informed 

by mycelium can help repair the fractured relationship between human activity and ecological 
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stability. Fungi can be viewed as a symbol of resilience. Learning to collaborate with and think 

like them represents an epistemological realignment. It reintegrates humans into natural systems 

rather than continuing to act outside or above them, conducive to the long-term health of all life-

forms. 

Limitations of Working with Living Organisms 

An emphasis of post-anthropocentric design is the shift away from designing for humans 

to designing for all life-forms. Co-designing with living organisms, such as mycelium, 

encourages this shift, transforming our role as designers from makers to facilitators. On co-

design and collaboration with fungi, Christina Stadlbauer introduced an idea that my research 

has not addressed: whether working with living organisms challenges their agency. One 

limitation of this study is that there was no way to obtain consent from microorganisms and 

fungi. Learning how to recognize signs of stress as well as healthy growth will help to form and 

maintain relationships in which all involved parties benefit equally. However, there is continued 

concern that utilising fungi to solve human problems continues to feed into a system of 

exploitation. Future work could involve research into this space, such as developing technologies 

to interpret the language of other living organisms, and increasing our awareness and sensitivity. 

Reflection on Research Journey 

A reflection on the inductive and cyclical nature of this research is that the themes and 

ultimate meaning only revealed themselves to me gradually. Each stage of this project: 

Fabricademy, literature review, experimental work, and creative engagement only fully cohered 

in the final phase, when I began painting images that responded to the literature I had been 

engaging with throughout. This creative act revealed how my subconscious had been processing 

and integrating information across the project. Painting became a mode of thinking: a way of 

connecting with the material on a deeper, intuitive level that ultimately allowed me to see the 

project as a whole with clarity. This experience prompted me to investigate how people engage 

with information, and the positive potential for creative technologies to foster meaningful 

environmental engagement.  



 

 

109 

Conclusion 

Most paper cups have a tightly bonded PE lining and are therefore currently very 

difficult to recycle. Fungi have shown promise in PE mycoremediation, but have not yet been 

tested in paper cups. My laboratory research showed that all three investigated fungi T. 

versicolor, P. ostreatus, and P. pulmonarius biodeteriorated the PE lining of Starbucks paper 

cups. P. pulmonarius appeared to outperform P. ostreatus. However, restricted access to SEM 

and scientific laboratory facilities limited the certainty of this finding. P. pulmonarius merits 

further investigation in future studies, which should also include chemical analysis to examine 

the extent of PE-biodeterioration achieved by all three investigated fungi.  

Fungi initially helped other life on Earth to evolve, then helped other life-forms to 

communicate and thrive, and can now help find solutions to the plastic waste crisis. A positive, 

hopeful attitude can recruit people to participate in tackling the crisis one small step at a time, 

emerging through multiplication into powerful action.  

Raw scientific facts about the benefits of collaborating with fungi may not be easily 

understood, which environmental storytelling supported by pictures can improve. My book “A 

Future with Fungi” contains the condensed hopeful message of my dissertation. Future 

publication may improve the positive impact to motivate change through a wider audience. 
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Appendix  A -  A Future with Fungi 
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Appendix  B -  Condensed home experiments results tables 

Da

y 

Species 

name: 

P. 

pulmonarius 

Si

ze 

(c

m) 

Observa- 

tions 

 

Species name:  

T. versicolor 

Siz

e 

(c

m) 

Observa- 

tions 

Species 

name:  

P. ostreatus 

Si

ze 

(c

m) 

Observa- 

tions 

1 

 

0.

8 

N/A 

 

0.9 N/A 

 

0.8 N/A 

2 

 

0.

9  

Very minimal 

growth 

 

0.9 Condens

ation. 

Lowest 

growth 

among 

strains; 

no 

visible 

develop

ment   

 

 

0.9 Minimal growth 

3 

 

1.

1  

It has grown 

all around the 

agar wedge, 

including 

underneath. 

 

 

 

1.2 Uneven 

growth 

develop

ment.  

1.1 Has begun to 

grow 

dominantly in 

one direction 

4 

 

1.

6 

Maximum 

growth 

increment 

observed so 

far   

2.2 Greatest 

size 

increase 

for this 

strain so 

far. 

 

1.4 Irregular growth 

continuing 

5 

 

3.

8 

 

 

4.3 Layered 

spherical 

growth in 

rings 

known as 

fairy 

rings. 

Even 

growth 

an 

indicatio

n of good 

health. 

 

2.7 Growth has 

reached paper 

piece. 
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Da

y 

Species 

name: 

P. 

pulmonarius 

Si

ze 

(c

m) 

Observa- 

tions 

 

Species name:  

T. versicolor 

Siz

e 

(c

m) 

Observa- 

tions 

Species 

name:  

P. ostreatus 

Si

ze 

(c

m) 

Observa- 

tions 

6 

 

4.

2 

 

 

4.3 Growth 

covering 

all 6 

paper 

pieces. 

Discolou

ration of 

paper 

visible 

 

3.5 

 

Though 

irregular, 

displaying 

healthy 

tomentose 

growth 

7 

 

5.

8 

  5.7   

 

4.2 Fairy rings have 

begun to 

develop 

8 

 

5.

9 

 

 

6.1 Growth 

has 

begun to 

lose 

density 

 

5.2 Growth has 

become more 

regular. 

9 

 

6.

2 

 

 

7.4 Slower 

growth 

 

7.1 Very healthy 

display of 

Rhizomorphic 

growth 

morphology 

10 

 

6.

5 

 

 

7.8 Pale 

appearan

ce of 

myceliu

m 

suggests 

there 

have 

been 

unfavour

a- 

ble 

environ- 

mental 

changes. 

 

7.2 Steady size 

increase 
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Da

y 

Species 

name: 

P. 

pulmonarius 

Si

ze 

(c

m) 

Observa- 

tions 

 

Species name:  

T. versicolor 

Siz

e 

(c

m) 

Observa- 

tions 

Species 

name:  

P. ostreatus 

Si

ze 

(c

m) 

Observa- 

tions 

11 

 

6.

5 

Star  

 

8.5 Growth 

has 

continue

d 

 

7.5 Slower growth 

rate than the 

first few days 

12  

 

6.

5 

Has stopped 

growing  

 

8.7 Plate is 

fully 

covered 

in sparse 

myceliu

m growth  

8.0

0 

Tomentose 

13  

 

8.

2 

cm 

At largest bit 

 

8.7 No 

longer 

increasin

g in size 
 

8.2  

14 

 

8.

9 

   Experime

nt 

conclude

d 

 

8.3 Reached 14 

days in healthy 

state. 
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Repeat of P. pulmonarius and Control groups. 

Day Species name: 

P. pulmonarius 

 

Size 

(cm) 

Observa- 

tions 

 

Species 

name:  

T. 

versicolor 

control 

Size 

(cm) 

Obser- 

vations 

 

Species name:  

P. ostreatus 

Control 

Size 

(cm

) 

Obser- 

vations 

 

signs  

1 

 

0.8 N/A 

 

0.7 N/A 

 

0.8 N/A 

2 

 

0.8  N/A 

 

0.7 Conden-

sation 

  

  

0.9 Fluffy 

edges. 

3 

 

2 Fluffy 

hyphae 

visible 

 

0.7 Conden-

sation  

 

0.9 Condens

ation 

4 

 

2.6 Contact 

with first 

piece of 

paper 

 

1.3 first signs 

of growth 

 

1.5 Very 

small 

hyphal 

growth 

visible 

5 

 

3.2 Even 

growth 

 

3.0 spotted 

satellite 

 

1.7 Small 

satellite 

growth  

6  

 

4.9 Healthy 

Rhizomor

phic 

morpholo

gy.  

8.4 experi-

ment 

conclu- 

ded 

spotted 

growth 

across 

whole 

dish 

 

2.3 

 
Heavy 

condensa

tion 

7 

 

5.0 No 

noticable 

change 

   

 

 

2.7 Satellite 

growth 
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Day Species name: 

P. pulmonarius 

 

Size 

(cm) 

Observa- 

tions 

 

Species 

name:  

T. 

versicolor 

control 

Size 

(cm) 

Obser- 

vations 

 

Species name:  

P. ostreatus 

Control 

Size 

(cm

) 

Obser- 

vations 

 

signs  

8 

 

5.2 Growing 

upwards  
   

 

3.0 Uneven 

but 

increasing 

density 

9 

 

5.4 Fairy 

rings 

visible 

   

 

3.5 Cord like 

white 

hyphae 

10 

 

6.5 Condensat

ion 
   

 

7.2  

11 

 

7.5     

 

5.0  

12  

 

8.0 Has 

stopped 

growing  

    

 

5.6 Has 

continued 

to grow 

out in 

irregular 

pattern. 

13  

 

8.4 At largest 

bit 
   

 

5.6 Mould 
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Day Species 

name: 

P. 

pulmonarius 

Control 

Size 

(cm) 

Observa

tions/si

gns of 

degrada

tion 

Species name:  

P. pulmonarius 

Nutrient mix 

Size 

(cm) 

Observations/ 

signs of 

degradation 

Species 

name:  

P. ostreatus 

Siz

e 

(c

m) 

Observat

ions 

1 

 

1.2 N/A 

 

1.3 N/A 

 

0.8 N/A 

2 

 

1.3 N/A 

 

1.3 no visible 

development   

 

 

0.9 Fluffy 

growth 

3  

 

1.4 Weak 

growth 

 

1.5 Uneven growth 

development. 

 

1.1 Heavy 

condensat

ion 

4 

 

1.5  

 

1.7 Greatest size 

increase for 

this strain so 

far. 
 

1.4 Gradual 

growth 

5 

 

2.0  

 

1.8 Layered 

spherical 

growth in rings 

known as fairy 

rings. Even 

growth as 

indication of 

good health. 

 

2.7 Appears 

to be 

moving 

towards 

the paper 

6 

 

2.2 Increasi

ng 

growth 

rate 
 

4.1 Growth 

covering all 6 

paper pieces. 

Discolouration 

of paper visible 

 

3.5  

7 

 

3.6 Thick 

hyphae 

 

5.9   

 

4.0  

8 

 

4.1 Healthy 

White 

 

Concent

rated 

growth 

top 

right 

 

7.5 Growth has 

begun to lose 

density 

 

5.2 Pale 

consistent 

growth 
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Day Species 

name: 

P. 

pulmonarius 

Control 

Size 

(cm) 

Observa

tions/si

gns of 

degrada

tion 

Species name:  

P. pulmonarius 

Nutrient mix 

Size 

(cm) 

Observations/ 

signs of 

degradation 

Species 

name:  

P. ostreatus 

Siz

e 

(c

m) 

Observat

ions 

9 

 

4.3 Mould 

 

7.8  

 

6  

10    

 

8.5 Full plate 

 

7.5  

11       

 

8.5 Full 

plate 

Day Species 

name: 

P. ostreatus 

nutrient mix 

Size 

(cm) 

Obser

va- 

tions 

 

Species name:  

T. versicolor 

Paper 

Size 

(cm

) 

Observa

- 

tions 

Species 

name:  

P. ostreatus 

Size 

(cm) 

Observa- 

tions 

1 

 

0.7 mm N/A 

 

0.9 N/A 

 

0.8 N/A 

2 

 

0.7 mm  

 

1 

cm 

  0.9 Minimal 

growth 

3 

 

0.7   

 

1.0  

 

1.1 Has 

begun  

to grow 

dominant

ly in one 

direction 

4 

 

1.2   

 

1.3  

 

1.4 Irregular 

growth 

continuin

g 

5 

 

  

 

5   

 

2.7 Growth 

has 

reached 

paper 

piece. 
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Day Species 

name: 

P. ostreatus 

nutrient mix 

Size 

(cm) 

Obser

va- 

tions 

 

Species name:  

T. versicolor 

Paper 

Size 

(cm

) 

Observa

- 

tions 

Species 

name:  

P. ostreatus 

Size 

(cm) 

Observa- 

tions 

6 

 

2.3  

 

5.8   

 

3.5 

 

Very pale 

7 

 

3.4  

 

6.9 r  

  

4.2 Density 

increasin

g 

8 

 

3.7  

 

8.5 Thin 

coverag

e 

 

5.2 Growth 

has 

become 

more 

regular. 

9 

 

4.0     

 

7.1 Very 

healthy 

display of 

Rhizomo

rphic 

growth 

morpholo

gy 

10 

 

6      7.2 Steady 

size 

increase 

11 

 

7.5      7.5 Slower 

growth 

rate than 

the first 

few days 
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Appendix C - SEM Scans  

 

Home experiments. SEM files received September 2025. 

Description  

 
Image 1 Image 2 Image 3  Image 4  Observation 

P. ostreatus 

Surface 

Round 1 

Washed  
    

Very slight 

surface abrasion 

noticeable at 

high 

magnification. 

P. pulmonarius 

Surface 

Round 1 

     

Clear signs of 

flaking at a range 

of magnifications 

present. 

P. pulmonarius 2 

Surface 

Round 1 

Washed     

Minimal surface 

disruption 

 

T. versicolor 

Surface 

PE* 

Round 2 

Washed 

  

  No visible signs 

of degradation, 

appears to be a 

thick layer of 

mycelium 

restricting view 

of the surface.  

T.versicolor 

Surface  

Round 1 

Washed      

Visible flaking. 

T.versicolor 

Surface 

PE 

Round 2 

Washed  

    

Images 1.2 don’t 

reveal much 3.4 

could be 

delamination - 

the separation of 

layers 

T. versicolor  

Cross-section 

Round 1 
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Folder two of SEM images Sent by Yuan Tao. Received September 2025.  

Description Image 1 Image 2 Fungal Strain 

Date of scan 

Image 1 Observation  

Species not 

specified  

Surface 

Control   

  Smooth 

surface 

morphology 

P. ostreatus  

Surface 

Round 2 
  

P. ostreatus  

Cross section  

Round 2 
 

Only 

Mycelium 

visible 

P. pulmonarius 

Surface 

Round 1 
 

 P. pulmonarius 

Cross section  

Round 1 
 

Only  

Mycelium 

visible 

P. pulmonarius 

Surface 

Round 2 
 

 P. pulmonarius 

Cross-section  

Round 2  
 

Image of 

surface shows 

cracking 

however this is 

most likely due 

to the high 

temperatures 

during 

scanning 

T.versicolor 

Surface 

PE 

Round 2   

T.versicolor 

Cross-section 

PE 

Round 2  

Flaking and 

delamination 

T.versicolor 

Surface 

Round 1 
  

T. versicolor 

Cross-section 

Round 1 
 

 

T.versicolor 

Surface 

Round 2 
  

T.versicolor 

Surface 

Round 2 
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Sapro-Tech Round 3 experiments. SEM Images received February 2026 

Image 

description 

Image 1 Image 2 Image 3 Observations 

T. versicolor 

Surface  

Bin liner 

    

No observations 

to be made.  

T. versicolor 

Surface 

Bin liner  

   

No signs of 

degradation 

T. versicolor 

Cross-section 

Paper cup 
   

Image  

T. versicolor 

Surface 

Paper cup 

Washed   

 Flaking visible 

at multiple 

magnifications 

T. versicolor  

Surface 

Paper cup 

Washed    

 Interesting 

insight of 

mycelium 

growth 

T.versicolor 

Surface 

Paper cup 

   

 This could be 

delamination 

however it is 

hard to tell. 

T.versicolor 

Surface 

Paper cup 

Washed   

 Minimal flaking  

P. ostreatus 

Surface 

Paper cup 
  

 Mycelium 

growth is 

blocking view of 

surface  

P. ostreatus 

Cross-section 

Paper cup 

   

 Separation of 

layers and 

flaking. 
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P. ostreatus 

Surface 

Paper cup 

Washed    

Light flaking 

P. ostreatus 

Surface 

Paper cup 

    

No observations 

of paper surface 

to be made. 

P. ostreatus 

Cross-section 

Paper cup 
  

 Best example of 

delamination 

visible across all 

strains 

P. ostreatus 

Surface 

Paper cup 

Washed 

 

   

Flaking 

P. ostreatus 

Surface 

Plastic bin liner 

   

 Only shows 

Mycelium 

network. 

P. ostreatus 

Plastic bin liner 

Cross-section 
  

 Two distinct 

surfaces visible, 

the Mycelium 

growth and the 

Bin liner.  

P. ostreatus 

Surface 

Plastic bin liner 

Washed 

 

   

Flaking visible 

at multiple 

magnification 

T. versicolor 

Surface 

Paper cup 
  

  

T. versicolor 

Cross-section 

Paper cup 
  

 Mycelial 

Network. 

T. versicolor 

Surface 

Paper cup 

Washed   

 Poor image 

quality 
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T. versicolor 

Cross-section 

Paper cup 

 

 

  

 Delamination 

T. versicolor 

Surface 

Paper cup 

Washed 

 

   

Flaking 

T. versicolor 

Unwashd 

Surface 

Paper cup 

 

  

 Mycelium- 
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Appendix D – Physical workbook 
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