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ABSTRACT
This paper constructed a four-stage and two-way network for the industry-university-research
collaboration of the grain industry based on the cooperative patent data of China's grain industry from
1985 to 2017 and in combination with the actual development of industry-university-research collaboration,
and specifically analyzed the evolution of the industry-university-research collaboration network from the
two perspectives, which are macro-overall structure and micro-organizational characteristics. Our findings
are as follows: The industry-university-research collaboration network of the grain industry gradually
expanded in size and range, but the density showed a decreasing trend; innovative organizations entering
the collaboration network were mostly distributed in the periphery of the network, and the proportion of
organizations in the core area was extremely low; the collaboration network was composed of different
innovative groups, which were closely linked within their respective groups and exchanged information
among the groups, making the whole collaboration network quite small; enterprises, research institutions
and other innovative organizations separately acted as leaders and dominants, participants and linkers,
and supporters and service providers in the industry-university-research collaboration network of the
grain industry. The results of this paper are expected to bring some inspirations for grain technology
innovation, promote the deep integration of industries, universities and research institutions in the grain
industry, and facilitate formulation of grain safety strategies across the globe.

Keywords: grain, grain industry, industry, collaboration, structural characteristics of network.
production of raw grain to the consumption of
finished grain, including grain cultivation and
harvest, grain processing, grain storage and
transport, and grain purchase and sale and
involving the whole process of before, during and
after grain production. As the environment for
innovation is under constant optimization and the
pace of innovation continues to speed up,
enterprises, universities and research institutions
in the grain industry have conducted in-depth,
multidisciplinary and cross-field industryuniversity-research collaboration by leveraging
governments,
intermediaries,
financial
institutions and other organizations, in a bid to
promote the gradual transformation of the
industry-university-research collaboration in the

Introduction
The concept of food supplements and their
intended use
Due to the grain safety issue triggered by the
outbreak of COVID-19, accelerating grain
technology innovation has been placed high on
the
agenda.
Industry-university-research
collaboration has become an inexhaustible motive
force for technology innovation because of its
many advantages such as risk diversification,
resource
integration,
joint
development,
allocation optimization and benefit sharing. The
grain industry refers to all the grain-related
subdivided industries in the process from the
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grain industry from the previous linear mode to
the networking mode of multi-organization
participation. Besides, all parties concerned have
undergone a gradual shift from the one-to-one and
one-to-many relationship to the complex,
diversified, many-to-many innovation model. As
a result, more attention should be paid to the
network model of the industry-universityresearch collaboration in the grain industry and
the allocation of innovation resources. In the
meantime, we should rely on cooperative
innovation to strengthen the foundation of grain
safety, enhance the innovation capability of the
grain industry, and promote the high-quality
development of the grain industry.

Zhu and Peng, 2003). When the organizations in
a network include not only enterprises,
universities and research institutions but also
governments and intermediaries, the network is
known as an industry-university-research
collaboration network in the broad sense. The
organizations in such a network are varied and in
complex relationships, but all the organizations
perform their respective functions and influence
one another. In particular, universities and
research institutions undertake the R&D of
innovative achievements, enterprises focus on
transforming technological achievements into real
productive forces, governments are in charge of
building cooperative innovation platforms and
creating a good atmosphere for technology
innovation, and financial institutions and
intermediaries provide services and help for the
innovation activities of the entire chain (Hui and
Zou, 2010; Wang and Li, 2017). The economies
all around the world is suffering from COVID-19,
which has made the entire world panic and the
pandemic virus has taken over almost 195
countries in its grip. It is quite evident that the
enterprises in the sector are the most vulnerable
ones in the era of covid-19 pandemic because of
their size, scale of operation, limited financial
managerial resources and more importantly they
don‟ t have the capacity to deal with something so
unexpected (Sipahi, 2020). In this contex
innovation is very important.
At present, much has been accumulated in the
field of research on industry-university-research
collaboration networks based on patent data,
primarily centered on the discussion of the
structural characteristics of collaboration
networks from such indicators as network size,
density, clustering coefficient and organizational
centrality (Fischer et al., 2019; Chen et al., 2020).
Peng et al. (2019) analyzed the structural
evolution of the industry-university-research
collaboration network of the electronic
information industry in Liaoning Province by
using cooperative invention patent data. It is
found that the collaboration network is gradually
expanding in size, but the density shows a
downward trend. Meanwhile, the network
presents a core-periphery structure, and the
polarization effect of innovative organizations
becomes increasingly notable. Guan and Zhao
(2013) used the clustering coefficient and the
average path length to analyze the small-world
effect of the industry-university-research
collaboration
network
in
the
nano
biopharmaceutical field. They point out that the
small-world effect of the collaboration network
can facilitate the rapid exchange and integration
of information of different ranges and thus bring

Literature Review
The industry university research collaboration
network, as a branch of innovation networks,
refers to such a collaboration network that is
formed by all the collaborating parties through
communication and interactions with other
stakeholders in the process of exchanging
heterogeneous resources to bring innovation
outputs (such as patents) in a certain institutional
environment for the consideration of their own
interests and the realization of goals (Sun and
Zhang, 2020; Wu, 2020). Foreign scholars often
use
"University
Industry
Collaboration
Networks" to express the "industry-universityresearch collaboration network" and prove that
such collaboration is of great significance to lower
R&D cost, reduce uncertainties, promote resource
sharing among organizations, achieve the
complementarity of capabilities, and push
forward industrial innovation (Guan and Zhao,
2013).
Within
this
network,
different
organizations collaborate and innovate with a
focus on informal exchanges of skills and
knowledge, trade or transfer of key technologies,
formal R&D cooperation (R&D outsourcing,
R&D alliance), and the cultivation of innovative
talent (Zeng et al., 2010). Domestic scholars
divide such networks into two types in the broad
and narrow sense according to the types of
organizations participating in the industryuniversity-research collaboration network. When
the organizations in a network are enterprises,
universities and scientific research institutions,
the network is known as an industry-universityresearch collaboration network in the narrow
sense. Based on common interests and market
demands, both parties in the collaboration jointly
carry out R&D, marketing, industrialization and
other
activities
through
organizational
agreements, hoping to establish a complete and
optimized innovation chain (Gao and Chen, 2016;
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greater knowledge creation and innovation
outputs. Lyu et al. (2019) constructed an industryuniversity-research collaboration network by
selecting the cooperative patent data in the
Zhongguancun area of Beijing and used degree
centrality and betweenness centrality to reveal the
time change pattern of network organizations. It
is concluded that the collaboration network has
developed from the single government-driven
model to a diversified system based on
government and market incentive. However, no
article was found after entering "grain universityindustry collaboration" in the topic field of Web
of Science. 59 articles were found after entering
"grain university-enterprise collaboration" and
"grain industry-university-institute" in China
National Knowledge Infrastructure, but these
articles are generally about the single-point/linear
collaboration
between
industry-universityinstitute organizations of the grain industry in the
joint cultivation of grain professionals and the
overall promotion of grain technology projects,
and these articles have a low citation count and
are at a relatively low level.
According to our literature analysis of the
industry-university-research collaboration at
home and abroad, the current research on
industry-university-research collaboration is
mostly concentrated on ICT, satellite and other
industries with high technical requirements and
strong technical force (Chen et al., 2019; Li et al.,
2018). While for research on the industryuniversity-research collaboration in basic
industries such as the grain industry, there are
many theories but few empirical studies, more
focus is placed on points/lines rather than
networks, and the static state is more preferred
than the dynamic state. Industrial development is
dynamic. Restrained by factors such as the
environment for innovation, resource allocation
and core organizations, the grain industry, as a
pillar industry to stabilize the national economy
and people's livelihood, is special in grain
production, circulation and consumption.
Compared with high value-added industries, the
industry-university-research collaboration in the
grain industry is characterized by a low threshold
for collaboration, a low level of collaboration, and
an incomplete collaboration mechanism. Is there
any difference between the evolution path of the
industry-university-research
collaboration
network and that of other industries? What are the
structural characteristics of the industryuniversity-research collaboration network in the
grain industry? In view of this, this paper
constructed a four-stage and two-way network for
the industry-university-research collaboration of
the grain industry by employing methods such as

literature research, statistical analysis and social
network analysis (SNA) from the perspective of
industry-university-research
collaboration
network in the broad sense, based on the
cooperative patent data of China's grain industry
from 1985 to 2017, and in combination with the
actual development of industry-universityresearch collaboration. Moreover, this paper
made a concrete analysis of the evolution of
industry-university-research
collaboration
networks in the grain industry from the
perspective of macro-overall structure and microorganizational characteristics with the help of
software such as Excel, UCINET and Gephi, in a
bid to provide theoretical reference for the
industry-university-research
collaboration
mechanism in grain technological achievements
and to offer decision support for the high-quality
development of the grain industry.

Materials and methods
The cooperative patents among industries,
universities and research institutions are
characterized by objectivity, comparability,
accuracy and integration and are important
outputs of technology innovation (Lee, 2016; Sun
and Zhang, 2019). Compared with utility model
patents and design patents, cooperative invention
patents have a higher level of technical content
and creativity and serve as a common data source
for innovative research (Li et al., 2018).
Therefore, we adopted the search strategy of
combining keywords with International Patent
Classification (IPC) category numbers by relying
on PatSnap. The text in the Terminology of Grain
and Oil: Grain and Oil-bearing Materials and
Their Products and the keywords in the field of
the whole grain industry chain from grain industry
experts and patent examination experts were used
for the keywords. With regard to IPC category
numbers, an overall consideration was given to
the Reference Table of International Patent
Classification and Industrial Classification for
National Economic Activities (2018) and
Mapping Relationship between Industry and
Patent (Tian and Zhao, 2017). Given that there is
a lag of 1-2 years between patent application and
publication, to ensure the recall ratio and accuracy
of data, we carried out data cleansing and data
indexing item by item manually and found 4,561
pieces of data on the joint application for
invention patents by different organizations in the
grain industry from 1985 to 2017. These 4,561
patents were divided into four types of innovative
organizations, i.e., enterprises, universities,
research institutions and others according to the
classification method of applicant's nature in
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Table 1.
Metric Indicators The metric indicators of
collaboration networks can quantify the structural
characteristics of the industry-university-research
collaboration network of the grain industry from
macro and micro perspectives. The specific metric
indicators and their connotations are shown in Table
2, with n representing the stage of the collaboration
network.
Empirical Analysis of the Evolution of the
Industry-university-research
collaboration
Network in the Grain Industry
Evolutionary stages of the industry-universityresearch collaboration network in the grain industry
As shown in Fig.1, the number of patents and
organizations
in
industry-university-research
collaboration of China's grain industry shows an
upward trend on the whole, exhibiting obvious
staged evolutionary characteristics. 1985-1999
(budding stage): The grain technology system began
to undergo comprehensive, government-led and
market-oriented reforms. At this stage, the
enthusiasm
for
industry-university-research
collaboration in the grain industry was not high, the
average number of patents and organizations in each
year was only around 10, and the collaboration
among industries, universities and research
institutions was loose and unstable. 2000-2005 (lowspeed development stage): The importance of
technology to grain safety was highly valued, which
presented opportunities for the industry-universityresearch collaboration in the grain industry. At this
stage, the number of patents and organizations in the
industry-university-research collaboration of the
grain industry both saw a slight increase, especially
in 2002, when the year-on-year growth rate of both
peaked, marking the beginning of a preliminary
development of cooperation among industries,
universities and research institutions. 2006-2010
(medium-speed development stage): The incentive
\mechanism for grain technology innovation
continued to improve, and optimization was made to
the
industry-university-research
collaboration
system of the grain industry where enterprises acted
as the main body, technological resources were
shared, and technical advantages complemented
each other. At this stage, the number of patents and
organizations of the industry-university-research
collaboration in the grain industry basically showed
an increasing trend, and the fluctuation of the yearon-year growth rate of both was small, indicating the
Table 1. Classification method of applicant's nature
Nature of applicant
Single field

collaboration among industries, universities and
research institutions was further developed. 20112017 (high-speed development stage): Development
was seen in the industry-university-research
collaboration network that enterprises, universities
and research institutions (collectively referred to as
scientific research institutions), governments,
intermediaries and other organizations jointly
participated in and constructed, which created a
good atmosphere for the construction of the grain
industry technology innovation alliance and the
establishment of an innovation platform for the deep
integration of industries, universities and research
institutions.
At this stage, the number of patents and
organizations of the industry-university-research
collaboration in the grain industry exhibited a rapid
growth trend, and the year-on-year growth rate
curves of both basically coincided, indicating a
qualitative improvement in the collaboration among
enterprises, universities and research institutions.
Evolution of the industry-university-research
collaboration network topology of the grain
industry
This paper constructed a two-way network for the
industry-university-research collaboration in the
grain industry with enterprises, research institutions,
governments and intermediaries in the grain industry
as innovative organizations and with the patent
cooperative relationships between organizations as
connecting edges. Then, the visualized technology
was used to display the evolution of the four-stage
industry-university-research collaboration network
topology. In particular, the size of the nodes
represents the number of cooperative patents that the
innovative organizations participated in, and the
thickness of the lines represents the frequency of
industry-university-research collaboration. As
shown in Fig.2, the number of organizations in the
network is increasing, the relationship between
organizations becomes increasingly complex, and
the volume of organizations becomes increasingly
larger. This suggests that the number of innovative
organizations and cooperative patents in the grain
industry was both growing. The industry-universityresearch collaboration network experienced a
significant change from sparse to dense, with the
local clustering characteristic of the network
becoming increasingly clear.

Mixed field
Enterprise single field AND University
single field
Enterprise OR Company OR Group OR Factory Enterprise single
Innovative Enterpri
se
field AND Research
organizati
institution single field
on
Universi
University single field AND Research
University OR College OR School
ty
institution single field
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Researc Research institute OR Research establishment
h
OR Research center OR R&D OR Scientific
institutio
research OR Academy of sciences OR
n
Laboratory
Technological association OR Monitoring
Others station OR Cooperative OR Promotion center
OR Service center OR Hospital
Table 2. Metric indicators of the industry-university-research collaboration network of the grain industry
and their connotations

Metric
indicator

Representa
tive
research

Research
content
View

Formula

Connotations

(Net
(Netwo (Netwo
work
rk
rk
Size)
Range) Density
)
(Lin, 2009; Luo, 2018)

(Network Size & Density)

𝑆(𝑛) = 𝑔(𝑛)
g(n) is the number of innovative organizations in
the collaboration network at stage n; l(n) is the
sum of the number of two-party relations in the
collaboration network at stage n.

𝑅(𝑛) = 2𝑙(𝑛)

𝐷(𝑛) =

𝑙(𝑛)
𝑔(𝑛) (𝑔(𝑛) − 1)/2

(Coreness)

(Borgatti and
Everett, 2000; Liu,
2004)

i(n),j(n)

𝜃𝑖𝑗(𝑛) = 𝐶𝑜𝑟𝑖(𝑛) 𝐶𝑜𝑟𝑗(𝑛)

𝐶𝐶(𝑛)

(Clustering
Coefficient)
(Characteristic
Path Length)

(Small-world Network)

(Small
World
Quotient)

(Uzzi and Spiro, 2005; Watts, 1999; Watts and
Strogatz, 1998)

(Core-periphery
Structure)
Overall structure
|
Macro

𝜌(𝑛) = ∑ 𝛼𝑖j(n) 𝜃𝑖𝑗(𝑛)

αij(n) represents the relationship between the
two innovative organizations of i and j in the
actual network at stage n; if there is a
relationship between i and j, αij(n) is 1;
otherwise, αij(n) is 0. Cor(n) is a non-negative
vector representing the coreness of each
organization in the network at stage n.

𝑔(𝑛)

𝑒𝑖(𝑛)
1
=
∑
𝑔(𝑛)
𝑘𝑖(𝑛) (𝑘𝑖(𝑛) − 1)/2
𝑖=1

𝐶𝐶𝑟𝑎𝑡𝑖𝑜(𝑛) =

𝐶𝐶(𝑛)
𝐶𝐶𝑟𝑎𝑛𝑑𝑜𝑚(𝑛)

𝐶𝑃𝐿(𝑛)
=

1
∑ 𝑑𝑖𝑗(𝑛)
𝑔(𝑛) (𝑔(𝑛) − 1)/2
𝑖≠𝑗∈𝐺

𝐶𝑃𝐿(𝑛)
𝐶𝑃𝐿𝑟𝑎𝑡𝑖𝑜(𝑛) =
𝐶𝑃𝐿𝑟𝑎𝑛𝑑𝑜𝑚(𝑛)

ki(n) is the absolute degree of the innovative
organization i in the collaboration network at
stage n; ei(n) is the actual number of connections
between the ki adjacent organizations of the
organization i in the collaboration network at
stage n; dij(n) is the shortest distance between
organizations i and j in the collaboration
network at stage n; g(n) ibid.

𝐶𝐶𝑟𝑎𝑡𝑖𝑜(𝑛)
Q(n) = 𝐶𝑃𝐿

𝑟𝑎𝑡𝑖𝑜(𝑛)

Bonacich
(Bonacich
Centrality)
(Bonacich,
1987; Ma et
al., 2013)

(Centrality)

Structural
characteristic
s
|
Micro

α is a normalized constant; β is a weight
parameter; Rij(n) is the collaborative relationship
∑ (𝛼 + 𝛽𝐶𝑗(𝑛) ) 𝑅𝑖𝑗(𝑛)
matrix of organizations and represents the
𝑗(𝑛)
=
number of collaborations between
𝑀𝑎𝑥{𝐶1(𝑛) , 𝐶2(𝑛) , 𝐶3(𝑛) . . . 𝐶𝑔(𝑛) }
organizations i and j at stage n.
𝐶 ′ 𝑖(𝑛) (𝛼, 𝛽)
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(Node
Betweenness)

(Freeman, 1978;
Yang and Liu,
2019)

(Structural
Holes)

gjk(n) is the number of shortcuts of the
innovative organization j to the organization k
in
the collaboration network at stage n; gjk(n)(qi)
2∑
𝑔𝑗𝑘(𝑛) (𝑞𝑖 )/𝑔𝑗𝑘(𝑛)
𝑗<𝑘(𝑛)
is the number of shortcuts with the organization
=
i on the shortcut from the organization j to the
(𝑔(𝑛) − 1)(𝑔(𝑛) − 2)
organization k; g(n) ibid.
Figure 1. Changes in the number of patents and organizations of the industry-university-research
collaboration in China's grain industry from 1985 to 2017
′
𝐶𝐵(𝑛)

a. Budding stage

d.Medium-speed development stage
Figure 2. Dynamic network of industryuniversity-research collaboration in the grain
industry
Our statistical analysis presents the proportion of
innovative organizations of different natures at the
four stages of the grain industry. The findings are as
follows: The proportion of enterprises at each stage
was always the highest, the proportion of
universities participating in industry-universityresearch collaboration experienced a changing trend
of rising and falling, the proportion of research
institutions participating in industry-universityresearch collaboration declined but remained above
10%, both universities and research institutions were
important participants in industry-universityresearch collaboration, but the activity of
governments, hospitals, intermediaries and other
types of innovative organizations was low (as shown
in Table 3).

b. Low-speed development stage

c. High-speed development stage

Table 3. Evolution of proportion of organizations in the industry-university-research collaboration of
China's grain industry
Proportion
of Budding Low-speed development Medium-speed
High-speed development
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organization

stage

stage

development stage

stage

Enterprise
University
Research institution
Others

44.75%
15.07%
27.40%
12.79%

47.30%
21.17%
26.13%
5.41%

61.17%
15.91%
17.23%
5.69%

68.97%
9.90%
14.55%
6.59%

network density and network size. It is indicative
that the research and development of grain
technology innovation and the application of
achievements were spread and disseminated in a
wider range. However, due to the demands of
innovative organizations for their respective
development and knowledge flow, the closeness of
cooperative relationships was reduced. The
collaboration network created a good atmosphere of
independent innovation for innovative organizations
(as shown in Table 4).

Evolution of the overall structure of the industryuniversity-research collaboration network in the
grain industry (1) Network size and density. Since
1985, the number of innovative organizations in the
industry-university-research collaboration network
of China's grain industry had gradually increased,
with the number of organizations at the four stages
being 220, 222, 685 and 3,203, respectively. This
also drove the increase in the number of cooperative
patents and cooperative relationships. Meanwhile,
there was a significant negative relationship between
Table 4. Size and density of the
at all stages
Budding
Research indicator
stage
Network size
220
Network range
267
Network density
0.011

industry-university-research collaboration network in the grain industry
Low-speed
development stage
222
323
0.013

Medium-speed
development stage
685
1,399
0.006

(2) Core-periphery structure. According to the
calculation results of the coreness in this paper,
innovative organizations with coreness∈[0.1, 1)
were classified into the core area, innovative
organizations with coreness∈[0.01, 0.1) into the subcore area, innovative organizations with
coreness∈[0.001, 0.01) into the semi-periphery area,
and innovative organizations with coreness∈[0,
0.001) into the periphery area. After analyzing the
proportion of each area, it was found that the
proportion of the core area, the sub-core area and the

High-speed development
stage
3,203
9,688
0.002

semi-periphery area all declined, while the
proportion of the periphery area rose stage by stage.
This indicates that in the course of development, the
industry-university-research collaboration network
of China's grain industry was expanding in size, but
the innovative organizations within the network
were mostly concentrated in the periphery area of
the network, only a small number of organizations
were centrally located, and the partition
phenomenon of the whole network was obvious (as
shown in Table 5).

Table 5. Proportion of the core-periphery structure of the industry-university-research collaboration
network in the grain industry at all stages
Budding
Low-speed
Medium-speed
High-speed
Proportion of area
stage
development stage
development stage
development stage
Core area
7.30%
0.90%
1.50%
0.10%
Sub-core area
53.40%
10.40%
5.10%
0.60%
Semi-periphery area
29.70%
88.70%
21.90%
1.50%
Periphery area
9.60%
0.00%
71.50%
97.80%
(3) Small-world network. A small-world network
means that the clustering coefficient of the network
is high and the length of the characteristic path is
short, that is, the average distance between
innovative organizations in the network is short, and
the whole network is composed of many closely knit

groups. Table 6 shows the changes in the clustering
coefficient and the characteristic path length when
comparing
the
industry-university-research
collaboration network in the grain industry with
random networks of the same size. It is found that
there
is
CC≫CCrandom,
CCratio≫1,

279

Turk J
Field Crops
2021, 26(1), 273-284
DOI: 10.17557/tjfc.834526
CPL≈CPLrandom and CPLratio≈1 for each stage.
among innovative organizations was very common.
As the stage progressed,
Besides, intra-group collaboration was featured with
CCratio became increasingly larger, CPLratio got
closeness and strong transmissibility, and there were
closer to 1, and the small-world quotient Q increased
many weak connections between groups. It is
stage by stage. This indicates there was a smallbecause of these connections that greatly reduced
world effect in the industry-university-research
the distance between groups that the entire
collaboration network of the grain industry at
collaboration network became very small.
different stages. The phenomenon of "clustering"
Table 6. Small-world characteristics of the industry-university-research collaboration network in the grain
industry at all stages
Research
development Medium-speed
High-speed development
Budding stage Low-speed
indicator
stage
development stage
stage
CC
0.840
0.780
1.132
1.564
CCrandom
0.011
0.013
0.006
0.001
CCratio
76.364
60.000
188.667
1564.000
CPL
1.142
1.786
1.910
6.929
CPLrandom
6.062
5.064
4.640
6.478
CPLratio
0.188
0.353
0.412
1.070
Q
406.191
169.972
457.93
1462.682
Note: CC is the clustering coefficient of the actual
network, CCrandom is the clustering coefficient of
the random network of the same size, CCratio is the
ratio of the two clustering coefficients; CPL is the
characteristic path length of the actual network,
CPLrandom is the characteristic path length of the
random network, and CPLratio is the ratio of the two
characteristic path lengths.
Characteristic evolution of the industryuniversity-research collaboration network in the
grain industry
Centrality. Bonacich centrality is extensively used to
measure the position of an innovative organization
in a network (Piazza and Castellucci, 2014). A
higher centrality means that the organization has a
higher position and occupies a more central location
in the network. Table 7 shows that the core
organizations in the grain industry also changed
during the evolution of the industry-universityresearch collaboration network in the grain industry.
At the budding stage and the low-speed
development stage, the top 5 innovative
organizations by Bonacich centrality were mostly
research institutions, while the participation of
enterprises and other industry-university-institute
applicants was low, and the number of cooperative
patents of each applicant was small. At the mediumspeed development stage, enterprises, represented
by COFCO Group Co., Ltd., occupied a central
position in the network, and the number of
cooperative patents participated by enterprises

increased significantly. At the high-speed
development stage, enterprises were always the
main
body
in
industry-university-research
collaboration; universities also occupied a core
position in the network because of their rich
technological resources and innovation capabilities,
especially Jiangnan University, whose patents
reached more than 90; organizations such as
governments and intermediaries gradually receded
to the periphery.
(2) Structural holes. There are generally two types
of statistical indicators for the calculation of
structural holes. The first is the structural hole index
proposed by Burt; the second is the betweenness
centrality index. According to Freeman, the control
power, coordination capability, comprehensive
capability and the capability to obtain more
information of an innovative organization can be
judged by the use of betweenness centrality to
measure the number of structural holes of the
innovative organization in the collaboration
network. A higher betweenness centrality means the
innovative organization has a stronger control power
and occupies a more central position in the network.
As shown in Table 8, during the different
evolutionary stages of the industry-universityresearch collaboration network in the grain industry,
universities and research institutions both played the
role of "gatekeepers" and occupied the central
position in the network. Their outstanding network
connectivity made them important linkers for
industry-university-research collaboration
Table 7. Top 5 applicants by Bonacich centrality at all stages, the number of patents and nature
Budding stage

Low-speed development stage
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Nature

Applicant

Number

Hebei Academy of
Agriculture and Forestry 2
Sciences

Nature

2

Applicant

Number

Nankai University

Applicant

Nature

Crop Breeding and
Cultivation Research
Institute of Chinese
2
Academy of Agricultural
Sciences
Shenyang Research
Institute of Chemical
2
Industry, Ministry of the
Chemical Industry

Number

Crops Research
Institute of Sichuan
4
Academy of Agricultural
Sciences

Nature

Number

Applicant

R

Animal and Plant
Quarantine
Laboratory of State
10
Administration for
Entry-exit Inspection
and Quarantine

O

Jiangnan
University

25

U

COFCO
Nutrition and
Health
100 F
Research
Institute Co.,
Ltd.

R

Shenzhen Piji
Bioengineering Co.,
Ltd.

10

F

COFCO
Group Co., 20
Ltd.

F

Beijing Da Bei
Nong Group 93 F
Co., Ltd.

R

Jiangnan University

7

Hunan
U Agricultural 17
University

U

COFCO Group
87 F
Co., Ltd.

Zhejiang
University

12

U

Shanghai
Academy of
R
14
Agricultural
Sciences

R

Institute of Genetics
and Development
U
6
Biology, Chinese
Academy of Sciences
R

Tianjin Agricultural
Biotechnology
Research Center

4

Note: F represents enterprises, O represents others,
R represents research institutions, and U represents

R

Jiangnan
University

96 U

Guizhou Kailin
54 F
Group Co., Ltd.

universities.
.

Table 8. Top 5 applicants by betweenness centrality at all stages, the number of patents and nature
Low-speed development
Medium-speed
High-speed development
Budding stage
stage
development stage
stage
N
N
N
N
N
N
N
N
u
u
u
u
at
at
at
at
Applicant
m
Applicant
m
Applicant
m
Applicant
m
u
u
u
u
b
b
b
b
re
re
re
re
er
er
er
er
Shenyang Research
Institute of Genetics
Crop Sciences
Institute of Chemical
and Development
2
Research Institute of 4
2 R
6 R Jiangnan University
U
R
Industry, Ministry of
Biology, Chinese
5
Chinese Academy of 0
the Chemical Industry
Academy of Sciences
Agricultural Sciences
Tianjin Agricultural
Hebei Plant Protection
1
Nanjing Agricultural 4
2O
Biotechnology
4 R Zhejiang University
U
U
Station
2
University
8
Research Center
Shanghai Institutes
for Biological
China Agricultural
Hunan Agricultural 4
Nankai University
2U
5 U Sciences, Chinese 4 R
U
University
University
5
Academy of
Sciences
China National Rice
9
Tsinghua University 2 U Jiangnan University 7 U
4 R Jiangnan University
U
Research Institute
6
Shijiazhuang Institute
Shanghai Academy
South China
of Agricultural
1
1
2 R Tsinghua University 5 U of Agricultural
R
Agricultural
U
Modernization, Chinese
4
9
Sciences
University
Academy of Sciences
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network. On the first hand, the close ties and mutual
trust between innovative organizations and their
surrounding organizations helped them form many
small groups with complicated relationships, which
enabled the effective diffusion and efficient
dissemination of knowledge within these groups and
accelerated the output of innovative results. On the
other hand, the weak connection that innovative
organizations maintained with other organizations
accelerated the acquisition of heterogeneous and
non-redundant information, thereby making the
whole collaboration network very small.
Consequently, the core position of innovation
should be adhered to for the industry-universityresearch collaboration in the grain industry to
promote collaboration in breadth and depth.
(3) From the perspective of the organizational
characteristics of the collaboration network, the
dominant position of technology innovation of
enterprises became increasingly prominent,
especially at the medium-speed development stage,
where a qualitative improvement was found in the
proportion and position of enterprises in the
industry-university-research collaboration network
of the grain industry, and enterprises became the
important leaders and dominants in the industryuniversity-research collaboration network of China's
grain industry. Research institutions also played an
indispensable role. They not only occupied a core
position in the industry-university-research
collaboration network of the grain industry but also
acted as "gatekeepers" in knowledge absorption and
diffusion, making them important participants and
linkers
in
the
industry-university-research
collaboration network of China's grain industry. The
activity of governments, intermediaries and other
industry-university-research
collaboration
participants was low. During the development of the
industry-university-research collaboration network
in the grain industry, these innovative organizations
gradually receded to the periphery area, their
network connectivity was also weak. However, their
important role in grain policy guidance and support
and the construction and co-construction of an
environment for innovation made them important
supporters and service providers in the industryuniversity-research collaboration network of China's
grain industry. Therefore, enterprises should
maintain a keen sense of needs and problems,
constantly put forward technical requirements and
practical problems of the market, take an active part
in the industry-university-research collaboration of
the grain industry, and make full use of the
collaborative relationships to acquire scientific
knowledge and enhance their original innovation
capabilities. Research institutions should strengthen
basic research and frontier technology research in
the grain field, acquire timely market information

Conclusions and Suggestions
In this study, a four-stage and two-way network for
the industry-university-research collaboration in the
grain industry was constructed based on the
cooperative patent dada of China's grain industry
from 1985 to 2017 by employing such methods as
literature research, statistical analysis and social
network analysis (SNA) and in combination with the
actual development of industry-university-research
collaboration. Meanwhile, Excel, UCINET, Gephi
and other software were used to specifically evaluate
the
industry-university-research
collaboration
network in the grain industry in relation to the
macro-overall structure and micro-organizational
characteristics. The following conclusions and
suggestions are obtained:
(1) From the perspective of the collaboration
network map, the number of organizations and
collaborative relationships in the industryuniversity-research collaboration network of the
grain industry both increased, and the network was
becoming larger. Moreover, the number of
cooperative patents participated by various
organizations in the network was on a gradual rise,
and the network gradually presented the
characteristics of weak connection and more
clusters. This suggests that under the guidance of the
innovation system where enterprises acted as the
main body, market orientation was followed, and
industry-university-research collaboration was
adhered to, the collaboration among different
innovative organizations in China's grain industry
tended to be diversified, deep and systematic, which
effectively stimulated the industry-universityresearch collaboration network mode in the grain
industry.
(2) From the perspective of the overall structure of
the collaboration network, the industry-universityresearch collaboration network in China's grain
industry expanded in size and range, but the density
was in a gradual decline. The core-periphery
structure and the small-world effect became
increasingly significant. As the stage progressed, a
growing number of innovative organizations
participated in the industry-university-research
collaboration network of the grain industry, which
drove the expansion of the size and range of the
collaboration network. However, the innovative
organizations entering the collaboration network
were mostly distributed in the periphery area of the
network, the proportion of organizations in the core
area was extremely low, and the core-periphery
structure of the whole network was increasingly
prominent. This reflects that the lack of close
connections between different organizations led to a
gradual decrease in the density of the collaboration
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through industry-university-research collaboration
to abstract out theoretical problems and produce
more scientific knowledge, and further promote
interactions between basic research and applied
research to form a benign interaction of industryuniversity-institute cooperation in the grain
industry. Governments should deepen innovation in
the industry-university-research collaboration of the
grain industry and open up shared systems and
mechanisms, strive to improve the ecosystem of
grain technology innovation, encourage enterprises
to increase inputs in the R&D of the grain field,
encourage research institutions to strengthen basic
grain-related research, promote the "three-chain"
synergy in the grain industry, and achieve deep
integration of industries, universities and research
institutions.
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