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Abstract In recent years, the edible fungi industry in Hebei Province has developed rapidly, with gradually increased cultivation scale and

production output, and has become the pillar industry of the province, playing a certain role in promoting the development of rural economy and

rural revitalization. Based on the in-depth analysis of the development status, future development direction and current constraints of the edible

fungi industry in each typical county of Hebei Province in recent years, the paper puts forward corresponding development countermeasures,

which has certain reference value for the county-level edible fungi industry of Hebei Province to promote rural revitalization.
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1 Introduction

With the continuous improvement in agricultural industrial
structure and the continuous advancement in new rural construc-
tion, the production areas of edible fungi in China have gradually
expanded to the north. After years of development, the edible fun-
gi industry in Hebei Province has played an important role in pro-
moting county-level industry intensification, providing employ-
ment, enhancing county-level economy, promoting agricultural
and rural economic development in Hebei Province, and increas-
ing farmers’ income. It has become a pillar industry in the devel-
opment of county-level agricultural economy in Hebei Province,
playing a great strategic significance in promoting agriculture and
rural economy in Hebei Province and accelerating rural revitaliza-

tion!! ¥

. On the basis of investigation and research, we analyze
the development status, development direction and constraint fac-
tors of edible fungi industry in each typical county of Hebei Prov-
ince, and put forward corresponding development countermeas-
ures. This study has certain reference value for promoting the

healthy development of edible fungi industry in Hebei Province.

2 Development status of county-level edible fungi in-
dustry in Hebei Province

Hebei Province is a big production and marketing province of

Received : August 10, 2023 Accepted: October 30, 2023

Supported by Edible Fungi Preservation and Processing Innovation Team of Ag-
ricultural Industry Research System of Hebei Province ( HBCT2023090208 ) ;
Doctoral Research Start-up Project of University-level Research Fund of Lang-
fang Normal University (XBQ202032).

Kun TANG, PhD. , associate professor, research fields: development of func-
tional food with edible and medicinal fungi.

# Corresponding author. Chunyan XIE, PhD., professor, research fields:

food science and edible fungi processing.

edible fungi, and it is also one of the few provinces that can pro-
duce edible fungi in summer. In recent years, the development of
edible fungi industry in Hebei Province has begun to take shape,
and shows a steady growth trend. In 2021, the total production of
edible fungi in Hebei Province was 1.8 million t and the total out-
put value was 17.5 billion yuan, ranking fifth in China ( Henan,
Fujian, Shandong and Heilongjiang provinces). In 2022, the an-
nual output of edible fungi in Hebei Province ranked among the
top 3 in China, with 15 factories producing 100 000 mushroom-
sticks per day and 20 newly built processing lines. The products
are widely sold to more than 60 large and medium-sized cities in
China and exported to more than 20 countries, with an annual ex-
port value of more than 80 million USD. The annual output value
of 19 counties, including Pingquan City, Xinglong County, Fup-
ing County, Linxi County and Ningjin County, exceeds 100 mil-
lion yuan. There are more than 200 varieties of edible fungi culti-
vated in Hebei Province, among which the output of chestnut
mushrooms and white king oyster mushrooms ( Pleurotus nebroden-
sis) rank first in the country, and those of shiitake mushrooms
(Lentinula edodes) and oyster mushrooms ( Pleurotus ostreatus)
rank second and third, respectively.

The edible fungi producing areas in Hebei Province are main-
ly concentrated in Taihang Mountain, Yanshan area, which can be
divided into three producing areas, namely, Bashang off-season
edible fungi producing area, rare edible fungi producing area
around Beijing and Tianjin, and annual edible fungi producing ar-
ea in central and southern Hebei Province. In addition, Hebei has
built several influential edible fungi bases, including the world’s
largest chestnut mushroom production base ( Qianxi County), the
country’s first-class factory edible fungi production base (Taihang
Mountain, Yanshan area), the country’s largest Yuexia shiitake

mushroom production base (Taihang Mountain, Yanshan area),
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the country’s best benefit morel production base ( Ningjin Coun-
ty), as well as three strain research and development centers of
Pingquan shiitake mushroom, Chengde black fungus and Linxi

rare edible fungi’® ™

. In order to better understand the develop-
ment of the industry, several counties ( cities) with outstanding
development of edible fungi industry are introduced as follows.
2.1 Fuping County Fuping County belongs to Baoding City.
The edible fungi industry in Fuping County, Baoding City, Hebei
Province, has developed rapidly, covering 61 administrative villa-
ges in 11 townships. There are 10 new leading enterprise mush-
room stick production and fresh mushroom processing and sales
base, 52 new fresh-keeping storehouses with a storage capacity of
more than 5 000 t, 44 edible fungi parks of more than 6. 67 ha,
3 100 new mushroom sheds, and more than 40 million sticks of
shiitake mushroom, oyster mushroom ( Pleurotus geesteranus) , tea
tree mushrooms (Agrocybe cylindracea) , hairy jew ear (Auricular-
ia polytricha) and black fungus (Auricularia auricula). There are
more than 33.4 million sticks of shiitake mushrooms, driving over
4 260 households. Therefore, edible fungi is the leading industry
in the featured poverty alleviation industry in the county, and it is
also the fastest and best developing industry, creating the " Fuping
speed" and " Fuping model", which has been affirmed and
praised by relevant ministries and commissions of the state and the
provincial committee and government'”’. Up to now, the total
planting area of edible fungi in Fuping County has reached 1 400
ha, with 102 large-scale parks, more than 4 600 edible fungi
sheds, more than 80 million cultivated mushroom sticks annually,
an output of about 60 000 t, and a comprehensive output value of
more than 900 million yuan"*~"'.

2.2 Pingquan City Pingquan City belongs to Chengde City,
with a shiitake mushroom planting history of 40 years. Pingquan is
the northern off-season shiitake mushroom planting base city, with
a shiitake mushroom planting scale of 350 million bags, an output
of 330 000 t and an output value of 3.4 billion yuan, becoming the
largest off-season shiitake mushroom production base in China.
" Pingquan shiitake mushroom" has obtained the registration of na-
tional agricultural products geographical indication by the Ministry
of Agriculture, was rated as the ecological origin protection prod-
uct by the General Administration of Quality Supervision, Inspec-
tion and Quarantine and approved as the national geographical in-
dication certification trademark by the State Trademark Office,
and has been approved as the national export edible fungus quality
and safety demonstration zone for 7 consecutive years, being a re-

gional public brand product in Hebei Province "

2.3 Ningjin County Ningjin County belongs to Xingtai City,
and morel cultivation is the key agricultural industry of the county.
In 2016, rare morels were successfully planted, which created the
first morel cultivation in central and southern North China and
filled the technical gap of morel cultivation in the north. Ningjin

County is also the most concentrated area of little black oyster

mushroom cultivation in China >, The county has 8 townships en-
gaged in the production of edible fungi, and 32 edible fungi pro-
cessing enterprises, 5 of which are national leading enterprises.
There are 18 park areas over 6. 67 ha, covering an area of 800 ha,
with an output of more than 80 000 t and an output value of over
1.2 billion yuan. The products are sold well in many places
throughout the country, and exported to Europe, the United
States, Japan, South Korea and other countries and regions“’%’w .
2.4 Zunhua City Zunhua City is located at the southern foot
of Yanshan Mountain in Hebei Province, affiliated to Tangshan
City, and it is one of the most important edible fungi production
bases in northern China. Zunhua shiitake mushroom rose in 1994,
and now there are 36 shiitake mushroom planting professional vil-
lages in 39 villages and 7 100 edible fungi greenhouses in the
town, accounting for half of the Zunhua shiitake mushroom indus-
try. At present, Zunhua City has the planting scale of 300 million
sticks of shiitake mushroom, with an annual output of 300 000 t
and an annual output value of 2.5 billion yuan, and has gradually
formed a pattern of " shiitake mushroom oriented and multi-fungi
development" , realizing large-scale, intensive and standardized
development'” ~"7".

2.5 Qianxi County Qianxi County is affiliated to Tangshan
City, belonging to the Bohai Sea economic circle, and enjoys the
reputation of "the town of chestnut mushrooms in China". Chest-
nut mushroom is an edible and medicinal fungus, rich in protein,
amino acid, iron, zinc and other trace elements, and has high
nutritional health and medicinal value. At present, chestnut
mushroom industry is identified as one of the characteristic agri-
cultural industries in Qianxi County. After nearly 20 years of de-
velopment, Qianxi County was awarded the title of " the town of
chestnut mushrooms in China" by China Edible Fungi Association
in 2013; in 2015, the trademark " Qianxi Chestnut Mushroom"
obtained the registration certificate of the State Administration for
Industry and Commerce, and " Qianxi Chestnut Mushroom" was
awarded the "most valuable investment brand" by the China Edi-

ble Fungi Association ™",

3 Development direction of edible fungi industry in
Hebei Province

According to the Plan for Promoting Advantageous Edible
Fungi Industry Cluster in Hebet Province in 2022 issued by the He-
bei Provincial Department of Agriculture and Rural Affairs, the
edible fungi industry will develop towards industrialization, large
scale, and high quality in the future™ . Specifically, the plan
aims to create five high-standard edible fungi demonstration areas
Pingquan City, Fuping County, Linxi County, Ningjin County and
Zunhua City, and develop " customized fungi garden" more than
666.7 ha; build three largest oversummer high-quality shiitake
mushroom demonstration areas in China; Pingquan City, Chengde

County, Xinglong County, etc. ; forge a straw rotting fungi indus-
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trialization demonstration zone; with Zhangbei County as the core;
establish two largest demonstration areas for facility cultivation of
morel ; with Ningjin County and Baixiang County as the core; con-
struct domestic first-class modern black fungus demonstration
area; with Laiyuan County, Chengde County, Weichang Manchu
and Mongolian Autonomous County as the key main producing are-
as; construct 4 modern strain research and development and
breeding centers; Pingquan City, Linxi County, Zhuozhou City,
Ningjin County; upgrade 10 deep processing production lines: fo-
cusing on Pingquan City, Fuping County, Zunhua City and
Chengde County, placing extra emphasis on the research and ap-
plication of modern biology and nutrition strengthening technology,
and promoting the development of new food raw materials and food
with homology between medicine and food; foster 5 major regional
public brands of edible fungi: " Pingquan shiitake mushroom",
"Fuping shiitake mushroom" , " Zunhua shiitake mushroom" ,
"Qianxi chestnut mushroom" and " Ningjin morel mushroom" ;
breed 8 edible mushroom enterprise brands: " Senyuan", " Pu-
heyuan" , " Jingmei" , " Gufangyuan" , " Laoxianggu" , "Shengjishun" ,

"Jiufeng" and " Guoxu".

4 Constraints on the development of county-level edi-
ble fungi industry in Hebei Province'” =

4.1 Edible fungi varieties: relatively simple edible fungi va-
rieties, insufficient scale of rare varieties, and few independ-
ent research and development varieties First of all, the two
major varieties, oyster mushroom and shiitake mushroom, are
mainly cultivated by edible fungi enterprises in Hebei Province,
with simple edible fungi varieties and insufficient scale of rare va-
rieties, and the phenomenon of " only samples without products"
occurs from time to time. For example, the edible fungi planting
varieties in Chengde are relatively single, and most of them are
conventional fungi, such as shiitake mushroom, button mushroom
(Agaricus bisporus) , oyster mushroom, black fungus, eic. , ac-
counting for 99% of the total production of edible fungi; there are

little rare fungi, even less than 1% .

Secondly, China is the
main producing country of shiitake mushroom, with huge demand
for seed quantity, and variety selection and breeding is in the bas-
ic core position of shiitake mushroom industry. However, most of
the existing main varieties are imported from abroad or from out-
side the province, and there are few independently developed vari-
eties. The investigation, cultivation and research of edible fungi
resources in the province are still in the initial stage, and the ad-
vantages of local fungi resources have not been effectively devel-
oped and utilized. If things continue this way, it is easy to lead to
the homogeneity of edible fungi products, lack of competitive ad-
vantages, and limited development, which will also increase the

. , .. [25] .
future pressure of the province’s fungi industry' ™", and is a key
factor restricting the development of edible fungi in Hebei

Province.

4.2 Edible fungi quality: extensive production and manage-
ment, co-existence of a variety of cultivation methods, and
difficult to unify the quality of edible fungi At present, it is
difficult to guarantee the quality of edible fungi products because
of the great differences in the development degree and production
mode of edible fungi in different regions of Hebei Province.
4.2.1 Extensive production and management. In the process of
edible fungi cultivation, various regions or production factories re-
ly on the personal experience of mushroom farmers for planting and
management, and there are great differences in edible fungi varie-
ties, production equipment, cultivation management mode, growth
status, yield and quality, etc. Due to non-standard cultivation
management operation of edible fungi and inaccurate time node, it
is difficult to control mushroom emergence time and mushroom
quality.

4.2.2 Backward production and quality control equipment, and
lack of technical support. There are great differences in the equip-
ments used by edible fungi production enterprises in various re-
gions. General enterprises also lack relevant testing equipment,
research and development funds, and the corresponding technical
force, and it is difficult to control the quality of edible fungi pro-
duction, resulting in unfulfillment of quality monitoring and quali-
ty control of edible fungi products.

4.2.3 Lack of relevant standard system or unified indicators.
The production of edible fungi in Hebei Province presents a busi-
ness model of regional dispersion and extensive management.
There are problems such as lack of standard systems or inconsis-
tent indicators in terms of quality standards of edible fungi, prod-
uct quality standards, production process specifications, process-
ing, storage and transportation technical regulations and safety
standards, etc. , which makes it difficult to achieve full coverage
of all elements of the whole industrial chain. It is difficult to im-
plement the existing standards ™' and form a standardized and uni-
fied production of edible fungi, which result in unstable produc-
tion, quality and safety of edible fungi, and can not well resist
natural risks and market risks to the food safety and production of
edible fungi industry.

4.3 Edible fungi industry: short industrial chain, and lack
of fresh products deep processing enterprises In the develop-
ment of edible fungi industry in Hebei Province, most of the
fresh mushrooms supply the market, while the consumption mar-
ket of high-end fresh products is relatively small, accounting for
only about 10% of the total. There are fewer dried goods, espe-
cially the deep-processed high value-added products, and the
value of nutrition, health care and other aspects has not been
fully explored. With the growing maturity of cultivation scale in
various regions, the yield of edible fungi increases year by year,
and the market becomes more and more saturated, so the bulk
edible fungi commodities in Hebei will face the risk of pricing
reshuffle. Therefore, short edible fungi industry chain in Hebei

and lack of intensive processing enterprises for fresh products
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will limit the upgrading of the industry. With the trend of in-
creasing consumer demand, the industry is faced with greater
market risks"”" .

4.4 Edible fungi technology: lack of professional and tech-
nical personnel of edible fungi, and lack of scientific and
technological support for industrial development At present,
the technical level and technological innovation degree related to
the edible fungi industry in Hebei Province are difficult to meet
the needs of the development of edible fungi industry in the prov-
ince. First, there is a lack of edible fungi professional and techni-
cal personnel, especially the lack of high, fine and advanced tech-
nical personnel who are well versed in the development of edible
fungi industry and have systematic theoretical knowledge and ex-
cellent practical experience. The lack of talents will affect the sci-
entific and technological competitiveness of Hebei edible fungi in-
dustry in the national edible fungi industry. Second, there is a
lack of science and technology support, and a support for edible
fungi technology innovation related projects. There are less invest-
ment in research and development of new varieties, technologies,
processes and standards, and there is a lack of industrial technolo-
gy promotion and transformation of scientific and technological
achievements. Third, fixed indicators such as annual output, de-
velopment scale, output value, and profit are mostly compared to
measure the development status of edible fungi industry in Hebei
Province, while soft power such as technical personnel, innovative
varieties, new technologies, patents, and papers are less compared.
4.5 [Edible fungi promotion and sales: insufficient brand
promotion, and simple marketing model As an important part
of agriculture, edible fungi play an important role in promoting ru-
ral revitalization and developing local industries. However, com-
pared with other provinces, Hebei still faces many difficulties in
promotion and sales of edible fungi. For example, the public is
relatively unfamiliar with the brand consumption awareness of
" Pingquan shiitake mushroom" , " Qianxi chestnut mushroom" and
"Ningjin morel mushroom". Therefore, there is still much room
for improvement in the promotion of brand and the transformation

or upgrading of marketing model.

5 Suggestions on the development of county-level edi-
ble fungi industry in Hebei Province **’

5.1 Edible fungi varieties: accelerating the development of
independent new varieties, and optimizing the variety struc-
ture First of all, the seed is the foundation to develop breeding
industry, so it is necessary to strengthen scientific and technologi-
cal research and development efforts and improve the support of
breeding in scientific and technological research and development.
Secondly, it is best to adhere to the principle of " highlighting
characteristic varieties and developing multiple varieties" in the
fungi industry, and pay attention to the establishment of industrial

comprehensive benefit systems of rare mushrooms ( chestnut mush-

rooms, Ophiocordyceps sinensis, nameko mushrooms) in northern
Hebei Province and rare mushrooms ( Coprinus comaius, Pleurotus
geesteranus , Pleurotus cornucopiae) in southern Hebei Province. It
is targeted at the middle and high-end population in the Beijing —
Tianjin — Hebei region, and it is planned and targeted to vigorous-
ly develop rare fungi in order to optimize and improve the industri-
al variety structure "’

5.2 Edible fungi quality: optimizing product quality, and
establishing and improving the standard system In order to
realize the standardization, scale and intensive development of ed-
ible fungi industry in Hebei Province, it is particularly important
to expand the brand effect, constantly optimize product quality,
and establish and improve the supporting standard system. There-
fore, only by grasping the key nodes of fungi culture, cultivation
technology, storage technology, transportation and logistics, qual-
ity testing, and production safety, building and improving the
standard system, promoting standardized and standardized produc-
tion technology, improving the product quality and safety tracea-
bility system, improving product quality archive management, and
effectively protecting the quality and safety of edible fungi prod-
ucts, can make consumers eat mushrooms at ease, thus making
the development pace of Hebei edible fungi industry become more
stable and farther.

5.3 [Edible fungi industry: extending or improving the in-
dustrial chain, and promeoting the development of deeply pro-
cessed products Based on technological innovation, a research
team can be formed relying on the industrial system, so as to ac-
celerate the research and development of high-value-added prod-
ucts for deep processing. For example, research is carried out in
the fields of prepared edible fungi, dried edible fungi application,
edible fungi functional food, edible fungi pure extract, and edible
fungi health products, in order to extend or improve the industrial
chain, enhance the added value of edible fungi, and promote the
continuous upgrading and sustainable development of the industry.
5.4 [Edible fungi technology: cultivating professional and
technical personnel of edible fungi, and supporting industry
with science and technology Hebei Province should attach im-
portance to the development of scientific research system, and in-
tensify research on key technologies in response to major techno-
logical bottlenecks that restrict industrial development. In terms of
strain purification and rejuvenation, new variety breeding, cultiva-
tion technology innovation and integration, disease and pest con-
trol, deep processing and other technologies, Hebei Province
should cooperate with colleges and universities to jointly tackle key
problems. In such way, Hebei Province can train a group of edible
fungi professional and technical personnel, and also promote sci-
entific and technological innovation and achievement transforma-
tion, thereby supporting the sustainable development of the indus-
try with scientific and technological strength. Edible fungi enter-
prises are encouraged to introduce professional and high-level

technical personnel, and local professionals are encouraged to ex-



Kun TANG et al. Development Countermeasures of County-level Edible Fungi Industry in Hebei Province from the Perspective of Rural Revitalization 19

change and further study in other well-known edible fungi produc-
tion and research institutions, so as to improve the level of local
professionals. The exchanges with other edible fungus institutions
should be strengthened, and domestic and foreign edible fungus
experts can be invited to teach in the province.

5.5 Edible fungi promotion and sales: creating and publici-
zing well-known brands, and building a three-dimensional
marketing environment Through research and analysis, it is
found that consumers’ attention to brand when choosing edible fun-
gi products will increase with the increase of per capita household
income. Therefore, it is necessary to build and publicize the re-
gional brand of Hebei edible fungi, as well as the enterprise brand
of Hebei edible fungi. It is suggested to make efforts from the in-
novation of packaging graphics, the positioning of local character-
istic products, the support of government policies, and the invest-
ment of funds to the convergence of marketing manpower. A three-
dimensional online and offline cross marketing approach can be es-
tablished, that is, increasing the publicity of "fine" planting and
" intelligent" management process of edible fungi offline, and
strengthening the accurate dissemination of information about
"therapeutic value" and " therapeutic method" of edible fungi.
Meantime, offline experience stores can be set up to expand the
audience’s knowledge and understanding of edible fungi; diversified
internet channels online can be constructed, to realize the custom-
ized production of deep-processed products, or the customized serv-
ice of edible fungi products; traditional B2B and B2C e-commerce
can also be carried out, or 020 chain catering and retail outlets can
be developed ™ . In this manner, the combination of online and off-
line commerce can effectively use resources and accelerate the pro-

motion and sales of edible fungi in Hebei Province.

6 Prospects
As a dominant industry and the main poverty-alleviation in-
dustry, edible fungi in Hebei Province has a good comprehensive

B but there are still some

development level of industrial cluster
problems restricting the healthy development of edible fungi indus-
try. Therefore, it is necessary to recognize the current situation
and pay attention to the existing problems, constantly search for
excellent varieties suitable for different cultivation areas, and
speed up the development and research of native germplasm re-
sources. It is necessary to strengthen the training of professional
and technical personnel of edible fungi and tackle problems in key
technologies, and establish a standard system of the whole indus-
trial chain including the cultivation, processing, storage and qual-
ity inspection of edible fungi. Furthermore, it is necessary to opti-
mize the allocation of industrial resources, enrich sales channels,
improve the competitive advantage of the county-level edible fungi
industry, and realize the diversification, standardization and sci-
ence and technology of the edible fungi industry, thus giving full

play to the resource advantages and edible fungi industry base and

promoting the development of Hebei edible fungi industry cluster
to a healthy and rapid road.
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lenges; the business principle of being polite, honest, and trust-
worthy ; the inclusive spirit of coexistence and mutual benefit co-
operation; and the platform concept of continuously deepening re-
gional cooperation in economy, trade, culture, and tourism, driv-
ing innovation and cultural exchange. By introducing tea culture
into the promotion of border tea, it can guide people of all ethnic
groups to form correct ideological concepts and achieve the goal of
humanistic literacy education. The integration of tea culture into
the humanistic literacy education of various ethnic groups has en-
hanced cultural confidence, laid the foundation for cultivating
high-quality talents with comprehensive development of morality,
intelligence , physical fitness, aesthetics, and labor, and promoted
the exchange, communication and integration of various ethnic

groups in the Tea Road of Ten Thousand Miles.
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