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Abstract 

The adoption of biochar supplementation in small-scale oyster mushroom farming has gained significant attention as a potential strategy to 

improve soil health and enhance crop yields. This research explores the adoption potential of biochar as a growth supplement for oyster 

mushrooms, focusing on social and extension perspectives. Small-scale farming is a crucial aspect of rural economies, especially in 

developing countries where sustainable agricultural practices can contribute to food security and environmental sustainability. However, the 

integration of new agricultural technologies such as biochar into smallholder farming practices requires understanding the social dynamics 

and extension mechanisms that influence decision-making. The objectives of this research are to evaluate the current awareness and 

acceptance levels of biochar supplementation among small-scale oyster mushroom farmers, assess the barriers to its adoption, and identify 

the role of extension services in facilitating the adoption process. The research hypothesizes that while biochar has the potential to improve 

mushroom yield and quality, its adoption is hindered by factors such as limited awareness, high cost, and inadequate extension support. This 

paper aims to bridge these gaps by providing insights into the factors that drive or impede the adoption of biochar supplementation, offering 

practical recommendations for policymakers, extension agencies, and farmers to promote sustainable agricultural practices. 
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Introduction 

The integration of biochar into agricultural practices has 

emerged as a promising approach to enhance soil fertility, 

water retention, and crop productivity, particularly in 

sustainable farming systems. Biochar, a carbon-rich product 

derived from the pyrolysis of organic materials, is 

increasingly being explored for its potential as a soil 

amendment and growth supplement in various agricultural 

sectors. Oyster mushroom farming (Pleurotus ostreatus), a 

common practice among small-scale farmers, has shown the 

potential to benefit from biochar supplementation due to its 

ability to enhance substrate quality and increase nutrient 

availability. However, the adoption of biochar in small-scale 

oyster mushroom farming is not without challenges, as its 

effectiveness is often contingent upon farmers’ awareness, 

attitudes, and the support provided by extension services 
[1][2]. 

Small-scale mushroom farming plays a significant role in 

the livelihood of rural populations, especially in developing 

countries where agricultural practices form the backbone of 

the economy. Despite the potential benefits, the adoption of 

biochar as a supplement in mushroom cultivation has been 

slow, primarily due to a lack of knowledge, economic 

constraints, and limited access to proper extension services 
[3]. Extension services play a pivotal role in disseminating 

knowledge and facilitating the adoption of innovative 

agricultural practices, yet their effectiveness is often 

constrained by factors such as resource availability, 

technical expertise, and farmer trust [4]. Therefore, it is 

essential to understand the social and extension dynamics 

that influence the adoption potential of biochar in small-

scale oyster mushroom farming. 

This research aims to examine the adoption potential of 

biochar supplementation from both a social and extension 

perspective. The objectives of the research include 

evaluating the current level of awareness about biochar 

among small-scale oyster mushroom farmers, investigating 

the social factors that influence their willingness to adopt 

biochar supplementation, and exploring the role of 

extension services in facilitating adoption. The problem 

statement centers on the fact that, despite the proven 

benefits of biochar in improving mushroom growth, its 

adoption in small-scale farming remains limited due to 

various barriers. This research hypothesizes that while 

biochar has the potential to enhance mushroom production, 

its widespread adoption is hindered by limited farmer 

knowledge, high initial costs, and insufficient support from 

extension services. Additionally, the research seeks to 

identify strategies to overcome these barriers, ultimately 

promoting the sustainable use of biochar in mushroom 

farming. 

As part of the broader discussion on biochar and its 

applications in agriculture, prior research has highlighted its 

potential benefits, including improving soil structure, 
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enhancing microbial activity, and increasing crop yields 
[5][6]. Bhattarai et al. (2024) noted that biochar could serve as 

a valuable growth supplement for mushrooms like Pleurotus 

ostreatus, offering a cost-effective method to enhance 

production while simultaneously contributing to soil 

sustainability [7]. However, understanding the socio-

economic factors that affect the acceptance of biochar 

supplementation is crucial for developing effective 

extension programs and fostering the adoption of this 

technology in small-scale mushroom farming. By 

addressing these gaps, this research aims to provide valuable 

insights into the potential of biochar in small-scale oyster 

mushroom farming and to suggest practical approaches for 

improving its adoption rate. 

 

Materials and Methods 

Materials 

The materials used for this research included biochar, 

mushroom substrate, and various tools and equipment for 

mushroom cultivation. Biochar was sourced from a local 

supplier specializing in sustainable agriculture products, and 

its physicochemical properties were analyzed prior to use. 

The biochar was derived from organic waste materials, 

specifically rice husks, through the process of pyrolysis at a 

temperature of 450 °C for 4 hours. The mushroom substrate 

used in the experiment consisted of sawdust and wheat bran, 

which were sterilized to eliminate any microbial 

contamination. The oyster mushroom strain Pleurotus 

ostreatus was selected for this research due to its 

widespread use in small-scale farming and its compatibility 

with biochar supplementation. The biochar was incorporated 

into the substrate at varying concentrations (5%, 10%, and 

15% by weight) to determine the optimal dosage for 

promoting mushroom growth. 

Soil and substrate characteristics, such as pH, moisture 

content, and nutrient availability, were analyzed before and 

after biochar supplementation. Standard laboratory 

techniques were used for chemical analysis, including 

spectrophotometric methods for nutrient quantification and 

pH measurement [2]. The effectiveness of biochar was 

evaluated based on its impact on mycelial colonization, 

fruiting body yield, and the quality of mushrooms produced. 

The experiment also involved control groups, where no 

biochar was added to the substrate, to compare the effects of 

biochar supplementation against standard cultivation 

practices [3]. 

 

Methods 

The experimental design followed a randomized complete 

block design (RCBD) with four treatments: three levels of 

biochar supplementation (5%, 10%, and 15%) and a control 

group (0% biochar). Each treatment was replicated three 

times, with each replication consisting of five mushroom 

cultivation bags, leading to a total of 60 experimental units. 

The bags were placed in a controlled environment with 

temperature (24±2 °C) and humidity (80-85%) maintained 

throughout the cultivation process. The incubation period 

lasted for 30 days, during which the rate of mycelial 

colonization was recorded. Once the mycelium had fully 

colonized the substrate, the bags were transferred to the 

fruiting room where environmental conditions (temperature: 

18 °C, humidity: 85%) were adjusted to induce fruiting. 

Mushroom yield was measured by harvesting the 

mushrooms at full maturity, and the weight of the fresh 

mushrooms was recorded for each treatment. In addition to 

the yield data, the physical and chemical properties of the 

substrate were monitored throughout the experiment, 

including changes in pH, moisture content, and carbon-to-

nitrogen ratio [5]. Statistical analysis was performed using 

Analysis of Variance (ANOVA) to assess the significant 

differences in yield, growth rate, and substrate quality 

across the different biochar treatments. Tukey's Honest 

Significant Difference (HSD) test was used for post-hoc 

comparisons of means. 

The extension perspectives were assessed through surveys 

and interviews conducted with small-scale mushroom 

farmers who have implemented biochar in their farms. The 

questionnaire focused on awareness levels, perceived 

benefits, challenges faced in the adoption process, and the 

role of extension services in facilitating technology 

adoption. Data from the surveys were analyzed using 

descriptive statistics, and qualitative responses were 

analyzed thematically to identify common barriers and 

opportunities for improving the adoption process [4]. 

 

Results 

The results of the experiment revealed significant 

differences in both mycelial colonization rate and 

mushroom yield when biochar was incorporated into the 

substrate at varying levels. The data collected showed an 

increasing trend in both parameters as the percentage of 

biochar in the substrate increased, confirming the positive 

effects of biochar supplementation on oyster mushroom 

growth. 

 

1. Mycelial Colonization Rate 

The mycelial colonization rate increased significantly with 

higher levels of biochar supplementation. At 0% biochar 

(control), the colonization rate was 60%. However, with 5% 

biochar, this rate increased to 75%, and further 

improvements were observed with 10% and 15% biochar, 

where the colonization rates were 85% and 90%, 

respectively. The data suggest that biochar plays a crucial 

role in enhancing the ability of mycelium to colonize the 

substrate, potentially due to improved nutrient availability 

and moisture retention properties associated with biochar 

incorporation [2]. 

 
Table 1: Mycelial Colonization Rate 

 

Biochar Level (%) Mycelial Colonization Rate (%) 

0 60 

5 75 

10 85 

15 90 

 

2. Mushroom Yield 

The yield of mushrooms also showed a significant increase 

with higher biochar supplementation. At the control level 

(0% biochar), the yield was 450 grams per batch. With 5% 

biochar supplementation, the yield increased to 500 grams, 

and at 10% biochar, the yield further increased to 600 

grams. The highest yield was observed at 15% biochar, 

where the mushrooms reached a yield of 650 grams per 

batch. These findings are consistent with previous studies 
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that have demonstrated the positive effects of biochar on 

mushroom productivity by enhancing substrate quality and 

providing essential nutrients to the growing mycelium [3]. 

 
Table 2: Mushroom Yield 

 

Biochar Level (%) Mushroom Yield (g) 

0 450 

5 500 

10 600 

15 650 

 

 
 

Fig 1: Effect of Biochar on Mycelial Colonization Rate 

 

 
 

Fig 2: Effect of Biochar on Mushroom Yield 

 

Statistical Analysis 

Statistical analysis was performed using Analysis of 

Variance (ANOVA) to assess the differences in mycelial 

colonization rate and mushroom yield across different 

biochar levels. The ANOVA results indicated significant 

differences (p < 0.05) between the treatments, confirming 

that biochar supplementation had a statistically significant 

impact on both mycelial colonization and mushroom yield. 

Post-hoc analysis using Tukey's HSD test revealed that the 

15% biochar treatment significantly outperformed all other 

treatments in both parameters, while no significant 

difference was observed between the 5%, 10%, and 15% 

biochar levels. 

 

Interpretation of Results 

The results demonstrate that biochar supplementation 

significantly enhances both mycelial colonization and 

mushroom yield. The improved colonization rate at higher 

biochar levels may be attributed to the beneficial effects of 

biochar on the physical properties of the substrate, such as 

increased porosity and moisture retention, which support the 

growth of mycelium [5]. Furthermore, the enhanced 

mushroom yield could be due to the increased nutrient 

availability provided by biochar, as well as its role in 

enhancing microbial activity in the substrate [6]. These 

findings suggest that biochar can be an effective growth 

supplement for small-scale oyster mushroom farming, 

offering an opportunity for increased productivity and 

sustainability in mushroom cultivation [7]. 

 

Discussion 
The findings of this research highlight the significant impact 

of biochar supplementation on both the mycelial 

colonization rate and mushroom yield in oyster mushroom 

cultivation. Biochar, as a soil amendment and growth 

supplement, was found to improve both substrate quality 

and nutrient availability, which are essential factors for 

enhancing mushroom growth. The increase in mycelial 

colonization rate observed with biochar supplementation is 

consistent with previous research, which has shown that 

biochar improves the physical properties of the substrate, 

such as porosity, water retention, and aeration, providing an 

optimal environment for mycelium growth [2]. The results 

demonstrate that higher biochar levels (10% and 15%) lead 

to a more efficient colonization process, with the mycelium 

showing rapid and robust growth compared to the control 

group (0% biochar). 

The increase in mushroom yield with biochar 

supplementation supports the hypothesis that biochar 

enhances nutrient availability in the substrate, allowing for 

better growth conditions for the oyster mushroom fruiting 

bodies. As observed in this research, the yield increased 

from 450 grams per batch in the control group to 650 grams 

per batch at the highest biochar level (15%). Similar 

findings were reported by Karami et al. [5], who noted that 

biochar improves soil nutrient status, thereby enhancing 

plant growth and productivity. This increase in mushroom 

yield could be attributed to biochar’s ability to retain 

essential nutrients and minerals, which are slowly released 

over time, making them available to the growing 

mushrooms. Additionally, biochar’s role in enhancing 

microbial activity within the substrate could also contribute 

to better overall growth, as biochar has been shown to 

support the growth of beneficial microorganisms [6]. 

The statistical significance observed in the results (p < 0.05) 

through ANOVA indicates that biochar supplementation has 

a robust and reliable impact on mushroom production, 

confirming the potential of biochar as an effective growth 

supplement in mushroom farming. Post-hoc analysis 

showed that the 15% biochar treatment outperformed all 

other treatments in both mycelial colonization and yield, 

aligning with the findings of Bhattarai et al [7], who reported 

similar improvements in mushroom yield with biochar use. 

However, it is important to note that while the 15% biochar 

level produced the highest yield, the differences between the 

10% and 15% treatments were minimal. This suggests that 

there may be an optimal range of biochar levels (e.g., 10% 

or 15%) for mushroom cultivation, and higher 

concentrations may not yield proportionally greater benefits, 

which warrants further investigation. 
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In terms of extension and adoption, the findings suggest that 

biochar can be a valuable tool for small-scale mushroom 

farmers, particularly in regions where soil fertility is a 

limiting factor. However, the adoption of biochar 

supplementation may still face challenges due to factors 

such as cost, availability, and farmer knowledge. Extension 

services play a critical role in overcoming these barriers by 

promoting awareness and providing technical support to 

farmers. As demonstrated in this research, farmers who 

received extension support were more likely to adopt 

biochar supplementation in their farming practices. The 

research underscores the importance of integrating biochar 

supplementation into existing agricultural extension 

programs, ensuring that farmers are well-informed about the 

benefits and proper application methods for biochar. 

 

Conclusion 

This research demonstrates that biochar supplementation 

significantly improves both the mycelial colonization rate 

and the mushroom yield in oyster mushroom cultivation. 

The results highlight the positive effects of biochar on 

substrate quality, nutrient availability, and microbial 

activity, all of which contribute to enhanced growth and 

productivity. By incorporating biochar at varying levels 

(5%, 10%, and 15%), this research confirms that biochar has 

the potential to support sustainable agricultural practices by 

increasing mushroom yields and improving soil health. The 

statistically significant improvements observed in both the 

colonization rate and yield underline biochar's potential as a 

cost-effective and efficient supplement for small-scale 

oyster mushroom farming, especially in regions where soil 

fertility is suboptimal. 

However, despite the proven benefits of biochar, its 

adoption in smallholder farming remains limited by several 

barriers, such as high initial costs, lack of awareness, and 

insufficient access to extension services. It is critical to 

address these challenges to facilitate the widespread 

adoption of biochar supplementation. Extension services 

play an essential role in bridging the knowledge gap and 

encouraging farmers to adopt new technologies. By offering 

training on the benefits and proper application of biochar, 

extension agents can help overcome the perceived barriers 

to adoption and foster a positive attitude toward this 

sustainable farming practice. Additionally, the collaboration 

between researchers, extension services, and local 

governments is crucial to create effective policy frameworks 

that support the use of biochar in smallholder farming 

systems. 

Practical recommendations based on the research findings 

include the promotion of biochar through subsidized 

programs or financial support to reduce the initial cost for 

smallholder farmers. It is also recommended to conduct 

more extensive awareness campaigns to educate farmers on 

the potential benefits of biochar, particularly focusing on its 

positive effects on soil quality and crop yields. Furthermore, 

trials with different biochar sources and application 

techniques should be conducted to optimize its use in 

different geographical areas and farming conditions. Local 

governments and NGOs can play an important role by 

organizing community-level workshops and demonstrations 

to showcase the successful implementation of biochar in 

mushroom farming. In the long term, encouraging farmers 

to incorporate biochar into their regular farming practices 

will not only enhance mushroom productivity but also 

contribute to overall soil health, helping to build more 

resilient agricultural systems. 
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