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Abstract 

Volvariella volvacea has long been cultivated by farmers, but there are still some 

limitations to producing high-yielding V. volvacea. Several factors can lead to low yields, 

including poor substrate utilization and inadequate technology. Therefore, many attempts 

have been made over the years to improve the biological efficiency of the crop using 

various approaches. In this review, the existing technologies for yield improvement in V. 

volvacea production are discussed. This paper also elaborates the current practice 

including spawn improvement method and cultivation strategy. The smart mushroom 

house technology equipped with Internet of Things is also presented. 

1.  Introduction 

Volvariella volvacea or paddy straw mushroom from 

the Pluteaceae family, is typically found in tropical 

countries that offer warm temperatures year-round. It is 

known for its benefits as a highly nutritious and 

medicinal edible mushroom (Chakravarty, 2011). It is 

known that V. volvacea was first cultivated in China and 

thus is often referred to as Chinese mushroom (Ahlawat 

and Tewari, 2007). Since then, it has been introduced to 

other countries where it is continuously cultivated and 

researched. Today, Asian countries are the largest 

producers of the mushroom industry, led by China (Yoo 

et al., 2016). In India, V. volvacea is one of the four 

mushrooms grown year-round (Gupta et al., 2016). 

Mushroom production has also been steadily increasing 

in Malaysia since 2007 due to abundant crop residues 

that can be used for mushroom cultivation (Rosmiza et 

al., 2016). Indonesia, which exports about 5600 tonnes 

of V. volvacea annually, holds 3.09% of the world 

production of V. volvacea (Sumiati and Djuariah, 2007). 

In Thailand, V. volvacea is locally known as hed-fang 

and is commercially grown and sold to consumers 

(Srikram and Supapvanich, 2016). 

 Favourable conditions such as high temperatures 

and high carbon and nitrogen concentrations (C/N ratio) 

are required for optimal growth conditions of V. 

volvacea (Zervakis et al., 2001; Diamantopoulou et al., 

2016). Depending on the location and climate, V. 

volvacea is cultivated either outdoors or indoors. The 

type of substrates used for the cultivation of V. volvacea 

in a given country is mainly influenced by the number of 

available free resources. For example, farmers in India 

use paddy straw as a substrate for V. volvacea but water 

hyacinth has been found to be the best substrate for V. 

volvacea in Thailand (Chaisaena et al., 2012; Biswas, 

2014). Malaysia and Indonesia, on the other hand, are 

continuously investigating the potential use of substrate 

from empty fruit bunches (Triyono et al., 2019; Bakce et 

al., 2019; Umor et al., 2021). Therefore, enrichment of 

substrates by different types of supplements is one of the 

most effective methods to improve fungal yield. 

 Apart from that, irradiation and genetic 

modification are one of the strategies proposed by 

researchers to produce high-yielding V. volvacea spawn, 

albeit there are few studies on it. The application of the 
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Internet of Things (IoT) and smart mushroom house is 

also a major advancement in the mushroom cultivation 

industry. IoT uses advanced technologies and electronic 

devices to create an environment suitable for V. volvacea 

and makes it easier for the farmer to monitor the process. 

 This paper discusses the advantages and 

disadvantages of technologies currently used in V. 

volvacea cultivation. In addition, the improvement of 

spawn and the latest cultivation methods of V. volvacea 

for high yields are highlighted. 

1.1 Benefits of Volvariella volvacea 

Volvariella volvacea is sought after because of the 

various benefits that the mushroom provides. As shown 

in Table 1, V. volvacea has relatively high carbohydrate 

and protein content but low fat and ash content, which is 

considered highly nutritious for consumption (Singh et 

al., 2020). It has also been found that V. volvacea has 

many medicinal properties and acts as an antioxidant 

(Sudha et al., 2008; Ramkumar et al., 2012). 

Antioxidants reduce the amount of oxygen free radicals 

that are harmful to the human body (Gülçin, 2012). 

Another valuable property of V. volvacea is that it has 

great potential as an active ingredient in cancer 

medicine. This is based on the evidence of the protein 

content in V. volvacea that can induce apoptosis of 

cancer cells and the antitumor property of the branched β

-D-glucans of the fruiting body of V. volvacea (Misaki et 

al., 1986; Wu et al., 2011). A novel lectin successfully 

purified from V. volvacea has been shown to increase the 

expression of some immunomodulatory proteins 

essential for lymphocyte proliferation (She et al., 1998; 

Sze et al., 2004). 

2. Growth medium  

The type of substrate the farmer uses for mushroom 

cultivation depends on the availability and accessibility 

of the feedstock. They are also selected based on the 

effects of the substrate on the productivity of the 

mushroom spawn and fruiting body (Philippoussis et al., 

2000; Yue and Qing, 2011). In addition, the nutrient 

content of the fungal fruiting body can also be attributed 

to the type of substrate used (Haq et al., 2011). Some 

examples of agricultural wastes used as substrate and 

their biological efficiency are shown in Table 2. 

3.    Current existing cultivation technology 

V. volvacea is quite easy to maintain and requires 

only a short period of time to grow, usually between 4 

and 5 weeks (Ahlawat and Tewari, 2007). Unfortunately, 

a major disadvantage of the conventional cultivation 

method is the low yield of V. volvacea. To date, 

numerous studies have been conducted to increase the 

yield of V. volvacea. The strengths, weaknesses, and 

proposed measures of each strategy are summarized in 

Table 3. Figure 1 shows an example of outdoor and 

Parameter (%) 

Cotton Waste  
Banana 
Leaves 

Sugarcane 
bagasses 

Empty Fruit 
Bunch 

Paddy Straw  

Zikriyani et 
al. (2018) 

Haq et al. 
(2011) 

Zikriyani et 
al. (2018) 

Haq et al. 
(2011) 

Zikriyani et 
al. (2018) 

Haq et al. 
(2011) 

Triyono et 
al. (2019) 

Moisture 90.49±1.43  89.80±0.10 91.25±0.85 89.50±0.20 91.40±0.17 86.00 90.10±0.24 

Ash Content 1.08±0.03  2.50±0.20 0.92±0.07 10.80 0.76±0.04 1.00±0.20 9.42±0.57  

Protein 4.69±1.03 28.57 3.51±0.40 34.17 2.62±0.16 30.51 33.47±3.08  

Total Fat 0.00±0.00 NA 0.07±0.12 NA 0.12±0.16 NA 3.71±0.50  

Fibre Content NA 7.88 NA 11.90 NA 7.22 7.74±0.76  

Carbohydrate 3.74±0.37 NA 4.26±0.84 NA 5.11±0.21 NA 45.66±3.19 

     Table 1. Proximate analysis of Volvariella volvacea cultivated on different types of substrates. 

Type of Substrate 
Biological Efficiency 

(%) 
References 

Paddy straw 12.30 
Banik and 

Nandi (2000) 

Banana leaf 15.21 
Belewu and 

Belewu 
(2005) 

Cotton waste 17.69 
Zikriyani et 
al. (2018) 

Empty fruit bunch 
pellet 

28.00 
Umor et al. 

(2021) 

Empty fruit bunch 
(whole stalk) 

3.60±1.22 
Triyono et al. 

(2019) 

Sawdust 18.46 
Ajikah et al. 

(2019) 

Pea straw 14.16 Maurya et al. 
(2016) Wheat straw 11.32 

Ear mushroom 
waste 

17.52±0.80 
Sao et al. 

(2014) Lingzhi mushroom 
waste 

21.21±0.74 

Water hyacinth 8.70±0.35 
Thiribhuvana-

mala et al. 
(2012) 

Sugarcane trash 13.20±0.26 

Maize Stubbles/
trash 

10.00±0.40 

Table 2. Biological efficiency of Volvariella volvacea  
cultivated on different substrates. 
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indoor cultivation of V. volvacea. 

3.1 Outdoor cultivation method 

Outdoor cultivation is usually done on multiple beds 

consisting of selected substrate such as empty fruit bunch 

or paddy straw within a shaded area (Ahlawat and 

Tewari, 2007; Kamaliah et al., 2022). Because this 

method is influenced by natural microclimate, it has a 

wide range of sites including the cropping system and 

agroforestry systems (Thiribuvanamala et al., 2021; 

Kamaliah et al., 2022). This method is advantageous 

since it is less expensive and is easier to set up.  

3.2 Indoor cultivation method  

Unlike outdoor cultivation, indoor cultivation 

requires an enclosed space and vertical storage racks. 

This cultivation strategy attempts to optimize the use of 

land that has limited space or area (Thiribhuvanamala et 

al., 2012). The initial cost of indoor cultivation is 

relatively higher than outdoor cultivation due to the cost 

of materials and labor to build the mushroom house. 

However, the net profit of indoor cultivation is usually 

higher because the production of V. volvacea is constant 

(Thuc et al., 2020). Since indoor cultivation guarantees 

the stability of ambient temperature and humidity, the 

production of V. volvacea can be continuous regardless 

of climate changes such as cloudy weather or rainy 

season (Karsid et al., 2015). Finally, the controlled 

environment of indoor cultivation also serves as a 

protection against mold infection, thus reducing 

contamination (Bisoyi et al., 2021). 

Cultivation Technology Strength Weakness Measures to Overcome References 

Conventional outdoor 
cultivation method 

Low production cost 
with good returns 

Require large suitable 
spaces and yield 

production depends on 
natural climate 

Use high yield V. 
volvacea strain and 

utilize V. volvacea as 
intercrop 

Thiribhuvanama
la et al. (2021) 

Indoor cultivation 
method using wooden 
crates and polythene 
house 

Able to maintain stable 
temperature and 
relative humidity 

Additional cost for 
mushroom house 

construction was required 
and thus increase the 

initial cost of mushroom 
cultivation.  

Use of quality low-cost 
material for mushroom 

house production to 
reduce cost 

Reyes (2000); 
Rajapakse 

(2011); 
Thiribhuvanama
la et al. (2012) 

Supplementation of 
substrate with organic 
substance 

Organic substance 
such as red gram 

powder was proven to 
increase mushroom 
yield and biological 

efficiency 

Some organic substance 
can have an adverse 
effect on mushroom 
cultivation including 

lower yield and 
biological efficiency and 
increase vulnerability to 

contamination. 

Pre-analysis of the 
organic substances 
should be done to 

avoid harmful effect 

Biswas and 
Layak (2014) 

Supplementation of 
paddy straw with biogas 
residual slurry manure 

Increase mushroom 
yield, protein content 

and essential minerals. 

The increase in mineral 
caused by 

supplementation is not 
consistent 

Can be utilized as 
additional option 

Banik and 
Nandi (2000) 

Mushroom cultivation 
using micronutrients 
combination as booster 
during pinhead 
formation on substrate 

Increase mushroom 
yield, biological 

efficiency and produce 
sturdier fruiting bodies 

The concentrations of 
each micronutrient must 
be accurately measured 

and tested for the positive 
effect of the booster to 

take place 
  

Can be utilized as 
additional option 

Thiribhuvanama
la et al. (2012) 

Cultivation using 
different substrate 
combination 

Combination such as 
banana pseudo stem 

and paddy straw 
increase mushroom 
yield and biological 

efficiency compared to 
one-type substrate 

method 

Some combination could 
result in even lower yield 
and biological efficiency 

compared to one-type 
substrate method 

Meticulous selection 
of substrate is required 

Biswas and 
Layak (2014) 

  
  
  

Table 3. Strength, weakness, and measures to overcome of Volvariella volvacea cultivation technology. 

     Figure 1. Cultivation of Volvariella  volvacea in outdoor 
cultivation on EFB substrate and indoor cultivation in mush-

room house. 
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4.   Postharvest management 

Another important part of mushroom cultivation is 

the management and storage of mushrooms after harvest. 

Improper preservation of V. volvacea may result in 

deterioration of the quality and physical characteristics 

of the mushroom. As a result, the value of the mushroom 

may also decrease due to the reduction in quality (Minh 

and Hang, 2019).  

The most common method for postharvest treatment 

is refrigeration (Higgins et al., 2017). In addition, the 

mushroom can also be preserved by freezing, drying, 

pickling, discrete packaging, application of an edible 

coating, and carbon dioxide treatment (Wakchaure, 

2011; Jamjumroon et al., 2012; Sakinah et al., 2019; 

Minh and Hang, 2019). Proper packaging using low 

density polyethylene (LDPE), controlled atmosphere 

packaging (CAP) or modified atmosphere packaging 

(MAP) is essential to maintain the quality of mushrooms 

(Wakchaure, 2011; Sakinah et al., 2019). This is because 

good packaging protects the harvested mushroom from 

dirt and foreign matter during transportation between 

different locations. However, MAP packaging is 

preferable to standard LDPE packaging because the low 

oxygen content in the packaging effectively improves the 

shelf life of V. volvacea (Wakchaure, 2011). 

Another approach to preserve the quality of V. 

volvacea is to apply an edible coating to the outer part of 

the mushroom. Several organic materials can be used as 

coating materials for V. volvacea, including chitosan, 

carboxymethylcellulose, sodium alginate, and modified 

starch. This strategy is excellent for preserving the 

quality of V. volvacea during storage. It has significant 

effects on various parameters, especially moisture 

retention and visual characteristics of V. volvacea (Minh 

and Hang, 2019). Loss of quality in V. volvacea can be 

detected by the browning of the mushroom cap. The 

browning is related to water loss and polyphenol oxidase 

(PPO) enzymatic activity.  

Treatment with carbon dioxide (CO2) before or 

during storage has been identified as a key solution to 

combat the browning problem and further extend the 

shelf life of V. volvacea after harvest (Jamjumroon et al., 

2012). Other alternatives such as preservation, drying, 

pickling, and steep preservation are generally used for 

long-term storage (Rai and Arumuganathan, 2008). 

Although these methods do not preserve the original 

form of the mushroom, V. volvacea can be stored longer 

in these ways compared to fresh mushrooms. 

5. Improved method for Volvariella volvacea 
production 

A common method for improving the yield of 

Volvariella volvacea is to improve the mushroom spawn. 

Mushroom spawn is referred to as "seed" in mushroom 

cultivation. To obtain a high yield of V. volvacea, good 

quality mushroom spawn is required. Therefore, the 

selection of the V. volvacea strain used is critical to 

ensure that the mushroom spawn is of the highest 

quality. Fast-growing V. volvacea strains have been 

reported to have better mycelial growth performance 

compared to normal strains and have higher enzymatic 

activity, which is essential for fruiting body development 

(Ahlawat et al., 2008). Other strategies that can be used 

to improve yield include irradiation, genetic and 

molecular modification, and substrate enrichment. The 

incorporation of modern technologies such as the 

Internet of Things is also currently being practiced in 

mushroom cultivation as a means of data collection.  

5.1 Irradiation 

Gamma or ultraviolet (UV) irradiation of foods is 

commonly used to extend the shelf life of mushrooms 

after harvest and to preserve their quality during storage 

(Fernandes et al., 2012). Similarly, irradiation may have 

beneficial effects on V. volvacea. For example, gamma 

irradiation can improve the colour and texture of the 

mushroom in fresh V. volvacea, while UV irradiation can 

increase the content of vitamin D2 in V. volvacea (Nayga

-Mercado and Alabastro, 1989; Mau et al., 1998). In 

contrast, to achieve high yield and biological efficiency 

of V. volvacea, the mycelia of V. volvacea were treated 

with gamma and UV irradiation instead of fresh 

mushroom (Sermkiattipong and Charoen, 2014; 

Bangyeekhun et al., 2020). Interestingly, cultivation of 

V. volvacea on gamma-irradiated substrates can also 

increase the yield of V. volvacea (Darmawi and Suwadji, 

1998). 

5.2 Genetic and molecular modification 

Genetic modification using molecular methods has 

become increasingly popular recently. Fruiting bodies of 

V. volvacea is sensitive towards temperatures changes, 

which could be a problem during storage because 

refrigeration can affect the quality of the mushroom. The 

development of a new V. volvacea strain resistant to low 

temperatures is one of the solutions to this problem 

(Zhao et al., 2020). Breeding a cold-tolerant strain of V. 

volvacea can be done by chemical mutagenesis or 

protoplast fusion with other fungal species (Liu et al., 

2011; He et al., 2018). Another strategy is to study the 

direct effects of specific genes on V. volvacea growth. 

For example, introducing a cellulase gene into the 

mycelium of V. volvacea using the plasmid 

transformation method can enhance the hydrolysis of 

cellulosic materials in V. volvacea and subsequently 

increase fungal yield and biological efficiency (Zhao et 

al., 2010). Similarly, exogenous introduction of the 

trehalose gene during cultivation of V. volvacea can also 

improve fruiting body quality (Zhao et al., 2018). 
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5.3 Enrichment of substrate 

The substrate is an important component in the 

cultivation of V. volvacea. As mentioned earlier, there 

are quite a number of raw materials that can be used as 

substrates. In addition, most of the studies listed in Table 

3 attempted to improve the production capability of these 

substrates by using boosters. For example, 

Thiribuvanamala et al. (2012) formulated a booster by 

mixing several micronutrients together and investigated 

the effect of the booster on paddy straw substrate. 

Ultimately, the micronutrient-enriched substrate actually 

resulted in higher yields compared to the non-enriched 

substrate. Another example is a study by Biswas and 

Layak (2014), in which all supplements except mustard 

cake showed higher biological efficiency than non-

supplemented paddy straw substrate. An interesting 

study conducted by Payapanon et al. (2011) used two 

bacterial strains, Paenibacillus polymyxa and Bacillus 

subtilis, as supplements. The results of their study proved 

that the supplemented rice straw compost had a 

significantly higher yield than the non-supplemented 

substrate. 

5.4 Internet of things (IOT) and smart mushroom house 

Unpredictable weather conditions are a major 

problem in the cultivation of V. volvacea, as the fungus 

requires optimal temperature and humidity to achieve 

satisfactory results (Rajapakse, 2011). Currently, indoor 

cultivation with a controlled environment based on 

fungal house adaptation and remote sensing monitoring 

system is an effective method to solve this problem 

(Chen et al., 2022). An IoT-based system used in a smart 

mushroom house includes various technologies to 

connect physical devices to a wireless network to 

transmit data to the end user (Hu et al., 2021). IoT 

implementation offers a wide range of benefits for 

mushroom cultivation, ranging from remote access to 

data and automatic control to labour and cost reduction. 

Table 4 shows all the studies on implementation of IoT-

based system in an actual mushroom house. On average, 

remote sensing and automatic control are the most 

Mushroom 
Species 

Technology Used 
Parameter and 
System Tested 

Findings Limitation References 

Pleurotus 
Ostreatus 

  

Arduino, Thingspeak 
platform, 

Temperature, 
humidity 

Remote sensing, 
automated system control 

Further experiment 
required 

Islahudin et 
al. (2022) 

NodeMCU, Arduino 
Nano V.3, Blynk 

application 

Temperature, 
humidity 

Remote sensing, dual 
control system 

(automated and manual), 
less labour  

Not suitable for small 
mushroom farm due to 

additional cost 

Bunluewon
g (2021) 

Node MCU, 
Arduino, Blynk 

application 

Temperature, 
humidity, light 

intensity, carbon 
dioxide 

Remote sensing 
Further experiment 

required 
Zainol et al. 

(2021) 

Ganoderma 
Lingzhi 

NodeMCU, 
NETPIE, LINE 

application, 
Andromo application 

Humidity 
Cost-effective, precise 

parameter measurement, 
long term data storage  

Require stable internet 
connection 

Boonchieng 
et al. (2018) 

Lentinula 
edodes 

Wireless sensor 
network (WSN) 

Temperature, 
humidity, 

carbon dioxide 

Increased mushroom 
yield, Improved 

mushroom quality, 
optimized usage of 

resources  

Require stable internet 
connection 

Kassim et 
al. (2019) 

Unspecified 
  

Arduino IDE, 
ThingSpeak platform 

Temperature, 
humidity, 

carbon dioxide 

Remote sensing, 
automated system control  

Require stable internet 
connection 

Mahmud et 
al. (2018) 

Microcontroller, 
MQTT node and 
server, android 

application, SMS 

Temperature, 
humidity, 

moisture, carbon 
dioxide 

Remote sensing, 
automated system control, 

Increased mushroom 
yield 

Longer time period of 
testing required 

Raja et al. 
(2018) 

Table 4. Implementation of IoT-based system in the mushroom house. 

Figure 2. An illustrated diagram of IoT implementation in a 
mushroom house (Mohammed et al., 2018). 
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applicable aspects of the IoT-based system. Although 

there is no data for IoT-based technology implemented 

for V. volvacea cultivation, it is expected the use of this 

method will boost the yield of the mushroom. Figure 2 

shows an example of IoT implementation in a mushroom 

house. 

6. Conclusion 

Volvariella volvacea, although a popular and highly 

commercialized mushroom, produces low yields 

compared to other species. In this paper, different 

strategies which contribute to the improvement of yield 

and biological efficiency of V. volvacea were compiled 

including spawn improvement and modern cultivation 

technologies. Considering temperature stability, low 

contamination risk and space optimization, indoor 

cultivation is a more reasonable choice for V. volvacea 

cultivation compared to outdoor cultivation methods. 

Despite the limited data available for reference, 

irradiation with gamma rays or ultraviolet rays is another 

promising method to increase the yield of V. volvacea. In 

addition, genetic and molecular modification techniques 

are very effective in developing high quality V. volvacea 

strains. The use of micronutrients or organic matter as a 

booster in the substrate is the most reliable method to 

increase the yield and biological efficiency of V. 

volvacea. In the near future, the application of a smart 

mushroom house equipped with IoT technology will 

benefit the cultivation of V. volvacea by allowing better 

control of parameters. All the strategies discussed are 

essential to achieving the United Nations vision for 

indicators 2 and 12 of the Sustainable Development Goal 

2030, that is zero hunger and responsible consumption 

and production. 
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