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Abstract: Based on the perspective of the value chain of agricultural science and technology innovation,
in this paper, we divided the process of agricultural science and technology innovation into two
stages: the Research and Development (R&D) of agricultural technology and the application of
agricultural technology. We took the efficiency of agricultural science and technology innovation
of the two stages as a comprehensive index measure for the development of agricultural science
and technology innovation in China. On this basis, we used social network analysis to establish a
two-stage spatial correlation network for the innovation development of agricultural science and
technology in China. The spatial-temporal evolution trends, structural characteristics, and influencing
factors of the network were analyzed from the three aspects of the overall, local, and individual
network structure. The results show that: a. The development of agricultural science and technology
innovation in China demonstrated a clear spatial correlation and spillover effect, and the spatial
correlation network was in a connected state. b. The network had the distribution characteristics
of ‘core-edge’ and strong stability, and the hierarchical structure of the members of each province
in the network was gradually broken. c. The differences at the market level in agricultural science
and technology, the differences in government support for agriculture, the geographically adjacent
relationships, and the level of agricultural economic development were important factors affecting
the spatial correlation of agricultural science and technology innovation. This study provides a
policy reference to use a cross-regional coordinated development mechanism to solve the uneven and
asymmetry problem of the distribution of elements in various regions in China.

Keywords: agricultural science and technology innovation; spatial correlation network; network
structure; influencing factors; agricultural innovation

1. Introduction

At present, the fundamental development mode of agricultural production lies in the realization
of sustainable and stable development of agriculture through science to ensure the long-term effective
supply of agricultural products. Therefore, agricultural scientific and technological innovation is the
fundamental way for China to realize this development, and is also an important engine to realize
the rural revitalization strategy. With the rapid development of agriculture, the innovation vigor of
agricultural science and technology in China has been further released, and the innovation efficiency
has been further improved. However, due to the differences in natural conditions, the economic
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development level, the urbanization level, and the poverty coverage rates among different regions,
there is still a clear gap between agricultural science and the technology innovation development level
in China and developed countries, which has become an important bottleneck restricting agricultural
development in China. Therefore, improving the development level of agricultural science and
technology innovation is an important path to achieving high-quality agricultural development in
China [1,2].

The evaluation of the development level of agricultural science and technology innovation is
important. The research of domestic and foreign scholars on the development of agricultural science
and technology innovation mainly starts from two dimensions: first is the measurement at the macro
level. For example, Spielman et al. [3] designed and constructed a framework for determining national
agricultural innovation indicators. Since innovation is a complex process, measurement typically
requires a set of indicators to evaluate the efforts (i.e., national R&D or promotion expenditures),
results (i.e., the number of patents and publications), and impacts (i.e., the total factor productivity
growth) [2]. The second is the measurement at the micro level. Ariza et al. [4] and Karafilis et al. [5]
measured innovation through technology adoption and assessed the level of agricultural innovation
on farms.

Lapple et al. [6] extended the expert opinion and the farm level data, constructed the complex
agricultural innovation index, and evaluated the farm innovation level. Ariza et al. [4] designed an
innovation matrix to calculate an innovation index to provide values for the innovation activities of each
farm. This matrix divides innovation into major innovation, intermediate innovation, and secondary
innovation according to the degree of technological progress of innovation. Both macro and micro
studies showed that there was spatial heterogeneity in the development level of agricultural science and
technology innovation; that is, there are great differences in agricultural innovation between different
regions [7-9], which can be explained by the differences in policies, institutional settings, infrastructure
environment, or knowledge transfer systems among countries [10,11]. Although the performance
of agricultural innovation varies from country to country, the distribution of innovation activities in
different regions is generally uneven [12,13]. In other words, there may be regional dynamics that
affect innovation efforts.

On this basis, scholars further studied the spatial differentiation degree of agricultural science
and technology innovation development among different regions in China, and drew a conclusion:
the innovation and development of agricultural science and technology in China has a large spatial
differentiation and asymmetry [14], and there is a significant spatial imbalance. With further
research, scholars proposed that agricultural science and technology innovation has a spatial spillover
effect [15,16], which is not only related to the level of agricultural development in the region itself,
but also affected by agricultural development factors, economic factors, and social factors in the
geographical neighboring regions [17].

Spatial concentration has a positive impact on knowledge exchange among economic entities,
which may lead to the adoption of spatially aggregated technologies [18,19]. Researchers also found
that firms closer to the knowledge center had higher innovation performance than those far away from
the knowledge center [20,21]. Breschi [22] argued that, although innovation activities tend to gather in
specific locations, there may be significant differences in the geographical concentration and spatial
organizational strength of innovation processes among different sectors [23,24]. On the other hand,
Boshma [25] believed that other dimensions (such as cognition, organization, society, and institution)
are equally important or even more important. Therefore, it is clear that the emergence of innovation
has an important spatial dimension.

The above documents laid a foundation for research on the innovation and development of
agricultural science and technology in China. Due to the complexity of the research problems and the
limitations of the methods, while scholars have proved that the development of agricultural science
and technology innovation has spatial differentiation characteristics based on attribute data, they lack
in-depth consideration of the spatial correlation characteristics of agricultural science and technology
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innovation development based on relational data, and it is difficult to reveal the overall network
structure characteristics of China’s agricultural science and technology innovation and development.
As the innovation and development of agricultural science and technology is the comprehensive
embodiment of the factors of technology, efficiency, policy, and system, these developments are not
only affected by the local economic development level and other factors but also may be affected by
the economic and social factors in other regions [13].

With the continuous promotion of the national allocation of innovation elements, the spatial
correlation of agricultural science and technology innovation development has become more common
and extensive and has gone beyond the nearest neighbor relationship in the simple geographical sense
and now presents a complex network structure with multiple correlations. To sum up, under the
condition that the spatial correlation between provinces actually exists, each province and region
should not only consider the situation of the region itself, but also fully consider and effectively borrow
from the provinces and regions associated with it to grasp and improve the development level of
agricultural science and technology innovation as a whole.

In view of this, we divided the process of agricultural science and technological innovation
into two stage. We used a social network analysis method to construct and analyze the network
structure characteristics of the network structures, and to determine the factors that affect the spatial
relevance of China’s agricultural science and technology innovation and development. This study was
designed to helpful to solve the problems existing in the development process of China’s agricultural
science and technology innovation, with the hope to provide a policy reference for the research on the
spatial correlation network structure and influencing factors of agricultural science and technology
innovation development.

2. Research Design and Variable Description

2.1. Measurement of the Innovative Development Level of Agricultural Science and Technology

The improvement of efficiency has always been the key direction of China’s agricultural science
and technology innovation development [13], which can also be used as a comprehensive index to
measure China’s agricultural science and technology innovation development. Because agricultural
science and technology innovation is a complex process composed of multiple links, this paper divides
the process of agricultural science and technology innovation into two stages: agricultural technology
research and development and agricultural technology application, and uses a two-stage correlation
DEA efficiency evaluation model [26] to measure the development efficiency of agricultural science
and technology innovation in 30 provinces and autonomous regions (excluding Tibet, Hong Kong,
Macao, and Taiwan) in two stages.

In the DEA model, the input-output variables of the two stages are respectively: the input
indicators of the stage of agricultural technology research and development adopt the regional research
and experimental development of agricultural R&D personnel full-time equivalent and agricultural
R&D expenditure indicators, and the output indicators are the number of agriculture-related patent
applications and the number of agriculture-related patent authorizations. The input index in the
application stage of agricultural technology is the output index in the research and development
stage of agricultural technology; that is, the number of agriculture-related patent authorizations
and agriculture-related patent applications. The output index is the total transaction amount of the
agricultural technology market and the total agricultural output value.

2.2. Determination of the Spatial Relationship of the Agricultural Science and Technology Innovation and
Development Network

The improved gravity modeling method, which is better than the Vector Autoregression Models
(VAR) Granger testing method, was used to confirm the spatial correlation relationship of agricultural
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science and technology innovation development, and the spatial correlation matrix was obtained.
The improved gravity model formula is as follows:

v %/EiGiMl' \S/E]G]M] Mi
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In Formula (1), Y_ij represents the correlation strength of innovation development between
Regions I and J; E_i and E_j represent the years of education per capita in regions I and J; G_i and G_j
represent the per capita GDP of regions [ and J; M_i and M_j represent the innovation efficiency of region
I'and |, and D_jj represents the straight-line distance between the provincial capitals (municipalities
directly under the Central government).

2.3. Characteristic Indexes of the Network Structure

For the characteristic indexes depicting the network structure, we used the social network
analysis method to depict the spatial correlation network structure of agricultural science and
technology innovation and development from three parts, the overall, local, and individual network
characteristics. Among them, the overall network characteristics were mainly characterized by four
indexes: the network density, network association number, network hierarchy, and network efficiency.
The characteristics of local networks were mainly analyzed using the block model. The characteristics
of individual networks are usually reflected by three indexes: relative centrality, intermediary centrality,
and proximity centrality. The specific formula is shown in Table 1:

2.4. Analysis of the Influencing Factors of Spatial Correlation of Agricultural Science and Technology
Innovation Development in China

The spatial correlation network of agricultural science and technology innovation development
is influenced by many factors. Through a literature review, we see that, first, the spatial correlation
intensity of agricultural science and technology innovation development is significantly correlated
with the geographical distance, and geographically close provinces may show more spillover
of the agricultural science and technology innovation development level. Secondly, the spatial
differentiation of geographical things is also affected by economic, social, environmental, and other
factors. Therefore, we can infer that the spatial correlation of agricultural science and technology
innovation development may be related to the size of the regional differences in agricultural economic
development. The development level of the agricultural economy can be shown from four aspects,
the scale structure difference, factor input difference, factors output difference, and sustainable
level difference.

Thirdly, the agricultural science and technology market is the channel through which agricultural
technology can be applied and diffused. The level of the agricultural science and technology market
may be related to the spatial correlation of agricultural science and technology innovation and
development. In addition, the level of agricultural human capital may also affect the spatial correlation
of agricultural science and technology innovation development, which is mainly reflected by two
aspects: the difference in agricultural labor quality and the difference in the number of years of
education of employees.

Finally, differences in the degree of agricultural policy support may also affect the correlation
degree of agricultural science and technology innovation development of different regions in China.
In this paper, the difference in the degree of government support for agriculture is included in the
consideration of the influencing factors of the spatial correlation network of China’s agricultural science
and technology innovation and development. The specific measurement indicators of influencing
factor are shown in Table 2.
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Table 1. Network structure characteristic index description.
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Characteristics Indicators Measure Formula Annotation Specify
P, is the network density,
Mis 'the npmber of‘van(?us Measure the density of
Network Py = M/[S(S—1)] relationships contained in correlation amon.
Density " the network, and S is the i . &
. o provinces in the network.
total area in a specific
regional network.
F is the correlation degree
Network Eitgszﬁ(;eﬁ(:;isc’ez 11181 g‘li Measure the robustness
Correlation F=1-Y/[M(M-1)/2] P - and fragility of
Number network that cannot achieve the network
Overall Network umbe correlation, and M is € network.
Structure the network scale.
W.1s the network hierarchy, Measure the hierarchical
Network His the number of members structure of the network
. W =1 - H/max(H) in the network that can i,
Hierarchy . : and the position
achieve symmetric
I of nodes.
accessibility.
E is the network efficiency, Measure the effective
Network E =1 - Thnax(T) and T is the number of connection efficiency
Efficiency B redundant lines in between provinces in
the network. the network.
. Mis th'e degree O.f absolute Measure the location of
Relative centrality, and N is the L
. CRD = M/(N - 1) S each province in
Centrality number of regions in the network
the network. '
Gij is the shortcut number
between regions ] and |, Measure the degree of
Dijk(i) is the probability of a  resource control or
s N vN g/
Individual Intermediate ¢, = 2% X Djk(D) third party region on the influence of the
Network . RB NZ=3N+2 . . L
S Centrality (j#k#iand j<k) shortcut between regions I dominant province in
tructure and ], Djk(i) = Gjk(i)/Gjk, and  the network on
N is the number of regions other provinces.
in the network.
Dij is the shortcut distance Me.asure the ?Xtent to
Proximity 1_vN between region I and |, and which a province is not
= . D 11 4 1,
Centrality Cap Zl =17 N is the number of regions subject to cpntro} by
. other provinces in
in the network.
the network.
Members receive both relationships emitted by members
of the external plate and those spilled by members of the
Net Income Plate internal plate, and the number of received relationships
is significantly higher than the number of
relationships emitted by them.
The number of spillover relationships within a plate
member is very small, and the number of relationships
Local Net Spill Plate emitted by an in-plate member to an external plate
Network Plate Model member is greater than the number of
Structure relationships received.

Two-way Overflow Plate

Plate members emit more relationships to other external
plate members, and more relationships emit within
the plate

Broker Plate

The members of the plate not only emit relations to other
external plates, but also receive relations from external
plate members, and the members of the plate have many
relations with each other.
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Table 2. Specific measures of influencing factors.
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Influencing Factor
Group

Influencing Factor

Variables Explain

Measuring Content

Expression

gross output value of
agriculture,

annual gross product of
agriculture,

dtlffertences in scale forestry, fishery and  forestry, animal husbandry, A
structure animal husbandry and fishery
the proportion of rain crop sown area/cro
sown area sgown are}aj P B
of grain crops
crop sown area/number of
Differences in f:hfferences in factor  labor per crop sown ;{grlcultural, fo.restry, C
Agricultural input level area fishery, and animal
Economic husbandry workers
Devel Level . . in yi i .
evelopment Leve differences in factor 523\1:1 yleld per unit total grain output/sown E
output level . area of grain crops
area of grain crops
differences in fertilizer use per unit fertilizer application F
S crop sown area rate/crop sown area
sustainability level
Efg?ade usage per pesticide usage/crop sown c
area
crop sown area
Elfrf?SLelﬁflisallgcience differences in differences in
a f 1 Technolo technical technical technical market turnover H
Market Levelgy market turnover market turnover
differences in the differences in the
quality quality average years of schooling I
of agricultural labor  of agricultural labor  for farmers
Differences in force force
Human differences in the
Capital Levels differences in the number of the number of people with
educational level of employees with more than 15 years of ]
employees more than 15 years of ~ education
education
Differences in differences in differences in of
Government overnment fundin funds raised for input of agricultural R&D K
Support for %or aericulture & agricultural science funds
Agriculture & and technology
if the two regions are
Geographic spatial adjacency spatial adjacency adjacent to each other, D
Adjacency matrix matrix the value is 1; otherwise,

the value is 0

In this paper, Quadratic Assignment Procedure (QAP) regression analysis was used to measure

the influencing factors. We assume that the dependent variable is the spatial correlation of China’s
agricultural science and technology innovation and development and, then, express the five influencing
factor groups with nine influencing factors. The independent variables are the total output value of
agriculture, forestry, fishery, and animal husbandry; the proportion of the sown area of grain crops;
the labor per crop sown area; the grain yield per unit sown area of grain crops; the fertilizer use per unit
crop sown area; the pesticide usage per unit crop sown area; the difference in technical market turnover;
the differences in the quality of the agricultural labor force; the number of employees with more
than 15 years of education; the differences in the funds raised for agricultural science and technology;
and the spatial adjacency matrix. The model can be established as follows:
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AID; = f(A,B,C,E,F,G,H,L,],K,D), i = 1,2. @)

Spatial incidence matrix; A, B, C, E, F, G, H, 1, ], K are the regional difference matrix of each
influencing factor in 2018, and D is the spatial adjacency matrix.

2.5. Data Sources

Considering the availability of data, this paper took data from 30 provinces and autonomous
regions (excluding Tibet, Hong Kong, Macao, and Taiwan) in China from 2000 to 2018 as the research
sample. The data used were from The Statistical Yearbook of High Technology Industries in China,
The Statistical Yearbook of China, and the official website of the State Intellectual Property Office of the
People’s Republic of China from 2000 to 2018.

3. Analysis of the Spatial Correlation Network Structure of Agricultural Science and Technology
Innovation Development in China

3.1. Evolutionary Law of the Development Level of Agricultural Science and Technology Innovation in China

According to the measurement results of agricultural science and technology innovation efficiency
from 2000 to 2018 in China, we draw Figures 1 and 2. We take the measurement results of the agricultural
technology innovation efficiency of 30 provinces in mainland China in 2018 as an example, as shown
in Figure 1. Figure 2 shows the evolutionary law of average agricultural science and technology
innovation efficiency from 2000 to 2018 in China, that is, the change trend of the development level
of agricultural science and technology innovation in 30 provinces in China from 2000 to 2018. It can
be seen from Figures 1 and 2: First, the development level of agricultural technology innovation in
30 provinces, municipalities, and autonomous regions in mainland China still has spatial differences,
and the level of agricultural technology innovation development in different provinces at the two
stages is quite different. Second, the development level of agricultural science and technology
innovation shows a fluctuating trend in both the technology R&D stage and the technology application
stage. Third, the development level of agricultural science and technology innovation in technology
application stage is generally higher than that in Technology R&D stage.

1.2
1
0.8
0.6
0.4
0.2
0
é§o%%§q> <\°§\ ° o‘%z@ e','\"?’&<<\>\\7>0 600% & boo% é}‘\rbo (\"é\ o‘\é\ @&o oqf
© Q° s A & R S
&

m Technology R&D stage B Technical application stage

Figure 1. The changes of development level of agricultural science and technology innovation in
30 provinces in China in 2018.
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Figure 2. The change of development level of agricultural science and technology innovation in China
from 2000 to 2018.

3.2. Evolution Characteristics of Spatial Correlation Network for Agricultural Science and Technology
Innovation Development in China

Using the revised gravity model to determine the spatial correlation of agricultural science and
technology innovation development among provinces and establish the correlation matrix, we can
obtain the spatial correlation network of China’s agricultural science and technology innovation
development in two stages of China’s agricultural technology research and development and
agricultural technology application, as shown in Figures 3-8. From Figure 3 to Figure 8, the spatial
correlation network of China’s agricultural science and technology innovation and development in
the two stages shows a complex network structure state, and, with the growth of time, the evolution
trend of the spatial correlation network shows a more and more complex trend, and the number of
networks gradually increases. This indicates that the innovative development of agricultural science
and technology in each province has broken the traditional limitation of geographical proximity, and the
non-geographical neighboring provinces have also established spatial correlation, which produced the
linkage effect of the innovative development of agricultural science and technology among regions.

B <injiang

A A BN 7hejiang

Ny

Hainan

Figure 3. Network diagram of the state of technology R&D in the year 2000.
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Figure 4. Network diagram of the state of technology R&D in the year 2010.
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Figure 5. Network diagram of the state of technology R&D in the year 2018.
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Figure 6. Network diagram of the state of technology application in the year 2000.
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Figure 7. Network diagram of the state of technology application in the year 2010.

Heilangjiang

Figure 8. Network diagram of the state of technology application in the year 2018.

Figures 9 and 10 show the evolution trend of the network association number and network density
of China’s agricultural science and technology innovation development spatial association network
from 2000 to 2018. The network association number and network density of China’s agricultural
science and technology innovation development spatial association network in the two stages show an
overall upward trend, and the evolution trend can be divided into three periods.

The first period is before 2006, and the network density and network correlation number in the
stage of agricultural technology research and development and technology application were not high.
This is due to the continuous penetration of the market mechanism in the development of agricultural
science and technology and the construction of an agricultural innovation system during this period.
The rational allocation of agricultural science and technology innovation resources was only in the early
stage of development, the rational flow of innovation subjects was still in the guiding period, and the
spatial correlation between agricultural science and technology innovation in various provinces was
still less established.

The second period is from 2006 to 2012, which is the stage of rapid growth of network density
and network correlation number in the application stage of agricultural technology. This may be
due to the fact that this period was a crucial period for China to promote the construction of a new
countryside. In particular, the “No.1 Document” of the Communist Party of China (CPC) Central
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Committee in 2006 required that the innovation and transformation capacity of agricultural science
and technology be greatly enhanced and that the reform and construction of agricultural technology
popularization system be accelerated. The No. 1 central document released every year in the following
years constantly emphasized the application and transformation of modern agricultural science and
technology innovation. This series of policies promoted the flow and combination of innovation
elements related to agricultural technology application in the market, increased the spatial correlation
of all provinces, and greatly increased the number and density of network correlations.
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Figure 9. Network correlation number and network density in agricultural technology R&D.
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Figure 10. Network correlation number and network density in agricultural technology application.

The third period is from 2012 to 2018, which is the stage of rapid growth of the network density
and network correlation number in agricultural technology research and development. This may be
due to the comprehensive implementation of the innovation-driven development strategy after the
18th National Congress of the Communist Party of China (CPC), as well as due to unprecedented
central financial input in agricultural technology research and development and significant innovation
achievements in major technological fields, such as super rice. At the same time, a number of major
policy measures were introduced including institutional reform.

Driven by the two-wheeled innovation of science and technology and the innovation of systems and
mechanisms, all innovation subjects in China jointly bear risks and tackle key problems in coordination,
thus significantly improving the collaborative innovation capability of agricultural research and
development and effectively allocating the elements of agricultural innovation. The exchanges
and cooperation among provinces and regions in the stage of agricultural technology research
and development have resulted in increasing spatial correlation, and the construction of an
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agricultural science and technology innovation system has entered a new era of socialism with
Chinese characteristics.

3.3. Owverall Structural Characteristics of Spatial Correlation Network for Agricultural Science and Technology
Innovation Development in China

The spatial correlation characteristics of the agricultural science and technology innovation
development spatial correlation network are mainly reflected in network hierarchy and network
efficiency, as shown in Figures 11 and 12.
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Figure 11. The network level and network efficiency for agricultural technology R&D.
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Figure 12. The network level and network efficiency for agricultural technology.

The network grade of China’s agricultural science and technology innovation and development
spatial association network decreased year by year. From 2000 to 2012, the network level in the
application stage of agricultural technology was higher than in the research and development stage
of agricultural technology. From 2012 to 2018, the level of the network in the application stage of
agricultural technology decreased significantly and was lower than in the research and development
stage of agricultural technology. After 2006, although China vigorously promoted the technology
application transformation capability of agricultural science and technology innovation and promoted
the flow of relevant innovation elements, the hierarchical characteristics of the spatial correlation
network in the agricultural technology application stage were extremely significant, and the boundaries
between the core provinces and marginal provinces are clear.
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Since 2012, China’s Ministry of Agriculture has issued documents, such as “Opinions on
Accelerating Innovation and Popularization of Agricultural Science and Technology” and “Opinions
on Deepening the Reform of Agricultural Science and Technology System and Mechanism to Accelerate
Implementation of Innovation-Driven Development Strategy”, which deeply grasped the laws of
agricultural science and technology innovation with Chinese characteristics. With the improvement
of the policy mechanism, the hierarchical structure of the members of each province in the spatial
correlation network in the application stage of agricultural technology was broken, the spatial
correlation was enhanced, and the role and position of the provinces that were originally in the
subordinate marginal position in the network changed.

From the perspective of network efficiency, the network efficiency of the spatial correlation
network in agricultural technology research and development showed great fluctuations. In 2010,
the network efficiency increased significantly, and the phenomena of the multiple superposition of
overflow channels in the spatial correlation network in the stage of agricultural technology research
and development gradually weakened, and the stable structure of the spatial network was affected.

In 2013, the efficiency of the network decreased significantly, the number of space overflow
channels increased, and the stability of the network improved. However, in 2014, the network efficiency
increased significantly, the number of redundancy relationships in the network increased, the two-way
overflow relationships decreased, and the network stability decreased. Compared with the large
fluctuation of the network efficiency in the stage of agricultural technology research and development,
the network efficiency in the stage of agricultural technology application basically remained unchanged,
and the network presented strong stability.

3.4. The Individual Structural Characteristics of the Spatial Correlation Network of Agricultural Science and
Technology Innovation Development in China

The centrality of the spatial correlation network for the development of agricultural science and
technology innovation in China can clearly define the role and position of each province in the spatial
correlation network for the development of agricultural science and technology innovation, which is
mainly reflected in indicators, such as point discrepancy, relative centrality, intermediary centrality,
and proximity centrality. We take the measurement results of 2018 as an example, as shown in Table 3.

From the perspective of out-degree, the regions with a high out-degree in both stages were mainly
concentrated in the Shandong, Henan, Hebei, Hunan, and Hubei provinces, indicating that these
provinces had a large number of emission relations to other provinces, which produced a clear spatial
spillover effect. Regions with a low out-degree in both stages were mainly concentrated in the Xinjiang,
Qinghai, Hainan, Yunnan, Heilongjiang, Jilin, and Liaoning provinces, which have less spilt and
contributed to the agricultural science and technology innovation and development of other provinces,
and they were at the edge of the related network. From the perspective of in-degree, the regions with a
high in-degree in both stages were mainly concentrated in the Shanxi, Shandong, Henan, Guizhou,
Qinghai, and Ningxia provinces, which are highly dependent on the factors of other provinces and
need other provinces to conduct agricultural science and technology innovation to provide spillover to
these regions.

The regions with a low in-degree in both stages were mainly concentrated in Xinjiang and Yunnan,
and the spatial correlation between them and other provinces was weak. Judging from the relative
centrality, proximity centrality, and intermediary centrality, Shandong and Henan provinces were
among the top indicators in the country, indicating that these two provinces were in the central position
of the whole spatial correlation network and played a positive role in the development of the spatial
correlation network for China’s agricultural science and technology innovation. The provinces with a
lower index ranking were mainly concentrated in Xinjiang, Yunnan, and Jilin provinces, with insufficient
agricultural science and technology innovation capability and the need for the “intermediary” role of
core provinces.
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Table 3. Individual structure characteristics of the spatial correlation network.

Technology R&D Stage Technical Application Stage
Provinces Out- In- Relative Proximity Intermediate Out- In- Relative Proximity Intermediate
Degree Degree Centrality Centrality  Centrality = Degree Degree Centrality Centrality  Centrality
Beijing 13 21 72414 78.378 0.882 12 7 41.379 63.043 0
Tianjin 15 23 82.759 85.294 1.244 16 8 55.172 69.048 0.183
Hebei 24 14 82.759 85.294 1.146 20 26 93.103 93.548 2.283
Shanxi 22 20 89.655 90.625 1.552 19 22 79.31 82.857 1.662
Inner. 18 12 65517 74.359 0.464 18 25 89.655 90.625 2431
Mongolia
Liaoning 15 7 51.724 67.442 0.153 12 18 65.517 74.359 0.446
Jilin 10 9 44.828 64.444 0.012 9 14 48.276 65.909 0.059
Heilongjiang 13 5 44.828 64.444 0.012 9 18 62.069 72.5 0.395
Shanghai 10 21 72.414 76.316 0.592 12 5 41.379 63.043 0.019
Jiangsu 19 24 86.207 87.879 1.557 25 18 89.655 90.625 1.795
Zhejiang 14 28 96.552 96.667 2.539 19 5 65.517 74.359 0.408
Anhui 20 28 96.552 96.667 2.539 24 10 82.759 85.294 1.317
Fujian 14 17 65.517 72.5 0.235 17 8 58.621 70.732 0.191
Jiangxi 21 17 79.31 82.857 0.841 22 18 79.31 82.857 1.047
Shandong 25 19 89.655 90.625 1.731 19 28 96.552 96.667 2.939
Henan 25 22 93.103 93.548 1.862 23 29 100 100 3.943
Hubei 25 11 86.207 87.879 1.135 23 28 96.552 96.667 2.939
Hunan 22 13 75.862 80.556 0.534 21 21 86.207 87.879 1.449
Guangdong 11 19 65.517 72.5 0.399 14 8 51.724 67.442 0.139
Guangxi 13 17 65.517 74.359 0.428 15 13 62.069 72.5 0.302
Hainan 11 16 58.621 69.048 0.284 12 17 58.621 70.732 0.239
Chongging 20 14 75.862 80.556 0.764 18 15 65.517 74.359 0.509
Sichuan 17 7 62.069 72.5 0.545 16 25 86.207 87.879 2.134
Guizhou 17 20 79.31 82.857 1.221 16 15 72.414 78.378 0.759
Yunnan 10 8 41.379 63.043 0.122 10 6 37.931 61.702 0.075
Shaanxi 22 11 75.862 80.556 0.643 19 27 96.552 96.667 3.389
Gansu 14 18 72414 78.378 2.341 15 11 55.172 69.048 0.372
Qinghai 8 22 75.862 80.556 2.715 12 18 62.069 72.5 0.686
Ningxia 14 22 79.31 82.857 3.281 16 16 68.966 76.316 0.936
Xinjiang 3 0 10.345 49.153 0 4 8 27.586 58 0
Average 16 16 71.26 78.74 1.06 16 16 69.19 78.18 1.1

In conclusion, as the central provinces, Shandong and Henan had much higher value in the spatial
correlation network of agricultural science and technology innovation and development in China
compared with the other provinces, and they demonstrated a strong ability to radiate to their neighbors.
The western region and part of the northeast region of China were on the edge due to their remote
location and weak economy, which made it difficult for them to establish spatial relations with other
cities. Therefore, the agricultural science and technology innovation network formed a three-level
system in China.

Shandong, Henan, and other central provinces and cities are the key provinces of agricultural
science and technology innovation and development, and they drive the innovation and development
of agricultural science and technology in the surrounding provinces and cities through the cooperation
between industry, universities, and research institutes as well as the flow of talents. Xinjiang, Yunnan,
and Jilin are marginal provinces and cities on the edge of the spatial correlation network for agricultural
science and technology innovation. Other provinces and cities may be second-level provinces and
cities, which can play the role of connecting first-level provinces and cities with third-level provinces
and cities.

3.5. Local Structural Characteristics of Spatial Correlation Network for Agricultural Science and Technology
Innovation Development in China

3.5.1. Plate Analysis at the Stage of Agricultural Technology R&D

In this paper, plate model analysis was used to reveal the spatial clustering and relationship
overflow path in the network. In the stage of agricultural technology research and development,
there were a total of 515 correlation relationships in the network, of which the number of external
relationships was 310, and the number of internal relationships was 205 in four plates. There were clear
spatial relationships and spillover path effects among plates. Plate I members were mainly concentrated
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in north China and northeast China, including Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia, Liaoning,
Jilin, Heilongjiang, and Shandong. This plate was a two-way overflow plate, and there were many
relationships (75 and 89) both inside and outside the plate.

Plate II members were mainly concentrated in the northwest and central individual provinces,
Qinghai, Shaanxi, Xinjiang, Ningxia, Gansu, and Henan. This plate was a broker plate, which not
only receives relationships from other plates (74), but also sends relationships to other plates (92),
playing an intermediary role.

Plate III members were mainly concentrated in east China and south China, including Jiangsu,
Guizhou, Hainan, Guangdong, Guangxi, Anhui, Fujian, Shanghai, and Zhejiang. The number of
relationships outside the receiving plate (122) was much greater than the number of relationships
spilling into the plate (61), which represents a typical net income plate that benefits more in the network.

Plate IV members were mainly concentrated in central and southwest China, including Hunan,
Chongqing, Hubei, Yunnan, Jiangxi, and Sichuan. The number of relationships outside the receiving
plate (50) was far fewer than the number of relationships spilling into the plate (95). On the basis of
satisfying its own technical research and development needs, this also spills over members of other
plates, which represents a net spillover plate.

3.5.2. Plate Analysis in the Application Stage of Agricultural Technology

According to the results in Table 4, there were a total of 489 correlation relations in the network
in the application stage of agricultural technology, including 289 external relations and 200 internal
relations among the four plates. There were still clear spatial correlation and spillover path effects among
the plates. There were 11 members of Plate I, namely Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia,
Liaoning, Jilin, Heilongjiang, Henan, Hubei, and Shandong. There were six members of Plate II,
namely Shaanxi, Qinghai, Ningxia, Xinjiang, Gansu, and Sichuan. There were seven members of Plate
III, namely Hunan, Zhejiang, Jiangsu, Fujian, Jiangxi, Anhui, and Shanghai. There were six members
of Plate IV, namely Yunnan, Guangzhou, Guizhou, Hainan, Chongging, and Guangxi. According to
the above analysis, we concluded that platelwas a net income plate, plate Il was a two-way overflow
plate, plate III was a net overflow plate, and plate IV was a broker plate.

Table 4. Local structure characteristics of the spatial correlation network.

Acceptance Relation Number of Receiving Number of Sending
Matrix Relationships Relationships
Stage Plate

I I I v Inside the Outside Inside the Outside

Plate the Plate Plate the Plate
Technology I 75 26 17 21 75 64 75 89
R&D I 31 27 17 26 27 74 27 65
Stage I 48 26 77 48 77 122 77 61
v 10 13 27 26 26 50 26 95
Technology I 105 38 54 27 105 119 105 76
Application I 41 28 20 17 28 78 28 55
Stage III 25 6 40 14 40 45 40 100
v 10 11 26 27 27 47 27 58

3.5.3. Analysis of Correlation between Plates

The network density matrix and image matrix of the plates as shown in Table 5 can reveal the
correlation relationship and overflow path between the blocks of the spatial correlation network of
agricultural science and technology innovation development in China. Therefore, by drawing the
relationship diagram of the four plates, we analyzed the action mechanism among the plates of the
spatial correlation network of agricultural science and technology innovation development in China.
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Table 5. Density matrix and image matrix.

Density Matrix Image Matrix
Stage Plate
II II1 v I II II1 v
I 0917 0574 0593 0185 1 1 1 0
Technology I 0481 0700 0481 0361 0 1 0 0
R&D Stage I 0.210 0.315 0944 0500 O 0 1 0
v 0.389 0722 0.889 0.667 0 1 1 1
Technology I 0945 0621 0325 0152 1 1 0 0
Application 1II 0.576 0931 0.143 0306 1 1 0 0
Stage I 0701 0476 0952 0619 1 0 1 1
v 0409 0472 0333 0900 O 0 0 1

In the stage of technology research and development, as shown in Figure 13, plate I and plate
IV not only overflowed within the plate, but also sent out relations to plate II and plate III. Plate II
and plate III overflowed within the plate and received relationships from the external plate at the
same time. The development elements of agricultural technology innovation in north, northeast,
central, and southwest China mainly flowed to the Yangtze River Delta, the Pearl River Delta, and the
northwest region to provide support for agricultural technology research and development in these
regions. The Yangtze River Delta, Pearl River Delta, and northwest China were the net income regions
of the associated network of agricultural science and technology innovation and development in
the stage of agricultural technology research and development, and also the terminal region of the
transmission path of agricultural science and technology innovation and development elements.

| !

Plate 111 Plate 1

Beijing, Tianjin, Hebei,
Shanxi, Inner Mongolia,
Liaoning, Jilin,
Heilongjiang, Shandong

Jiangsu, Guizhou, Hainan,
Guangdong, Guangxi, Anhui,
Fujian, Shanghai, Zhejiang

y
Plate IV Plate IT

Hunan, Chongqing, Hubei, Qinghai, Shaanxi, Xinjiang,
Yunnan, Jiangxi, Sichuan Ningxia, Gansu , Henan

A 4

: .

Figure 13. Correlation diagram of the plate model in the technology research and development stage.

In the technology application stage, as shown in Figure 14, the four plates all demonstrated
the phenomenon of internal plate overflow. Plate I and plate II received and sent out to each other,
and plate III sent out relationships to plate I and plate IV. From this, we can see that the development
factors of agricultural science and technology innovation in parts of north China, northeast China,
and central China mainly flowed to northwest China at the stage of technology application, but also
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received a large number of innovation factors from northwest China, south China, and east China,
thus realizing the innovation development and dynamic balance of their own regions.

| |

Platelll Plate I
Hunan, Zhejiang, Jiangsu, Beijing, Tianjin, Hebei,
Fujian, Jiangxi, Anhui, Shanxi, Inner Mongolia,
Shanghai Liaoning, Jilin, Heilongjiang,
Henan, Hubei, Shandong
A 4
Plate IV Plate 11
Yunnan, Guizhou, Hainan, Shaanxi, Qinghai, Ningxia,
Guangzhou, Chongqing, Xinjiang, Gansu, Sichuan
Guangxi

Figure 14. Correlation diagram of the plate model in the technology application stage.

The Beijing-Tianjin—Hebei region, in particular, occupies a leading position in the related network
of agricultural science and technology innovation and development in the stage of technology
application and demonstrated a strong capability of achievement transformation and technology
application. East China and south China, as net spillover plates, continued to send out relationships
to other regions, while southwest China, as net income plates, had a slightly insufficient ability to
transform agricultural scientific achievements and apply technologies, and to a large extent depended
on the support of factors in east and south China to realize innovative development.

Based on the plate correlation between the two stages, the relationship of sending and receiving
between the plates was not symmetrical, and the plate correlations between the stage of technology
research and development and the stage of technology application tended to be in opposite directions.
For example, certain provinces of the net benefit plate in the technology research and development
stage became two-way spillover plates in the technology application stage, while the two-way spillover
plates in the technology research and development stage became net benefit plates in the technology
application stage. This is related to the current situation of China’s agricultural science and technology
innovation and development; that is, the relevant innovation elements of agricultural technology
research and development and agricultural technology application are mastered in different regions,
and their flow trends are also different.

4. Analysis of the Influencing Factors of the Spatial Correlation Network of Agricultural Science
and Technology Innovation Development in China

As the differences in the average years of education of farmers in the stage of agricultural
technology research and development and the differences in the proportion of the sown area of
grain crops in the stage of technology application did not pass the correlation test, these two indexes
were removed. QAP regression analysis was used to measure the influencing factors of the spatial
correlation network. As shown in Table 6 the results show that, in the research and development stage
of agricultural technology, all other factors passed the test except the difference in the sown area per
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unit of crops, the difference in pesticide usage, and the difference in employees with more than 15 years
of education.

Table 6. Results of the QAP regression analysis.

QAP Regression Analysis

Stage Influencing Factors Standardized p-Value of
Coefficient Significance
forestrir(f)issig;l;p;[d‘]:ﬁ;z{ L}Leslig:;l)lrtilgcelhstries 0.027 0.009
labor per crop sown area 0.029 0.007
grain yield per unit sown area of grain crops 0.032 0.008
fertilizer use per unit crop sown area 0.033 0.004
Technical pesticide usage per unit crop sown area 0.005 0.164
R&D stage differences in technical market turnover 0.008 0.009
differences in the number of employees with more 0.006 0.185
than 15 years of education

sgriulturl cenco and technology oort 071
spatial adjacency matrix 0.115 0.000
gross output valge of the agricult.ure, . 0.143 0.000

forestry, fishery, and animal husbandry industries
labor per crop sown area 0.073 0.001
grain yield per unit sown area of grain crops 0.003 0.274
fertilizer use per unit crop sown area 0.001 0.425
Technical pesticide usage per unit crop sown area 0.005 0.173
application stage differences in technical market turnover 0.008 0.112
differences i?h;}f gu;:fsr ;)ff :Crlrllllzg(goeﬁs with more 0.002 0.308
a;‘iifcfili‘tell;rcaelssige(;fcfeu;l:; Isiifofg;y 0.006 0-145
spatial adjacency matrix 0.115 0.000

Therefore, the difference in the agricultural science and technology market level, the government
support for agriculture, the geographical proximity, and the factor input level and factor output level
in the factor group of agricultural economic development level between the different regions were the
important factors affecting the spatial correlation of agricultural science and technology innovation.

In the technical application stage, the regression coefficient of the total output value difference of
the agriculture, forestry, fishery, and animal husbandry industries; the difference of the sown area of the
crops per labor; and the geographical adjacency relation was 0.000, which is significant at the 1% level.
This indicates that the difference in the scale structure (the total output value of the agriculture, forestry,
fishery, and animal husbandry industries), the difference in the factor input level, and the geographical
adjacency relationship in the level of agricultural economic development are the influencing factors of
the spatial correlation of agricultural science and technology innovation.

However, the difference in the grain yield per unit grain crop sown area, the difference in the
pesticide and fertilizer usage per unit of crop sown area, the difference in the technology market turnover,
and the difference in the agricultural science and technology funds did not pass the significance test,
indicating that the above factors had no significant impact on the spatial correlation of agricultural
science and technology innovation at the stage of technology application.
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5. Policy Implications

The above research shows that the level of agricultural science and technology innovation in
China is not only related to individual provinces and cities but also related to the establishment of
long-term, collaborative innovation mechanisms. Therefore, the following points should be considered
when formulating relevant policies:

(1) The government department plans for the innovation and development of agricultural science
and technology should be based on overall scientific planning, and cannot only consider the provinces
themselves. It is necessary to fully understand and accurately grasp the structural characteristics of the
spatial correlation network of agricultural science and technology innovation and development in
China, to strengthen inter-provincial collaborative innovation, and to vigorously improve the system
and mechanism of coordinated development of agricultural science and technology innovation in
various regions to ensure the stability of the whole network and the balance of the relationship among
provincial members.

The government should follow the principles of precise regulation and targeted policy,
and formulate policies for the development of agricultural technology innovation in the regions
of China. Make full use of the leading advantages of the central and eastern regions to strengthen the
spillover effect of the innovative development elements within the palte, and actively transform its
functions to make it an "incubator” and "gas station" of the development of agricultural science and
technology innovation elements.

(2) The spatial correlation network for the innovative development of agricultural science and
technology in China should be optimized, and the advantages of core provinces should be utilized
to promote the correlation among various sectors. At the same time, the reaction mechanism of
agricultural science and technology innovation and development should be established to realize the
reverse overflow of innovation and development factors, thus narrowing the difference in agricultural
science and technology innovation and the development level between plates, realizing balanced
development inside and outside the plates and promoting the balanced improvement and sustainable
development of the national agricultural science and technology innovation and development level.

(3) For the geographically adjacent areas, it is necessary to strengthen and maintain the cooperation
and exchange of the neighboring areas and to conform to the strategic deployment of agricultural
collaborative innovation in China, such as the “Beijing—Tianjin-Hebei Modern Agricultural Science
and Technology Collaborative Innovation Community”, “Yangtze River Delta Agricultural Science
and Technology Integration Joint Research”, and other regional agricultural science and technology
innovation development strategies, and to construct an agricultural collaborative development network
of adjacent areas.

For regions with large differences in the scale structure, factor input-output level, and government
support, a cross-regional agricultural coordinated development platform should be established,
and spatial connections should be established between intermediary regions in each “broker plate”
of the platform and other advantageous provinces to thereby realize the cross-regional flow, sharing,
and integration of agricultural science and technology innovation factor resources.

6. Conclusions

In this study, we proposed to study the spatial correlation network of development level of
agricultural science and technology innovation from the perspective of spatial correlation, and took
China as an example to study the evolution trend, structural characteristics and influencing factors of
the spatial correlation network of development level of agricultural science and technology innovation.
The results show that the development of China’s agricultural science and technology innovation
has very obvious spatial correlation. The spatial correlation network of the development level of
agricultural science and technology innovation is in a connected state and has the characteristics of
‘core-edge’. And factors such as the level of agricultural technology market can affect the spatial
correlation of the spatial correlation network. This research can provide a policy reference to use the
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cross-regional coordinated development mechanism to solve the problem of uneven and asymmetry in
the distribution of elements in various regions.

Although we studied the agricultural technology innovation network, future research could use
the model of niche strength, width, and overlap to study the spatial correlation network of agricultural
technological innovation based on the niche theory in favor of better explaining the regional gap and
the spatial correlation in the agricultural technological innovation spatial correlation network.
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