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Abstract: In recent years, the scale of greenhouse grows rapidly and steadily in China, which promotes the development of
greenhouse technology and the demand for standardized technology. However, the standardization process of greenhouse
industry in China has been facing with the problem of unbalanced development with the practical standard system for many
years. To solve these problems, the most characteristic greenhouse designs used in China contributing to this work are
presented in detail. And the development of standard system and the standardization efforts of them are summarized and
analyzed in relationship to the data presented in this paper. In this way the origin of greenhouse standard system in China and
context of the system development and standardization of greenhouse structure are clarified. It was also found that the
development and iterative update of greenhouse standard system are under the influences of enterprises which as the
participation of standard constitutors were proved to play an important role in promoting the standardization development of
greenhouse. The outcome of this work may be utilized to perfect the greenhouse standardization system and improve the
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greenhouse standardization efficiency that dominate the facility agriculture in China.
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1 Introduction

The greenhouse is designed to reduce the dependence of
agricultural production on the natural environment, and apply the
land potential productivity to improve the efficiency of agricultural
production by means of modern technology, machinery and
management, and also to provide relatively controlled illumination,
temperature, moisture and other environmental conditions for
agricultural industry®™?. In recent years, the scale of greenhouse
grows rapidly and steadily in China. In 2015, the greenhouse
joint meeting reported that the proportion of greenhouse in China
had reached 4.109 million hm?  Since 2010, the annual growth
rate of it has exceeded 12%. The rapid growth in greenhouse
scale promotes greenhouse technology developments and the
demand for standardized technology. The greenhouse
standardization process is developing and approving upon technical
standards.  Specific standards are worked out by experiments and
observations; hence the standardization is a tool in the quality
control process.  Therefore, the degree of perfection and
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generality of standard system of greenhouse should receive
attention, even though some studies showed that those standards
could not be wholly applied to every country®“.  The design of
such structures should be guided by European standard for
greenhouse construction, but an extended tendency of cultivators to
import standard foreign commercial greenhouses with doubtable
official approval and structural adequacy seems to be a common
phenomenon in many casest*7. It also proves that the
implementation of greenhouse standards is objectively affected by
the environment. This should be accredited to the reason that the
standard system of greenhouse and the greenhouse application
demand does not match. Some scholars from different fields in
western countries and in China have done the research on the labor
standards for different plants growing in greenhouse in different
environments!*!, The range of standards covers plant
management, environmental maintenance, etc. In theory,
greenhouse indoor environment should be consistent and free from
the external environment but the greenhouse environment is not
completely isolated from the external environment, and greenhouse
technology also affects the greenhouse internal environment
control level simultaneously. In this way, the standardization
efforts have attracted a lot of research resources. Especially in
China, there are many types of greenhouses due to the complex
environments. If the standardization of greenhouse structure is
backward, it will lead to a multifarious and redundant agricultural
standard system of greenhouse agronomy to be built. Therefore,
greenhouse structure standards and greenhouse agronomic criteria
should be analyzed together to observe the balance of their
development.

This paper focuses on the significant progress that has been
made in greenhouse standardization over the years since the first
compulsive standard about greenhouse technic  named
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‘GB4176-1984 agricultural plastic shed prefabricated steel
skeleton’ was completed published in 1978™. In the past and
particularly in the ‘greenhouse promotion period’ driven by
government agencies, the primary focus on greenhouse agronomic
standard was on the operation of greenhouse crops. Many
greenhouse agronomic standards remain classified and cannot be
discussed in detail within this paper. However, in recent years, it
has been recognized that greenhouse structure standard could
severely impact on development of greenhouse industry®. Many
types of greenhouse as the agriculture infrastructure, for example,
single greenhouse cover a large geographical area, as does the
Venlo greenhouse introduced from aboard. However, the large
coverage area of them leads to an increased likelihood of hidden
danger and maintenance cost, with the potential of inducing
complex use requirements and maintenance habits, to facility
agricultural production®®®.  There also appears to be a new
impetus in the greenhouse sector to consider unifying the standard
system for that greenhouse technology develops rapidly and
enterprise participation increases. Recently, much effort has been
expended on producing greenhouse agronomic standard and
updating greenhouse facility standard for guidance to the
greenhouse producer and maintainer. This study discusses the
progress in greenhouse standardization efforts and an overview of
greenhouse standardization system into greenhouse type, standard
content and standard level.

2 Greenhouse structures

2.1 Single span greenhouse
2.1.1 Low tunnels

Low tunnels covered with clear plastic agricultural film can
produce high quality fruit with low disease incidence though the
winter in many locations. Therefor it plays an important role in
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protected cultivation systems™?.  Low tunnels are more appealing
as a potential selection for seasonal use demand, because other
greenhouse construction and repair require greater expense and
labor™.  Their typical dimensions are shown in Figure 1a. The
structure of low tunnels mainly includes a semi-cylindrical
supporting framework, plastic film coverings and string or wire
which keeps the film in place. The frameworks which made by
wood, bamboo, concrete or steel are secured into ground at a
reasonable spacing which ranges from 1.5 mto 2 m.  The plastic
film is stretched over the arches and buried into the ground along
the sides. The film can be lifted between the supporting arch and
the retaining wire on both sides for ventilation.
2.1.2 Round-arched tunnel greenhouses

Round-arched tunnel greenhouse (Tunnel greenhouses) are
used in the north and the south of China, in which the southern
parts use sunshade rainproof and limited heat preservation as a
mainstream greenhouse. Figure 1b shows the dimensions of two
typical tunnels. The frame material can be made of bamboo,
wood, concrete, galvanized steel tubes or galvanized steel plate.
Some tubes and wires are used to stabilize the structure in the
longitudinal direction. The most important advantage of the
single-span tunnels is the relatively simple construction system and
its good wind resistance.
2.1.3 Solar greenhouses

Solar greenhouse, which is the result of the application of
new technology and new material, adopt the ban type structure,
and the shaded surface is bearing wall which can store energy
and preserve heat. Figures 1c and 1d show the dimensions of
solar greenhouse. This type of structure work with heat
preservation quilt or other thermal insulation material can well
meet the demand of the temperature of the greenhouse
production in winter in the north of China.
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Figure 1  Single span greenhouse (All dimensions are in mm)

2.2 Multi-span greenhouse

The structural features of the multi-span greenhouse which are
the development trend of modern large-scale greenhouse
technology are that a high and large span structure is constituted by

the same structure unit through the roof gutter or other structure.
This structure is advantageous to realize intelligent greenhouse
automation, scale, and production management, and further
increase the efficiency of the land productivity™. It consists of a
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structure covered by multiple small-pitched roofs of 3.2 m, 3.6 m
or 4 m span. They are built in continuous big blocks covering a
total ground area of 1-2 hm? per grower (average area of newly
built greenhouses).
2.2.1 Venlo-type greenhouse

The Venlo-type greenhouse, is the most popular greenhouse
type in the Netherlands, and it was introduced into China from
Holland, Japan and Israel between 1979 and 200414, Its typical
structure is shown in Figure 2a. The roof of Venlo-type
construction is supported by columns, placed under each gutter, or
one under every second or third gutter. Venlo-type greenhouses
are standardized to a large degree, and there for their construction
is maintainable and cheaper™.  The standard Venlo type
greenhouse structure unit is mainly composed of two parts, one
includes span plane truss, column and roof within the span ranges,
and the other is consisted of trellis girders (trusses) and gutters out
of the span ranges. Trusses are mounted on greenhouse columns,
and the roof installed in the greenhouse through the gutter or truss
column. The foundation of a greenhouse column mostly consists
of a pre-fabricated concrete pole cast in a concrete block at a
certain depth below the surface!*®281,
2.2.2  Wide-span greenhouses

Figure 2b shows a wide-span greenhouse. These
greenhouse types can be built as single span or multi-span
structures, where neighboring spans are connected along the
gutter. The span width varies between 6-15 m™*"1,
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Figure 2 Multi-span greenhouse (All dimensions are in mm)

2.2.3 Multi-span greenhouse with arch-shaped roof

Many type of multi-span greenhouse with arch-shaped roof are
built around the world, and it also has many kinds of
derivativest"®?,  The framework are made of timber, bamboo,
PVC pipe, galvanized steel pipe, concrete, galvanized steel pipe or

galvanized steel sheet. The covering is usually consisted of
plastic film or polycarbonate board®!. The shape of the roof is
either a round arch or a Gothic arch shape roof. The Gothic arch
type has better roof drainage performance and anti-condensation
performance compared with the round arch®2%#  The main
structure is shown in Figure 2c.

3 Greenhouse standardization degree

Most of the multi-span greenhouse using light steel structure in
the world™2!.  With the development of material technology, the
small section steel structure has gradually replaced other materials
in the frame of arched greenhouse and solar greenhouse®®®. The
greenhouse is a comprehensive facility with properties of
construction and mechanical products®!. In the process of
standardization of machinery and construction industry, it is very
important for the popularization of the corresponding structural
technology to organize the design of various structural component
standards. Therefore, the greenhouse can also gradually increase
the level of standardization through the standard design of
structural parts and building materials. The method of measuring
the degree of greenhouse standardization can be referenced to the
standardized factor measurement method of the machinery
industry.

3.1 Standardized coefficient

Standardization coefficient is the index to evaluate the degree
of product standardization. It is a parameter that measures the
degree of standardization and generalization of a product(?’-%51,
The standardized coefficient is the sum of the product standard
component coefficient (Ry), the coefficient of purchased parts (Ry),
the coefficient of the borrowed parts and the coefficient of the
common parts (Ry). It can be calculated according to the number
of component (R; Equation (1)) and the number of varieties (K,
Equation (2))5Y.

R =Ry 4R, +R, - 25 +§TJ"+ZW‘ x100% (1)
K, =Ky + Ky + Ky = 2B, +ZZT21+ZWZ «100%  (2)

where, B represents the standard parts, components, and parts of
the product; T represents the general parts, components, and parts
of the product; W represents the borrowed parts and the purchased
parts, components, and parts of the product; J represents the total
number of versions; Z indicates the total number of species.
3.2 Calculation principle

The basis for calculating the product standardization factor is
the statistical calculation of the number of parts of a product. In
order to make the product standardization coefficient calculated by
the objective reality, in the process of product parts statistical
calculation process the following principles should be followed: the
greenhouse should be in the same size; the representative model is
the latest in its kind.
3.3 Calculation results

The standardized coefficient calculation results according to the
above calculation method are shown in Table 1. As the
greenhouse steel structure is a trend, and cold bending steel
structure in the construction industry application maturity is higher,
we choose the latest type of cold bending structure greenhouse as a
calculation sample®%2.  The greenhouse structure uses a large
number of standard fasteners, which are more than 5 times the
number of greenhouse components. Standard fasteners are not
included in the standardized parameters to reflect the degree of
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standardization of greenhouse structure.
Table1 Standardized parameters of greenhouses

Greenhouse type ~ Parameter class B/% T/% W/% JI%

Varieties(K) 47.95 3.57 0.51 52.03
Tunnel greenhouse
Components (R)  24.40 12.3 4.85 41.55

Varieties(K) 72.94 0.30 5.09 78.33

Solar greenhouse
Components (R)  12.50 0.00 15.06 28.12
Venlo-type Varieties(K) 74.05 4.68 2022 98.96
greenhouse Components (R) 4558  25.66  28.76  98.67

4 Greenhouse standards

The greenhouse standardization process is developing and
approving upon technical standards.  Specific standards are
worked out by experiments and observations; hence standardization
is a tool in the quality control process. Recently, the studies of
greenhouse standardization focus on the following two aspects: one
is the greenhouse structure standards; the other is greenhouse
production standards. For the first one, there are many different
categories of greenhouse, including single tunnel greenhouse, solar
greenhouse, and multi-span greenhouse, are developing through the
optimization of greenhouse structure and the introducing of new
types of greenhouses. In accordance with those, the requirements
for different ecological types and climatic conditions can be
fulfilled®®!  For the second aspects, some scholars from
different fields in Western countries and in China have done the
research on the labor standards for different plants grow in
greenhouse in different environmentst?>333,  |n China, there are
also complex environments and many types of greenhouses. If
the standardization of greenhouse structure is backward, a load of
agronomic standardization points at greenhouse plants will magnify
exponentially.  Therefore, greenhouse structure standards and
greenhouse agronomic criteria should be analyzed together to
observe the balance of their development(®3!.

In 2012, the National Greenhouse Development <12th
Five-Year’ Plan stated that: complete standardization system had
not been developed in China due to the fact that the related
technology of greenhouse belongs to the interdisciplinary subject
and other factors. The orderly development of Greenhouse
specification was limited by reason that the requirement for the
rapid expansion of greenhouse could not be met by the standard
punished at that time®!. There are various standards of the
greenhouse production, 3 items are upcoming, 17 items are invalid
by the year 2016 from 1984 in which the first one was developed
which was named ‘GB4176-1984 Agricultural plastic casing
fabricated steel skeleton’. The cover area of greenhouse depends
upon building material. It has covered the each aspect of
greenhouse and ran through the whole life cycle of the greenhouse.
The variation trend of kinds and number of the related technical
standards can explain that the priorities and constraints in the
process of greenhouse development. And the development of
greenhouse represents and affects the level and developing a speed
of the greenhouse technology.

4.1 Greenhouse standard distribution
4.1.1 Distribution from greenhouse types

As depicted in Figure 3a, from 2008 to 2015, solar greenhouse
related standard has an average annual growth of 34 standards, the
plastic shed has increased annually 15 versions, and that of the
multi-span greenhouse is 3.4 ones. It is easy to prove that solar
greenhouse related standards grow most rapidly than the other two
kinds of the greenhouse, and that of the multi-span greenhouse is

relatively slow. The state of the development of the three type of
greenhouse is in line with the actual usage of our greenhouse. A
solar greenhouse is working diffusely in the in northern China; it
has the special structural features which include excellent heat
preservation performance, low requirements for land area and so on.
With the rapid development of steel structure technology, the solar
greenhouse structure has experienced the soil-wood form,
soil-bamboo form, soil-steel form to the developing of the whole
cold bending light steel structure. The plastic tunnel has a bigger
areal distribution than solar greenhouse for the base that it is used
all regions in China. The application of it is temporary and
seasonal, and it will be assembled and disassembled frequently
compared with other two types. There are not heavy equipment
installation requirements for its framework. The lower level of
technical and practical demand leads to the slower development of
tunnel greenhouse than that of the solar greenhouse. The
formulation of the standard of multi-span greenhouse mainly
referred to the international standards because these depend upon
imported technology®®®.  The related technic of it has been
being localized and standardized since the development of
greenhouse was promoted actively by the government. In the past
several years, this type expanded little slower because it requires
capital, land, and technology issues and Chinese farmers cannot
support. This type of greenhouse has the greater potential for
development according to the country’s new agricultural
development strategy and with other particular advantages. It has
high space, suitable for mass production and easy to maintain.

4.1.2 Distribution from standards hierarchy

The national standards are published by the national standard
organization. Industry (group) standard is considered and issued
by the industry standardization organizations or institutions.
Local standards are released by some parts of the country.
Enterprise standards work within the scope of the enterprise.
There are two kinds of the use of standard with the decrease of the
using range, one kind is complementing the existing national
standards as the minimum standard in general, and the other kind is
taking relevant standards made by a local corporation, industry, and
enterprise as a supplement of national standards when it is in
existence.

By analyzing the data in Figure 3b, we can find that there are 5
national standards, 43 industrial standards and 396 local standards
in March 2016. The growth rate of the standard beyond to
different range of application is shown in the Figure 8. After
2008 the industry and the local standard have been increased
tremendously. The average speed of growth of them is 3.1
versions and 43.4 versions per annum, and one of national
standards and enterprise standards is 0.1 versions and 0.2 versions.
In greenhouse related standards in China, national standards and
enterprise standards growth rate is extremely low and local
standards and industry standards have an oppositely high
processing speed.

4.1.3 Distribution from technical object

During the process of greenhouse production application, there
are three dimensions of standardization, which is greenhouse
structure standard, greenhouse production technology standard and
product standard. The greenhouse structure standard, which
mainly involves the greenhouse structure planning, design,
construction, management, maintenance, etc., is not only covered
greenhouse main structure itself, also includes greenhouse ancillary
production equipment. Greenhouse has special construction for
the case that it has some characters that make the standard of it
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Figure 3  Annual growth data analysis of greenhouse standard

different from that of common building. It has a high degree of
mechanization, a simple structure, and higher requirements for
economy. Greenhouse production technology standard mainly
aims at greenhouse interior production technology procedures.
The form of the main usage of greenhouse in China is the
household contract responsibility system, as a result the indoor
production efficiency depends on the operator’s experience. A
product standard refers to the greenhouse production product

quality standards. The function of product standards is to regulate
greenhouse product quality management, change agriculture
development from extensive mode which shows indifference to
quality, and the way of using the new production technology with
the old manufacturing philosophy*"¢!,

There are about 131 active standards is related to greenhouse
construction, 314 versions are working on greenhouse production
process, and no standard of greenhouse products is observed until
in March 2016.  As is showed in Figure 3c, the annual growth
rate of related active standards of greenhouse production process
appeared firstly in 2007, but the first standard of greenhouse
structure is found in 2001. The standard specification of fields all
had a high speed of growth since 2008 to 2015. Greenhouse
production process related standards grow by an average of 34.2
versions, greenhouse structure standards has a growth with an
average of 12.4 versions range from 2008 to 2015.

The scope of greenhouse production process related standard
has a simple structure which is mainly related to crops in
greenhouse cultivation practices; coverage of the greenhouse
structure related standard structure contains auxiliary management
and greenhouse structure.  Auxiliary management mainly includes
greenhouse ancillary equipment and maintenance management
standards that are mainly used to standardize the use and
maintenance of greenhouse production. Greenhouse structure
mainly includes the structural design and construction of the
greenhouse. It is mainly used to standardize management of the
greenhouse  structure of related technical specification.
Greenhouse structure related standards are more able to reflect the
greenhouse technology innovation and development™®®1, As of
March 2016, there is a total of 68 greenhouse auxiliary
management related standards and 62 greenhouse institutions
related standards. Greenhouse auxiliary management standards
grew by an average annual increase of 7.3 versions, greenhouse
structure standards grew by an average annual growth of 5.8
versions. Based on the analysis of greenhouse production data
technology standard, greenhouse structure related standards has the
slowest growth rate, and also have the fewest number of standard.
4.1.4 Distribution from technical content and greenhouse type

A greenhouse can be used for melons, fruits and flowers
planting industry, nursery and many other types of agricultural
production. In China, about 86% of active standards of
greenhouse point to the standardized process of production, and
those of them are mainly fit for a solar greenhouse as shown in
Figure 4a.

4.1.5 Distribution from standards hierarchy and greenhouse type

The data analysis from the Figure 4b shows that the share of
enterprise standard, which as the most important standard
executive’s participation in the greenhouse system is almost zero!),
4.2 Progress of revising greenhouse standard

Standard repeal is divided into two cases, one is the national
standards, industry standards, and local standards are eradicated for
meet the need of economic construction and development of
science and technology, and those should be supplemented with
enterprise standards in this field; the other one is the old one is
invalided because it is replaced by the new one which is established
according to the needs of the actual economic construction and
prepare by the responsible department or unit. In general, the first
situation described referred to that the standards have been
eliminated and no longer allowed to be used; in the second case,
standard items appear technology upgrading, part of standard is
vicioust®3®!,
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By 2016, 17 greenhouse standards were abolished, and the
overall trend is shown in Table 2 below. Combined with the
aforesaid, the number of amendment and revocation of greenhouse
standard from 2010 to 2014 revision and abolishment makes up
82% of the whole revised and abolished ones so far. In 2012, the
percentage is even 35.3. Now about 59.2% of criterion made
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Figure 4 Cross analysis of greenhouse standard data

Table 2

Information about revelatory standards and corresponding replacement

Abolish standard No.

Name of the abolition standard

An alternative standard No.

GB4176-1984
DB23/T447-1996
DB62/T557-1998
DB22/T1501.7-1999
DB22/T1501.6-1999
JB/T10288-2001
JB/T10286-2001
JB/T10296-2001
JB/T10297-2001
JB/T10306-2001
WB/T1012-2000
GB/T19165-2003
GB/T19561-2004
DB62/T1434-2006
DB62/T1435-2006
DB62/T1436-2006
DB32/T1589-2010

The structure of greenhouse
The structure of Solar Greenhouse

Magnesium Composites agricultural greenhouses

Agricultural plastic casing fabricated steel skeleton

Plastic greenhouse cucumber cultivation technology procedures

Qingyang sweet cherry dwarf greenhouse cultivation technical specifications

Pollution-free agricultural products plastic paper production technology procedures

Pollution-free agricultural products plastic greenhouse eggplant production technology procedures

The greenhouse electrical wiring design specification
The greenhouse heating system design specification
The greenhouse control system design specification

Solar greenhouse and plastic canopy structure and performance requirements
Cold to energy-saving solar greenhouse construction procedures
Pollution-free vegetables greenhouse tomato cultivation techniques of Qingyang city procedures

Pollution-free vegetables greenhouse pepper cultivation techniques of Qingyang city procedures

Sushi solar greenhouse (steel) general technical requirements

NY/T7-1984
DB23/T447-2011
DB62/T557-2012

DB22/T1501.7-2012
DB22/T1501.6-2012
JB/T10288-2013
JB/T10286-2013
JB/T10296-2013
JB/T10297-2014
JB/T10306-2013
WB/T1012-2012
JB/T10594-2006
JB/T10595-2006
DB62/T1434-2012

Pollution-free vegetables greenhouse cucumber cultivation technique of Qingyang city procedures N/A

DB62/T1436-2012
DB32/T1589-2013

5 Discussion

5.1 Deficiency for greenhouse standardization
5.1.1 Degree of standardization

As is shown in Table 1, the standardized coefficient of
multi-span greenhouse parts is obviously higher than the other two
types of greenhouse.  Multi-span greenhouse technology is
introduced from Netherlands. The typical structure of this type is
Venlo greenhouse. The standardized coefficient of it is 98.96%
(K;) and 98.67% (R;). The one of tunnel greenhouse is 52.03% (K;)
and 41.55% (R;). The coefficients of solar greenhouse are 78.33%
(Kj) and 28.12% (R;). The similar parameters of tunnel
greenhouse and solar greenhouse are far below that of Venlo
greenhouse.  Design standards and construction standards of

Venlo type are referenced and partly referenced directly by foreign
relevant standards. The tunnel greenhouse and solar greenhouse
have just begun to upgrade the technology of mature building steel
structure.  So the standard coefficient of the former two
greenhouses is lower than that of multi-span greenhouse. In
addition, the low standardized coefficients of these two
greenhouses have a deep relation to that they depend on the surface
parameters of the components with the lack of standardized
constraints.
5.1.2 Standardization system

The related standards should be established in every link of a
continuous process of greenhouse industry that includes antenatal
facilities construction, breeding to the production process,
postpartum product packaging sales and so on. Range from 2008
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to 2015, about 67% of additional standards aimed at solar
greenhouse (as shown in Figure 3a), and among the additional
standards, 73% belong to the field of production process
technology (as shown in Figure 3c). This standardization
development model due to the popularization rate of solar
greenhouse is higher than that of another two types. This effect
has been accumulated year by year. As shown in Figure 4a, more
than 61% of the standards are concentrated in the field of
greenhouse production management in plastic tunnel greenhouse
and solar greenhouse. This is due partly to that the highly
standardized multi-span greenhouse enhance the general level of
each technical content related standards, especially the production
process standards. And the standards for auxiliary facilities and
production process of another two greenhouse type should be
change to suit complicated structure standard system. The
standards for auxiliary facilities occupy a large proportion in
general technique field. The reason lead to this is some auxiliary
facilities used in plastic tunnel greenhouse and solar greenhouse
referenced that in multi-span ones. The functions and structures
of these facilities are also optimized in order to adapt to the new
use environments. The related standards also need to be
referenced, adapted, or written. The superposition effect of the
variety of the greenhouse structure and greenhouse equipment
magnified the demand for greenhouse standards. As a result, the
system of the greenhouse standardization in our country is not
perfect enough, and cannot meet the need of actual production
situation.

5.1.3 Standard update speed

Greenhouse standardization had a significant development in
China in 2007 and then had sustained growth with the
implementation of the 2008 national policies, but due to a late start,
the overall standardization is still in slower progress. And the
traditional monomer tunnel, solar greenhouse and imported in the
greenhouse and other special structure of sightseeing greenhouse
exist in this country leads to the satiation that greenhouse
standardization work should include modifying the original
standard of greenhouse and digesting new technologies after the
introduction of new standards at the same time. The target of
greenhouse standardizing management in our country at present is
still in focus on the greenhouse cultivation standards with the
introduction of new technology adaptability. Greenhouse
structure and material standards are made in 2007 and former is
still in use instead of being updated with the general development
of related technologies and materials as of March 2016. In several
years, there were only about 17 relative standard were abolished, as
shown in Table 2.

Along with our country constantly into the global integration,
greenhouse industry development can not only lock in the domestic
technology level, also not only confined to the domestic market.
It will make the development of greenhouse products in China
faces enormous challenges with the gap exist in between
greenhouse standard update speed; the management way developed
countries between domestic and overseas.

5.1.4 Standard generality

The Figure 4a reveals the proportion of general technique to the
whole greenhouse standardization system, it is only about 5.6%,
and the general parts belong to production process field accounts
for 0.31% of the whole general production process standards. The
remainder is targeted at tunnel greenhouse (33.33%) and solar
greenhouse (66.04%) respectively. The traditional greenhouse in
China mainly includes monomer tunnel and solar greenhouse

which adapt itself to demand of greenhouse that contains small,
short use cycle and low cost. The constructions of monomer
tunnel and solar greenhouse have less technical requirements.
The technical level of technical person work in greenhouse
enterprise is poor, and they are short of awareness and demand for
standardization establishment and execution. The local climate
and planting habits lead to the different structure of greenhouse
have different requirements.  Though the content of country or
industry standard is made complex to meet that needs, it cannot fit
the conditions for that everywhere the greenhouse used or
production.  Enterprise has the rich experience that how to design
greenhouse construction scheme according to the different
conditions and characteristics, therefore their performing intention
of the standard is passive. The communications of technical
specifications between enterprises are mainly by imitating products
of each other and more technical personnel flow. Form a guild
regulation in the form of experience, rather than summarize and
implement corresponding standards.  This brings about the
hindrances of standard use and develops in the company.

Although agricultural land use is relatively flexible with the
national land policy adjustment, the customize demand of
greenhouse construction led by the independent production of
greenhouse users is so bigger that there is no unified management.
This makes greenhouse systematized design, production, inspection,
the packaging is relatively difficult to be achieved, and influence
the development of standardization farther.

5.1.5 Enterprise participation

Enterprise standard belongs to individual standard category. It
is only set by the production requirements and conditions of the
enterprise®.  Enterprise standards can play a good complement
to the details of the greenhouse standard system.  Mature
high-level standards require a certain number of low level technical
standards support. Based on the above points, the standard is in
the Pyramid distribution at the field of national, industry, local and
enterprise level. However, as shown in Figures 3b and 4b, the
proportion of enterprise standards is less than 1% in the current
greenhouse standard system. Their participation is lower than
other standardized organizations for two primary reasons. One is
that very few self-organized standardization organizations exist,
since association standardization has just started in China. The
second reason for China’s low number of nongovernment
standardization organizations is simply its development history.
That means there were short amount of time these groups have had
to grow.

5.2 Countermeasures for the further development
5.2.1 Rational planning of greenhouse standard system

Greenhouse standard formulation and implementation is a lack
of a plan as a whole in our country, this has led to that the standard
content is relatively concentrated and technical standard system is
not integrated. So aiming at completing the greenhouse standard
system, the development of it should be guided by coordination of
regulation policy and market competition to improve the lag link of
standard and the lack of technology node. The standard
formulation agencies or organizations should be directed to focus
on the development of greenhouse standards of prenatal and
postnatal related tech on the basis of the abundant technical
standards and technical details about greenhouse industry. For the
newly introduced technology of greenhouse that is in the
popularizing phase, such as the multi-span greenhouse, the
appropriate standard is supposed to established and promoted by
means of referencing to the corresponding standard and combining
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with the actual situation. In order to avoid cross and duplication
of the technology tree, technical requirements of different
greenhouse related standards ought to be unified for the diversity
and complexity of the greenhouse itself!*>421,
5.2.2 The standards need to be updated iteratively

Greenhouse standard should be updated with the continuous
change of greenhouse performance and extreme use conditions.
The technical committee of EU will upgrade the standard with
variations specific to the particular requirements of greenhouses
and in particular, requires that glasshouses be designed to
serviceability limit states and flexible clad structures (such as
poly-tunnels) be designed to ultimate limit states only!l. At
present, the development of the standard presents the policy trend
that the explosive growth of it is always followed by encouraging
policy, but the lack of attention and maintenance will be along with
the end of the encouraging and promoting phase of policies. This
will lead to the situation that the lifespan of a standard is not
reasonable. For this phenomenon, the activity of development
institutions for sharing technical achievements and participating in
completing standard should be improved by guaranteeing profit for
technology holders during technology transfer process in the way
that patent transfer and standards license both of which mainly
depend on the perfect protection mechanism of high and new
technology. Relying on this pattern, new technology research and
development institutions will be stimulated to update greenhouse
standard iteratively in the cycle of producing new standard from
new technology, and then using new profit standards feedback new
technology research and development of a benign!*4%!,
5.2.3 Encourage enterprises to participate in standardization

The enterprises which participate in greenhouse production and
services should establish enterprise standardization mechanism
which can make them be able to promote technological progress
and adapt to market competition needs. According to the
technological progress and the need for production and operation
target, the technical standards as the main body and enterprise
standard system that includes the management standards and
working standards should be established and improved. In
addition, it should keep advantage and applicability through
following the demand of the user and the market closely.
Through the commercial competition of enterprises, the
corresponding standard competition is promoted. And in this way,
the standards representing different technical levels and fields are
merged, upgraded or eliminated. Non-governmental
standardization associations, alliances, and other organizations are
a major power driving the development of association standards in
China. The government should carry out reforms to make it easier
for private enterprises to jointly establish nonprofit institutions and,
in particular, to ease the limitations on nongovernmental parties
establishing industry standardization associations'??. For
enterprises, gaining standard discourse power can increase the
competitiveness of their greenhouse products or services industry
organizations, research institutions and academic groups and
related standardization professional organizations should use their
own advantages to promote standard implementation actively with
enterprisest*®47,

6 Conclusions

The greenhouse standards are in the stage of stable
development in China, and the greenhouse standard system has
been becoming perfect. But the development of standard system
also has some problems, such as uneven distribution of technical

content in greenhouse related standards; the uncertainty of the
technology system leads to the problem of focusing on the creation
of the redundancy standard rather than the optimization of the basic
standards; and the participation of enterprises is not extremely
enough.  According to the problems above, this paper puts
forward corresponding countermeasures to improve development
speed and quality of greenhouse standard system and then improve
the influence and competitiveness of the greenhouse industry in
China.
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