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lastic and fungal mycelium appear to represent opposite material philosophies: one is 

synthetic and persistent, while the other is biological and biodegradable. Yet combining 

them can create an intriguing hybrid composite in which each component performs a 

different function. Ganoderma lucidum has already been grown on lignocellulosic substrates 

containing polypropylene, producing boards in which fungal hyphae formed dense networks 

around straw and polymer fragments. Microscopy showed extensive fungal colonization of 

the hybrid structure, while the resulting material exhibited compressive performance 

comparable to polystyrene together with improved thermal insulation. The emerging concept 

is therefore not simply “replacing plastic with fungi.” Instead, it asks whether fungal 

networks can selectively reinforce, bind or restructure plastic-containing materials, 

creating hybrid architectures with properties unavailable to either component alone. 
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Introduction: An Unlikely Partnership 
Plastic is exceptionally useful because it is lightweight, processable and mechanically 

durable. Its persistence, however, creates a major end-of-life challenge. 

Mycelium offers almost the opposite material profile: it can grow through waste biomass, 

form interconnected hyphal networks and produce lightweight, porous structures.  

So what happens when the two are combined? 

Instead of asking: 

“Can fungi replace plastic?” 

a more interesting question is: 

“Can fungi and plastic perform different jobs inside the same material?” 

That is the basis of fungal–polymer hybrid composites. 

The Ganoderma–Plastic Interface 
One of the clearest demonstrations involved Ganoderma lucidum grown on a mixture 

containing wheat straw and polypropylene strips. 

The polypropylene represented the synthetic component, while wheat straw provided a 

lignocellulosic growth substrate. Ganoderma colonized the mixture and produced an 

interconnected network of fungal filaments across the straw and polymer-containing regions.  

The resulting architecture can be simplified as: 

Polypropylene + Straw + Ganoderma hyphae 

↓ 

Hybrid interpenetrating structure 

↓ 

Mechanical + thermal functionality 

This is fundamentally different from simply adding plastic fibres to an ordinary bio-

composite. 
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Why Would Fungus Grow Near Plastic? 
The fungus does not necessarily use polypropylene as its primary nutrient source. Instead, the 

lignocellulosic fraction provides the biologically accessible substrate, while the polymer 

acts primarily as a structural component. Ganoderma is capable of producing enzymes 

involved in lignocellulose degradation, allowing its hyphae to colonize materials such as 

wheat straw.  The result is a fascinating division of labour: 

Straw → biological substrate 

Ganoderma → living binder/network 

Polypropylene → synthetic reinforcement 

This makes the composite resemble a biological–synthetic hybrid skeleton. 

The Hyphae Become the Missing Bridge 

The biggest challenge in combining hydrophilic biological materials with hydrophobic 

plastics is interfacial compatibility. Plastic surfaces do not naturally behave like 

lignocellulosic fibres. But fungal hyphae can physically spread across different surfaces and 

create a continuous biological network. Microscopy of the Ganoderma composite revealed 

thin, elongated and branched fungal filaments extending across the substrate.  

Conceptually: 

Plastic fragment 

↕ 

Hyphal attachment 

↕ 

Wheat straw 

↕ 

Hyphal network 

↕ 

Neighbouring plastic/straw particle 

The fungus therefore becomes a potential biological bridge between otherwise 

incompatible components. 

Plastic Can Become the Skeleton 
In conventional mycelium composites, lignocellulosic particles provide much of the 

structural framework. 

In a hybrid composite, however, polymer fragments or fibres can potentially contribute: 

• dimensional stability,  

• reinforcement,  

• toughness,  

• resistance to deformation,  

• reduced moisture sensitivity.  

Meanwhile, fungal biomass can provide: 

• particle binding,  

• network formation,  

• lightweight structure,  

• biological processing,  

• additional thermal and acoustic functionality.  

This creates a division of mechanical roles rather than forcing one component to perform 

everything. 

What Did Ganoderma Actually Achieve? 
The G. lucidum–wheat straw–polypropylene system demonstrated that a fungal network 

could successfully form throughout a mixed lignocellulosic/polymer architecture. The 

resulting biomaterial was reported to have compressive strength comparable to polystyrene 

while providing improved thermal insulation. That finding is important because it suggests 

that fungal growth does not necessarily require an entirely biodegradable matrix. 
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Instead: 

A fungus can act as a biological architect inside a partially synthetic material. 

This opens an entirely different direction for mycelium engineering. 

But There Is a Catch 
The word “hybrid” should not automatically be interpreted as “fully sustainable.” If 

polypropylene remains in the final material, the polymer component retains its persistence 

and end-of-life challenges. Therefore, the environmental benefit depends strongly on: 

polymer type + polymer quantity + source of polymer + durability + recyclability + final 

disposal 

A hybrid material containing virgin polypropylene is fundamentally different from one 

incorporating recovered plastic waste. This distinction is essential when discussing circular 

materials. 

Could Waste Plastic Become the Reinforcement? 
This is perhaps the most exciting unexplored possibility. 

Imagine replacing virgin polypropylene with: 

recycled packaging fragments 

recovered plastic fibres 

recycled polymer flakes 

post-consumer polymer particles 

The fungus could potentially bind these fragments together with agricultural residues. 

The conceptual structure would become: 

Agricultural waste + recycled plastic + Ganoderma 

↓ 

Fungal colonization 

↓ 

Hyphal binding 

↓ 

Densification 

↓ 

Hybrid bio-composite 

This could transform two waste streams into a single engineered material. 

However, this concept requires experimental validation for each polymer type and processing 

route; it should not be assumed that Ganoderma will colonize or bond equally well to every 

plastic. 

The Interface Is More Important Than the Ingredients 
A major lesson from fungal composites is that simply mixing materials does not guarantee 

improved performance. The critical region is the interface. 

At microscopic scale: 

Plastic surface ↔ fungal hypha ↔ lignocellulosic particle 

The quality of this interface can influence: 

• load transfer,  

• crack propagation,  

• moisture movement,  

• interfacial failure,  

• composite stiffness,  

• durability.  

Recent mycelium-composite research increasingly emphasizes the relationship between 

fungal morphology, substrate structure, processing and final material properties. Thus, future 

Ganoderma hybrid composites should be designed around interface engineering, not simply 

formulation. 
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A New Material Architecture 
Traditional composite: 

Matrix + Reinforcement 

Fungal hybrid composite: 

Biological network + lignocellulose + polymer 

This creates multiple interacting scales: 

Macro-scale 

Overall shape and density 

↓ 

Meso-scale 

Particles, fibres and pores 

↓ 

Micro-scale 

Hyphal bridges and polymer interfaces 

↓ 

Nano-scale 

Surface interactions between fungal cell-wall components and surrounding materials 

This hierarchical architecture could potentially allow properties to be tuned through fungal 

growth itself. 

Where Could These Hybrids Be Used? 

Potential applications include: 

• thermal insulation,  

• packaging,  

• interior panels,  

• lightweight boards,  

• acoustic materials,  

• furniture components,  

• protective structures.  

Mycelium composites are already being investigated for packaging and construction because 

of their low density, thermal properties and ability to utilize agricultural residues.  

For Ganoderma–polymer hybrids, applications requiring moderate mechanical 

performance rather than structural load-bearing may be particularly relevant until long-

term durability and standardized testing are better established. 

The Biggest Research Question 
The most interesting question is no longer: 

“Can Ganoderma grow in a plastic-containing composite?” 

That has already been demonstrated. 

The next question is: 

Can fungal growth be deliberately controlled to engineer the plastic–fungus interface? 

Imagine controlling: 

hyphal density 

• polymer particle size  

• surface roughness  

• fungal growth direction  

• substrate composition  

• compression  

• drying  

to create a predetermined hybrid microstructure. 

That would move fungal composites from biological growth toward biological 

manufacturing. 
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The Future: From Replacement to Cooperation 
The future of sustainable materials may not necessarily be about eliminating every synthetic 

component. 

Instead, it may involve designing materials in which: 

fungus provides connectivity 

plant waste provides biomass 

recycled polymer provides reinforcement 

processing provides final architecture 

Such a system could combine the advantages of biological and synthetic materials while 

reducing dependence on virgin resources. 

Recent reviews similarly emphasize reinforcement strategies, process optimization and 

hybrid approaches as important directions for improving mycelium-based materials.  

Conclusion  
Ganoderma and plastic may appear to belong to completely different material worlds, but 

their combination reveals a fascinating possibility: fungal hyphae can act as biological 

connectors within a synthetic–natural composite architecture. The demonstrated G. 

lucidum–wheat straw–polypropylene system shows that fungal networks can colonize and 

bind a mixed biological/polymer structure while producing useful thermal and mechanical 

characteristics.  The next frontier is more ambitious: using recycled polymers rather than 

virgin plastics, engineering the fungal–polymer interface and controlling hyphal architecture 

to create predictable properties. 

The ultimate concept is therefore not: 

“Fungi versus plastic.” 

It is: 

“Fungi + waste biomass + recycled polymer → a new hybrid material.” 

References 
1. Biby, S. R., Surendran, V., & Kundanati, L. (2025). Mycelium biocomposites from 

agricultural and paper waste: Sustainable alternative to plastic foam based secondary 

packaging. Bioresource Technology Reports, 31, 102177. 

https://doi.org/10.1016/j.biteb.2025.102177  

2. Camilleri, E., Narayan, S., Lingam, D., & Blundell, R. (2025). Mycelium-based 

composites: An updated comprehensive overview. Biotechnology Advances, 79, 108517. 

https://doi.org/10.1016/j.biotechadv.2025.108517  

3. Jones, M., Mautner, A., Luenco, S., Bismarck, A., & John, S. (2020). Engineered 

mycelium composite construction materials from fungal biorefineries: A critical review. 

Materials & Design, 187, 108397. https://doi.org/10.1016/j.matdes.2019.108397  

4. Madusanka, C., Udayanga, D., Nilmini, R., Rajapaksha, S., Hewawasam, C., 

Manamgoda, D., & Vasco-Correa, J. (2024). A review of recent advances in fungal 

mycelium based composites. Discover Materials, 4, 13.  

5. Răut, I., Călin, M., Vuluga, Z., Oancea, F., Paceagiu, J., Radu, N., Doni, M., 

Alexandrescu, E., Purcar, V., Gurban, A.-M., Petre, I., & Jecu, L. (2021). Fungal based 

biopolymer composites for construction materials. Materials, 14(11), 2906. 

https://doi.org/10.3390/ma14112906  

6. Verma, N., Jujjavarapu, S. E., & Mahapatra, C. (2023). Green sustainable biocomposites: 

Substitute to plastics with innovative fungal mycelium based biomaterial. Journal of 

Environmental Chemical Engineering, 11(5), 110396. https://doi.org/10.1016/j.jece.2023 

.110396  

7. Xu, S., Chen, C., & Wei, X. (2026). Mycelium-based biocomposites as sustainable 

polymer alternatives: Engineering strategies, structure–property relationships and circular 

packaging applications. Polymers, 18(16), 1946. https://doi.org/10.3390/polym18161946  

https://doi.org/10.1016/j.biotechadv.2025.108517
https://doi.org/10.1016/j.matdes.2019.108397
https://doi.org/10.3390/ma14112906?utm_source=chatgpt.com

