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The Scientific Evolution of Mycology and Mushroom Cultivation

The study of edible mushrooms represents a unique intersection of microbiology, plant pathology, and industrial 

agriculture. Historically categorized by researchers such as Shu-Ting Chang and W.A. Hayes in their seminal 1978 

work, The Biology and Cultivation of Edible Mushrooms, these organisms are defined as macroscopic fungi

possessing epigeous (above-ground) or hypogeous (below-ground) fruiting bodies. Unlike traditional chlorophyll-

bearing plants, mushrooms are heterotrophic, meaning they rely entirely on the decomposition of organic matter for

nutrition. This biological characteristic places them as primary decomposers in the global ecosystem, facilitating the

breakdown of complex lignocellulosic materials into simpler organic compounds.

As the global population approaches 10 billion by 2050, the demand for sustainable protein sources has intensified.

Mushroom cultivation offers a high-efficiency alternative to livestock, requiring significantly less water and land

while utilizing agricultural waste products. The technical complexity of cultivation, however, requires a deep

understanding of fungal physiology, environmental control systems, and sterile inoculation techniques. This article

provides an exhaustive analysis of the biological principles and industrial methodologies required to successfully

cultivate high-yield edible species.

Core Biological Framework and Fungal Physiology

To understand mushroom cultivation, one must first master the fungal life cycle. Most commercially cultivated 

mushrooms belong to the phyla Basidiomycota. Their life cycle begins with the dispersal of haploid basidiospores.

When environmental conditions (moisture, temperature, and nutrient availability) are favorable, these spores

germinate into primary mycelium.

The Mycelial Network

The mycelium is the vegetative part of the fungus, consisting of a network of thread-like hyphae. In an industrial 

context, the vigor of the mycelium determines the eventual yield of the crop. The transition from primary to 

secondary mycelium occurs through plasmogamy—the fusion of two compatible haploid hyphae. This resulting 

dikaryotic mycelium is what cultivators utilize for spawning.

•  Hyphal Tip Growth: Mycelium grows exclusively at the tips, secreting extracellular enzymes (cellulases, 

hemicellulases, and ligninases) to digest the substrate externally.

•  Anastomosis: The fusion of hyphal branches to form a highly interconnected and efficient nutrient transport 

system.

•  Sensing Mechanisms: Fungi use sophisticated chemical signaling to detect nutrient gradients and 

environmental stressors.

Nutritional Requirements and C:N Ratios

The success of mushroom growth is fundamentally linked to the chemistry of the substrate. The Carbon-to-

Nitrogen (C:N) ratio is the primary metric used in substrate formulation. For the common button mushroom (

Agaricus bisporus), an ideal C:N ratio at the start of composting is approximately 25:1 to 30:1. If nitrogen levels are



too high, excess ammonia can become toxic to the mycelium; if too low, the growth rate is severely retarded.

Technical Analysis of Substrate Preparation and Composting

Substrate preparation is perhaps the most critical phase in the cultivation of species like Agaricus. This process

involves a controlled biological fermentation known as composting, which transforms raw agricultural waste into a

selective medium that favors mushroom growth while excluding competitive molds.

Phase I Composting: Initial Fermentation

Phase I occurs outdoors or in bunkers and involves the wetting and mixing of raw materials (straw, horse manure, 

poultry manure, and gypsum). During this stage, temperatures rise to 70°C–80°C due to the activity of 

thermophilic microorganisms. The primary goals are:

1.  Softening of Straw: Breaking down the physical structure to allow better moisture absorption.

2.  Ammonia Production: Converting organic nitrogen into inorganic forms.

3.  Lignin-Humus Complex Formation: Creating a stable nutrient base that only specific fungi can utilize.

Phase II Composting: Pasteurization and Conditioning

Phase II is conducted in a highly controlled environment where the substrate is pasteurized to kill pests and 

pathogens, followed by a "conditioning" period at 45°C–55°C. During conditioning, the remaining ammonia is 

converted into microbial protein by aerobic bacteria, such as Actinomycetes. A successful Phase II is signaled by

the complete disappearance of ammonia odor and the presence of white flecks (firefang) throughout the compost.

Comparative Evaluation of Major Edible Mushroom Species

Different species require vastly different environmental parameters and substrate types. The following table outlines

the technical specifications for the three most economically significant species mentioned in technical literature.



Feature Agaricus bisporus 
(Button)

Volvariella volvacea 
(Paddy Straw)

Pleurotus ostreatus 
(Oyster)

Primary Substrate Composted Straw/Manure Rice Straw / Cotton Waste Non-composted Wood/
Straw

Spawn Run Temp 24°C - 25°C 32°C - 35°C 20°C - 28°C

Fruiting Temp 15°C - 18°C 28°C - 32°C 10°C - 20°C

CO2 Tolerance Low (during fruiting) Moderate High (during spawn run)

Casing Required? Yes No No

Biological Efficiency 70% - 100% 10% - 20% 100% - 150%

The Inoculation and Spawning Process

Once the substrate is prepared, it is inoculated with spawn. Spawn is essentially a carrier (usually sterilized grain 

like millet or rye) that has been fully colonized by a specific mushroom strain. Spawning must be performed under 

strict hygienic conditions to prevent contamination by Trichoderma (green mold) or Neurospora(orange bread

mold).

Spawning Rate Calculation

The amount of spawn used is typically calculated as a percentage of the wet weight of the substrate. The formula

for the spawning rate is:

R = (W<sub>s</sub> / W<sub>sub</sub>) × 100

Where R is the spawning rate, W<sub>s</sub> is the weight of the spawn, and W<sub>sub</sub>is the weight of

the wet substrate. Typical industrial rates range from 0.5% to 2.0%. A higher rate can lead to faster colonization,

reducing the window for competitive organisms to establish themselves.

The Casing Layer: Inducing Primordia Formation

For species like Agaricus bisporus, the mycelium will not transition to the fruiting stage (pinning) unless a casing 

layeris applied. This layer is a non-nutritive material—typically a mixture of peat moss and crushed limestone—

applied to the top of the colonized compost.

The casing layer serves three primary functions:

•  Moisture Reservoir: It provides the water necessary for the rapidly growing mushrooms.

•  Microbial Interaction: It hosts specific bacteria (e.g., Pseudomonas putida) that stimulate the mushroom 

mycelium to form pins.

•  Evaporative Cooling: It facilitates gas exchange and moisture evaporation, which triggers the transition to the 

reproductive phase.

Environmental Control and Primordia Development

The transition from the vegetative state to the reproductive state (the "break" or "flush") is managed through precise 

environmental manipulation. This is often referred to as the pinning trigger. Cultivators reduce the ambient CO2



concentration from 5,000 ppm (parts per million) down to 800–1,000 ppm by introducing fresh air. Simultaneously,

the air temperature is dropped by several degrees.

The Role of Evaporation

Successful pinning is heavily dependent on the Evaporation Rate (ER)from the casing surface. If the relative

humidity (RH) is too high (above 95%), evaporation is insufficient, leading to "overlay" (thick mycelial growth that

prevents fruiting). If RH is too low (below 80%), the pins will dry out and abort. The technical target for most

industrial facilities is an RH of 88% to 92% during the pinning phase.

Post-Harvest Physiology and Quality Preservation

Because mushrooms lack a protective cuticle and have a high respiration rate, they are highly perishable. Post-

harvest biology focuses on slowing down the metabolic activity of the fruiting body. After harvest, mushrooms

continue to respire, consuming their internal carbohydrates (mannitol and glycogen) and losing water to the

atmosphere.

Cold Chain Management

Immediate vacuum cooling or forced-air cooling to 2°C is essential. At this temperature, the respiration rate is 

reduced by nearly 90% compared to ambient shelf temperatures. Furthermore, packaging must be designed to 

maintain a Modified Atmosphere (MA), balancing the O2 and CO2 levels to prevent anaerobic fermentation while

slowing senescence.

Common Pathogens and Troubleshooting Procedures

Large-scale cultivation is often plagued by biological competitors. Maintaining a bio-secure environment is

paramount. Below is a diagnostic guide for common cultivation issues.

Disease Diagnostic Matrix

•  Dry Bubble (Lecanicillium fungicola): Characterized by distorted, onion-shaped mushrooms. Solution: Improve 

hygiene and control fly populations (phorid and sciarid flies) which act as vectors.

•  Cobweb Mold (Hypomyces spp.): A grey, fluffy mycelium that rapidly overtakes the casing. Solution: Increase 

ventilation and apply localized salt treatments or approved fungicides.

•  Bacterial Blotch (Pseudomonas tolaasii): Yellow or brown lesions on the mushroom cap. Solution: Reduce 

humidity and ensure that mushroom caps do not remain wet for more than 2-3 hours after watering.

Mathematical Modeling of Biological Efficiency

In industrial mycology, performance is measured using Biological Efficiency (BE). This metric allows growers to

compare the productivity of different substrates or strains regardless of the moisture content of the substrate.

The formula for BE is:

BE = (W<sub>fresh</sub> / W<sub>dry_sub</sub>) × 100

Where W<sub>fresh</sub> is the total weight of fresh mushrooms harvested and W<sub>dry_sub</sub>is the

total weight of the dry substrate used. A BE of 100% is considered the industry standard for Oyster mushrooms,

while specialized Agaricus growers often exceed 120% through supplemental nutrient addition (typically protein-

rich meals added at the time of spawning).

Future Perspectives: Mycoremediation and Sustainable Integration



The future of mushroom biology extends beyond the dinner plate. Modern research is exploring mycoremediation,

where the powerful extracellular enzymes of white-rot fungi are used to degrade environmental pollutants, such as

petroleum hydrocarbons and heavy metals. Additionally, the mycelium itself is being developed as a sustainable

building material (myco-leather and myco-bricks), providing a biodegradable alternative to plastics and leather.

The foundational principles established by S.T. Chang and W.A. Hayes remain more relevant than ever. As we

refine our understanding of fungal genetics and automate environmental controls through AI-driven sensors, the

efficiency of mushroom cultivation will continue to rise. This biological system represents one of the most

sophisticated examples of circular economy in agriculture, turning the waste of today into the high-value protein

and industrial materials of tomorrow.

Mastering the biology and cultivation of edible mushrooms requires a commitment to both the scientific method and

the practical nuances of farm management. By balancing the chemistry of the substrate with the delicate

physiological needs of the fungus, producers can achieve consistent, high-quality yields that contribute to global

food security and environmental sustainability.
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