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Abstract 

Mushrooms are valued globally for their nutritional, medicinal, and ecological significance. 

Beyond their rich content of vitamins, proteins, and minerals, these macroscopic fungi are vital 

decomposers, playing a critical role in nutrient cycling and even influencing rainfall in forest 

ecosystems through their spores. This study investigated the optimal conditions for basidiospore 

germination. It documents the comprehensive developmental stages of two economically important 

edible mushroom species, Pleurotus ostreatus (CLSU strain), and Oudemansiella canarii (OCNu 

strain), aiming to enhance cultivation practices and deepen our understanding of their life cycles. 

Basidiospores were collected from mature fruiting bodies and suspended in sterile distilled water. 

The study evaluated the influence of various broth media (coconut water, corn grit, potato sucrose, 

potato dextrose), pH levels (4-8), illumination (lighted, dark, alternating light/dark), and 

temperature conditions(refrigerated, air-conditioned, room temperature) on spore germination. 

Results showed that coconut water was the most suitable culture medium for both mushrooms. For 

O. canarii, optimal germination occurred at pH 6, while P. ostreatus favored pH 7; both were

incubated under alternating light/dark conditions at room temperature (33–35 °C). The

developmental processes from basidiospore to mature basidiocarp were photo-documented,

revealing distinct vegetative (swelling, germ tube formation, elongation, septation, branching, and

mycelial thickening) and reproductive stages (primordia, pinhead, stipe elongation, and pileus

expansion). Understanding these optimal conditions and developmental stages is crucial for

developing effective, sustainable cultural management practices that maximize mushroom biomass

production and improve the quality and yield of P. ostreatus and O. canarii in cultivation.
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Introduction 

Mushrooms are macroscopic, fruiting bodies producing spores, primarily belonging to the 

Phylum Ascomycota and Basidiomycota. They have been cultivated and consumed for their 

nutritional and medicinal properties because they are rich in vitamins, proteins, and minerals (Sana 

et al. 2018, Jaiswal et al. 2024). Aside from the food and medicinal benefits, mushrooms are also 
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important decomposers and play a crucial role in nutrient cycling (Salhab 2007). Spores of 

mushrooms from the Phylum Basidiomycota are specifically called basidiospores. These 

microscopic spores are the mushroom reproductive structures released from the mushroom’s 

fruiting bodies, which are necessary for dispersal. More so, these spores also act as nuclei, forming 

rainfall in the forest ecosystem (Hassett et al. 2015). 

Pleurotus species, commonly called oyster mushroom, is an edible mushroom species and 

was found to have antibacterial and antioxidant activities (Dulay et al. 2017). Pleurotus ostreatus is 

one of the most commonly cultivated edible mushrooms with economic, ecological, and medicinal 

importance. This mushroom species can easily colonize and degrade lignocellulosic substrates such 

as rice straw and rapidly grow and develop, resulting in faster production (Sánchez 2010). Another 

edible mushroom species is the Oudemansiella canarii, which also has ecological, economic, and 

medicinal properties. Various compounds such as oudemansin A and B, dihydroxerulin, and many 

others contribute to its various biological activities (Dulay 2023).  

Various factors affecting spore germination include temperature, pH, nutrient availability, 

and illumination (Dulay et al. 2020). Understanding spore germination is critical for multiple 

applications, such as in agriculture, pathogenic control, and fungal biology, which offer significant 

opportunities for scientific advancement and practical solutions. Elucidating the developmental 

biology of mushroom species is very useful in generating effective cultural management for 

mushroom biomass production (Dulay 2023). In addition, mushroom spores have different 

bioactive components such as polysaccharides, fatty acids, amino acids, alkaloids, triterpenoids, 

and nucleosides, which contribute to their immunoregulatory, antidiabetic, antitumor, anti-

inflammatory, antibacterial, and antioxidant properties. Additionally, spores of mushrooms have 

the potential to become a natural resource for functional food production and the development of 

medical products (Li et al. 2023). Thus, optimization of various nutritional and environmental 

factors for basidiospore germination is necessary for efficient spore development and 

documentation of the morphological changes in the mushroom fruiting bodies of P. ostreatus and 

O. canarii.  

Materials & Methods 

Mushroom spores and spore collection 

Healthy and mature fruiting bodies of O. canarii (OCNu strain) and P. ostreatus (CLSU 

strain) were obtained from the mushroom growing house of the Center for Tropical Mushroom 

Research and Development, Central Luzon State University, Philippines. The collected basidiocarp 

was laid down on a sterile petri plate lined with sterile paper for 12 h at room temperature to allow 

the release of basidiospores from the basidium (Dulay et al. 2012, 2020).    

Preparation of spore suspension 

The sterile paper with the collected basidiospores was cut and soaked in 9 mL sterile of 

distilled water for 1 h with frequent agitation. After which, 0.1 mg/mL streptomycin sulfate was 

added to the spore suspension to avoid bacterial contamination. The spore concentration of 7.5 × 

106/mL was adjusted using a hemocytometer and was used in the different setups as inocula (Dulay 

et al. 2012, 2020).    

Evaluation of broth media on spore germination 

The influence of the various culture broth media was evaluated using the following: coconut 

water, corn grit, potato sucrose, and potato dextrose. Culture media preparation was followed from 

Dulay et al. (2012). Then, 200 µL from the spore suspension was transferred to each culture 

medium and incubated at room temperature. One hundred random spores from each replicate with 

evident swelling were observed and counted after 12 h for O. canarii and 24 h of incubation for P. 

ostreatus using a compound microscope (400 ×) (Olympus CX23), and percent germination was 

computed (Dulay et al. 2012, 2020).    
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Evaluation of pH concentrations on spore germination 

The most suitable culture media for spore germination on the two mushrooms were used to 

assess the optimum pH concentration. Varying levels of pH 4, 5, 6, 7, and 8 were used in this study, 

with three replicates each. pH levels of the culture media were adjusted via dropwise addition of 

hydrochloric acid (HCl) and sodium hydroxide (NaOH). One mL of each culture medium with 

adjusted pH levels was sterilized. After which, 200 uL of spore suspension was inoculated and 

incubated at room temperature. From the one hundred random spores from each replicate, 

germinated spores were counted, and percent germination was recorded after 12 h (O. canarii) and 

24 h (P. ostreatus) of incubation due to species-specific physiological, metabolic, and 

developmental differences (Dulay et al. 2012, 2020). 

Evaluation of illumination on spore germination 

Different illumination conditions, such as light (30 footcandles), dark, and alternating light 

and dark at 12 h daylight and 12 h darkness, using the most suitable culture medium and pH, were 

evaluated with three replicates each. Two hundred microliters of the adjusted spore suspension 

were inoculated into a 1 mL previously sterilized culture medium and incubated at room 

temperature. Test tubes were completely wrapped with aluminum foil to obtain a fully dark 

condition. Percentage spore germination was determined after 12 h (O. canarii) and 24 h 

(P. ostreatus) of incubation from the one hundred random spores from each replicate (Dulay et al. 

2012, 2020).     

Evaluation of temperature on spore germination 

The most suitable culture medium, pH, and illumination conditions were used to assess the 

optimum temperature for the spore germination of O. canarii and P. ostreatus after 12 and 24 h of 

incubation, respectively. Test tubes containing 1 mL of the most appropriate culture media and pH 

were sterilized in an autoclave. Then, it was inoculated with 200 uL of the spore suspension and 

was incubated at different temperature conditions: room temperature (33–35 °C), air-conditioned 

(24–28 °C), and refrigerated (5 °C). Percentage spore germination was determined after 12 h 

(O. canarii) and 24 h (P. ostreatus) of incubation from the one hundred random spores from each 

replicate (Dulay et al. 2012, 2020).    

Documentation of basidiospore germination 

Using the most appropriate nutritional and physical factors, basidiospore germination was 

observed every 4 h of incubation using a compound microscope (Olympus CX23). Swelling, 

elongation, septation, branching, and mycelial thickening were observed under the microscope and 

photo-documented using a camera at 400 × magnification.  

Documentation of basidiocarp development 

Pure cultures of O. canarii and P. ostreatus were obtained from the culture collections of the 

Center for Tropical Mushroom Research and Development, Central Luzon State University. Agar 

blocks of the mushroom species were inoculated on sterilized palay grains and were allowed to 

ramify fully. After full ramification, the grains were crumpled and inoculated on a sterilized 

fruiting bag with seven parts rice straw and 3 parts sawdust. Fruiting bags were incubated at room 

temperature to allow full ramification. Then, fully ramified bags were opened and photo-

documented for the different basidiocarp developmental stages. 

Statistical analysis 

The optimization study was laid out in a completely randomized design. Data were analyzed 

using Analysis of Variance, and treatment means were compared using Tukey’s Honestly 

Significant Difference at 5% significance level using Minitab® 21 Statistical Software (Minitab 

LLC 2021).  
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Results 

Influence of nutritional and environmental factors on basidiospore germination 

The different nutritional factors, such as culture media components and environmental 

parameters like pH, illumination, and temperature, were evaluated to assess the effect on 

basidiospore germination of O. canarii and P. ostreatus. All the assessed culture media for both 

mushroom species were not significantly different from each other (Table 1). The highest percent 

of spore germination was in coconut water, with 59% (O. canarii) and 70% (P. ostreatus) after 12 

and 24 h of incubation, respectively.  Thus, coconut water was chosen as the most suitable culture 

medium due to its local availability as an indigenous source.  

Table 1 Influence of various nutritional and environmental factors on the germination of percent 

spore germination of Pleurotus ostreatus and Oudemansiella canarii. 

Environmental Factors Spore Germination (%) 

O. canarii (after 12 h of

incubation)

P. ostreatus (after 24 h of

incubation)

Broth medium 

Coconut Water 59.00±3.46 70.00±16.52 

Potato Sucrose 54.67±3.21 67.00±8.71 

Corn Grit 53.00±3.46 54.67±4.16 

Potato Dextrose Broth 53.33±6.51 60.33±10.07 

pH concentrations 

4 44.00±3.61b 48.67±13.58 

5 43.33±9.07b 52.33± 7.37 

6 62.67±6.03a 54.67± 4.16 

7 60.67±6.11a 62.00±14.36 

8 50.67±4.62ab 57.33±3.21 

Illumination 

Lighted (30 footcandles) 39.67±1.15 a 57.33±4.16b 

Dark 36.33±5.69 b 62.33±4.04b 

Lighted/dark 49.67±6.43 ab 66.00±2.00 a

Temperature 

Refrigerated (5 °C) 40.00±5.29 49.67±3.51c 

Airconditioned (24–28 °C) 40.33±3.21 58.67±4.93b 

Room temperature (33–35 °C) 56.33±12.50 71.33±0.58a 
a Means with the same letters of superscript in each column are not significantly different at 5% level of 

significance of significance 

For the pH concentration, O. canarii spore germination was comparable at pH 6 (62.67%), 7 

(60.67%), and 8 (50.67%) but was found to be significantly higher compared to pH 4 and 5 (Table 

1). Meanwhile, P. ostreatus spore germination at all pH levels was statistically similar. Thus, the 

highest recorded values were considered the best suitable pH level, pH 6 for O. canarii (62.67%), 

and pH 7 for P. ostreatus (62.00%). 

In terms of illumination, the highest recorded percent spore germination of O. canarii was 

observed under alternating light and dark conditions at 49.67%, which is comparable with the 

lighted condition (39.67%) and is significantly different from under dark conditions (36.33%) 

(Table 1). At the same time, P. ostreatus percent spore germination was recorded highest at the 

alternating light and dark conditions (66.00%), which is statistically different from basidiospores 

incubated in lighted (57.33%) and dark conditions (62.33%). 

Regarding temperature conditions, recorded basidiospore germination of O. canarii was 

comparable across all tested conditions, with the highest recorded germination observed under 

room temperature, with 56.33% (Table 1). In the meantime, P. ostreatus basidiospore germination 
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rates under different temperature conditions were significantly different from each other. The 

highest recorded germination was observed when the basidiospores were incubated at room 

temperature (71.33%).  

Developmental process from basidiospore to basidiocarp morphogenesis 

The developmental process of the two mushroom species, O. canarii and P. ostreatus, from 

basidiospore to basidiocarp was observed and photo-documented. The observed development of 

each species of mushroom was unique from the others and was divided into the vegetative and 

reproductive stages. During the vegetative stage of development of P. ostreatus, swelling 

accompanied by a germ tube was observed after 24 h, showing a visible, tiny hook-like structure 

(Fig. 1). Then, spore elongation was evident at 68 h of incubation. At 72 h, septation was 

noticeable, leading to hyphal branching at 78 h. Fusion of hyphae, called anastomosis, was 

observed, leading to massive hyphal branching at 102 h. In the reproductive stages of development, 

mycelial coat formation was evident after 15 d of fruiting bag inoculation. Primordia started to 

form on the 22nd day. Pinhead was evident on the 23rd day of incubation, followed by stipe 

elongation and pileus expansion on the 24th day. Mature and healthy basidiocarps were observed on 

the 25th day after inoculation.  

Fig. 1 ‒ Developmental process of Pleurotus ostreatus: Spore germination and hyphal 

differentiation observed at 400x magnification. 
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Meanwhile, the developmental stages of O. canarii basidiospore development were shown in 

Fig. 2. Evident vegetative stages were swelling (12 h), elongation (24 h), septation (56 h), 

branching (72 h), and massive branching of hypha (102 h). Mycelia coat formation was observed 

on 20‒27th day after bag inoculation. Growing primordia were seen on the 27th day. Stipe continues 

to elongate and pileus expands on the 27th to 28th day. Mature O. canarii was evident at 29th day.  

Fig. 2 ‒ Developmental process of Oudemansiella canarii: Spore germination and hyphal 

differentiation observed at 400x magnification  

Discussion 

The life cycle of a mushroom is usually divided into two distinct phases: the vegetative and 

the reproductive stage of development (Dulay et al. 2020). Vegetative development usually starts 

with the germinating haploid spore, forming a mycelium. A monokaryotic mycelium comprises a 

single type of haploid nucleus present in the hyphae. After fertilization, and when conditions favor, 

a dikaryon initiates the formation of the basidiocarp of the mushroom fruiting body. Then, the 

spores located on the basidium will be dispersed and germinate again into a monokaryon 

(Nieuwenhuis & Aanen 2018). Spore germination usually starts the developmental process. 



41 

Dormant spores must be activated through various nutritional and environmental factors that will 

lead to germ tube formation, hyphal development, and mycelial differentiation (Dulay et al. 2020). 

Water is a prerequisite for spore germination as it plays a very important role in the metabolic 

reactivation of dormant spores (Zhang et al. 2023). However, water alone is inadequate for 

effective germination as it needs nutrients that will support rapid germination and early hyphal 

development after hydration (Dulay et al. 2012). Thus, the addition of products such as 

carbohydrates can stimulate spore activation. Wherein spore germination of Aspergillus niger was 

stimulated with the addition of sugars in the culture medium.  With all the tested sugars, glucose 

was considered the best in promoting germ tube formation (Abdel-Rahim & Arbab 1985a). The 

results of this study are in congruence with the results of Magday et al. (2014) and Dulay et al. 

(2020). In the study of Dulay et al. (2020), coconut water was the best broth medium in stimulating 

spore germination for the mushroom species Lentinus swartzii, followed by potato broth, which is 

rich in carbohydrates. More so, the culture medium with coconut water also promoted the 

germination of Ganoderma lucidum (Magday et al. 2014). Coconut water, or the liquid endosperm, 

is rich in various compounds such as vitamins, minerals, sugars, amino acids, and phytohormones. 

The phytohormones auxin and cytokinin in coconut water trigger germination (Mu et al. 2024).  

The optimum pH range for promoting seed germination in the three species of Lentinus, 

namely Lentinus tigrinus, L. swartzii, and Lentinus strigosus, has been reported to be 6.0–7.0 

(Dulay et al. 2012, 2020), which is comparable to the results of the study. Wherein pH 6.0 favors 

spore germination of O. canarii, while pH 7.0 favors P. ostreatus. pH 6 and 7 which favors spore 

germination of the two studied mushroom species is a near-neutral pH where germination of spores 

proceeds efficiently which facilitates rapid emergence of the germ tube and mycelial initiation 

which is critical for fungal colonization. This range also minimizes proton imbalances that may 

disrupt membrane integrity and catalytic functioning of enzymes, thus enabling the spores to sense 

and exploit their substrate (Dulay et al. 2012). Meanwhile, a lower germination rate was observed 

under acidic conditions. It suggests that at lower pH, germination is vulnerable to inhibition (Zhu et 

al. 2023).  

After establishing the optimum broth and pH of the medium, it is also essential to determine 

the suitable temperature and illumination. Temperature regulates the efficiency and metabolic 

process in spore germination while illumination acts a developmental signal that provides cues for 

the germination process (d’Enfert 1997). Optimum spore germination of A. niger with a remarkable 

increase in germ tube length was observed at 30–34 °C (Abdel-Rahim & Arbab 1985b). Mycelial 

growth of G. lucidum was best at room temperature (32 °C) (Magday et al. 2014). Similarly, spore 

germination of L. strigosus and L. swartzii (Dulay et al. 2020) favored room temperature, which 

aligns with the study’s findings. In contrast, another species of Lentinus, L. tigrinus, favors air-

conditioned conditions (23 °C). Meanwhile, light is another important abiotic factor that influences 

spore formation, stimulating faster growth (Friedl et al. 2008). Spore germination of L. swartzii and 

L. strigosus favors dark illumination (Dulay et al. 2020), in contrast with the favored condition of

another Lentinus species, L. tigrinus, which favors a lighted condition. It is also the lighted

condition that favors the mycelial growth and biomass of G. lucidum (Magday et al. 2014). This

shows that various species have different temperature and illumination requirements.

After successfully elucidating the optimum conditions for basidiospore germination of P. 

ostreatus (coconut water, pH 6, room temperature, alternating light, and dark conditions) and O. 

canarii (coconut water, pH 7, room temperature, alternating light, and dark conditions), it is 

necessary to document the germination process and fruiting body development to fully understand 

the developmental process of the two mushroom species for the generation of generating effective 

and sustainable cultural practices for efficient production of mushroom biomass. Successful 

documentation of the germination process and morphogenesis of the two species of mushrooms 

was observed and shown in Figs. 1 and 2. Spore germination of both mushroom species was similar 

to the observed spore germination process in L. tigrinus, wherein the spore elongates and becomes 

part of the hypha (Dulay et al. 2020). Spores of P. ostreatus are smooth, cylindrical to kidney-

shaped, and elliptical (Priyadarshini 2018). The same notes were observed in the study, and a hook-
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like structure was evident in the kidney-shaped spores of P. ostreatus. Meanwhile, the ring-like 

hyaline basidiospores (Dulay & Damaso Jr. 2017) of O. canarii showed a prominent hilar appendix 

and nodulose hilum (Pegler & Young 1986) from which the spore germinates and elongates, 

forming hyphae. Moreover, P. ostreatus and O. canarii produce large mature fruiting bodies, which 

means they have larger hymenial areas and thus, bear more spore-bearing structures called basidia. 

An increased number of basidia produces numerous spores compared to smaller mushrooms 

(Fischer & Money 2010). O. canarii is characterized by its white bell-shaped pileus with scattered 

brownish veil patches, which are colored dark brown when young and turn grayish to yellowish 

when mature (Dulay & Damaso Jr. 2017). Dulay & Damaso (2017) were able to domesticate the 

rescued fruiting bodies of O. canarii. Moreover, they were able to observe and photo-document the 

developmental stages of O. canarii from the initiation of primordia to mature fruiting bodies, which 

were also observed in this study. Meanwhile, P. ostreatus has a broadly fan-shaped smooth pileus, 

which is white when mature and attached to a short, thick stipe (Priyadarshini 2018). In this study, 

it was observed that during primordial initiation, the color of the growing fruiting body was grayish 

to black and turned white as it matured.  

In conclusion, optimization of the various nutrient requirements and environmental 

parameters needed for spore germination and morphogenesis allows accurate interpretation of 

normal developmental processes from abnormalities that could be brought by environmental stress 

due to suboptimal conditions. Moreover, this study will allow mushroom growers to identify the 

optimal time points for subculturing and spawn preparation that will promote the development of 

healthy and robust mycelia. With this, it will prevent delayed mushroom fruiting and uneven 

growth of basidiocarp that will result in reduced production and yield. The observation of the 

developmental biology of the two edible mushroom species is thus critical to allow mushroom 

growers to precisely adjust conditions to maximize growth, yield, and quality. The timing of 

harvesting for mature fruiting bodies is also essential for optimum flavor, texture, and shelf life.  
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