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Abstract: China’s greenhouse industry has thousands of years of development history, although the
development of modern greenhouses has come late. After decades of development of China, its
greenhouse industry is in the forefront of the world. China’s greenhouse industry is experiencing
rapid development, transformation and upgrading. China ranks first in the world in terms of
greenhouse area, used mainly for vegetable cultivation and plays an important role in the utilization
of agricultural resources and food production. In 2023, the cumulative area of new greenhouses
nationwide was 1835.87 million ha. In this paper we present the latest developments in the
greenhouse sector. More specifically, we present a greenhouse market development overview, the
greenhouse production, the greenhouse industry, and technology development. Current problems
are underpinned, development opportunities and prospects are analyzed, and measures and
specific proposals are detailed for the technological development of the greenhouse sector both for
increasing product quantity and quality.

Keywords: China; facility-based agriculture; greenhouses; technology status; development
prospects

1. Introduction

Facility agriculture in China is referred to a modern agricultural production method with the
characteristics of high input, high output, and high yield, and it is capable of anti-seasonal and year-
round uninterrupted production, and the yield of facility agriculture is generally 2 to 10 times that of
conventional production [1]. Facility horticulture refers to an environmentally controllable
agriculture that uses specific facilities (multi-span greenhouses, solar-greenhouses, plastic covered
greenhouses, small arched greenhouses, and breeding sheds) to artificially create environments that
are suitable for crop growth, to produce high-quality, high-yield, and stable horticultural products
such as vegetables, flowers, and fruits [2].

Although greenhouses have been developed in China for thousands of years [3], the rise of the
modern greenhouse only began in the late 1950s, when China began experimenting with simple
plastic-covered shelters to cope with harsh winter weather and increase year-round crop yields.
Initially, these structures were rudimentary, with farmers using bamboo, sticks and other locally
sourced materials to build frames covered in plastic sheeting that could only grow a few specific
vegetables. After China’s reform and opening up in the 1980s, with the population growth people’s
demand for vegetables and other crops continue to increase, coupled with China’s rapid
development of science and technology, China began to increase investment in agricultural
technology including greenhouses and greenhouse facilities have jumped to the forefront of the
world’s growing area. Crossing into the 21st century, China’s greenhouse area has steadily ranked,
by far, first in the world.

With the growing concern for food security and sustainable development, greenhouse
technology is gradually becoming an effective means of addressing the challenges facing food
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production and plantation development. At present, China’s greenhouse industry is experiencing
rapid development and transformation and upgrading. In the recent years, with the rapid
development of science and technology and the convenience of transportation means and logistics,
although these developments have led to the continuous improvement of greenhouse operation and
management and the reduction of the prices of crop production, the rapid transport of vegetables
across the country, has led to the reduction of the number of greenhouses year after year. At present,
China’s greenhouse industry is experiencing rapid development and transformation and upgrading.

In the following the article will provide basic information about the greenhouse sector status in
China and its development prospects.

2. The Current Situation of Greenhouse Development in China
2.1. China Greenhouse Market Development Overview

China’s greenhouse development started late, and through the course of time, its greenhouse
development has experienced three stages, (Figure 1); The first stage in the 1960s, China’s gradual
emergence of agricultural greenhouses, are structurally simple, single-function plastic greenhouses;
the second stage in the 1970s, followed the “Eleventh Plenary Session of the Third Plenary Session of
the Third Central Committee”. The second stage in the 1970s, greenhouse sector in China has received
special attention, greenhouse area grew considerably, and the first solar greenhouse (also named
solarium) began to appear. The third stage for the 1990s to the present, through the continuous efforts
of China’s researchers, combined with advanced greenhouse control equipment from abroad and the
introduction of advanced crop production technologies, resulted to further modernization of China’s
greenhouse structure and crop production quality while the productivity has also increased. Today,
with the introduction of the “double carbon” policy, today’s greenhouses are moving towards low
energy consumption, high efficiency, high yield direction.
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Figure 1. The development of facility-based agriculture in China.

Structurally, China’s greenhouse development has gone through four main stages: from simple
plastic shed, bamboo and wood structure shed, steel structure shed, and then to the current intelligent
shed. From the initial simple plastic tunnels to bamboo and wood structure greenhouses to steel
structure greenhouse. The intelligent greenhouse is based on the steel structure greenhouse, with
automation equipment, such as room temperature control through a thermostat sensor to monitor
the air temperature and when the temperature is lower that the set temperature the heating system
will be automatically switched on, while when the temperature reaches the set value, the heating
system will be automatically switched off. Advanced automation in greenhouses can not only control
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the room temperature, but also automatically control irrigation, fertilizer supply, lighting,
ventilation, etc.

2.2. Development Status of Greenhouse Industry in China

In recent decades, China’s greenhouses have been developing steadily, and the area of
greenhouses in China now ranks first in the world, accounting for a large proportion of the area used
for fruit and vegetable cultivation, and greenhouses play an important role in improving the
utilization rate of agricultural resources and the yield and quality of agricultural products. In 2023,
the cumulative total area of new greenhouses in the country was 1835.87 ha, of which the area of new
plastic film greenhouses is 1094.1 ha, accounting for about 60% of the total, glass greenhouse area is
234.32 ha, polycarbonate greenhouse area is 12.48 ha, solar greenhouse area is 144.17 ha, and other
types of greenhouses (landscape greenhouse, greenhouse restaurant, etc.) are 350.8 ha (Figure 2) [4].

Other greenhouses Glass
19% greenhouses
Solar greenhouses 13%

8%

[\

Polycarbonate greenhouses
1%

Plastic film greenhouses
59%

Figure 2. Types and share of new greenhouses in China.

As can be seen in Figure 3 [5], there was a gradual change in the total area of greenhouses in
China, which has shown a year-to-year decline, from 2168 thousand ha in 2015 to 1864 thousand ha
in 2021, a 14% decrease compared to 2015 with a slight increase in 2022. There are three main reasons
for this trend: first, as crop yields rise, more greenhouses are no longer needed. The second is that
modern transport is becoming more convenient and efficient, making it cheaper to transport
vegetables from the south (warmer climate), which reduces the demand for greenhouses in the north
(colder climate) of the country. Third, with the improvement of environmental protection
requirements, plastic has a greater impact on the environment, resulting in a decrease in construction
of plastic greenhouses.
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Figure 3. Changes in the cultivated area of greenhouses in China, 2015-2022.

2.3. Industry Chain Analysis of Greenhouse Shed Industry in China

The structure of China’s greenhouse industry chain is relatively straightforward, mainly
composed of the upstream industry, the midstream industry, and the downstream industry (Figure
4). The upstream industry includes the production of raw materials and parts for building
greenhouses, mainly composed of steel greenhouse structural parts, plastic films and plastic parts,
glass panes, and agricultural machinery; its production cost practically determines the construction
cost of greenhouses. The midstream industry is the greenhouse manufacturing industry while the
downstream industry regards the horticultural activities themselves, crop production, (vegetables,
fruits, and flowers) and other agricultural by-products. The quality and quantity of the products in
turn determine the quality and the size of the market chain and a better market chain improves
economic income.

Upstream Industries

Steel industry Plastic film Plastic glass Agricultural machinery

. 2

Midstream Industries

Greenhouse Industry

. 2

Downstream Industries

Flower growing Fruit growing Vegetable growing

Figure 4. Greenhouse industry chain diagram.

2.4. China Greenhouse Investment Analysis

The year-to-year increase in the planting area of the continuous growth of the downstream
industry has led to increasing the confidence in investing in the greenhouse sector, and we can see in
Figure 5 the greenhouse investments in China has undergone a substantial increase in the years 2021
and 2022 although a variation is noticed in the period 2015 to 2020 [5]. The investment increase in the
period 2021 to 2022 is due to the introduction of relevant government policies and the end of the
three-year COVID epidemic which resulted in increasing the confidence of investors.
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Figure 5. Scale of investment in greenhouses in China.

2.5. Problems Faced during the Development of Greenhouses in China

China’s greenhouse crop production quality and crop productivity has not reached a high level
as compared to developed countries; although there was a considerable development in the recent
years, the gap is large, and it seems the country faces difficulties to adapt to the needs of building a
strong high-tech agriculture with high productivity. China has a large of greenhouse area, however
the distribution is not reasonable, nearly 80% of the area is around Yellow Sea, Huai River and Bohai
Sea, and the middle and lower reaches of the Yangtze River. The equipment is outdated, 70% of the
area is covered by small and medium-sized tunnel plastic greenhouses and the area utilized by solar
greenhouses is about 40% of the total greenhouse area. The varieties grown in the greenhouses are
only a few and there is a need to further diversify crop production. At present, most of the fruit and
vegetable varieties come from other countries and there is a need to develop domestic new varieties.
The large-scale multi-span modern greenhouses in the country are foreign models and, in most cases,
they are not adapted to local climatic conditions. Irrigation, environmental control, and other core
equipment are foreign products. There is a lack of professional production management personnel
and trained technicians in large-size greenhouses, there is a need to introduce environmental control
management, automations in cultivation technology, more efficient and environmentally friendly
plant protection, equipment maintenance. China’s technology for precision agriculture is still in its
infancy and there is a need to further develop and accelerate capacity building in the sector.

3. Types of Greenhouses in China
3.1. Solar Greenhouses

The development of greenhouses in China has gone through three phases: In the first phase in
the 1960s, the gradual emergence of greenhouses in China, are simple structures, plastic greenhouses;
In the second phase in the 1970s, considerable attention was given to the structure which has become
more complex, while the greenhouses are equipped with control equipment usually introduced from
the Netherlands, the United States and other developed countries at a high cost and did not meet the
national conditions of the time; In the third stage in the 1990s, after the country’s long-term attention
and the continuous efforts of its researchers, a series of significant achievements have been
introduced in the greenhouse sector.

The cold winter weather in northern China has hampered the development of Chinese
agriculture, and in order to solve this problem, China has designed and introduced a unique facility:
the solar greenhouse. The solar greenhouse (Figure 6) is an agricultural facility built using simple but
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durable materials, consisting of three main parts: the south (transparent) roof and north roof and
north wall; the south roof is made of transparent material (plastic film), the north roof is made of
opaque thermal insulation material, and movable thermal blanket are placed on the outside of the
south roof, which are unfolded at night on the north roof and laid on top of the south roof for thermal
insulation, and the north wall is made of a passive solar energy storage system [6]. In most of the
commercial solar greenhouses there is no heating equipment, the north wall and the thermal blanket
maintain an adequate level of indoor air temperature to meet the needs of the growth of vegetable
crops. Figure 7 shows the structural section of the solar greenhouse [7], the thickness of the north wall
base is 0.4 m - 8 m according to the demand, and the height of the north wall is mostly in the range
of 2 m- 4 m. The span of the solar greenhouses (north to south length) is 7 m - 12 m. Larger spans

Figure 6. Solar greenhouse internal structure diagram [5].
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Figure 7. Cross section of a typical Chinese solar greenhouse.

In addition to the Chinese solar greenhouses there are also facility cultivation units known as
Gobi cropping systems [8]. These cultivation systems in China make full use of crop straw, animal
manure and other agricultural wastes to create a cultivation substrate for crop cultivation [9]. In
Western China the land is not fertile, such as in the Gobi Desert, and this facility cultivation system
alleviates the difficulty of growing agricultural crops in western China. The Gobi Cultivation System
offers the opportunity to produce large quantities of fresh fruits and vegetables year-round on a land
area as large as 2.2 million ha [10].

China’s facility-based agriculture is booming, and solar greenhouses are an important part of
China’s facility-based agriculture. In the 1980s, solar greenhouses developed rapidly in northern
China’s facility-based agriculture, and the application of new solar greenhouses has further
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facilitated the cultivation of crops. Currently, the north wall of Chinese solar greenhouses is
composed of packed earth and soil, and although this structure provides good thermal storage
performance, the wall width is too large and wastes land resources. In addition, its construction
produces COz emissions, which contribute to the atmospheric greenhouse effect.

A lot of research has been conducted in China to study the north wall materials, especially trying
to build the wall by using non-soil materials. Guan et al. [11] developed a novel active-passive
thermal storage wall system using phase change materials to improve the thermal performance of
the wall and increase its internal temperature. Experiments showed that this new active-passive heat
storage wall with phase change materials increased the heat storage and heat release capacity. Liu et
al. [12] proposed that the north wall of the solar greenhouse can be made of fine coal ash bricks, which
fits well in high latitudes, with long winter areas such as the north of China. Heating devices were
also added to the walls. Zhou et al. [13] added a heat pump system to the storage system and the
experiments showed that the nighttime air temperature in the experimental greenhouse increased
from 2 °C to 4.5 °C on average compared to the reference greenhouse.

3.2. Simple Bamboo Shed

In China’s first phase of greenhouse development in the 60s the simple bamboo frame plastic
covered greenhouse was introduced, (Figure 8) of low cost, easy to build and dismantle, effectively
controlling pests and diseases and handling soil problems [14]. However, its service life is shorter, it
has maintenance problems, and the greenhouse internal available width is small. This simple bamboo
frame plastic greenhouse has a very low cost, of about 5 - 8 yuan per square metre, initially suitable
in rural areas with low-income farmers.

Figure 8. The interior of a simple bamboo frame greenhouse.

3.3. Steel Frame Shed

Steel frame greenhouses (Figure 9) are currently the most common type of horticultural facility
in China, and by 2022, steel frame greenhouses occupy a total area of 1,225,000 ha, accounting for
65.4% of the total area of China’s horticultural facilities, with the cost of each square metre of steel
frame greenhouses being around 30-100 yuan. Compared with the simple bamboo frame
greenhouses, the steel frame greenhouses not only maintain the advantages of simple bamboo frame
greenhouses, but also overcome its shortcomings, they are also simple structures, they are strong and
durable, they have longer service life, and large internal space. Around Weifang City, where the
major greenhouse area in Shandong Province is located, most of the greenhouses are of steel frame
covered with plastic films. These greenhouses are usually unheated and during nighttime the roof is
covered with an insulation blanket to preserve as much as possible of the heat collected during the
daytime.
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Figure 9. Schematic diagram of steel frame shed structure.

The advantages of the steel frame greenhouse over the simple bamboo frame greenhouse have
rendered it the most popular type of horticultural facilities in China. Figure 10 shows a cross section
of a steel frame greenhouse which may have a variable span width of 8, 10, 12 and 14 m, shed edge
0.5 m at a height of 1.5 m. Other dimensions are shown in Table 1.

o

Ridge height

Shoulder height

" 2

span

Figure 10. Schematic diagram of steel frame shed section.

Table 1. Span widths, ridge heights and shoulder heights for steel frame greenhouses.

Span width (m) Ridge height (m) Shoulder height (m)
8 29 1.5
10 3.3 15
12 3.7 15
14 4.1 1.5

3.4. Glass Greenhouses

In a glass greenhouse glass panes are used instead of plastic as cladding material. Glass
greenhouse has the longest life service, and it is suitable for all climates and environments. In 2021
according to the national greenhouse statistics, the area of glass greenhouses grew to 718.14 ha. The
cost of a glass greenhouse is between 500 and 1000 yuan per square metre. For the heating of glass
greenhouses various heating methods are used and their energy consumption cost is at a medium
level. Compared with plastic greenhouses, glass greenhouses have the advantages of larger
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cultivation area, larger solar radiation transmissivity, more uniform solar radiation distribution,
longer service time, stronger anti-corrosion properties, and fire resistant. At the same time, the glass
greenhouse can fully correspond to China’s “green mountains are golden mountains” call, its energy
saving and environmental protection as well as easiness to control the humidity is highly preferred.
The industry provides different construction models in terms of the size of the span and ventilation
openings and further categorized into vegetable glass greenhouses, flower glass greenhouses,
nursery glass greenhouses.

In recent years, China introduced the greenhouse Venlo type (originated from the Netherlands)

(Figure 11).

Figure 11. Venlo-type glass greenhouse fully equipped with forced ventilator system, internal and
external screens.

Through the research on Venlo-type multi-span glass greenhouse, Song et al. [15], studied the
effect of different covering materials and concluded that a scheme of double glass panes (4 mm glass
+ 9 mm space +4 mm glass) on the side walls, and 10 mm glass panes on the roof, has better energy-
saving and heat preservation properties. Zhou et al. [16] found that the use of double insulating glass
in Venlo-type greenhouses save about 30% of energy compared with a single-glass greenhouse and
can considerably reduce the operating cost of such greenhouses.

4. Production Analysis of Greenhouse Industry in China

In 19th century, China’s primary crop production sector was strongly affected by the location
and its climatic conditions, often making it impossible to perform open-air operations, allowing to
cultivate only a few crop varieties which negatively affected the income of people. The development
of science and technology and the emergence of greenhouses has largely facilitated these problems
and farmers had the opportunity to diversify and increase production and productivity.

With the improvement of agricultural production techniques and technology, China’s facility-
based agriculture has made significant breakthroughs in the horticultural production such as
vegetables, fruits and melons, flowers and seedlings, and the growth of greenhouses and relevant
equipment has progresses rapidly. In recent years, China’s vegetable, orchard and flower planting
area has shown a year-to-year rising trend, associated with the county’s economic development and
improvement of national income, while at the same time the demand for these products increased. It
can be seen in Figure 12 [17-19], that in the period 2015 to 2023 the sown area of vegetables was
grown from 19,613,000 ha in 2015 to 23,029,000 ha in 2023 and the cultivation area of orchards and
flowers also rose considerably.
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Figure 12. Area under vegetable, orchard, and flower cultivation in China, 2015-2023.

In recent years, with the continuous growth of population and the acceleration of urbanization,
the vegetable market has been expanding, and the production of greenhouse vegetables has
gradually taken an important position. Greenhouse vegetable cultivation has been proven to be an
effective means of increasing farmers’ income, by artificially creating a suitable environment for
vegetable growth, adjusting the vegetable production season, and expanding the cultivation period,
although the annual output of greenhouse vegetables variates due to several factors, mainly the type
of vegetables planted, the level of management, planting technology, and regional climatic
conditions.

Facility cultivation of fruit trees (Figure 13) [20] refers to improving or controlling the
environment in the facility with the help of greenhouse structures, rain shelters and other protection
facilities based on making full use of local natural resource conditions in seasons that are not suitable
for the growth and development of fruit trees [21]. Environmental factors such as light, temperature,
humidity and CO: concentration provide suitable conditions for the growth of fruit trees are
artificially regulated, and the adjusted cultivation techniques help to achieve production goals in this
highly -capital, -labor and -technology intensive industry. As a new production technique, protected
cultivation of fruit trees is an important way to achieve high-quality development of the fruit industry
in China and it has a great practical significance, expanding the cultivation area of excellent varieties,
extending the supply period of fresh fruits, and achieving annual supply while preventing natural
disasters and controlling pests and diseases, produce safe, high-quality, high-end fruits, improve
production efficiency and increase the economic and social benefits of the sector [22]. Tree species
mainly include northern fruits such as grapes, peaches, cherries, plums, and apricots, as well as
southern fruits such as citrus, dragon fruit, lotus root, guava and papaya. Protected cultivation of
fruit trees has become one of the pillar industries for poverty alleviation and rural revitalization in
many areas in China.
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Figure 13. Orchard under protected cultivation.

Flowers, with their unique value, have become an important part of the beautification and
greening of the human environment. A modern flower industry has already been formed in many
countries around the world while it is also developing rapidly [23]. As a kind of “delicate” crop,
flowers have higher requirements for the growing environment, and the continuous improvement of
greenhouse facilities has led to the continuous improvement of flower production. In 2023, China’s
total flower import and export trade amounted to USD 710 million, a decrease of USD 0.10 billion
compared with that of 2022, or a year-to-year decrease of 1.38%. Among them, the export value of
USD 438 million, a year-to-year decline of 9.74%; imports of USD 272 million, a year-to-year increase
of 15.95% [24].

China’s flower production is much smaller as compared to that of the Netherlands which is
accounted for about half of the world’s total, the world’s largest flower producer. However, China
has a huge and growing market, which according to the State Forestry and Grassland Administration
in the 10th China Flower Expo press conference in 2020, the national flower sales exceeded the
amount of 250 billion yuan [25]. Greenhouse cultivation of flowers has become an indispensable part
of the market. Greenhouses allow flowers to bloom free from seasonal restrictions and secure the
required conditions for their growth.

To sum up, the continuous development of China’s greenhouse technology, the continuous
improvement of agricultural science and technology, constantly expand the vegetables, fruits and
flowers and other horticultural products industry.

5. Research on Chinese Greenhouse Technology
5.1. Heat Supply

The heating methods of Chinese greenhouses is constantly changing and improving with the
development of science and technology. In the 1960s, greenhouse cultivation used no heating and
during the winter the cultivation was affected by the weather [26]. With the development of
technology, greenhouse heating is gradually applied and equipment such as boilers and electric
heaters are being used to maintain suitable air temperature level in the greenhouse [27]. Heating
sources used include coal or oil, electricity, even open fire heating, which is very polluting to the
environment. Nowadays, a variety of equipment is used for heating greenhouses such as solar
collectors, biomass boilers, water source heat pumps, air source heat pumps. The new equipment is
safe, energy-saving and environmentally friendly and may be conveniently used by the growers.

One of the more researched areas is the combination of greenhouses with several types of solar
collectors. Solar energy is recognized as a renewable energy source, and the use of vacuum tube solar
collectors placed onto the south side of a typical Chinese solar greenhouse, such as those shown in
Figure 14, can be used to collect and store heat from the sun. The use of solar energy for greenhouse
heating can reduce CO:z emissions and heating costs by using vacuum tube solar collectors as solar
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water heaters to assist electric heat pumps for greenhouse heating, and the internal air temperature
of the heated greenhouse is 2 to 3 °C higher than that in the unheated greenhouse [28]. Hu et al. [29]
developed and analyzed an active solar heating system (ASHS) consisting of five solar water heaters
equipped with vacuum tube solar collectors, a hot water storage tank, and a heating system including
a booster pump and heating tubes. During the day, water is heated in the solar collectors and stored
in the tank, then circulated into the heating tubes to distribute heat to the aerial and root environment
of the plants. The results of the study showed that the ASHS was successful in providing 76% of the
annual heating demand, heating the solar greenhouse for four months and keeping the temperature
inside the greenhouse above 8 °C at night.

Figure 14. A vacuum tube solar collector system, (courtesy of Mr. Xufeng Chen, Binzhou Xinrui New
Energy Technology Co., Ltd., China).

Sun et al. [30] designed a greenhouse heating system based on a dual-source heat pump
consisting of an air source and an ambient air source inside a solar greenhouse, which collects waste
heat from the interior of a Chinese solar greenhouse to heat a multi-span greenhouse. The test results
show that the dual-source heat pump achieves a COP of 3.4 - 4.2, which is 6 - 11% higher than that of
the air-source heat pump, depending on its setup for switching the sources during the winter heating
process. Yang et al. [31] constructed a ground source heat pump (GSHP) heating system with seasonal
solar thermal storage (SSTES) and diurnal solar thermal storage (DSTES). During the non-heating
season, SSTES overcomes the thermal imbalance of the GSHP heating system in agricultural
greenhouses while in the heating season, DSTES can take part of the heating load of the greenhouse,
reduce the electric energy consumption of GSHP heating, and improve the annual coefficient of
performance of the heating system COP.

Other heating systems are also available. Huang et al. [32] designed a heating system using
biomass flue gas as a thermodynamic medium to heat shallow soil in a greenhouse through a buried
flue gas-soil heat exchanger. The results showed that the biomass heating system could increase the
average air and soil temperatures by 5.1 °C and 8.2 °C, respectively.

Although considerable research has been done (in China and internationally) to introduce
renewable energy systems in the greenhouses in commercial practice the active heating systems used
mainly refer to conventional systems of hot water circulating in a closed circuit of steel pipes and of
the forced hot air heating system [33]. Therefore, the North wall greenhouse remains the most
popular passive solar heating system in China.

5.2. Automation

Although there is a continuous progress in China in research and implementation of automation
control systems and artificial intelligence there is still a gap between China and other developed
countries [34]. One major difficulty is due to the fact that greenhouse cultivation is still dominated by
plastic covered greenhouses where automation is more difficult than in modern glass covered
greenhouses. Many trials in applied research have been carried out to narrow this gap by automating
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most of the environmental monitoring and control systems in greenhouses and this gap is gradually
narrowing.

Fu et al.l. [35] proposed a solar greenhouse light environment control system based on the
opening of rolling shutters (ORS), which controls the light environment of greenhouses by operating
the shutters under different conditions. The experimental results showed that the ORS control system
was able to regulate the greenhouse light environment to the desired value and effectively regulate
the light level as needed. Chen et al. [36] studied and designed a multi-energy supply system for
intelligent control system of a greenhouse with an improved adaptive genetic algorithm. The
experimental results show that through the intelligent control of greenhouses, the deviation of air
temperature setting is less than 0.5 °C, and the deviation in the air relative humidity setting is less
than 1% while the maximum deviation value of carbon dioxide concentration variation is less than
2.5%. Luo et al. [37] proposed a suspended-rail automatic variable-distance target spraying system
that uses a laser sensor to measure crop position and spraying distance in real time, which is used to
solve the problems of low level of automation of spraying machinery, low spraying efficiency, and
lack of spraying equipment suitable for vertically grown crops. The results showed that, compared
with the fixed-distance mode, the automatic variable-distance mode increased pesticide application
efficiency by 16.7% and reduced pesticide use by 29.6%.

Research has also been performed on automation during plant growth. Yuan et al. [38] designed
a cucumber harvesting robot based on machine vision algorithms for cucumber fruit recognition and
detection using near-infrared spectral imaging. The results showed that the robot’s recognition
accuracy and success rate in effectively acquiring the grasping area was 83.3%. Han et al. [39]
developed a multitasking robotic transplanting workcell for greenhouse seedlings. The cell has a
multi-gripper transplanting system designed to automatically pick up and plant entire rows of
seedlings. Test results showed that the overall success rate of the transplanting operation was as high
as 90%.

Despite the many research trials for applying smart automated systems, the systems currently
used in a small number of modern greenhouses in China mainly regard automated irrigation systems,
air temperature regulation systems and ventilation systems. Such automated systems include sensors
such as temperature, humidity, CO, solar radiation, soil moisture.

6. Analysis of Key Regions of China’s Greenhouse Market
6.1. Eastern China

China has a vast territory, with a total land area of about 9.6 million square kilometers, its
southernmost point at the Nansha Islands in the South China Sea has a latitude of about 4 degrees;
the country’s latitude has a range of 50 degrees that is China crosses five climatic zones, including
tropical, subtropical, warm temperate, temperate, and cold temperate zones. The climatic condition
for each specific location requires a different greenhouse structure.

Shandong Province is in East China, where the average winter temperature range is -4 to -2 °C,
with strong winds and heavy snow, poor sunlight, and cloudy winters. Shandong is influenced by
the ocean, and the winter is mostly cloudy; the soil layer is deep, the groundwater level is deep,
shallow groundwater level can only be found near the Yellow River. These are basic reasons that East
China implemented small span arch greenhouses, the Shandong type shed [40]. In Shandong
Province, the types of greenhouses used are: simple bamboo and wood structure greenhouses
(discussed in Section 3.2) which are mainly distributed around small towns and rural areas, for
spring, autumn and winter long-season cultivation, mainly growing vegetables, such as tomatoes,
cauliflower. Steel sheds (discussed in Section 3.3) are also popular in Shandong Province as they are
suitable for all kinds of crops (including edible mushrooms), flower production, dwarf fruit trees
such as peaches, apples, pears, forestry seedlings. Glass greenhouses (discussed in Section 3.4) are
also used in the cultivation of vegetables, fruits, and flowers.

For North China and China as a whole, vegetable cultivation is best known in Shouguang City,
Shandong Province. Shouguang City, Shandong Province is a famous vegetable production base in
China and is home to the largest multi-span intelligent greenhouse (8 ha) in China, which represents
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a high level of modern agriculture in Shandong Province and the whole country. Shouguang City not
only has a large area of greenhouse cultivation, with a vegetable growing area of 40,000 ha and an
annual output of 4.5 million tonnes, but also has a high technological level, focuses on energy saving,
emission reduction and environmental protection, adopts advanced greenhouse climate control
technology, reduces the use of chemical fertilizers and pesticides, improves the quality and safety of
vegetables, and applies a full traceability of all aspects of the processes, from seedling breeding to
production, harvesting, packaging, transportation, and sales. Also, several growers have introduced
vegetable branding which comprehensively enhances the competitiveness of their products.

6.2. North and Central China

Let us take Hebei Province as an example, located in the North China Plain, which is both a key
province for northern facility vegetable production and a major supplier of off-season vegetables.
Hebei Province has a good solar radiation potential in the winter so that it has been developed as a
key province for greenhouse vegetable production; greenhouse vegetables are grown on 240,000
hectares, and winter fresh vegetable production is about 100,000 tonnes per day [41]. The average
temperature in Hebei Province range is between -8 and -4 °C, the wind speed and snowfall are higher
in winter and spring, but there are also many sunny days with good solar intensity while the soil
layer is deep as also the water table.

Hebei Province’s climatic conditions differ greatly from north to south, and its topography is
complex and variable, creating a unique regional layout of vegetable production facilities. In the
northern part of Hebei Province, where the climate is colder, vegetable growing facilities are
dominated by larger solar greenhouses (Section in 3.1), which are mainly used for vegetable
production before spring and after autumn. Windy coastal areas in North and Central China mainly
use solar greenhouses with lower structural height and smaller spans; regions far from the sea use
large solar greenhouses, (with larger span and height).

China is focusing on building four vegetable industry production belts in North China, namely
the Fuyang River basin vegetable industry belt, Xiongan facilities fruit and vegetable industry around
Beijing and Tianjin high-end boutique vegetable industry belt and provincial capital boutique
vegetable industry belt [42]. These four belts aim to develop modern agriculture and promote the
upgrading of the agricultural industry, introduce advanced growing technology and facilities,
promote new varieties, and improve the quality and yield of vegetables, while strengthening the
processing and marketing of agricultural products.

6.3. Northeastern Part of China

The north-eastern region of China has always been a major agricultural production center. This
land is rich in natural resources, suitable climatic conditions, and a long agricultural tradition. In
recent years, with the progress of science and technology and agricultural technology innovation, the
northeast region also began to focus on the development of greenhouses. Firstly, the northeast climate
conditions offer unique advantages for the development of greenhouses. Northeast China is colder
in winter, but the weather in spring and autumn is relatively warm, which is very beneficial for the
growth of greenhouse vegetables. At the same time, the summer temperature in Northeast China is
also relatively low, which makes the vegetables and fruits grown in greenhouses to preserve a good
taste. Secondly, the Northeast is rich in land resources and fertile soil, which provides a good
foundation for the construction and development of greenhouses. In addition, the transport in the
Northeast region is also very convenient, which provides convenient conditions for the transport and
sale of greenhouses.

Greenhouses in the northeast region are mainly represented by Liaoning Province, which is one
of the famous birthplaces of solar greenhouses in China, and the development of solar greenhouses
dates to the 1950s [43]. The average winter temperature of Liaoning region is -12 to -8 °C, with good
daytime solar radiation levels and large temperature difference between day and night; most of the
soil layer is deep, as also the ground water table; the shape of the solar greenhouse adopted has the
specific features of large arc, small span of the shed, and large slope of the North rear roof to increase
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both the light penetration and the heat preservation performance. Liaoning Province is the largest
facility vegetable base in the Northeast, with a 2020 vegetable production of 19.6 million tonnes [44].
Liaoning’s facility vegetable area and solar greenhouse vegetable area and production are among the
highest in China, and it is the earliest province in northern China to produce fresh vegetables in
winter.

7. China Greenhouse Development Opportunities and Prospects Analysis
7.1. Challenges and Opportunities in China’s Greenhouse Market in the New Era

With the support of relevant national policies, the development of greenhouse in China is
expected to flourish. Greenhouse agriculture as a golden opportunity for future agriculture has a
huge potential for development. Further developing of the greenhouse sector would require the
provision of technical support, follow the market demand, and comply with environmental
requirements. It should constantly innovate and adapt to the changing market environment.

The Chinese government has put forward a new food concept for the development of facility
agriculture and for creating a diversified food supply system. The Chinese government considers
that the development of facility agriculture is of high importance, and it has increased the investment
in human resources and funding. With the development of science and technology, greenhouse
related technology continues to innovate, which produces new plant varieties, new technologies, new
equipment so that to help develop an intelligent greenhouse industry.

China’s residents living standards and income level continue to improve, the demand for
vegetables and generally safe and high-quality food products will also continue to increase and the
country’s large-scale market will become even larger in the coming years.

Wise decisions in the next years for increasing investment and introduce new technologies in
the greenhouse sector will allow the greenhouse sector in China to seize the opportunity and
accelerate its transformation.

7.2. Development Prospects

The greenhouses in China should be transformed into green greenhouses. Green greenhouses
use non-toxic and environmentally friendly construction materials that do not pollute and protect the
environment, and at the same time, can ensure that crops grow at optimum conditions. Green
greenhouses use solar, geothermal, wind and other renewable energies to reduce CO: emissions and
save energy. In addition, green greenhouses reduce the development of pests and diseases, reduce
the use of pesticides and chemical fertilizers, and protect the environment. Although research in
China for the development of green greenhouses has been intensified in the recent years, at present,
overall, it is still in its infancy, and there are still many technical problems to be solved [45].

The current greenhouses are gradually moving towards being transformed to intelligent
greenhouses with the use of smart equipment and with the development of Internet technology. They
use environmental monitoring systems, constantly collecting environmental parameters to be used
by the automatic greenhouse control system which takes decisions using Al Sensors and devices are
added to detect and monitor the growth status of crops, identify pests and diseases for early warning
of the grower to take appropriate actions.

Greenhouse diversified production refers to a reasonable cycling of crops according to the
growth cycle of the different plants and seasons. For example, after the strawberry harvest,
immediately after the growing of melons and green leafy vegetables, through a diversified growing
plan, the greenhouse multiple vegetable growing is realized, and a variety of vegetables are harvested
in a year, thus improving the income of the grower. Three-dimensional planting including vertical
growing, according to the height of different species, improves land use efficiency, forms a more
complex multi-level group structure, to increase productivity. Other techniques include
simultaneous cultivation of different species such as growing melons and other vegetables under
cherry trees.
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China’s greenhouse development has made remarkable achievements, but still faces many
challenges. In the future, scientific and technological innovation should be increased, promote the
further development of greenhouse technology, strengthen environmental protection, and achieve
the sustainable development of greenhouse agriculture. At the same time, close attention should be
paid to the changes in the market demand and grow different kinds of vegetables following the trends
of the market; adjust the growing structure of greenhouse crops, adopt a reasonable multi-level
growing mode; combine the growing of high plants of fruit trees with low plants of melons; improve
the competitiveness of greenhouse products; put forward new types of high-quality products. In this
way the greenhouse sector will adapt and achieve the required transformation.
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