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Abstract From the perspective of innovation mechanism, capital, personnel, achievements and conversion, this study analyzes the current

situation of technological innovation in Beijing agricultural science and technology enterprises, and summarizes the characteristics including sin-

gle financing channel of R&D funds, low conversion rate of innovative products, unbalanced distribution of technology and innovative talents,

the underestimated position of enterprises as the main body of technological innovation, the large gap of innovation achievements between devel-

oped provinces and Beijing. At last, this study puts forward the ways to improve technological innovation ability in Beijing agricultural science

and technology enterprises as follows: developing technological innovation strategies ; improving the R&D expenditure and expanding the finan-

cing channels; perfecting the mechanism of professional personnel training in agricultural technology innovation; enhancing the level of innova-

tion performance management ; establishing and improving the corporate culture of innovation and cultivating technology innovation spirit.
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1 Introduction

As the object of study, the agricultural science and technology en-
terprises are the for-profit social and economic organizations of an
independent legal personality, with some research and develop-
ment resources as the basis, technological innovation as the driv-
ing force, some industries related to farming, forestry, animal
husbandry and fishery as the leading industries, modern mode of
business operation and management as means'' ~*’. Some scholars
have conducted studies on the agricultural science and technology
enterprises. Based on the questionnaire data of 85 agricultural sci-
ence and technology enterprises assessed by the risk investment in-
stitutions, Wang Bin and Wang Jianzhong (2014) use Logit re-
gression model to analyze the factors that affect the risk investment
in agricultural science and technology enterprises™ . Zhang Yan
and Wang Huan (2014) argue that the financing model is an im-
portant factor that affect the conversion of agricultural scientific
and technological achievements, and propose some recommenda-
tions such as establishing credit evaluation system and credit guar-
antee system for agricultural science and technology enterprises,
playing the service functions of policy banks, regulating agricul-
tural technology property right trading markets and developing risk
investment to contribute to the diversification of financing™'.
Using the survey data, provided by Rural Research Center of the
Ministry of Science and Technology, on 173 agricultural science

and technology micro-enterprises, Su Xiaosong and He Guangwen
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(2014) employ orderly probit for regression analysis, and find that
the technology elements have not significant effects on small and
micro enterprises’ bank financing and private financing, while the
enterprises’ credit and operating time have a significant impact on
the small and micro enterprises’ financing from any channel”’. As
for the study on the technological innovation of agricultural science
and technology enterprises, Gao Qijie (2008) uses the first-hand
information on 125 agricultural science and technology enterprises
to analyze the current technological innovation of Chinese agricul-
tural science and technology enterprises; uses mathematical statis-
tics and Likert table to study the 26 indicators that reflect the tech-
nological innovation capacity of agricultural science and technology
enterprises, and point out the main influencing factors; uses the
26 indicators to evaluate the technological innovation capacity of
agricultural science and technology enterprises'®™’'. Xiao Gengsh-
eng, Yao Qiong and Li Chongguang (2010) build the two-dimen-
sional model ( process dimension and risk dimension) for techno-
logical innovation risk factor identification of agricultural science
and technology enterprises, and use the t statistical test for empiri-
cal test by surveying the agricultural science and technology enter-
prises in Guangdong Province. The results show that at four stages
of technological innovation of agricultural science and technology
enterprises, 10 categories of risk factors affect the technological
innovation, and they can be summarized as general and periodic
risk factors, thereby verifying " process dimension-risk dimension"
in the two-dimensional model™ . Chen Zhiming, Xu Bin, Jie Xi-
aowen (2012) employ management connotation and the symbiotic
relationship between biological populations to study the coupling
and interaction between enterprises’ technological innovation coop-

eration and various elements of symbiotic system, and take agri-
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cultural science and technology enterprise as a case to discuss the
symbiotic management model™ . Yao Qiong, Xu Meisi and Zhang
Yong (2015) use the first-hand data on 314 agricultural science
and technology enterprises for empirical research, and explore the
impact of technological innovation mode on resource integration
and corporate performance in the context of agricultural science
and technology enterprises. Compared with the cooperative innova-
tion model, the resource integration under independent innovation
model and imitative innovation model has a more significant impact
on corporate performance "’ . With agricultural biotechnology , ag-
ricultural information technology, agricultural circular technology,
agricultural deep processing technology and agricultural facility
and equipment technology as the technological areas, the agricul-
tural science and technology enterprises in Beijing City play an
important role in developing the technological, green, cultural and
processing added value, and these enterprises provide solid scien-
tific and technological support for agricultural development. At the
same time, it should be noted that there are still some deficiencies
in the process of technological innovation of the agricultural sci-
ence and technology enterprises in Beijing City, and there is a
need to further study the operational mechanism, mode of opera-
tion and selection of path regarding enterprise’s technological inno-
vation. The enterprise’s technological innovation capacity needs to
be improved. Therefore, we analyze the current situation, charac-
teristics and key problems concerning the technological innovation
of agricultural science and technology enterprises in Beijing City,
and explore how to enhance the technological innovation capacity

of agricultural science and technology enterprises.

2 Current situation of technological innovation of the
agricultural science and technology enterprises in Bei-
jing City

Based on the statistics from Beijing Statistical Yearbook about some
agricultural enterprises engaged in technological innovation activi-
ties on farming, forestry, animal husbandry and fishery, combined
with the actual survey data on some typical enterprises, we carry
out the specific analysis. These agricultural enterprises are en-
gaged in the technological innovation-oriented research and devel-
opment activities, and the business scope is also consistent with
the definition of agricultural science and technology enterprises in
this study, so we can use agricultural science and technology en-
terprises to represent these enterprises in the following analysis.
The analysis is conducted from R&D institution establishment,
R&D personnel, R&D funding, patent application and acquisi-
tion, new product performance and other R&D activities. These
aspects are also the most basic point of view to analyze the current
situation of enterprises’ technological innovation. Therefore, the
analysis on the research and development activities of these enter-
prises can reveal the basic status of technological innovation of the
agricultural science and technology enterprises in Beijing City.
2.1 Structural establishment and R&D personnel investment

In 2011, there was a dramatic decline in the number of Beij-

ing’s agricultural science and technology enterprises engaged in re-
search and development activities compared with 2010; the num-
ber of agricultural science and technology enterprises was basically
stable and rose slightly for the next three years. The number of en-
terprises that set up research institutions was basically stable from
2010 to 2013. Since 2011, there has been a significant decline in
the number of agricultural science and technology enterprises, but
the number of enterprises that set up research institutions has re-
mained unchanged, and the number of agricultural science and
technology enterprises that set up research institutions was even
significantly increased in 2014. In 2010, the R&D personnel in-
vestment was small; in 2011, the R&D personnel were increased
considerably compared to 2010; in other years, the R&D person-
nel investment underwent little change. However, the number of
R&D personnel and FTE (Full Time Equivalent) of R&D person-
nel declined dramatically in 2013, which is worthy of attention. In
2014, the R&D personnel investment level and converted R&D
personnel FTE rebounded, as shown in Fig. 1.
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Fig.1 R&D structural establishment and personnel

2.2 R&D funding From 2010 to 2015, Beijing’s agricultural
science and technology enterprises engaged in research and devel-
opment activities increased R&D expenditure year by year, and
especially in 2011, it increased by nearly three times compared to
2010, and maintained steady growth thereafter. In terms of the
funding source structure, it can be found that enterprises’ R&D
funding is from the enterprises’ internal funds, government funds,
foreign funds and other funds, and enterprises’ internal funds have
been the main source, more than 90% of the total investment.
Government’s funding investment accounts for 6. 86% of total in-
vestment on average, while other funds account for less than 2%
of total investment on average. Except 2013, there were no foreign
sources of funding in other years (Table 1).

2.3 Innovations and conversion As can be seen from Table
1, in recent years, the number of patent applications and patent of
invention has substantially increased year by year for Beijing’s ag-
ricultural science and technology enterprises; in 2012, it in-
creased to the highest level in nearly five years, an increase of
nearly 2.5 times compared to 2011 ; in 2013, the number of patent

applications and patent of invention declined dramatically, but
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still larger than in 2011 ; except 2012, the new product output val-
ue and new product sales in other years increased over the previ-
ous year; in 2012, the export earnings started to decline and did
not rebound until 2014.

2.4  Comparison of agricultural science and technology
enterprises’ R&D activity between Beijing and some other re-
gions The Second National R&D Resource Inventory Data in
2010 show that the agricultural science and technology enterprises
in Beijing City have more advantages in terms of amount of R&D
personnel, R&D expenditure, number of research institutions and
research result quantity than in Tianjin, Chongqing and Shanghai.

Table 1 R&D funding sources and technological innovations

However, there is a big gap in technological innovation investment
and results of agricultural science and technology enterprises be-
tween Beijing and some economically developed provinces such as
Zhejiang, Jiangsu and Guangdong. Internal R&D expenditure in
Guangdong, Zhejiang and Jiangsu accounts for about 50% of total
national expenditure, and these provinces have obvious advantages
in R&D activities, R&D expenditure, personnel investment and
R&D achievements. In recent years, Beijing enterprises’ techno-
logical innovation resource input has gradually increased, but still
lags behind compared with Guangdong, Zhejiang, Jiangsu and
other developed provinces.

Funding sources Number Number of ~ New product New product
Year R&P Government Enterprises”  Foreign Other of patent patent of output value sales E)jports
funding L . . " 4 10" yuan
funds funds unds funds applications invention 10" yuan 10" yuan
2010 4 7% 355 4314 0 125 71 46 200 874 198 979 6 184
2011 18 988 1434 15 182 0 2372 81 70 274 916 268 280 7 605
2012 19 294 923 18 371 0 0 203 140 261 233 260 397 4810
2013 25 845 1562 23 547 312 424 131 96 290 809 286 110 3223
2014 26 288 815 25 389 0 84 139 106 308 732 303 459 5 804
Data source: Beijing Statistical Yearbook (2011 —2015).
Table 2 Agricultural science and technology enterprises’ R&D activity in Beijing and some other regions
Internal R&D Number of Number FTE of R&D Number Number Number of Number of
Regions expenditure units having of R&D personnel of R&D of patent patent of valid patent
10* yuan R&D activities personnel man-year institutions applications invention of invention
Total 134523 611 3116 2220 119 271 4040 78
Beijing 5299 18 420 130 9 4 4 13
Tianjin 1209 5 75 60 5 50 30 0
Chongging 331 3 32 23 1 1 0 0
Shanghai 2067 18 253 205 18 32 15 11
Jiangsu 13144 108 1388 1076 51 137 49 40
Zhejiang 13311 97 948 726 35 47 29 14
Guangdong 26225 56 1984 1457 61 70 43 68
Shandong 4770 25 386 331 16 24 16 12
Hunan 7629 32 684 560 14 48 18 4
Yunnan 4463 83 1222 837 29 86 33 19

Data source: The Second National R&D Resource Inventory Data Compilation, China Statistics Press, Beijing: 2011.

3 Technological innovation characteristics of the ag-
ricultural science and technology enterprises in Beijing
City

3.1 Single R&D financing channel and insufficient external
financing capacity More than 90% of R&D funding of agricul-
tural science and technology enterprises is from enterprises’ inter-
nal funds, while the funds from government financial support, risk
investment and other financing modes account for less than 10% ,
and foreign capital investment is more difficult to obtain. Contin-
ued funding for innovation is a reliable guarantee of effective im-
plementation of innovative activities. Raising funds for innovation
using different ways and different channels can not only help im-
prove enterprises’ technological innovation capacity, but also help
effectively disperse and control the risks of innovation.

3.2 Low conversion rate of technological innovations

Beijing’s agricultural science and technology enterprises have rich
technological innovations, but the conversion rate of innovations is
low. From the foregoing analysis, it can be found that there were
most patents of invention in 2012, but the enterprise’s output value
and sales did not increase over the previous year. Since 2012, the
number of patent of innovation has increased by 63% on average,
while the new product output value sales have increased by 4.37%
and 5.61% , respectively, far lower than the growth rate of inven-
tions. Conspicuously, the conversion rate of most patents of inno-
vation is low and the technological innovations fail to be effectively
commercialized.

3.3 Uneven distribution of innovative technologies and inno-
vative talents Most agricultural technological innovative talents
who master new innovative technologies are concentrated in large-

scale leading agricultural enterprises or agricultural high-tech en-
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terprises, making the technological innovative talents unevenly
distributed in agricultural science and technology enterprises. For
some leading agricultural enterprises and high-tech enterprises,
the proportion of scientific and technological personnel has reached
one-third, while most small and medium agricultural science and
technology enterprises lack technological innovative talents. As
shown in Fig. 1, the R&D personnel investment showed a down-
ward trend in 2012 and 2013. The main reason for the brain drain
is that the technological innovation of the agricultural science and
technology enterprises in Beijing City is slower than in some devel-
oped areas where the agricultural science and technology enterpri-
ses have a huge demand for agricultural professional and technical
personnel, and are capable of providing the research conditions
and treatment for innovative talents, so the flow of talent is also an
important reason for uneven distribution of professionals in agricul-
tural science and technology enterprises.

3.4 Unobvious innovation subject position Beijing’s agricul-
tural science and technology enterprises have weak awareness of
innovation, and the innovation subject position is not prominent.
Through analysis, it is found that most agricultural science and
technology enterprises do not attach importance to technological
innovation, and innovation activities lack organizational security as
well as market-oriented innovation system. According to previous
analysis, the five-year average proportion of agricultural science
and technology enterprises having independent R&D institutions is
11% , there are no formal organizations for enterprises’ technologi-
cal innovation activities, and the performance of innovation activi-
ties is difficult to guarantee. Since 2012, the agricultural science
and technology enterprises have significantly decreased, but the
number of R&D institutions remains unchanged, and the enterpri-
ses with stable R&D institutions have strong market competitive-
ness. Thus, as important subject of agricultural technological in-
novation, the agricultural science and technology enterprises
should pay attention to the creation of innovative institutions.

3.5 Large gap in innovation investment and innovations of
agricultural science and technology enterprises The techno-
logical innovation level of the agricultural science and technology
enterprises in Beijing City is far lower than in some provinces with
developed technological innovation such as Zhejiang, Jiangsu and
Guangdong. The Second National R&D Resource Inventory Data
in 2010 show that in terms of R&D funding, R&D personnel in-
vestment, research institutions, number of patent applications and
number of valid patent of invention, the agricultural science and
techn-ology enterprises in Beijing City lags far behind the agricul-
tural science and technology enterprises in Jiangsu, Zhejiang,
Guangdong and other provinces. The regional advantages, techno-
logical advantages and human resource advantages of Beijing as
the capital are not well reflected and applied, the technological in-
novation investment and performance of agricultural science and
technology enterprises needs to be further improved, and enterp-
rises” technological innovation management needs to be strength-

ened.

4 Recommendations

4.1 Developing the enterprises’ technological innovation
strategy Technological innovation strategy is the major plan on
enterprise’s technological innovation activities, and the fundamen-
tal guiding ideology for building technological innovation system,
throughout the whole process of technological innovation, which
determines the investment direction and strength of innovative ele-
ments. Therefore, when the agricultural science and technology
enterprises conduct technological innovation activities, it is neces-
sary to make a comprehensive analysis of enterprise’s internal and
external environment and conditions according to the business de-
velopment goals and direction, develop long-term innovative stra-
tegic plamL8J , integrate various innovation resources, and select
the appropriate mode of technological innovation.

4.2 Increasing R&D expenditure and establishing diversified
funding system Capital is the most basic element of investment
for agricultural science and technology enterprises to carry out
technological innovation. In general, R&D funding input is pro-
portional to total sales of enterprises. Therefore, it is necessary to
accelerate the development of agricultural science and technology
enterprises, and make business sales continue to increase, to help
stably increase enterprises’ R&D expenditure. At the same time,
there is a need to build a business-investment-based and govern-
ment-investment-oriented diversified funding system supported by
financial loans, venture capital and foreign investment”’ | so as to
provide funding for enterprises’ technological innovation.

4.3 Improving the training mechanism for agricultural tech-
nological innovation professionals The agricultural science and
technology enterprises should speed up the training of agricultural
science and technology professionals with innovative spirit and ca-
pacity, establish and improve the mechanism of incentives for the
innovative talents to come to the fore. The agricultural science and
technology enterprises should also take full advantage of Beijing’s
scientific and technological talents, and establish partnership with
Beijing’s universities and research institutes, in order to seek the
advanced agricultural science and technology innovative talents
needed for enterprise’s technological innovation activities, and
help to absorb technological innovation talents for agricultural sci-
ence and technology enterprises and carry out technological inno-
vation activities "’

4.4 TImproving the level of innovation performance manage-
ment The agricultural science and technology enterprises should
strengthen technological innovation performance management,
strive to improve the efficiency of innovation activities, give full
play to the role of market in the allocation of resources, put market
mechanisms into enterprise’s technological innovation activities,
and improve the conversion rate of innovations. It is necessary to
accelerate the conversion of patents and proprietary technology
while increasing the number of patents and proprietary technology ;
successfully develop and apply innovative products, and expand
production scale; improve market share of innovative products,

and enhance the market competitiveness of agricultural science
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and technology enterprises.

4.5 Establishing and improving enterprise’s culture of inno-
vation and creative spirit The agricultural science and technol-
ogy enterprises should pay attention to innovation culture and crea-
tive spirit. Innovation culture refers to the cultural practice results
precipitated in the innovation process, including the transition or
upgrade in ideas, understanding methods, values, behavior and
system mode. Enterprises provide many opportunities to learn in-
novation culture to stimulate the innovation spirit and beliefs of
employees and form a good atmosphere of innovation culture within
the enterprise. This will not only help to improve staff quality,
create a favorable cultural environment for enterprises to carry out
technological innovation, and greatly enhance the technological in-

novation capacity.

References

[1] CHU BJ, WU C. Study on the development status of agricultural science
and technology enterprises [ J]. Journal of Agrotechnical Economics,2001
(5):22 -25. (in Chinese).

[2] DU YK, AN TL. Analysis on the definition of agricultural science and tech-
nology enterprises and the evolution of management modernization| J ]. Re-
view of Economic Research,2002(75) :14 —18. (in Chinese).

[3] WANG B, WANG JZ. Study on influencing factors of the risk investment en-
tering the agricultural science and technology enterprises[ J]. Science and
Technology Management Research,2014(12) ;85 —89. (in Chinese).

[4] ZHANG Y, WANG H. A comparative analysis and reference on the transfor-
mation financing mode of Japanese—American agricultural scientific a-
chievements [ J ]. Wuhan Finance Monthly, 2014 (10):42 - 47. (in Chi-

009000040000 S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S0

(From page 36)

[15] MU CY, MA FY, ZHENG XR, et al. Simulation of evapotranspiration un-
der the condition of drip irrigation with plastic film mulching in cotton field
[J]. Transactions of the Chinese Society of Agricultural Engineering,
2005,21(4) ;25 -29. (in Chinese).

[16] HU SJ, AINIWAER WME, SONG YD, et al. Calculation model of field e-
vapotranspiration for cotton crop[J]. Arid Zone Research,2001,18(1) :40
—42. (in Chinese).

[17] HU SJ, WANG JL, SONG YD. Calculation model of the evapotranspira-
tion from the cotton fields in the Aral irrigation area, Xinjiang[J]. Arid
Land Geography,2002,25(3) :241 —244. (in Chinese).

[18] LIU XY, TIAN CY, MA YJ, et al. Water consumption characteristics and

nese).

[5] SU XS, HE GW. Effect of science and technology elements on the financing
channel selection of small and micro businesses[ J]. Financial Theory and
Practice, 2014(04) :25 —29. (in Chinese).

[6] GAO QJ. A dimensional analysis on the sustainable development ability of
agricultural science and technology enterprises[ J]. Hunan Social Sciences,
2008(6) :108 —112. (in Chinese).

[7] GAO QJ. An empirical analysis on the technological innovative ability of ag-
ricultural science and technology enterprises and its influence factors[J].
Chinese Rural Economy,2008(7) :32 —38. (in Chinese).

[8] XIAO GS, YAO Q, LI CG. The risk identification of technological innova-
tion: An empirical analysis on the agricultural science and technology enter-
prises[J ]. Journal of Agrotechnical Economics, 2010(10), 89 -96. (in
Chinese).

[9] CHEN ZM, XU B, JIE XW. Study on the "the golden mean" and harmoni-
ous coexistence: Study on the innovative management mode of agricultural
science and technology[ J]. Rural Economy, 2012(6): 105 —109. (in Chi-
nese).

[10] YAO Q, XU SM, ZHANG Y. Technological innovation model, resource
integration and business performance—Evidence provided by agricultural
science and technology enterprises|[ J]. Science and Technology Manage-
ment Research, 2015(3) :8 —12. (in Chinese).

[11] HE YB. The systematic and the comprehensive perspective of enterprise
technological innovation[ J ]. Technology Economics, 2007 (4):30 - 32,
58. (in Chinese).

[12] ZHAT HM. Study on the technological innovation model of agriculture in
Hebei Province [ D]. Hebei: Agricultural University of Hebei Province,
2008 :47. (in Chinese).

[13] GUO GY. Thinking on some problems about technological innovation of ag-
ricultural enterprises[J]. Agricultural Economy,2012(4):101 —102. (in
Chinese).

08008000000 S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S

scheduling of drip irrigation under plastic film for cotton in south Xinjiang
[J]. Agricultural Research in the Arid Areas,2006,24(1) 108 —112. (in
Chinese ).

[19]SMITH M. Report on the expert consultation on revision of FAO methodolo-
gies for crop water requirement[ R]. Rome: FAO,1991.

[20] ZHAO JB, XU ZL, ZHONG ZZ, et al. On water balance of upland fields
in northern China[ M ]. Beijing; China Agriculture Press ,2000. (in Chi-
nese).

[21] HU SJ, ZHOU HF, SONG YD, et al. Experimental study on optimal irri-
gation regime for high-yield and water-saving for cotton in Weiganhe River
Irrigation Area[ J]. Journal of Irrigation and Drainage,2000,19(4):25 —
29. (in Chinese).



