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Abstract 

Edible fungi possess high nutritional and medicinal values, and are playing an increasingly 

important role in promoting human health worldwide. Since 2000, China has become the world's 

largest producer and consumer of edible fungi. Based on comprehensive data on the edible fungi 

industry in China since 2014, as well as related scientific literature, we present an overview of the 

edible fungi industry in China in the recent decade and analyze developing trends. In recent years, 

the rapid development of cultivation and breeding technologies has driven high output and quality 

production of edible fungi. According to the data from the China Edible Fungi Association and the 

Food and Agriculture Organization of the United Nations, the total edible fungi production value in 

China increased from 225.81 billion RMB (33.95 billion USD) in 2014 to 388.72 billion RMB 
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(47.17 billion USD) in 2022, and the global mushroom market size is 53.94 billion USD in 2022, 

thus the Chinese mushroom market accounting for 87.45% of the global annual production value. 

Our linear regression analysis predicts that this trend will continue, and Chinaôs edible fungi 

production value is expected to increase to 527.39 billion RMB by 2030. These developments 

position edible fungi as a strategic component for global food security and climate-resilient 

agriculture, given their efficient resource utilization and adaptability. 

In China numerous species have been successfully domesticated with widespread cultivation, 

24 species with rapidly expanding production since 2014 are introduced, including Auricularia spp., 

Coprinus comatus, Cordyceps militaris, Cyclocybe cylindracea complex, Ophiocordyceps sinensis, 

Ganoderma spp., Grifola frondosa, Hericium spp., Hymenopellis raphanipes, Lentinula edodes, 

Lyophyllum decastes, Morchella spp., Naematelia aurantialba complex, Phallus spp., Phlebopus 

portentosus, Pholiota microspora, Pleurotus spp., Sanghuangporus spp., Schizophyllum 

commune, Sparassis latifolia, Stropharia rugosoannulata, Tremella fuciformis, Volvariella 

volvacea and Wolfiporia hoelen. The various cultivated species and geographical conditions make 

the production model of edible fungi highly diversified. This has resulted in the transition from 

scattered household cultivation to cooperative production involving "Company + Farmer" coupled 

with the development of large-scale industrialized cultivation. Parallel advancements in processing 

technologies have been evident, as evidenced by the proliferation of commercial products; 

processed mushroom products have become increasingly common in the market. Bibliometric 

analysis of recent research (2014-2023) reveals accelerated innovation of edible fungi in four 

domains: genetic breeding, cultivation technology, bioactive components, and processing. A shift of 

the global innovation centre for edible fungi towards China is evident.  
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INTRODUCTION  

Edible fungi, which are rich in vitamins, minerals, dietary fiber, and bioactive 

polysaccharides, with low fat and calorie content, and superior protein quality, have become a 

preferred choice for promoting human health (Wang & Zhao 2023). With the continuous 

improvement of scientific research and the increase in living standards, awareness of edible fungi 

has been steadily rising (Bao & Tan 2024). As a crucial component of the recommended "one meat, 

one vegetable, one mushroom" tripartite human health dietary structure by the World Health 

Organization and the Food and Agriculture Organization (Zhao 2023), the consumption of edible 

fungi has been steadily increasing, contributing to the continuous growth of global trade in edible 

fungi. 

China is one of the earliest countries to recognize and utilize edible fungi. Over 2,000 years 

ago during the Eastern Han Dynasty, the first complete pharmacological work in China, ñDivine 

Farmerôs Classic of Materia Medicaò (Shennong Ben Cao Jing) (Fig. 1a), detailed the medicinal 
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properties of fungi such as Ganoderma spp. and Wolfiporia hoelen (Fr.) Y.C. Dai & V. Papp. In the 

Ming Dynasty, Li Shizhen documented the medicinal value of 32 types of fungi in "The 

Compendium of Materia Medica (Ben Cao Gang Mu)", such as Lentinula edodes (Berk.) Pegler 

(also known as shiitake mushroom), W. hoelen, Auricularia spp. The cultivation of edible fungi 

began around the year 600, with the earliest recorded being Flammulina filiformis (Z.W. Ge et al.) 

P.M. Wang et al. (also known as enoki mushroom) [during the Tang Dynasty in the book "Outline 

of the Four Seasons (Si Shi Zuan Yao)"] (Fig. 1b), and then Auricularia heimuer F. Wu, B.K. Cui, 

Y.C. Dai (7th century), Len. edodes (800 years ago), Volvariella volvacea (Bull.) Singer [1822 in 

"General Records of Guangdong (Guangdong Tong Zhi)"] (Fig. 1c), and Tremella fuciformis Berk. 

(1865) (Zhang et al. 2015, Wu et al. 2020b), but all heavily relied on the natural conditions. 

 

 

 

Figure 1 ï Ancient Chinese texts recording edible fungi. a The Compendium of Materia Medica 

(Ben Cao Gang Mu). (Image from the web page: 

https://k.sina.com.cn/article_6526536805_185030c6500100da9t.html). b Outline of the Four 

Seasons (Si Shi Zuan Yao). (Image from the web page: 

https://www.diancang.xyz/xueshuzaji/sishizuanyao/). c General Records of Guangdong 

(Guangdong Tong Zhi). (Image from the web page: 

https://baike.baidu.com/item/%E5%B9%BF%E4%B8%9C%E9%80%9A%E5%BF%97/3494711). 

 

The industrial development of edible fungi began in the mid-20th century in Western countries 

(Kapahi 2018, Svanberg & Lindh 2019, Tan 2024). The Netherlands pioneered the factory-based 

production of Agaricus bisporus (J.E. Lange) Imbach (also known as button mushroom), followed 

by the promotion of similar practices in European and American countries (Royse et al. 2017). In 

the 1960s, Japan adopted factory-based cultivation for wood-rotting mushrooms, represented by the 

white F. filiformis, developed technologies for F. filiformis, Grifola frondosa (Dicks.) Gray, 

Hypsizygus marmoreus (Peck) H.E. Bigelow, Pholiota microspora (Berk.) Sacc., Pleurotus eryngii 

(DC.) Quél. and others that suited Asian dietary habits (Mori 1987, Tan 2024). Subsequently, South 

Korea and Taiwan area of China also replaced traditional methods with factory cultivation, and 

mainland China began importing factory production lines (Bao et al. 2022b, Tan 2024). By the late 

1980s, the edible fungi industry in Asia, especially in China, experienced rapid growth, with 

China's share of global edible fungi production continually increasing (Fig. 1). In the 21st century, 

China's edible fungi production increased by 204.36% from 1999 to 2000, accounting for 75.67% of 

the world's annual production (Fig. 1). The global edible fungi market rapidly shifted towards 

China. In terms of the species of edible fungi, there are 2,189 edible species globally (Li et al. 

2021a). China reports 1,789 edible fungi, 798 medicinal fungi, and 561 are dual-purpose, serving 

both food and medicinal purposes. In 2018, more than 100 species of edible fungi were successfully 
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domesticated, and approximately 60% of these can be cultivated for commercial purposes in China 

(Kew 2018). In 2023, there are 192 species of edible or medicinal fungi that have been 

domesticated and cultivated in China (Hou et al. 2023). 

In recent years, rapid advancements in China's edible fungi breeding and cultivation 

technologies have driven large-scale, high-quality production in the edible fungi industry, resulting 

in a continuous annual increase in China's edible fungi production (Bao 2021, Tan 2024). 

According to the statistical survey conducted by the China Edible Fungi Association (CEFA) on 28 

provinces, autonomous regions and municipalities across China (CEFA 2021, 2022, 2023, 2024, 

2025), China's edible fungi production reached 43.34 million tons in 2023, with a value of 396.56 

billion RMB (http://bigdata.cefa.org.cn/) (CEFA 2025), making it the fifth-largest agricultural 

planting industry in China after cereals, vegetables, fruit trees, and oil crops (Li 2022). Among the 

categories of edible fungi in China, Len. edodes have the highest production share, followed by Aur. 

heimuer, Pleurotus ostreatus (Jacq.) Quél., Auricularia cornea Ehrenb., F. filiformis, Ple. eryngii, 

and Aga. bisporus (http://bigdata.cefa.org.cn/). Edible fungi have significant advantages and hold a 

prominent position in China's agricultural development, serving as a major source of income for 

rural areas and farmers, as well as a pillar industry in modern agriculture (Li 2018, 2021). The 

development of the edible fungi industry has become a crucial pathway for poverty alleviation in 

rural areas and an integral part of modern agriculture in China (Li 2018, 2021). Additionally, based 

on the health benefits of edible fungi and the advancement of processing technologies, numerous 

processed mushroom products have become increasingly diverse in the Chinese market, creating 

additional value (Bao et al. 2022).  

China's edible fungi industry maintains steady scale expansion, and scientific research 

advances rapidly. However, persistent challenges include rising costs, inconsistent product quality, 

and suboptimal economic returns, which dampen industrial development momentum. The 

translation of scientific achievements into practical applications remains insufficient to meet 

industrial demands. This study presents the first comprehensive analysis of China's edible fungi 

industry, integrating current industrial big data (2014 to 2023), domesticated species, industrial 

cultivation models, and scientific research innovations. We specifically aim to: (1) quantify China's 

evolving dominance in global edible fungi production using validated industry metrics; (2) analyze 

the technological drivers enabling the shift from traditional cultivation to industrialized models; (3) 

identify key innovation trends through bibliometric analysis of recent research. 

 

MATERIALS AND METHODS  

 

Data sources 

The data on China's edible fungi industry, viz. production, value, exports, cultivated species, 

and factory production, are sourced from statistics released by the China Edible Fungi Association 

(CEFA, http://bigdata.cefa.org.cn/) (Table S1). The data of the global edible fungi industry, such as 

production and value of global countries and regions, comes from the Food and Agriculture 

Organization of the United Nations (FAOSTAT. Food and Agriculture Organization of the United 

Nations Statistic. 2024. Database: http://www.fao.org/faostat/en/#data. Accessed 20 Dec 2024) 

(Table S2). 

 

Analytical methods 

Changes of edible fungi production and value in China and the world (1961 to 2023) were 

calculated and visualized using the data from FAOSTAT, including the proportion of Chinese 

production and value in the world, the growth rate of Chinese annual production and value, and the 

http://bigdata.cefa.org.cn/
http://bigdata.cefa.org.cn/
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growth rate of global annual production and value. The current situation of Chinaôs edible fungi 

industry in the past decade (2014 to 2023) and developing trends were analyzed and visualized 

using the data from CEFA, and linear regression was employed to predict the developing trends, 

including production and value of edible fungi in China, species number of common edible fungi in 

China, production of each edible fungi type (bulk species, small-scale cultivated species, rare 

species) in China, the number of edible fungi factories, and the proportion of annual factory 

production. The changes in each species' production from 2014 to 2023 were represented by 

compound annual growth rate (CAGR), standard deviation (SD), mean production, and coefficient 

of variation (CV). 

 

ANALYSIS OF THE EDIBLE FUNGI INDUSTRY IN CHINA  

 

Production and output value of edible fungi in China 

Before the 1970s, the global edible fungi industry was mainly concentrated in developed 

Western countries such as France, Germany, Italy, the Netherlands, the United Kingdom, and the 

United States, with products primarily focused on Aga. bisporus (Tan 2024). During the same 

period, China's edible fungi cultivation was based on a small-scale household production model, 

resulting in a relatively low market share in the world (Fig. 2). According to the mushroom data 

from FAOSTAT (1961 to 2023), by the late 1980s, with the rapid development of edible mushroom 

industry in Asia, China started large-scale cultivation, entering a phase of high-speed growth (Tan 

2024). China's edible fungi production increased by 204.36% from 1999 to 2000, accounting for 

75.67% of the world's annual production; China's value of edible fungi production increased by 

204.87% from 1999 to 2000, accounting for 55.65% of the world's annual value of production 

(Figs. 2,3). China has become the largest producer of edible fungi in the world, and the global 

edible fungi market has accelerated its shift towards China. Since 2014, China's annual edible fungi 

production has exceeded 92.48% of the world's annual production, and China's annual value of 

edible fungi production exceeded 83.68% of the world (Figs. 2,3).  

Over the past decade, the rapid promotion of factory cultivation of edible fungi in China has 

led to a steady increase in total production. China's total edible fungi production increased from 

32.70 million tons in 2014 to 43.34 million tons in 2023, with an increment of 10.64 million tons 

and a growth rate of approximately 32.54% (Fig. 4a). The compound annual growth rate (CAGR) 

over the years is around 3.18%. It is predicted that by 2030, China's edible fungi production will 

further increase to 51.57 million tons (Fig. 4a). 

The total market value of the edible fungi has increased year by year (from 2014 to 2023) 

with the rise in production in China. However, the growth rate is influenced by various factors, 

resulting in considerable fluctuations. China's total edible fungi production value increased from 

225.81 billion RMB in 2014 to 396.56 billion RMB in 2023, with an increment of approximately 

170.75 billion RMB and a growth rate of about 75.62%. The CAGR is approximately 6.46%, 

significantly higher than the growth rate of production (Fig. 4b). It is predicted that China's edible 

fungi production value will increase to 527.39 billion RMB by 2030 (Fig. 4b). Although China is a 

major producer of edible fungi, the vast majority of the edible fungi produced in China are 

consumed domestically, based on customs import and export data, the annual export volume of 

edible fungi in China does not exceed 1.80% of the annual production (Table S1). 
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Figure 2 ï Changes of edible fungi production in China and the world (data from FAOSTAT. Food and Agriculture Organization of the United 

Nations Statistic. 2024. Database: http://.fao.org/faostat/en/#data. Accessed 20 Dec 2024). 
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Figure 3 ï Changes of value of edible fungi production in China and the world (data from FAOSTAT. Food and Agriculture Organization of the 

United Nations Statistic. 2024. Database: http://.fao.org/faostat/en/#data. Accessed 20 Dec 2024). 
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Figure 4 ï Changes and prediction of edible fungi production in China. a Annual production and 

its growth rate of edible fungi in China. b Annual production value and its growth rate of edible 

fungi in China.  

 

Rich edible mushroom species in the Chinese market 

China has a diverse climatic environment and abundant edible fungi resources, allowing for 

the cultivation of various fungi that are adapted to different climates. The earliest cultivation 

records of edible fungi are mostly found in China (Zhang et al. 2015). With technological 

innovations from numerous research institutions, universities, and companies, new cultivation 

techniques and novel species of edible fungi continue to emerge. Currently, there are more than 30 

common species of cultivated edible fungi in China (Fig. 5), and the annual production of 29 

species exceeds 10 thousand tons (Table S1). Over the past decade, the number of edible fungi 

species with a certain cultivation scale has continued to increase (27 to 34), becoming common 

edible fungi in the market, with a CAGR of 2.51%. It is predicted that by 2030, the number of 

common edible fungi in China will increase from the current 34 to 40 (Fig. 6) (Table S1). 

 

Bulk species 

Seven species with an annual production exceeding 1 million tons are referred to as bulk 

species, and they are Aga. bisporus, Aur. cornea, Aur. heimuer, F. filiformis, Len. edodes, Ple. 
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eryngii, and Ple. ostreatus. These bulk species account for over 80% of China's annual edible fungi 

production (Table S1), with a CAGR of approximately 2.92% over the past decade. Lentinula 

edodes is the most productive species in China, and the production has exceeded 10 million tons 

since 2018. Production of Len. edodes, Aur. cornea, Aur. heimuer, Ple. eryngii and Ple. ostreatus 

have maintained stable growth in the recent decade, with CAGR of 1.30% to 7.19%, and with 

coefficient of variation (CV) of the annual production of 7.54% to 23.50% (Table 1, Fig. S1). 

While Aga. bisporus and F. filiformis have slightly decreased, with CAGR of -4.21% and -3.21%, 

and with CV of 29.30% and 11.69% (Table 1, Fig. S1). It is predicted that by 2030, the production 

of bulk species will reach 41.34 million tons (Fig. 7).  

 

Rare species 

Apart from the bulk species, other edible fungi are referred to as rare species (Dong et al. 

2024). They are cultivated or wild edible species, and are increasingly favored by the market, 

becoming a new growth point in the edible fungi industry. Rare species are representing an 

increased proportion of annual edible fungi production from -8.52% in 2015 to 8.12% in 2023, the 

annual production of rare species accounted for 16.91% of China's annual edible fungi production 

in 2014, and it increased to 20.06% in 2023 (Table S1), with a CAGR of approximately 5.15% over 

the past decade. 

There is a significant fluctuation in the CAGR of the recent decade and the CV of annual 

production among rare species. The production of Agaricus subrufescens Peck, Cordyceps militaris 

(L.) Fr., Cyclocybe cylindracea (DC.) Vizzini & Angelini complex, Ganoderma spp.,  

Gri. frondosa, Hericium spp., Hymenopellis raphanipes (Berk.) R.H. Petersen, Hyp. marmoreus, 

Lyophyllum decastes (Fr.) Singer, Morchella spp., Ophiocordyceps sinensis (Berk.) G.H. Sung et 

al. Phallus spp., Phlebopus portentosus (Berk. & Broome) Boedijn, Pleurotus citrinopileatus 

Singer, Pleurotus pulmonarius (Fr.) Quél., Russula vinosa Lindblad, Sanghuangporus spp., 

Stropharia rugosoannulata Farl. ex Murrill, Tre. fuciformis and Tricholoma matsutake (S. Ito & S. 

Imai) Singer, W. hoelen have continuous growth in the recent decade with CAGR of 1.79% to 

75.94% and CV of 5.25% to 121.42% (Table 1). It is worth noting that the production of Hym. 

raphanipes, Lyo. decastes and Morchella spp. increased visibly, with CAGR > 50% (Table 1), due 

to the significant progress that their cultivation technologies have made in the recent decade. While 

the production of Coprinus comatus (O.F. Müll.) Pers., Macrocybe lobayensis (R. Heim) Pegler & 

Lodge, Pho. microspora, Pleurotus tuoliensis (C.J. Mou) M.R. Zhao & Jin X. Zhang, Sparassis 

latifolia Y.C. Dai & Zheng Wang, V. volvacea, have consistently decreased, with CAGR of -

35.30% to -1.66%, and with CV of 2.02% to 166.58% (Table 1). It is predicted that by 2030, the 

rare species will reach 12.03 million tons (Fig. 7). 

 

Wild edible mushrooms 

Wild edible mushrooms are extensively harvested and sold in China (Li & Xu 2022). China 

possesses over 1,000 species of wild edible mushrooms, approximately 300 of which are 

commercially traded, with an annual trade volume of 500,000 to 600,000 tons, accounting for 

approximately 2% of the edible fungi production (Jiang et al. 2025). In 2023, the output value of 

the wild edible mushroom trade was estimated at 25 to 30 billion RMB, representing 7% to 10% of 

the edible fungi production value (Jiang et al. 2025). Yunnan is one of the global biodiversity 
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hotspots, and it nourishes a rich diversity of wild edible mushrooms (Zhang et al. 2021). Therefore, 

Yunnan Province has the richest wild edible mushroom resources (Fig. 8). Presently, over 70% of 

the wild edible fungi products in China come from Yunnan Province, making it the top region in 

terms of suitable areas, production volume, and production value. In 2022, the annual natural 

production of wild edible fungi in Yunnan Province exceeded 500,000 tons, with an annual trade 

volume of over 316,100 tons worth 25 billion RMB 

(https://global.chinadaily.com.cn/a/202307/25/WS64bf16bea31035260b81841d.html), which 

represents 6.43% of the Chinese edible mushroom output value in 2022. Based on rough statistics, 

Yunnan has more than 600 species of wild edible mushrooms, of which over 80% are mycorrhizal 

(Yu et al. 2020). Approximately 321 species of wild edible mushrooms are sold in the province, 

with 164 commonly traded on local markets (Yu et al. 2020). The ñFour Famous Mushroomsò 

(Boletus spp., Cantharellus cibarius Fr., Tri. matsutake, and Tuber melanosporum Vittad.) account 

for over two-thirds of production in China and half of global production.  

 

Diversity in production models of edible fungi in China 

China's natural geographical conditions are diverse, and edible fungi species are extremely 

rich. The level of regional economic development varies significantly, resulting in a diversified 

production model for the edible fungi industry (Tian et al. 2024a). The agricultural production 

model has been inherited from ancient times and remains prevalent in the cultivation of certain 

edible fungi species with long growth cycles and low unit output (Bao et al. 2022c). This has led to 

the persistence of scattered household cultivation models. On this basis, a ñCompany + Farmerò 

production model has been widely developed in rural areas of China (Bao et al. 2022c). In this 

model, enterprises are responsible for the production process, including making mushroom sticks, 

inoculation, and fruiting, while farmers are solely responsible for mushroom management and 

harvesting. Afterward, the enterprises uniformly purchase the edible fungi. This model has 

expanded edible fungi production and sales beyond individual households, incorporating the 

participation of enterprises. 

In the 1980s, mainland China began introducing factory production lines for Aga. bisporus 

and F. filiformis. Since then, the cultivation of edible fungi in factories in China has gradually 

increased (Ren et al. 2025). The factory cultivation model ensures a balanced market supply 

throughout the year, overcoming the impact of seasonal changes and climate variations at different 

latitudes. Since 2006, the proportion of factory cultivation in edible fungi production has continued 

to rise. The number of enterprises engaged in factory cultivation increased from 47 in 2006 to 788 

in 2012, marking a 16-fold increase and reaching the highest level in history (Fig. 9). The rapid 

expansion led to intense market competition. Starting from 2013, the number of edible fungi 

production enterprises has experienced consecutive years of negative growth. By 2023, the number 

of edible fungi production enterprises had decreased to 316, a 59.90% reduction from the peak in 

2012. However, competition has also driven the concentration of factory cultivation in China 

towards dominant enterprises, such as Junesun Fungi, Xuerong Biotechnology, Hunan Hualv 

Biotechnology, and Wanchen Biotechnology. The industry concentration has continuously 

increased over the past decade (Fig. 10). In the last ten years, the CAGR of annual production from 

the factory is 8.10%. The total output of edible fungi produced by the factory was 3.93 million tons 

in 2023, accounting for 9.07% of the annual output (Fig. 9). Currently, the species produced 

https://global.chinadaily.com.cn/a/202307/25/WS64bf16bea31035260b81841d.html
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through factory cultivation in China mainly include Aga. bisporus, F. filiformis, Hyp. marmoreus, 

and Ple. eryngii, with fewer species compared to agricultural cultivation. 

 

 

 

Figure 5 ï Common Species of Edible Fungi in China. Bulk species: a-g. a Lentinula edodes. b 

Auricularia heimuer. c Pleurotus ostreatus. d Auricularia cornea. e Flammulina filiformis. f 

Agaricus bisporus. g Pleurotus eryngii. Rare species: h-p. h Cyclocybe cylindracea. i Pholiota 

microspora. J-k Pleurotus pulmonarius. l Tremella fuciformis. m Volvariella volvacea. n Coprinus 

comatus. o Pleurotus tuoliensis. p Stropharia rugosoannulata. Rare species: q-ai. q Wolfiporia 

hoelen. r  Ganoderma spp. s Phallus spp. t Agaricus subrufescens. u Phlebopus portentosus. v 

Cordyceps militaris. w Morchella spp. x Hericium erinaceus. y Grifola frondose. z Lyophyllum 

decastes. ab Oudemansiella raphanipes. ac Tricholoma matsutake. ad Pleurotus citrinopileatus. ac 

Russula vinosa. af Macrocybe lobayensis. ag Sparassis latifolia. ah Sanghuangporus vaninii. ai 

Ophiocordyceps sinensis (pictures o, t, ae, ai come from web pages,  

o: http://.bymushroom.com/?c=index&a=show&id=42;  

t: https://.thepaper.cn/newsDetail_forward_9176934;  

ae: https://baijiahao.baidu.com/s?id=1653879951839966330&wfr=spider&for=pc; 

ai: http://food.hec.cn/). 

http://food.hec.cn/
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Figure 6 ï Changes and prediction of species number of common edible fungi in China 

 

 

 

Figure 7 ï Trends of annual production of each edible fungi type in China  
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Table 1 Statistics of edible fungi production in the recent decade (from 2014 to 2023). 

 

Categories Species Compound 

annual growth 

rate, CAGR 

Standard 

deviation, SD 

Mean 

production 

(×104 ton) 

Coefficient of 

variation, CV 

Bulk species Agaricus bisporus -4.21% 68.82 234.92 29.30% 

 Auricularia cornea 7.19% 38.18 196.36 19.44% 

 Auricularia heimuer 2.36% 51.99 689.33 7.54% 

 Flammulina filiformis -3.21% 27.79 237.64 11.69% 

 Lentinula edodes 6.04% 208.72 1066.29 19.57% 

 Pleurotus eryngii 4.00% 39.15 166.6 23.50% 

 Pleurotus ostreatus 1.30% 53.75 607.36 8.85% 

Rare species Agaricus subrufescens 5.45% 2.93 9 32.56% 

 Coprinus comatus -14.01% 5.95 14.69 40.54% 

 Cordyceps militaris 23.01% 2.24 7.56 29.58% 

 Cyclocybe cylindracea complex 2.04% 9.67 81.68 11.84% 

 Ganoderma spp. 4.94% 4.7 16.5 28.50% 

 Grifola frondosa 4.21% 1.06 3.34 31.75% 

 Hericium spp. 1.79% 3.41 9.8 34.77% 

 Hymenopellis raphanipes 66.00% 3.03 4.69 64.59% 

 Hypsizygus marmoreus 19.79% 15.81 38.26 41.33% 

 Lyophyllum decastes 75.94% 6.97 5.74 121.42% 
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Categories Species Compound 

annual growth 

rate, CAGR 

Standard 

deviation, SD 

Mean 

production 

(×104 ton) 

Coefficient of 

variation, CV 

 Macrocybe lobayensis -35.30% 2.07 1.25 166.58% 

 Morchella spp. 69.18% 10.42 8.8 118.47% 

 Ophiocordyceps sinensis 40.4% 0 0.01 56.76% 

 Phallus spp. 15.38% 8.18 17.08 47.89% 

 Phlebopus portentosus 16.37% 3.92 8.08 48.54% 

 Pholiota microspora -1.66% 4.78 61.33 7.79% 

 Pleurotus citrinopileatus 46.52% 3.88 3.81 101.90% 

Rare species Pleurotus pulmonarius 7.16% 14.92 44.41 33.61% 

 Pleurotus tuoliensis -15.12% 2.85 6.42 44.33% 

 Russula vinosa 3.99% 0.06 0.38 14.94% 

 Sanghuangporus spp. 7.72% 0 0.06 5.25% 

 Sparassis latifolia -2.82% 0.01 0.7 2.02% 

 Stropharia rugosoannulata 28.25% 16.51 16.84 98.03% 

 Tremella fuciformis 3.31% 4.67 52 8.98% 

 Tricholoma matsutake 12.98% 0.81 1.1 74.01% 

 Volvariella volvacea -3.06% 2.23 22.54 9.91% 

 Wolfiporia hoelen 20.89% 9.34 18.21 51.31% 
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Figure 8 ï Mushuihua wild edible mushroom market in Kunming, Yunnan (Image source: 

https://.yunnan.cn/). a-d The scene of Yunnan Mushuihua wild edible mushroom market. e Russula 

virescens (Schaeff.) Fr. f Termitomyces spp. g Tricholoma matsutake. h Thelephora spp. 

https://.yunnan.cn/
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Figure 9 ï Factory Cultivation of Edible Fungi in China 

 

The transition from scattered household cultivation to cooperative production involving 

ñCompany + Farmerò coupled with the development of park-like, large-scale, and industrialized 

cultivation, has steered China's edible fungi industry towards cluster development (Tan 2024). 

From the supply of raw materials, incubation of mushroom spawns, production of mushroom bags, 

cultivation of mushrooms, to the initial processing, deep processing, transportation, storage, and 

sales of edible fungi, a full industrial chain system has been established based on the factory 

production model. Different production or sales entities, including growers, cooperatives, 

processing plants, and distributors, share the responsibilities of each link in a sophisticated and 

specialized manner. The distribution of the edible fungi industry in China spans the entire country, 

with edible fungi being produced in both mountainous and plain areas. According to local climate 

and resource characteristics, the edible fungi industry in China exhibits a belt-like distribution 

pattern. For example, the northeastern provinces (Heilongjiang, Jilin, and Liaoning Province), the 

central province (Henan and Hubei Province), and the coastal areas (Shandong and Zhejiang 

Province) have formed a Aur. heimuer industry belt; the northeast province (Liaoning Province), 

the northern province (the northeastern part of Hebei Province), the central provinces (Henan and 

Hubei Province), and the coastal areas (Shandong and Zhejiang Province) have formed a  

Len. edodes industry belt; the southwest provinces (Sichuan, Chongqing, Guizhou, and Yunnan 

Province), the central provinces (Hubei and Henan Province), and the northern provinces 

(Shandong and Hebei Province) have formed a Morchella spp. cultivation industry belt. 
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Figure 10 ï Factory cultivation of edible fungi in China. a-b Edible fungi production factory.  

c Spawn incubation. d Mushroom formation. e Mushroom packaging. (Image sources:  

a: http://.yuguanchina.com/about.asp?bid=21&sid=64; b: http://.tszxjy.cn/Home/Mainbusiness). 

 

Diversity in cultivation methods of edible fungi in China 

China cultivates a wide variety of edible fungi, employing a diverse range of cultivation 

methods. Edible fungi cultivation requires a comprehensive consideration of factors, such as local 

cultivation history, sources of cultivation substrates, climatic conditions, labor availability and 

composition, local consumption habits, and the distance between cultivation sites and markets. The 

main steps of edible fungi cultivation include selecting species and cultivars that are suitable for the 

region, preparing high-quality spawn, using appropriate cultivation substrates and production 

techniques, preparing suitable production sites, creating favorable growth conditions, harvesting 

timely, and providing storage, transportation, and fresh-keeping processing conditions (Fig. 11) 

(Tan 2024). 

Edible fungi can be divided into saprobic, parasitic, and symbiotic based on their nutritional 

methods, with saprobic fungi being the most prevalent in production. These can be further 

classified into straw-rotting fungi, which use crop straw as their main substrate and include Aga. 

bisporus, Cop. comatus, Phallus spp., Str. rugosoannulata and V. volvacea, and wood-rotting 
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fungi, which primarily use wood as substrates and include species such as Auricularia spp., 

Ganoderma spp., Len. edodes, Pleurotus spp. 

 

 
 

Figure 11 ï The main steps of edible fungi cultivation in China. 
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Preparation of spawn 

The edible fungi industry is developing rapidly, and mushroom spawn, considered the "chip" 

of the industry, plays an increasingly important role in mushroom production (Sun et al. 2023). 

Spawns are fundamental to the cultivation of edible fungi, with their quality directly impacting 

yield and quality, potentially determining the success or failure of production (Huang 2006, Chen  

et al. 2013, Yue et al. 2020). There is a three-level spawn subculture system in Chinese edible fungi 

production, classifying spawn into mother culture (the first generation, G1), stock culture (the 

second generation, G2), and spawn (the third generation, G3) based on their sources, generations, 

and production purpose. This system not only increases the quantity of strain to meet production 

needs but also enhances adaptability to cultivation substrates (Li & Kang 2017, Bian 2020). This 

system can effectively control strain quality and purity, reduce contamination and strain 

degeneration, and ensure the well development of the edible fungi industry. 

Preparation of mother culture. Mother cultures can be obtained by tissue isolation or spore 

isolation from the mushroom fruit body. They exhibit strong genetic stability, predominantly using 

potato dextrose agar medium to facilitate the observation of growth and the detection of pests or 

mildew infestations. Mother cultures can be prepared in slant or Petri plates.  

Preparation of stock culture. Based on the physical state of the medium, stock culture can be 

classified into solid culture, liquid culture, and reductive liquid culture (Li & Kang 2017, Bian 

2020). 

Preparation of solid culture. Solid culture is prepared on solid medium, commonly using 

wheat grain, wood chips, sawdust, or cottonseed hulls in production. The choice of medium 

depends on the edible fungi species. Wood-rotting species with strong lignin decomposition 

abilities typically use a medium of wheat grain, wooden chips, and sawdust, while those adept at 

decomposing cellulose often use a medium of cottonseed hulls. Straw-rotting species generally 

utilize wheat grain medium (Li & Kang 2017, Bian 2020). 

Wheat grain medium is suitable for producing stock cultures of various edible fungi, 

especially Aga. bisporus cultivation. In this medium, the mycelia grow quickly, and any unused 

nutrients can continue to nourish the mycelia in cultivated substrates, thereby shortening the 

cultivation cycle. To prepare wheat grain medium, firstly good quality wheat grains free from pest 

or mildew are selected, secondly wheat grains are boiled in clean water for 20ï30 minutes until the 

wheat grains lack white cores, thirdly the wheat grains are spread out to dry the surface moisture, 

fourthly CaCO3, CaSO4 and other additives are added to the wheat grains and mix well, next wheat 

grains are placed in clean polypropylene bags or bottles, finally they are sterilized in wheat grain 

bags or bottles autoclaved at 121  for 2.5ï3 hours. After the wheat grain bags or bottles are 

cooled, they are transferred to an inoculation chamber to inoculate the mother culture. Wheat grain 

spawn should be used as soon as the mycelia have fully grown to avoid strain degeneration (Wu  

et al. 2018a, Xu et al. 2023). 

Wood chip medium is suitable for cultivating various species and cultivars of wood-rotting 

fungi, offering advantages such as high inoculum efficiency, rapid mycelial growth, and low 

contamination rates. Mycelia from wooden chip medium spread radially in cultivation bags, 

resulting in short germination times and synchronized fruiting. However, it may not be suitable for 

fungi species with vigorous aerial mycelia, as wooden chips can stick together, which can affect 

inoculation speed. To prepare the wooden chip medium, first, broadleaf trees with straight grain 

and loose texture, or disposable chopsticks or popsicle sticks, can be selected as wooden chips. 

These are typically 3ï10 mm in diameter and 12ï15 cm long, depending on the wood type and bag 
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size. Secondly, wooden chips should be soaked in lime water for at least 24 hours to achieve about 

60% moisture, then boiled in 1% sugar water for 30 minutes. Thirdly, additives should be mixed 

well to support mycelial growth. Fourthly, the bottom of the bags should be shaped into squares. 

Additives are added to the bottom, approximately 0.5ï1 cm thick. Wooden chips are placed in the 

bags vertically, and additives are used to fill the gap and the top of each bag. The bags are then 

autoclaved. After 7ï10 days, when the mycelia have fully grown and are abundant and vigorous, 

they are ideal for production (Zheng & Yao 2012, Duan et al. 2013, Meng 2019). 

Sawdust medium is suitable for wood-rotting fungi but requires longer cultivation and yields 

less mycelia, making it cumbersome for industrial use (Huang 2014). For sawdust medium 

preparation, first, soluble additives like gypsum should be dissolved in water. Then, the mixture is 

mixed well with sawdust. Next, the mixture is piled for about 2 hours, until the water seeps but 

does not drip when squeezed. For cottonseed hull medium preparation, firstly, cottonseed hull and 

additives are mixed well, and the moisture is adjusted to 70%ï75%; then the piles are turned at 

70°C every 3ï4 days, fermenting for 15ï18 days until actinomycetes appear. When sawdust 

medium or cottonseed hull medium fills the bags or bottles, a 1.5ï2 cm stick is inserted for 

inoculation. Finally, the medium is sterilized with autoclave steam for 1.5 to 2 hours. 

Preparation of liquid culture. Liquid culture has distinct advantages in industrial production, 

offering rapid mycelial germination and shorter production cycles after inoculation, thereby 

overcoming the asynchronous germination issues associated with solid culture. Liquid culture can 

be inoculated by machines, which significantly boosts production efficiency. However, it requires 

higher initial investments and involves more complex operational techniques, presenting greater 

risks in production. 

Liquid culture includes shake flask and fermenter inoculum. For shake flask inoculum, a 

liquid medium is prepared according to an optimized formula. Then, 200 mL of the liquid medium 

and glass beads are dispensed into 500 mL Erlenmeyer flasks, and the medium is autoclaved for 30 

minutes. Mother cultures are aseptically inoculated into the liquid medium, and then the medium is 

shaken for a week until a large number of mycelia pellets are suspended in it. The medium is clear 

and emits a mushroom aroma (Li 2003). 

For fermenter culture, fermenters should be cleaned and sterilized before use, then liquid 

medium and antifoaming agents are added to the fermenters, and the fermenters are autoclaved for 

45 minutes. Liquid culture should be inoculated in a sterile environment, with the temperature 

maintained by circulating water, and synchronized mycelia pellet growth ensured through moderate 

stirring. Regular sampling ensures the quality of the fermentation in the liquid culture during 

culturing. Most edible fungi species reach optimal mycelial activity after 7 days of suitable 

cultivation. Once contamination-free, we should transfer the fermenters to the inoculation chamber 

and connect them to the sterilized equipment for further inoculation (Li 2024). 

Preparation of reverting liquid culture. The reverting liquid culture combines the advantages 

of solid culture and liquid culture. It is produced by specialized companies through liquid-

submerged fermentation to obtain mycelia, which are then filtered, crushed, and solidified into 

concentrated mycelia blocks. In production, these mycelia blocks are crushed and diluted with 

sterile water to revert to liquid culture for inoculation. This method provides highly active and 

stable mycelia, overcoming the transportation and storage challenges associated with traditional 

liquid culture. Additionally, the reverting liquid culture contains minimal nutrients, which greatly 

reduces contamination, and has been effectively used in F. filiformis, Ple. eryngii, and  

Aga. bisporus with excellent results (Xu et al. 2016, Li et al. 2021). 
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Reverting liquid culture, 40 g can be inoculated into 10,000 cultivation bottles. When 

inoculating, the mycelia blocks are aseptically weighed according to the actual production plan, 

then placed in a blender, and sterile water is added to crush the mycelia. Then the mixture is added 

to a large tank filled with sterile water to dilute the mycelia, and the liquid culture can be connected 

to sterilized equipment for inoculation (Xu et al. 2016). 

Preparation of spawn. When the actual production scale is large, it is necessary to prepare 

spawn, which is used in significant quantities and is not suitable for long-term storage. Production 

planning must consider the season and scale to determine the timing and quantity of spawn. Spawn 

is produced by inoculating the stock culture into the same or a similar medium for expanded 

cultivation. The medium formula can be exactly the same as the stock culture, or adjusted by 

increasing the main substrates and reducing the additives. Spawn can only be used for inoculating 

cultivation bags, bottles, or mushroom beds, and cannot be reused for expanding spawn cultivation 

(Li & Kang 2017, Bian 2020). Common media used in spawn cultivation include wooden chips, 

wheat grain, cottonseed hull, sawdust, and liquid media. 

 

Cultivation techniques of edible fungi 

 

Cultivation techniques of straw-rotting fungi  

The cultivation techniques for different species of fungi that rot straw are similar. They 

primarily involve substrate preparation, sowing, and mycelial growth management, casing and soil 

layer management, fruiting body management, harvesting, and control of pest or mildew 

infestations. 

Preparation of substrates. The substrates primarily consist of crop straw, livestock and 

poultry manure, organic and inorganic nitrogen sources, and mineral fertilizers mixed at a specific 

carbon-to-nitrogen ratio (C/N ratio). Usable crop straw includes rice straw, wheat straw, corn straw, 

oat straw, rapeseed stalk, peanut vine, corn cob, and bagasse. These ingredients must be dry and 

free from mildew; cut and crushed straw can aid in water absorption, fermentation, and enhance the 

substrate's physical properties (Zhang et al. 2014). Livestock and poultry manure, such as horse, 

cow, and chicken manure, should be collected in advance, dried, crushed, and stored properly 

(Zhang et al. 2014). Organic nitrogen sources, such as soybean meal, peanut meal, cottonseed meal 

powder, rapeseed meal, brewery waste, and wheat bran, should all be dried and free from mildew 

before use (Zhang et al. 2014). Inorganic nitrogen sources and mineral fertilizers, such as urea, 

ammonium sulfate, ammonium bicarbonate, superphosphate, gypsum, calcium carbonate, and 

slaked lime (also known as lime), should be stored in cool, well-ventilated, and dry conditions 

(Zhang et al. 2014). 

The substrate preparation process begins with pre-wetting the ingredients. Crop straw can be 

soaked in water with 1% lime for 1ï2 hours, then drained to achieve a moisture content of 60%ï

65% (Zhang et al. 2014). Livestock and poultry manure should be sprayed with a 0.5% dichlorvos 

solution, covered for 24 hours to remove pests and mites, and then adjusted to a moisture content of 

approximately 55% with clean water (Zhang et al. 2014). Then, the pre-wetted straw, livestock and 

poultry manure, and organic nitrogen additives should be mixed well for fermentation or high-

temperature sterilization. Fermentation can be conducted using tunnel secondary fermentation or 

pile fermentation methods to produce compost. For the tunnel secondary fermentation, which is 

used for Aga. bisporus, the processes involve fermenting at 50ï75°C for 13 days; turning the pile 

when the temperature reaches 75°C, repeating 3ï4 times; then pasteurizing with hot air at 56.5°C 
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for 10 hours; and finally fermenting at 48ï52°C for 7 days until the compost turns brown or coffee-

colored (Liang et al. 2024). For the pile fermentation, the processes involve choosing a high, flat 

site; disinfecting the area with lime powder or 3%ï5% lime water before piling; building a pile 

with 1.8 m wide and 1.5 m high; fermenting for 14ï18 days with pile temperatures reaching 70°Cï

75°C, usually turning the pile 4ï5 times, adjusting temperature, moisture, and pH as needed. After 

successful fermentation, the compost will be dark brown with a large amount of white 

actinomycetes produced. Stropharia rugosoannulata and V. volvacea, which have strong 

lignocellulose decomposition capabilities, can be cultivated directly using high-temperature sterile 

substrates. The mixed substrate is packed into polypropylene bags, which are then stacked in a 

sterilization device for high-temperature sterilization, usually using atmospheric pressure to quickly 

raise the temperature to 100°C and maintain it for 12 hours; if using high-pressure steam 

sterilization, maintain it for 4ï6 hours (Huang et al. 2024). 

Inoculation and mycelia growth management. In fermented substrate cultivation, initially, 

fermented substrates should be spread evenly over the surface in indoor bed-frame or outdoor 

irrigation bays/furrows, with a layer thickness of 20ï25 cm; then the stock culture or spawn is 

evenly distributed through broadcasting or a combination of hole seeding and broadcasting; after 

sowing, the surface should be covered with a layer of disinfected plastic film to maintain 

temperature and moisture. In mature substrate cultivation, the stock culture or spawn is directly 

inoculated into the cultivation bags.  

During the mycelia growth phase, the indoor relative humidity should be maintained at 70%ï

80% and the moisture content of the substrate should be maintained at 65%ï70%. When the 

mycelia grow to 2/3 of the substrate layer or approach the bottom, the surface should be covered 

with soil. 

Casing soil and management of mycelia growth in the soil layer. The properties of the soil 

directly affect mushroom fruiting and yield. Peat soil, known for its strong water retention, 

remaining loose and non-cohesive when moist, is the ideal casing material in mushroom 

production. Before casing soil, the pH of the soil should be adjusted to 7ï7.6 using calcium 

carbonate. The soil can then be sterilized using methods such as sun exposure, pasteurization, or 

formaldehyde disinfection. When casing soil, the thickness of the soil is 2ï3 cm and is evenly 

distributed. Under conditions of appropriate humidity, temperature, and ventilation, the mycelia 

gradually grow towards the soil surface. When the mycelia approach the soil surface, due to 

nutritional gradients and temperature differences, they transition from vegetative growth to 

reproductive growth (Tan 2024), marking the beginning of the mushroom primordia formation and 

fruiting body development period. 

Fruiting management. In the fruiting management stage, it is crucial to focus on regulating 

moisture, ensuring adequate ventilation, controlling temperature, and adjusting light levels. For 

Aga. bisporus, this stage also involves scratching the mycelia and reducing the temperature to 

stimulate fruit body formation. Primordia form when white structures, about the size of millet 

grains, appear on the mycelia branches. Initially, these primordia resemble white soybean-sized 

grains, and young fruiting bodies often have nipple-like protrusions, growing in clusters or groups, 

with a few solitary ones. The fruit body stage requires a lot of oxygen and moisture, so the air 

relative humidity should be kept at 90%ï95%. However, it is necessary to avoid spraying water 

directly on young mushrooms; instead, spraying upwards into the space and pouring water on the 

floor to help cool the environment. 
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Harvesting. As the mushroom grows, it is crucial to strictly control the harvesting time; it is 

best to harvest the mushroom before the cap opens. Once the fruit body opens or the gills turn 

black, it loses commercial value. The harvested mushrooms should have the dirt and sand removed 

from their stems, and should be promptly sold on the market or stored in cold rooms for fresh sale. 

Pest or mildew infestation control. Pest and mildew prevention should be prioritized, and 

strict adherence to operational requirements is required during the production process. Raw 

materials must be kept dry, free from mildew, and pest-free. Cultivation substrates must be 

thoroughly sterilized, and the facilities must be clean and disinfected using bleaching powder. 

During inoculation, strict aseptic techniques or inoculation box procedures must be followed, and 

any unqualified spawn should be promptly discarded. If contamination by pest or mildew is 

detected during the mycelia growth or fruiting period, the contaminated cultivation bags must be 

promptly removed from the cultivation area. 

 

Cultivation techniques of wood-rotting fungi  

Cultivation of wood-rotting fungi typically employs log cultivation and substitute cultivation 

methods. Log cultivation utilizes broadleaf trees, such as oak, beech, and chestnut, to grow edible 

fungi. The main processes involved include log preparation, drilling and inoculation, mycelial 

growth management, fruiting management, and harvesting. This method leverages the natural 

environment, requiring minimal facility investment, and produces products of high quality, 

ensuring natural-like quality. However, it is prone to contamination by other fungi, with uncertain 

harvesting times, yields, and quality, leading to low cultivation efficiency. 

Substitute cultivation utilizes agricultural by-products, such as sawdust, cottonseed hulls, and 

corncobs, as primary materials, supplemented by wheat bran, rice bran, and gypsum, to produce a 

cultivation substrate that replaces wood. The main processes include substrate preparation (mixing, 

pre-wetting, and sterilization), inoculation, mycelial growth management, fruiting body 

management, and harvesting. This technology has transformed the production of traditional wood-

rotting fungi by utilizing machinery and industrial methods to create cultivation bags, replacing 

logs with agricultural byproducts. This method has significantly reduced wood consumption, 

offering cost savings, labor and time efficiency, simplicity in operation, stable production, and high 

efficiency. 

Log cultivation. Preparation of logs: Firstly, it is crucial to select suitable broadleaf tree 

species for the specific edible fungi species. Then, the broadleaf tree should be felled, lopped, cut, 

and dried. The logs are typically 8ï12 cm in diameter and about 1 meter long. They are ready for 

inoculation when dried to a moisture content of 37%ï40%. 

Drilling and inoculation: Inoculation holes in the logs are created using electric drills, 

typically spaced 8ï10 cm apart in rows 6ï8 cm apart. Each hole has a diameter of 1ï1.2 cm and a 

depth of 1.5ï2 cm. Inoculation should be done at around 20°C in the spring to facilitate mycelia 

growth. During inoculation, the spawn is quickly filled into the inoculation holes, compacted 

slightly, and the holes are covered with either bark or a mix of paraffin, rosin, and lard. The process 

involves simultaneous drilling and inoculation, followed by immediate stacking to promote mycelia 

growth. 

Mycelia growth management: The inoculated logs are stacked to a height of 1.2ï1.5 meters, 

then covered with straw or plastic film to maintain air humidity at 65%ï70% and a temperature of 

27ï28°C, until the mycelia spread from the inoculation holes and the wood tissue turns a yellow-

brown color. 
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Fruiting management and harvesting: Fully fermented logs should be relocated to a higher 

and cooler area, such as a greenhouse or forestland, and placed on the ground or buried in soil. 

They should be kept away from direct sunlight and rain. With significant stimulation of 

temperature variations, mechanical and light, and along with sufficient moisture, the mycelia shift 

from vegetative growth to reproductive growth, forming primordia. Fruiting bodies should be 

harvested once they appear. Following winter management, a second batch of fruiting bodies may 

appear the following year under suitable conditions. 

Substitute Cultivation. Preparation of substitute substrates: The suitable agricultural by-

products are selected based on the growth characteristics of edible fungi species. Agricultural by-

products, such as mixed sawdust, cottonseed hulls, and corncobs which are primary substrates, and 

additives are added in appropriate ratios. After the ingredients are mixed well, the moisture content 

is adjusted to 55%ï65% using clean water, and the mixture is then packed into plastic containers 

(either bottles or bags). Different species usually use different containers in production, for 

instance, F. filiformis and Hyp. marmoreus use bottles, while Len. edodes, Auricularia spp., and 

Pleurotus spp. use bags. The substitute substrates are then sterilized using either high-pressure or 

atmospheric steam. 

Inoculation: After the substitute substrate has cooled, the spawns are inoculated, and then the 

cultivated containers are transferred to a sterilized culture chamber for mycelial growth. 

Mycelia growth management: The mycelia are grown between 25°C and 29°C, and a relative 

humidity of approximately 70%. The culture chamber should have some scattered light, avoiding 

direct sunlight that is too strong. Proper ventilation is essential during the late stages of mycelial 

growth. Under these conditions, the mycelia generally colonize the entire cultivation substrates in 

about 20ï25 days, with some even beginning to form primordia on the surface.  

Fruiting management and harvesting: When primordia appear or the cultivation substrates are 

fully colonized by mycelia, the containers can be opened and moved to a suitable fruiting 

environment. The cultivated bottles can be laid horizontally or placed upright on the ground or on 

racks for fruiting. Cultivated bags can be placed horizontally on racks for fruiting at both ends, 

vertically on racks, or stacked into a wall-type for fruiting at both ends. Different edible fungi 

species require different cultivation methods, such as ground cultivation and shelf cultivation for 

Len. edodes, outdoor cultivation and hanging bag cultivation for Auricularia spp., wall-type 

cultivation and grid rack cultivation for Pleurotus spp., and casing soil cultivation for Ganoderma 

spp., Gri. frondosa and Hym. raphanipes (Tan 2024). During the fruiting body growth stage, it is 

crucial to control temperature, humidity, air circulation, and light, and to harvest the fruiting bodies 

promptly once they are mature. 

 

Twenty-four rapidly expanding species produced in China in the past ten years   

China cultivates a wide variety of edible fungi, employing a diverse range of cultivation 

methods. Depending on the nutritional needs of edible fungi, the primary cultivation methods are 

log cultivation, substitute cultivation, and compost cultivation. Substitute cultivation utilizes straw 

or wood chips, nutrients, and growth promoters to cultivate edible fungi, employing specific culture 

formulations tailored to each species. Substitute cultivation technology has revolutionized 

traditional production, utilizing modern machinery and industrial techniques to produce mushroom 

bags (sticks), replacing log cultivation and significantly reducing wood consumption. This 

approach provides energy efficiency, labor savings, time efficiency, simple operation, and stable 

high yields. Compost cultivation uses the fermentation of straw, animal manure, and soil to grow 



2737 

 

Aga. bisporus, Aga. subrufescens, V. volvacea, and more. According to the cultivation 

environment, it can be categorized into indoor cultivation (greenhouse, factory), outdoor 

cultivation, and understory cultivation. A concise overview of the development status and main 

cultivation methods of edible fungi in China is introduced as follows. 

 

Auricularia spp. 

As a medicinal and edible fungus, Auricularia spp. have been developed and utilized in 

China for over 1,000 years. There are approximately 37 species of the genus Auricularia 

worldwide, with 14 species identified in China (Wu et al. 2021). The two main cultivated species in 

China are Aur. heimuer and Aur. cornea, and Jilin Agricultural University in China has bred a 

white variant of Aur. cornea, named ñWhite Wood Earò (Fig. 12) (Wu and Dai 2015, Dai and Yang 

2018, Tian et al. 2024b). Early artificial cultivation of Auricularia spp. mainly involved log 

cultivation. Nowadays, they are mainly cultivated using substitute materials during natural seasons, 

with the main methods being outdoor and greenhouse cultivation (Fig. 12). The yield and quality of 

Auricularia spp. using substrate cultivation can be improved through substrate optimization; it is 

reported that the yield of Aur. heimuer using substitute cultivation is 8 - 14 times higher than that of 

log cultivation (Nie et al. 2007), and the content of various nutrients of Auricularia spp. by 

substitute cultivation is usually higher than that of log cultivation (Li et al. 2018, Ye et al. 2023, Li 

et al. 2025). Auricularia spp. had a production exceeding 9.97 million tons in China in 2023. The 

production of Aur. heimuer in China accounts for over 90% of the worldôs total, with main 

production areas in Heilongjiang and Jilin provinces. Auricularia cornea is mainly distributed in 

Sichuan and Hebei provinces in China and is a major edible fungus in tropical and subtropical 

areas. Currently, Aur. cornea ñWhite Wood Earò has achieved large-scale production standards in 

Liaoning and Jilin provinces, due to large of studies about breeding of excellent strains (Ren et al. 

2018, Khan et al. 2020, Khan et al. 2023), advances pertaining to cultivation technologies such as 

substrate composition, hanging bag production, cultivation management and pest control (Tan et al. 

2018, Han 2023). Also, research on nutritional components has shown that Aur. cornea ñWhite 

Wood Earò is rich in protein and various vitamins; its nutritional value and taste are far superior to 

those of Aur. cornea (Yao et al. 2018, Tian et al. 2024b). 

 

Coprinus comatus 

Since the 1960s, Europe has successfully domesticated wild Cop. comatus using fermented 

compost, leading to large-scale commercial cultivation. Coprinus comatus was artificially 

cultivated in China since the 1980s, typically using compost and casing soil, which can be done in a 

greenhouse or understory (Fig. 13). The fruitbodies of Cop. comatus mature quickly and are prone 

to self-dissolution; they are difficult to preserve at room temperature (Jia & Liu 2006). Research 

has shown that cap autolysis is triggered by enzymatic reactions after the fruit bodies mature, and 

this process is regulated by the temperature and humidity during postharvest preservation (Guo  

et al. 2022). In 2023, the annual production of Cop. comatus was 61,398 tons in China, with the 

main production areas in Fujian, Shandong, and Sichuan provinces. 

 

Cordyceps militaris 

Cordyceps militaris is a fungus that parasitizes the pupae of certain insects, using the insect 

tissues as nutrients and spreading throughout the entire insect body. The mycelium of Cor. militaris 

can also secrete toxins that eventually cause the insect to become rigid and die. When 



2738 

 

environmental conditions are favorable, the mycelium inside the insect will emerge from the 

insectôs openings or soft parts, growing into rod-shaped stroma and sexual fruiting bodies. These 

structures appear like grass growing from the pupa but are actually a complex of Cor. militaris and 

the insect pupa. Some active ingredients and pharmacological effects of Cor. militaris are similar to 

or even surpass those of Cor. militaris. It can be used as a substitute for Cor. militaris and has 

significant development and utilization value. Cordyceps militaris was domesticated in China since 

the 1980s, and achieved artificial cultivation in the 1990s (Dong et al. 2024). China is the first 

country to commercialize the cultivation and production of Cor. militaris. Currently, there are two 

main cultivation methods: The first method is a semi-artificial cultivation mode using silkworm 

pupae as the culture medium. In this mode, liquid Cor. militaris strains are injected or sprayed onto 

live silkworm pupae, and fruiting bodies are obtained through artificial cultivation. The second 

cultivation method is artificial substitute cultivation, where the strains are inoculated onto a solid 

culture substrate (with raw materials such as rice, wheat, and silkworm pupa powder) and 

cultivated under suitable light and temperature-humidity conditions to obtain the fruiting bodies of 

Cor. militaris. This method can utilize containers such as plastic pots and canning jars for factory 

production (Fig. 14). The production of Cor. militaris in China reached 94,756 tons in 2023, with 

the main production areas currently being Inner Mongolia, Liaoning, and Guangdong provinces. 

 

 

 

Figure 12 ï Auricularia spp. cultivation. a Outdoor log cultivation of Aur. heimuer. b Outdoor 

substitute cultivation of Aur. heimuer. c-d Substitute cultivation of Aur. cornea ñWhite Wood Earò 

in the greenhouse.  
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Figure 13 ï Coprinus comatus cultivation. a-b Compost cultivation with casing soil in a 

greenhouse. c Understory cultivation.  

 

Cyclocybe cylindracea complex 

The Tea Tree Mushroom is known as cha shu gu in China and yanagi matsutake in Japan, and 

is primarily grown in temperate and subtropical regions, including the temperate areas of Asia, 

Europe, and the southeastern United States. The Tea Tree Mushroom was first successfully 

domesticated and cultivated in Europe in the 1950s, and substitute cultivated in China in the early 

1980s (Dong et al. 2024). In taxonomy, the Tea Tree Mushroom forms a Cyc. cylindracea complex, 

comprising four species: Cyclocybe aegerita (V. Brig.) Vizzini, Cyc. cylindracea, Cyclocybe 

salicaceicola (Zhu L. Yang, M. Zang & X.X. Liu) Vizzini, and Cyclocybe chaxingu (N.L. Huang) 

Q.M. Liu, Yang Gao & D.M. Hu (= Agrocybe chaxingu N.L. Huang), and the main species 

cultivated in China is Cyc. chaxingu currently (Liu et al. 2021a). The production method for Tea 

Tree Mushroom predominantly involves seasonal substitute cultivation by farmers, with cultivation 

methods including indoor bag cultivation (Fig. 15) and outdoor bag removal with soil covering. In 

2023, China's annual production of Tea Tree Mushrooms was 820,608 tons, with Jiangxi and 

Fujian provinces being the primary production areas. 

 

Ganoderma spp. 

Wild resources of Ganoderma spp. are widely distributed in the tropical and subtropical 

regions of the world, with Ganoderma lucidum (Curtis) P. Karst. as the type. Ganoderma spp. have 

been used in Asia for over 2,000 years due to their medicinal, edible, and ornamental value. 

Currently, there are 137 confirmed species of the Ganoderma genus worldwide, with 124 species in 

China (Wang et al. 2024a). Many species of Ganoderma are cultivated in China, with Ganoderma 

lingzhi Sheng H. Wu, Y. Cao & Y.C. Dai (= Ganoderma sichuanense J.D. Zhao & X.Q. Zhang) 

being the main species (Cao et al. 2012, Du et al. 2023). Other species mainly include Ganoderma 

atrum J.D. Zhao, L.W. Hsu & X.Q. Zhang, Ganoderma leucocontextum T.H. Li, W.Q. Deng, 

Sheng H. Wu et al. Ganoderma sinense J.D. Zhao, L.W. Hsu & X.Q. Zhang, Ganoderma tsugae 
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Murrill (Cao et al. 2012). Among these, Gan. lingzhi and Gan. sinense are included in the 2020 

edition of ñthe Chinese Pharmacopoeiaò as the two officially recognized medicinal species. In 

1969, the Institute of Microbiology of the Chinese Academy of Sciences successfully cultivated 

Ganoderma spp. artificially for the first time (Wang et al. 2024a). Currently, Ganoderma spp. are 

cultivated artificially worldwide, with diverse cultivation techniques including log cultivation, 

substitute cultivation, greenhouse cultivation and understory wild-simulated cultivation (Fig. 16). 

The substitute cultivation in greenhouse has stable and high yield, and short cycle, while fluctuant 

nutritional quality due to the substrate ratio, and there will be a certain degree of accumulation of 

heavy metals (Xing et al. 2019). Log cultivation has the best quality of fruiting bodies (high content 

of polysaccharides and triterpenoids), low content of heavy metals, and strong export 

competitiveness; however, it relies on forest resources and has low sustainability (Guo et al. 2018, 

Xing et al. 2019, Ma et al. 2023). The understory wild-simulated cultivation produces products with 

similar quality to wild Ganoderma spp., and therefore has become a new development trend with 

broad development space; however, its yield is restricted by natural conditions (Xing et al. 2019). 

In 2023, the annual production of Ganoderma spp. in China totaled 159,838 tons, with the main 

cultivation areas being Fujian, Zhejiang, Shandong, and Jilin provinces. 

 

 

 

Figure 14 ï Cordyceps militaris cultivation in a factory. 
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Grifola frondosa 

Grifola frondosa, also known as Maitake, was first artificially cultivated in Japan, where 

factory production was successfully achieved. The domestication and cultivation of Gri. frondosa 

was began in the 1980s in China, primarily using seasonal cultivation methods. Large-scale 

cultivation was quickly achieved in Qingyuan County, Zhejiang Province, and Qianxi County, 

Hebei Province. In recent years, efforts have been made to explore factory production of  

Gri. frondosa, achieving small-scale year-round factory production, mainly using substitute 

cultivation in a greenhouse (Fig. 17). The factory cultivation of Gri. frondosa started relatively late 

in China but has developed rapidly. Currently, companies such as Jiangsu Hualv Bio-Technology 

Co., Ltd. and Shanghai Fengke Bio-Technology Co., Ltd. are engaged in factory cultivation of  

Gri. frondosa. In 2023, the annual production of Gri. frondosa was 32,856 tons in China, with the 

main cultivation areas being Hebei, Hunan, and Zhejiang provinces. 

 

 

 

Figure 15 ï Cyclocybe cylindracea complex cultivation in a greenhouse. 

 

Hericium spp. 

Hericium spp. are widely distributed across China and primarily grow in deep mountain 

forests, offering a delicious and nutritious option. In 1959, China successfully isolated pure strains 

of Hericium erinaceus (Bull.) Pers. and achieved artificial domestication. Hericium erinaceus has a 

significant therapeutic effect on gastrointestinal diseases; Her. erinaceus polysaccharides and 

polypeptides can repair gastric mucosal damage and assist in the treatment of gastric ulcers, and 

have a good effect in regulating gastrointestinal function and improving gastrointestinal protection, 

such as indigestion (Yang et al. 2022, Gravina et al. 2023). Now the two cultivated species of 

Hericium in China are Her. erinaceus and Hericium coralloides (Scop.) Pers. The substitute 

cultivation of Hericium spp. use wood chips, corncobs, and other similar substrates, and this 

process can be conducted using bottles or bags on shelves in a greenhouse (Fig. 18). In 2023, 

annual production of Hericium spp. was 106,983 tons in China, with the main production areas 

being Heilongjiang and Fujian provinces. 

 

Hymenopellis raphanipes 

Wild Hym. raphanipes [= Oudemansiella raphanipes (Berk.) Pegler & T.W.K. Young] is found in 

tropical, subtropical, and temperate regions, growing singly or in groups in broadleaf forests during 

summer and autumn. Its pseudoroots attach to underground decaying wood or humus layers; it is a 
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wood-decay fungus that can adapt to medium to high temperatures (Xiao et al. 2022). In the early 

1980s, artificial cultivation of Hym. raphanipes was successfully achieved in China, utilizing wood 

chips, cotton hulls, and other materials (Xiao et al. 2022). Substitute cultivation methods include 

using bags on shelves in greenhouses, understory wild-simulated cultivation, bag removal, and soil 

casing cultivation in greenhouses or factories, as well as tea garden intercropping (Xiao et al. 

2022). Currently, Hym. raphanipes cultivation primarily employs bag removal and soil casing 

methods, while continuous cropping obstacles limit industry development, and no-soil-cover 

cultivation faces lower yield issues (Fig. 19) (Xiao et al. 2022). In 2023, the annual production of 

Hym. raphanipes reached 89,162 tons in China, with the main production areas being Shandong, 

Henan, Zhejiang, and Fujian provinces. 

 

 

 

Figure 16 ï Ganoderma spp. cultivation. a Outdoor log cultivation. b Understory wild-simulated 

cultivation. c Spore collection in greenhouse. d Bag removal and soil covering in greenhouse.  

e-f Substitute cultivation in a greenhouse.  
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Figure 17 ï Grifola frondosa wild-simulated cultivation in a greenhouse. 

 

Lentinula edodes 

Lentinula edodes thrives in tropical and subtropical environments, and is primarily found in 

East Asia and Southeast Asia (Khaund & Joshi 2016, Xiang et al. 2016, Cao et al. 2024). Lentinula 

edodes was first produced and consumed in China, and China is also the major producer, consumer, 

and exporter of Len. edodes globally (Cao et al. 2024, Wang et al. 2024b). Annual production of 

Len. edodes was 13.04 million tons in China in 2023, accounting for around 98% of the global 

total; the annual per capita consumption of Len. edodes was 8.9 kg in China (Cao et al. 2024). 

Since the late 1990s, China has exported Len. edodes logs overseas, adopting a ñdomestic 

substitute-bags production + overseas mushroomingò model. According to incomplete statistics, in 

2022, Len. edodes were cultivated in 60 countries (regions) globally (Cao et al. 2024). Lentinula 

edodes cultivation techniques have gone through three stages: the ñflower cuttingò method, log 

cultivation, and substitute cultivation. The ñflower cuttingò method is the oldest cultivation 

technique for Len. edodes, which grows completely in the wild and have extremely high quality, 

while also have the lowest output and biological conversion rate, the cycle of this method is as long 

as five years, the labor cost is high and it relies on the deep mountain environment; the log 

cultivation has shorter cycle than that of the  ñflower cuttingò method, and the biological 

conversion rate is slightly increased; substitute cultivation is a mainstream modern technology, 

which uses agricultural and forestry wastes such as sawdust and cottonseed hulls to replace logs, its 

raw materials are widely available, the cycle is short (4 to 6 months), and the yield is high, which is 

suitable for factory cultivation and has the highest biological efficiency (Xia et al. 2022). Currently, 
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the main production method for Len. edodes is substitute cultivation in greenhouses in China (Fig. 

20). The main producing regions are Henan, Hebei, Fujian, and Hubei provinces. 

 

 

 

Figure 18 ï Hericium spp. cultivation in a greenhouse. a-c Substitute cultivation of Hericium 

coralloides. d-e Substitute cultivation of Hericium erinaceus.  

 

Lyophyllum decastes 

Wild Lyo. decastes is mainly distributed in the temperate regions of the Northern 

Hemisphere, and is a saprophytic fungus (Cheng et al. 2008, Wei et al. 2024). In 1973, Zhaotong 

City in Yunnan Province, China, was the first to cultivate Lyo. decastes. The factory production of 

Lyo. decastes began in Japan in 1998. In 2004, Japan achieved indoor cultivation of Lyo. decastes 

without soil casing. In 2006, Shanghai Fengke Company in China first achieved facility-based 

year-round cultivation of Lyo. decastes (Kong et al. 2024). After 2019, substitute cultivation using 

bags emerged. Currently, the factory-based and large-scale cultivation of Lyo. decastes is mainly 

concentrated in Shanghai, Guangdong, Shandong, and Jiangsu provinces (Fig. 21). The mycelium 

of Lyo. decastes grows relatively slowly and is prone to contamination by harmful fungi during the 

growth process. Generally, the mycelium incubation of Lyo. decastes takes about 70 days, and the 

mushroom fruiting stage takes about 25 days. Lyophyllum decastes cannot form fruiting bodies 

under dark conditions, and needs continuous light or 12-hour light-dark cycles to induce fruiting 

bodies formation. This entire cultivation cycle has high technical requirements, but it also indicates 

the unique value and preciousness of Lyo. decastes. In 2023, the annual production of Lyo. decastes 

reached 193,131 tons in China, with the main production areas being Shanghai, Guangdong, 

Shandong, and Jiangsu provinces. 

 

Morchella spp. 

The domestication and cultivation of Morchella spp. began in the 1880s, with the first 

successful indoor domestication in the United States in the 1980s. However, the large-scale 
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production of Morchella spp. truly began in China after 2012. In recent years, the cultivation of 

Morchella spp. in China has made significant progress, but it is still in its early stages. Currently, 

the main species of Morchella artificially cultivated in China are Morchella septimelata Morchella 

Kuo, Morchella importuna Morchella Kuo, O'Donnell & T.J. Volk, and Morchella sextelata 

Morchella Kuo, research on high-yield and stable production techniques still needs to be further 

strengthened (Liu et al. 2022c). A special requirement for the artificial cultivation of Morchella 

spp. is placed specially formulated substrates called ñexogenous nutrient bagsò on the soil surface, 

when after the mycelium produces white ñmycelial frostò in the soil casing layer. Exogenous 

nutrient bags play a crucial role in the formation of fruiting bodies and serve as the primary carbon 

source for Morchella spp. (Fig. 22). The innovative use of exogenous nutrient bags is one of the 

key factors for achieving commercial cultivation in China (Tan 2019). Currently, the cultivation 

modes for Morchella spp. in China include field, greenhouse, and understory cultivation. Field 

cultivation is currently the primary cultivation method in China, used to cultivate Morchella spp. 

during the winter idle period in paddy fields, the straw left after rice harvest can be used as a 

substrate for Morchella spp. cultivation. The tree species used in the understory cultivation of 

Morchella spp. need to have relatively high water tolerance, because high moisture levels are 

required during the fruiting period of Morchella spp. Additionally, the understory provides suitable 

light conditions for the growth and development of fruiting bodies in Morchella spp. The 

greenhouse cultivation mode is generally similar to the field cultivation mode, but greenhouses 

provide better heat preservation in winter and allow for temperature control within a certain range. 

This shows more advantages during the mycelium growth and fruiting management stages, leading 

to better cultivation results (Fig. 22). Due to price factors, the cultivation scale of Morchella spp. 

has rapidly expanded. In 2023, Morchella spp. production reached 283,864 tons in China. The 

primary production areas are currently located in Sichuan, Yunnan, and Shanxi provinces. 

 

Naematelia aurantialba complex 

Naematelia aurantialba (Bandoni & M. Zang) Millanes & Wedin (= Tremella aurantialba 

Bandoni & M. Zang) is a parasitic fungus that parasitizes Stereum hirsutum (Willd.). Pers., relying 

on it for nutrients to grow (Cao et al. 2022, Yang & Dong 2024). Wild N. aurantialba and its allies 

are widely distributed in China, primarily found in Yunnan, Tibet, Sichuan, and Gansu provinces. 

Although their yield is limited, they are usually referred to as Jiner (Tang & Yang 2024). Jiner is a 

rare edible mushroom with high nutritional and medicinal value (Wang et al. 2025). In the 1980s, 

China successfully developed both log cultivation and substitute cultivation for Jiner (Fig. 23) 

(Tang et al. 2018). In taxonomy, Jiner is from the N. aurantialba complex, including four species: 

N. aurantialba, Naematelia sinensis Zhu L. Yang & J.Y. Tang (the commonly cultivated species), 

Naematelia nodulosa Zhu L. Yang & J.Y. Tang, Naematelia pedicellata Zhu L. Yang & J.Y. Tang 

(Tang & Yang 2024). Yunnan Junshijie Biotechnology Co., Ltd. first achieved year-round 

industrial cultivation of N. aurantialba complex in 2020. The company currently has  

a daily production capacity of 10 tons of fresh N. aurantialba complex, with a high  

market share. All products are sold as fresh mushrooms, yielding good profit and driving the 

development of the fresh N. aurantialba complex market and changes in cultivation methods  

(Dong et al. 2024). The total production of N. aurantialba complex in China was nearly 1,000 tons 

in 2022, with Yunnan province being the main production region 

(https://society.yunnan.cn/system/2024/02/02/032932607.shtml). 

 

https://society.yunnan.cn/system/2024/02/02/032932607.shtml
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Figure 19 ï Hymenopellis raphanipes cultivation. a-b Bag removal and soil casing cultivation in a 

factory. c-d Bag removal and soil casing cultivation in a greenhouse. e-f Substitute cultivation 

using bags in greenhouse.  

 

 
 

Figure 20 ï Lentinula edodes cultivation. a-b Substitute cultivation on shelves in a greenhouse.  

c-d Substitute cultivation in a greenhouse. 
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Figure 21 ï Lyophyllum decastes cultivation in a factory. 

 

Ophiocordyceps sinensis 

Ophiocordyceps sinensis [= Cordyceps sinensis (Berk.) Sacc.] is mainly distributed in the 

Qinghai-Tibet Plateau and its surrounding areas. It has harsh growing conditions and a low natural 

formation rate. Due to its excellent efficacy, wild resources have been plundered, and in 2020, it 

was listed as a vulnerable species in the IUCN Red List of Threatened Species. Years of research in 

China have proven that Hirsutella hepiali C.T. Chen & N.Y. Shen is the asexual morph of the  

O. sinensis. At present, research on the artificial cultivation of O. sinensis has made significant 

progress. By artificially breeding bat moth larvae and inoculating them with O. sinensis to increase 

the infection rate, the infected larvae are then cultivated in low-altitude indoor environments 

simulating plateau conditions or in high-altitude O. sinensis habitats to grow fruiting bodies and 

form O. sinensis. Currently, several O. sinensis research and development institutions in China 

have achieved artificial breeding of O. sinensis. For example, the Chongqing Institute of Chinese 

Materia Medica has established a research base on the Kangding Plateau in Sichuan and conducted 

research on the artificial cultivation of O. sinensis, successfully harvesting O. sinensis indoors. 

Guangdong Dongyangguang Pharmaceutical Co., Ltd. has established an O. sinensis cultivation 

factory in low-altitude areas (Fig. 24). Currently, it has seven production bases in China and has 
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taken the lead in achieving ecological breeding industrialization of O. sinensis worldwide. In 2023, 

the annual production of O. sinensis in China was 119 tons, with the main cultivation areas being 

Yunnan, Sichuan, and Hubei provinces. 

 

 

 

Figure 22 ï Morchella sextelata cultivation using nutrient bags in a greenhouse in Beijing, China. 

 

 

 

Figure 23 ï Cultivation of Naematelia aurantialba complex in a factory. 

 








































