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ABSTRACT 
Food security is one of the national policies of every country in the world.  By looking at the 
highest nutrients food is one of the major goals.  Mushroom is one of the food production that 
easy to grow and very fast to get the products.  Grey Oyster Mushroom is becoming popular in 
under developed and developing countries especially in Thailand.  It is easy to grow with very 
high nutrients.  There are several types of growing materials and practices which by using          
sawdust as growing materials is one of the most popular practices.  Since the products can be 
produced within 21 days, mycelia stage about 14 days and fruit body stage about 7 days.  Since 
growing Grey Oyster Mushroom is becoming popular it is interesting to assess the CO2 emission 
from the growing cycle.The research has tried to decrease the expenditures by replacing biochar 
in the growing materials which is sawdust.  The biochar can be made by agriculturists from 
biomass or agricultural wastes with very little cost.  The replaced biochar in this experiment are 
10, 20 and 30% of the volume of growing materials.  It is shown that by replacing biochar about 
20% can give highest production.  Size of the cap or fruit body of Grey Oyster Mushroom which 
gives the highest weight is attracting to the consumer.  CO2 emission is measured by using soda 
lime with conventional practices.  It is shown that by not replacing biochar, CO2 is 477.66 g      
C m-2d-1.  In case of replacing biochar 10, 20 and 30% in volume of growing materials the CO2 
emission is 594.24, 747.87 and 555.58 g C m-2d-1 respectively.  From the research, it is shown 
that by replacing biochar in the growing materials can increase the agricultural production but 
the CO2 might increase according to the size of the fresh products. 
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INTRODUCTION 
The Grey Oyster Mushroom Pleurotus sajor-
caju (Fr.) Singers, (GOM), also known as Indian 
mushroom or sajor-caju has been cultivated in 
Thailand since 1975.  The crop is nutritious, 
offering a good source of B vitamins, especially 
niacin and riboflavin, and ranks highest among 
vegetables for protein content.1  Production of 
grey oyster mushrooms has become increasingly 
popular in Thailand, due to its ease of cultivation.  
Several government agencies prepare mushroom 
spawn to offer livelihoods and food security for 
low-income groups in rural areas of the country.  
Such initiatives are consistent with government 
policy to increase national food security by 
encouraging household self-sufficiency.  Gove-
rnment agencies have prioritized mushrooms as 
crops to be grown primarily for household 
consumption, with any surplus sold to local 

markets.  This policy is also in line with the 
“Sufficiency Economy” philosophy initiated by 
His Majesty the King of Thailand.2 Mushrooms 
are easily cultivated on the farm; government 
agencies have given considerable attention to 
promotion and farmer training, as well as in 
provision of mushroom spawn.  Mushrooms 
contain no chlorophyll and are considered as 
saprophytes.  They obtain their nutrition from 
metabolizing non-living organic matter, and 
require high humidity and temperatures around 
25oC for optimal production.1 
Despite government support, production costs 
are increasing due to the continually rising cost 
of the traditional growth medium- rubber wood 
sawdust.  In the search for alternative low-cost 
substrates, researchers are experimenting with 
the use of crop wastes to produce biochar as a 
component in the growth medium. Moreover, in 
the context of climate change and emission of 
Green House Gases (GHG) from agriculture, it is *Author for correspondence 
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pertinent to evaluate GHG emission from the 
GOM production cycle.  

AIMS AND OBJECTIVES 
This study therefore examines the impact of 
biochar incorporation (independent variable) 
on three dependent variables: yield, production 
cost and GHG emissions. 

MATERIAL  AND METHODS 
Experimental sites 
The research experiment was conducted at two 
locations : Huay Sai Royal Initiative 
Development Project in Amphoe Cha-am, and 
Pa-deng Biochar Research Center (PdBRC), 
Tambon Pa-deng, Amphoe Kaeng Krachan, 
Petchaburi Province, Thailand.2-4 These sites are 
situated about 200 and 250 kilometers to the 
South of Bangkok, respectively.  The sites were 
selected because of the popularity of mushroom 
growing in the area.  Due to severe soil 
degradation and annual water shortages,3,4 
several Royal Project Initiatives have been 
established to assist farmers in this area by 
increasing food production, including promotion 
of GOM production by local farmers.  Farmers’ 
own facilities were therefore used to conduct the 
current research; laboratory analysis was also 
done at the sites, with some samples sent to 
Chulalongkorn University for analysis. 
Growing media preparation   
The most widely used growing medium for 
GOM in Thailand is rubber wood sawdust2, 
which was obtained from a local sawmill.   
Because of higher price of rubber wood sawdust, 
the media was set to replace rubber wood 
sawdust by biochar by weight of 10, 20 and 30 
%.  Each treatment was made in 3 replicates.  
Biochar  
Biochar is a fine-grained charcoal that is resistant 
to decomposition.  It is produced by pyrolysis of 
biomass feedstock- typically crop waste.5  The 
properties of biochar depend upon pyrolysis 
temperature and duration.2  Biochar has a high 
pore diameter and a high total pore volume per 
unit mass, and thus has a high water-holding 
capacity.  Since mushroom need abundant water, 
biochar may serve as an ideal partial substitute 
for sawdust as a component in the growing 
media.  The current experiment used biochar  
produced    in    a    locally-designed   retort  at  a  

temperature of 500-600oC2. The biochar prod-
uced was incorporated in the mushroom 
growing media at rates of 0, 10, 20 and 30% 
for the different experimental treatments. 
Soda lime process 
The soda lime process was used to estimate 
CO2 emissions by the mushrooms and growing 
medium.  Soda lime granules consist of a 
mixture of NaOH and Ca(OH)2 with 
approximately 20% absorbed water.  Water is 
required for the chemical reaction with CO2 to 
form Na2CO3 and CaCO3. Carbonate formation 
is reflected by a gain in mass of the granules.  
The increase in mass of the soda lime was 
measured for oven-dried granules, to remove 
inaccuracy due to any differences in initial 
water content in each batch of soda lime, and 
due to water absorption during exposure.6  
50g. batches of moist soda lime were weighed 
into dishes, then oven-dried at 1050C for about 
14 hours and then re-weighed. At the 
experimental site, each batch of soda lime was 
then rewetted with 8 ml of water applied as a 
spray and placed in the oven-dried at 1050C.  
After 24 hrs in the chamber, the soda lime was 
collected and measured as a daily emission 
value, expressed in grams of C m-2day-1. CO2 
emission was calculated by the method of 
TIEE6, according to the following equation: 
Calculate the mg of soil CO2 absorbed by the 
soda lime in each chamber: 
Change  in  Mass of  Blank (g) =  Mb  =  (Final 
mass of blank – Initial mass of blank) 
Soil   CO2 absorbed (g)  =  Final  mass – Initial 
mass – Mb 
Calculate the CO2 Emission Rate (E) for each 
chamber : 
Ac = Area of ground covered by chamber (m2) 
E (g CO2 m-2 d-1) = (Soil CO2 absorbed * 1.69) 
/ Ac / Days of incubation 
[The 1.69 in the equation above is used to 
correct for the water molecule that is lost when 
a molecule of CO2 is adsorbed.] 

RESULTS AND DISCUSSION 
Each treatment was made in 3 replicates.  To 
corroborate the accuracy of the soda lime 
method, CO2 emissions were also measured 
using a CO2 detection meter. The measure-
ments of CO2 emissions using the two methods  
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(soda lime process and CO2 detector meter) were 
not significantly different.  Fig. 1 shows average 
weight of fresh GOM fruiting bodies produced 
from growing materials containing 10, 20 or 30% 
biochar, compared with 100% sawdust medium.  
Average production of fresh GOM for the above 
treatments was 16.22, 28.08, 18.32 and 9.24 
grams, respectively. Using the soda lime process 

and the equation of TIEE6 for the mycelial stage 
for the 10, 20 30% of biochar replacement and 
100% sawdust media, CO2 emissions were 
calculated at 634.74, 917.08, 677.76 and 535.62  
g C m-2 d-1.  At the average per day for the first 
three days of the fruiting body stage, CO2 emiss-
ions were calculated at 526.75, 465.86, 351.96 
and 381.05 g C m-2 d-1, respectively (Fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 :  Weight of Grey Oyster Mushroom produced by using 100% sawdust, 10, 20 and 30% 
of biochar replacement 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 :  Comparing CO2 emission between mycelia and fruit body stage 

Fig. 3 shows carbon emissions for the whole 
life cycle of the fresh GOM (about 3 days) for 
each treatment; CO2 emissions were calculated 
at 1,580.24, 1,397.57, 1,055.87 and 1,143.16 g 
C m-2, respectively.  During the mycelial stage 
(about 5 days), CO2 emissions were calculated 
at 3,173.69, 4,585.39, 3,388.78 and 2,678.10   

g C m-2, respectively. During the whole GOM 
life cycle, total CO2 emissions were calculated 
at 4,753.93, 5,982.96 ,4,444.65 and 3,821.26 g 
C m-2 (Fig. 4). Translated into daily averages, 
carbon emissions from cultivation of the GOM 
in sample plots were 594.24 ,747.87 ,555.58 
and 477.66 g C m-2, respectively (Fig. 5). 
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Fig.  3 :  Compare the CO2 emission during mycelia and fruit body stages 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  4 :  Total CO2 emission from Grey Oyster Mushrooms 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 :  Total CO2 emission per day of Grey Oyster Mushroom 
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When comparing carbon emissions of GOM 
cultivated in the different media, the results are 
as shown in Fig. 6 CO2 emissions were 
calculated at 293.03, 213.10, 242.65 and 
413.44 g C m-2, respectively.  These findings 
indicate that biochar from biomass can be used 
as a partial substitute for sawdust in the growth 

medium, in the range of about 15 to 25% by 
weight.  It was also shown that the growth 
medium containing 20% biochar produced the 
highest level of production of fruiting bodies.  
At the same time, CO2 emissions in this 
treatment are slightly higher than for other 
incorporation rates.  Fig. 7 shows the total rate

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 :  CO2 emission per weight of Grey Oyster Mushroom 

of CO2 emission per weight of GOM by using 
TIEE6 equation which sample of 10, 20 30% 
biochar replacements and 100% sawdust are 
1,074.43, 781.37, 889.73 and 1,515.93 g CO2    
m-2, respectively. Taken together, Fig. 6 and Fig. 
7 indicate that the growing medium containing 

20% biochar produces lower levels of total CO2 
emissions per gram of production than a 100% 
sawdust medium.  Moreover, substituting 20% 
biochar in the growing medium reduces 
production costs, which is an important factor for 
resource-poor farmers.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 :  Total CO2 emission rate from Grey Oyster Mushroom from different samples 

CONCLUSION 
The increasing popularity of cultivation of 
GOM  in  developing  countries  highlights  the 
importance of efforts to reduce production costs  

and establish production systems that are 
appropriate and sustainable for small farmers.  It 
is equally important that such also very important 
to reduce the source of the GHG which CO2 is  
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one of the GHG that has such systems are 
developed considering the need to minimize 
overall GHG emissions. This research offers 
evidence that the use of appropriate growth 
media such as biomass or crop wastes to produce 
biochar offers one route to lowering total CO2 
emissions at the system level.   
The results are relevant to efforts to maximize 
food production whilst reducing costs and CO2 
emissions from agriculture.  Further research is 
nevertheless needed to corroborate and build 
upon the evidence presented, and to identify 
appropriate locally-available materials to use 
as ‘climate-friendly’ growth media.  
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