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ycelium-based composites are often described simply as “fungus-bound” materials, but 

their mechanical behaviour is actually governed by a microscopic architecture of 

branching hyphae. In Ganoderma, this architecture can function as a natural reinforcing and 

binding network that interlocks lignocellulosic particles, transfers stress and influences 

porosity. Members of Ganoderma can possess a trimitic hyphal system, containing 

generative, skeletal and binding hyphae, providing multiple structural roles within the fungal 

network. Studies comparing fungal species and substrates show that hyphal morphology, 

network density, substrate structure, moisture and processing conditions can substantially 

alter composite strength. This makes Ganoderma particularly interesting not merely as a 

biological binder, but as a living microstructural engineer whose fibre architecture can 

potentially be controlled to design stronger and more functional sustainable composites. 
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Introduction: Strength Begins with a Hidden Network 
A mycelium composite may look like a simple block of agricultural or wood waste, yet its 

strength originates from an invisible three-dimensional network. During growth, fungal 

hyphae penetrate pores, surround particles and create numerous contact points between 

otherwise disconnected substrate components. The resulting network acts as a biological 

binder and reinforcement system. For Ganoderma, this phenomenon becomes particularly 

interesting because its hyphal organization can include different specialized hyphal forms. 

Rather than behaving like a conventional synthetic adhesive, the fungal network develops 

through biological growth, branching and interconnection. Consequently, the final 

mechanical properties depend not only on the substrate but also on how the fungus 

constructs its microscopic architecture. 

The Three-Fibre Secret of Ganoderma 
The key to understanding Ganoderma composites lies in the trimitic hyphal system. 

It can contain: 

• Generative hyphae – relatively thin and actively growing structures that contribute to 

network formation.  

• Skeletal hyphae – thicker, elongated structures that provide structural support.  

• Binding hyphae – thick-walled and highly branched structures that help lock particles 

together.  

Trimitic networks therefore combine flexibility, reinforcement and binding within the same 

biological material. Reviews of mycelium composites associate these thicker structural and 

binding hyphae with increased stiffness and mechanical integrity.  

The important concept: Ganoderma does not simply “fill” the gaps between substrate 

particles—it builds a hierarchical fibre network around them. 
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How Hyphae Actually Strengthen the Composite 
Mechanical interlocking 

As hyphae grow around and between lignocellulosic particles, they create physical bridges. 

These bridges restrict particle movement when the composite is loaded. 

This mechanism can be viewed as: 

Particle → Hyphal bridge → Particle → Hyphal network → Particle 

The greater the connectivity of this network, the more efficiently stresses can potentially be 

distributed throughout the composite.  

Interfacial adhesion 

Fungal cell walls contain structural components including chitin and β-glucans, together 

with proteins and other compounds. These components contribute to the integrity of 

individual hyphae and their interaction with the surrounding matrix.  

Thus, strength is not produced by the hypha alone. It emerges from the hypha–substrate 

interface. 

Stress redistribution 

A dense fungal network can distribute locally applied forces across numerous interconnected 

paths. Instead of one substrate particle carrying the entire load, neighbouring particles can 

participate through the fungal network. 

This is one reason why the topology, branching and density of mycelium are important 

structural variables.  

Density: The Hidden Strength Dial 
One of the simplest but most powerful relationships in mycelium composites is the 

connection between density and mechanical performance. Increasing density can reduce 

large pores and increase the amount of material available to carry load. Reviews have 

therefore reported a general relationship between increasing composite density and higher 

modulus or strength, although mycelium systems are more complex than conventional 

cellular materials.  

For Ganoderma, density is influenced by: 

hyphal growth + substrate particle size + substrate composition + moisture + 

compaction + drying 

Therefore, a stronger composite is not necessarily obtained simply by growing “more 

fungus.” The spatial arrangement of fungal biomass matters. 

The Substrate Changes the Fungal Architecture 
Ganoderma does not build its network in an empty space. It grows through a substrate such 

as sawdust, agricultural residues or other lignocellulosic materials. 

Consequently: 

Substrate structure → fungal colonization → hyphal architecture → composite 

microstructure → mechanical behaviour 

Experimental work with G. fornicatum and G. williamsianum demonstrated that both fungal 

species and lignocellulosic substrate type influence density and mechanical properties. 

Sawdust-based composites, for example, showed substantially different mechanical 

behaviour from rice-straw and corn-husk systems.  

This reveals an important design principle: 

The fungus and the substrate should be engineered as one system, rather than treated as 

independent components. 

Why Ganoderma Is Mechanically Interesting 
Recent experimental comparisons demonstrate that fungal species can produce noticeably 

different composite properties even when similar manufacturing approaches are used. In a 

2026 study comparing fungal species, Ganoderma sp. composites displayed measurable 

tensile, compression and flexural performance, highlighting the influence of species-specific 

fungal architecture on material behaviour.  
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However, species alone cannot explain all performance differences. Substrate chemistry, 

density, growth conditions and post-processing can substantially modify the final structure. 

Current research increasingly treats mycelium composites through a process–structure–

property relationship, rather than assuming that fungal identity alone determines strength.  

The Microscopic Architecture–Macroscopic Strength Connection 
The entire concept can be simplified into one structural chain: 

Hyphal morphology 

↓ 

Branching and network connectivity 

↓ 

Particle encapsulation and interlocking 

↓ 

Pore structure and density 

↓ 

Stress transfer 

↓ 

Macroscopic strength and stiffness 

This is the hidden architecture behind fungal composites. 

The fascinating part is that a biological organism is simultaneously functioning as a binder, 

reinforcement network and microstructural architect. 

Can We Engineer the Hyphal Network? 
This is where Ganoderma composites become particularly exciting. 

Future manufacturing could potentially control mechanical performance by manipulating: 

• fungal strain selection,  

• substrate particle size,  

• substrate composition,  

• moisture availability,  

• growth temperature,  

• colonization time,  

• mycelial density,  

• compression,  

• drying and heat treatment.  

Post-growth processing is especially important because densification and pressing can 

substantially modify the final mechanical structure of mycelium composites.  

The future goal is therefore not simply: 

“Grow fungus on waste.” 

It is: 

“Program fungal growth to construct a desired material architecture.” 

The Biggest Knowledge Gap 
Although microscopic imaging has revealed extensive hyphal networks, a major challenge 

remains: translating complex biological structures into predictable engineering parameters. 

Terms such as “dense mycelium” or “strong fungal network” are not sufficient for industrial 

material design. 

Future studies should quantify: 

hyphal diameter + branching density + network connectivity + hyphal orientation + 

pore size + interfacial adhesion + composite density 

and connect these measurements directly to tensile, compression, flexural and impact 

properties. 

Recent research is moving toward precisely this structure–property framework, including 

quantitative characterization of fungal matrices and their relationship with composite 

performance.  
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Conclusion 
The strength of a Ganoderma-based composite is hidden in an architecture that cannot be 

seen from the outside. Its hyphae form interconnected biological fibres that penetrate, wrap 

and bind lignocellulosic particles. The combination of generative, skeletal and binding 

hyphae in trimitic systems provides a particularly interesting structural platform for 

developing mechanically functional biomaterials. Ultimately, fungal composite strength is 

an architectural property as much as a chemical one. Understanding and controlling 

hyphal diameter, branching, density, connectivity and substrate interaction could transform 

Ganoderma from a naturally occurring decomposer into a precisely engineered biological 

material-building system. 
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