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Abstract 

 

Agricultural biotechnology has become the first object of National Sci-Tech Programs in 

biotechnology. Nevertheless, the government selects agriculture and medicine related 

industries, in the great coverage of biotechnology, as the development focus because the 

integrated scientific essence of agricultural biotechnology crossing life science, medical 

science, and agronomy would open the road for agricultural innovation. In order to combine 

expert opinions and reduce input costs for the selection of inputs and outputs, total 30 copies 

of questionnaires are distributed for this study, where 25 valid copies are retrieved, with the 

retrieval rate 83%. The variable data are acquired from public statistical data of enterprises. 

The selected DMUs are provincially key leading enterprises of agriculture industrialization in 

Fujian Province, with indicativeness and representativeness. The research results are 

concluded as below. One DMU, presents strong form efficiency (=1) of bio-tech innovation, 

showing the better bio-tech innovation efficiency. Five DMUs reveal margin inefficiency 

(between 0.9 and 1) of bio-tech innovation that the bio-tech innovation efficiency can be more 

easily promoted. Four DMUs appear obvious inefficiency (<0.9) of bio-tech innovation. 

According to the results, suggestions are eventually proposed, expecting to benefit domestic 

agricultural bio-tech innovation development.  

 

Keywords: Agriculture. Agricultural biotechnology. Technological innovation. Performance 

analysis. 
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1. Introduction 

 

The global biotechnology trend in past years has created opportunities for the 

industrial development of domestic agricultural biotechnology, but the conventional 

intervention method, the role, and the function of the country are no longer carried out, but are 

changing with the time and space background. In the past two decades, the major break-

through and rapid promote of international research on life science has become the 

development object of domestic emerging industry under the leading of competitive logic and 

market drive.  

Domestic consensus goal of the next industrial trend is also cohered under the 

government actively investing resources into the biotechnology development. With the push 

of the biotechnology development trend, agricultural biotechnology has become the first 

object of National Sci-Tech Programs in biotechnology. However, the government selects 

agriculture and medicine related industries, in the huge coverage of biotechnology, as the 

development focus because the integrated scientific essence of agricultural biotechnology 

crossing life science, medical science, and agronomy would open the agricultural innovation 

road (Caswell et al., 1998).  

Agricultural biotechnology is involved in environmental sustainability and food safety 

that it could integrate economy, people’s livelihood, and environment which seem to be 

conflicted. Besides, technical strengths are the more directly related development conditions 

among driving factors pulled by needs. Domestic agriculture research and development 

institutions and the accumulated innovation energy demonstrate the benefits of agricultural 

biotechnology among all biotechnology options.  

Based on the guidance of international trend and global business opportunities and the 

catalysis of domestic transformation needs, objective conditions, and subjective intention, 

agricultural biotechnology is the development object of emerging industries to enhance the 

basis of governance legitimacy. It seems to be reasonable and conform to the public service, 

but the performance of the government assisting agricultural biotechnology in international 

competition is not significant.  

Nation is no longer the sole agency in the agricultural biotechnology network. Based 

on the formulation of technology policies and the practice of professional thresholds, the 

government practically seeks for inter-ministerial integration or exceeds private sectors 
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beyond formal hierarchical systems to construct the collaboration with complementary 

functions and to continue such a cooperation model in a short term. With the network formed 

by public and private institutions, policy agencies would collaboratively integrate manpower, 

objects, and technological resources so that the innovation process changes from simple 

linearity into highly systematic properties and the distinct value and goals of agencies are 

associated with cooperation effectiveness.  

The innovation performance of agricultural biotechnology therefore is evaluated in 

this study for solving the difference among agricultural biotechnology sectors or departments 

and reinforcing the support of common goals to further propose the government with practical 

suggestions for the agricultural bio-tech innovation 

 

2. Literature review 

2.1 Innovation 

 

Chung et al. (2013) mentioned that innovation system was originated from laissez-

faire that the government had to concern about the overall structure, rather than specific 

department or technology; in other words, all control and policies should avoid “picking the 

winner”. European and American researchers supported the rational expectations hypothesis 

in neoclassical theory as the initial idea of innovation oriented public policies (Guo et al., 

2012).  

Tsai et al. (2012) indicated that individuals, because of the rational expectation ability, 

would cope with the measure adopted by the government in advance to set off the policies in 

the innovation systems. In this case, it stresses on the government completely controlling the 

innovation situations, rather than micro-regulating with active intervention. The twelve policy 

tool classification proposed by Chiou & Lee (2011) was broadly applied by domestic 

researchers for the research on innovative policies, which contained the dimensions of supply, 

demand, and environment. Overall speaking, although Naito et al. (2014) regarded the policy 

tool of demand was the primary tactic of the government inducing technology innovation, the 

experiential evidence for the effect of demand was rare (Seufert et al., 2012).  

The discussion about the effectiveness of tools presented the contextual and contingent 

effects. Underwood et al. (2011) stressed on public and private sectors and institutions 

interacting in networks to create, input, modify, and expand emerging technology. Wall et al. 

(2015) pointed out the focus of innovation systems on producing and spreading novelty and 
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the relationship with the elements of economic benefit knowledge. Nelson considered that the 

research on national innovation systems was to concern about the interaction among 

institutions which could determine the innovation performance of enterprises (Huang et al., 

2014). 

 

2.2 Evaluation of innovation performance 

 

In comparison with traditional analyses, Parvathi & Waibel (2013) argued that soft 

processes, such as system bonding and network forming, were more necessary than linear 

indicators of R&D inputs and outputs and presented mutual functions. Berg (2012) indicated 

that researchers gradually concerned about what happened in the innovation and explored 

how specific activity influenced the overall innovation function.  

Such a trend provided more dynamic points of view, assisted in observation and 

analyses about how activities in specific innovation processes changed the performance or 

how it changed with comprehension systems, and indicated how specific innovation 

performance presented good and bad performance in the system. Cespedes et al. (2013) 

further divided innovation from the dimensions of “provision of knowledge input”, 

“formation of demand”, “provision of the structural elements of innovation system”, and 

“supportive service”. 

In the research on the evaluation of innovation indicators, Tsai et al. (2012)mentioned 

that traditional methods stressed on input analyses and the measure of innovation effect. Input 

analyses showed the characters of easy measurement or observation, but it was restricted on 

inputs that the measurement result revealed the effective guidance of innovation on large 

R&D companies, but could not explain the rapid development of new technology-based firms 

(NTBF). Furthermore, based on the non-linearity of innovation processes and the diversity of 

innovation sources, the external cooperation, integration with suppliers, and network 

interaction became the informal processes of innovation; the R&D expenditure therefore 

could not explain the innovation outcome (Li et al., 2012).  

Vinod & Heuer (2012) indicated that traditional innovation indicators were restricted 

on hypotheses and limits not conforming to the reality to result in incorrect prediction and 

explanation and argument about the benefits to innovation. Chun et al. (2015) pointed out the 

factors in immature national innovation research as the researchers not having consensus on 

professional terminology and the covered specific activities. Forman & Silverstein (2012) 
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realized the fact of lacking innovation structure and proper performance indicators and 

pointed out “open methods of coordination (OMC)” established by European Council as the 

best practical tactic. However, the benchmarking development had to be built on proper 

innovation system architectures and indicators. 

 

3. Research design 

3.1 Screening of input and output 

 

To integrate expert opinions, reduce input costs, and avoid fuzziness in the 

investigation process for selecting inputs and outputs, Modified Delphi Method is utilized in 

this study to screen inputs and outputs. Based on special considerations in some research, the 

open-ended questionnaire survey with brainstorming is omitted. After referring and revising 

large amount of literatures, the structured questionnaire is directly developed for the first 

round questionnaire survey.  

It is regarded as Modified Delphi Method. With Modified Delphi Method, the 

advantage of directly preceding the first round survey with the structured questionnaire is to 

reduce time; besides, the structured questionnaire could have the experts immediately focus 

on the research subject, without making guesses on open-ended questions. Total 30 copies of 

questionnaire are distributed, and 25 valid copies are retrieved, with the retrieval rate 83%. 

The variable data are acquired from the public statistical data of enterprises. The DMUs 

selected for this study are provincial key leading enterprises of agriculture industrialization in 

Fujian Province and present indicativeness and representativeness. 

Definitions of variables: 

Input variables: 

(1) Technological innovation: Referring to the R&D expenditure and rewards related 

to agricultural bio-technological innovation technology. 

(2) Human resource cultivation: To cultivate and input technology human resources 

with multiple knowledge and competence. 

Output variables: 

(1) Efficiency of patent: Number of innovative patents. 

(2) Turnover: Turnover of bio-tech innovative products. 
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3.2 Efficiency evaluation analysis 

 

From the aspect of economics, Tone & Tsutsui (2014) mentioned that the less input 

but the more output of an operation unit revealed the better “performance” of the unit, and 

“efficiency” could be used for measuring such performance. By comparing inputs and 

outputs, efficiency could be defined as efficiency＝weighted sum of output/weighted sum of 

input.  

The maximum output function acquired from different input combination is called 

“production function”, and the maximum output acquired from general inputs is smaller than 

the yield of production function. In this case, the production function is the maximum frontier 

of various yields that it is also called “production frontier”. Yu (2015) stated the geometric 

meaning of efficiency as mapping inputs and outputs of all evaluated decision-making units 

with the envelope principle in order to evaluate the relative efficiency of the organization and 

find out the efficiency envelope which could envelope all observation data to form the 

performance frontier; the distance between the observation of individual decision-making unit 

and the efficiency envelope is further calculated for the relative efficiency. 

Data Envelopment Analysis (DEA) is used as the efficiency evaluation tool in this 

study. Different from traditional Regression Analysis, which merely searches for the average 

path through the points in a series of data, it envelopes various sample data, tries to find out 

the relationship, and presents the advantages of a good efficiency evaluation model. Such an 

approach applies linear planning, considers the measurable factors in performance among 

evaluated units, and compares the performance of units with similar characteristics. 

Zhang et al. (2015) indicated that Farrell first used “non-default production function”, 

instead of the common “default function”, for estimating the efficiency in 1957 and calculated 

the production efficiency frontier, i.e. efficiency production function, with mathematical 

planning. Farrell proposed two components of efficiency, including technical efficiency (TE), 

which reflected to acquire the maximum output under preset inputs, and allocative efficiency 

(AE) or price efficiency (PE), which reflected to use the optimal proportion of the inputs 

under the preset input prices concerned.  

For this reason, Farrell first divided efficiency into real input/output related technical 

efficiency and optimal element related allocative efficiency, under the hypotheses of constant 

returns to scale and fixed input prices; and, the product of the two was the total economic 

efficiency. Three basic hypotheses were applied to Farrell’s approach. 1. The production 
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boundary was composed of the most efficient evaluated units, and inefficient units were 

located under the boundary (i.e. boundary rear right). 2. The production boundary was convex 

origins, and the slope of each point was negative. 3. The constant returns to scale relationship 

appeared between outputs and inputs. 

 

4. Empirical analysis 

4.1. Innovation performance analysis of agricultural biotechnology enterprises 

 

By substituting the input/output indicators in this study into CCR and BCC models, 

the total production efficiency and pure technical efficiency of corporate biotechnology 

innovation performance could be calculated. Dividing the two by each other, the corporate 

returns to scale could be acquired. The total production efficiency, pure technical efficiency, 

scale efficiency, and returns to scale are organized in Table 1. 

From Table 1, Chaoda Modern Agriculture (Holdings) Limited presents the total 

production efficiency 1 that it is relatively the most efficient agricultural biotechnology 

enterprise. The rest agricultural biotechnology enterprises show low total production 

efficiency; especially, Fujian Richking Agriculture Development Co., LTD. appears the 

lowest total efficiency that it is relatively the most inefficient one. That is, in addition to the 

DMU with the relative total production efficiency 1, the rest 9 DMUs are relatively 

inefficient, possibly because they could not effectively apply inputs or do not achieve the 

optimal scale of production. It requires further analyses. 

 

 

Table 1: Relative efficiency of agricultural biotechnology enterprises 

Agricultural biotechnology enterprise 
Total 

efficiency 

Technical 

efficiency 

Scale 

efficiency 

Chaoda Modern Agriculture (Holdings) 

Limited 
1.00 1.00 1.00 

Landv Group Limited 0.97 0.97 0.97 

MODIS Organic Agriculture 0.94 0.93 0.94 

Hua An Seed Produciton 0.98 0.96 0.97 

FuZhou Da Bei Nong Biotech 0.92 0.91 0.92 

Figian Yafeng Seed Industry Co., Ltd. 0.86 0.88 0.84 

Figian Shenghe Modern Agriculture 

Limited 
0.91 0.90 0.90 

GanoHerb Bio-technology Group 0.88 0.88 0.89 

Minke Bio-technology Development 

Limited 
0.83 0.82 0.84 

Fujian Richking Agriculture 

Development Co., LTD. 
0.82 0.80 0.84 
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4.2. Sensitivity analysis 

 

The risk evaluation in this study aims to analyze and find out the key factors in the 

bio-tech innovation of agricultural biotechnology enterprises with Sensitivity Analysis. The 

input and output variables are successively removed for the DEA in order to understand the 

sensitivity to efficiency. The research results have the rate of sensitivity change as the 

valuation criterion, and the sensitivity factors contain technological innovation, human 

resource cultivation, efficiency of patent, and turnover.  

The research analysis result reveals that human resource cultivation is the most 

influential factor in bio-tech innovation. Such a result corresponds to the previous research on 

performance. Table 1 shows that agricultural biotechnology enterprises with better total bio-

tech innovation efficiency are those with better human resource cultivation. Apparently, this 

study could help agricultural biotechnology enterprises run smoothly in the bio-tech 

innovation. From Table 2, 

(1) The efficiency of all DMUs is lower than the original efficiency after removing 

“technological innovation”. In other words, comfortable life appears higher importance on 

all DMUs. 

(2) The efficiency of all DMUs is lower than the original efficiency after removing 

“human resource cultivation”, indicating that social welfare presents higher importance on 

all DMUs. 

(3) The efficiency of all DMUs is lower than the original efficiency after removing 

“efficiency of patent” that education department reveals higher importance on all DMUs. 

(4) The efficiency of all DMUs is lower than the original efficiency after removing 

“turnover”. That is, environmental load shows higher importance on all DMUs. 

 

Table 2: Sensitivity Analysis with gradual removable of single input and output 

DMU 
Original relative 

efficiency 

Removing 

technological 

innovation 

Removing 

human resource 

cultivation 

Removing 

efficiency of 

patent 

Removing 

turnover 

Chaoda 

Modern 

Agriculture 

(Holdings) 

Limited 

1.00 0.95 0.88 0.92 0.94 

Landv Group 

Limited 
0.97 0.94 0.90 0.91 0.95 

MODIS 0.94 0.92 0.87 0.90 0.91 
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Organic 

Agriculture 

Hua An Seed 

Produciton 
0.98 0.96 0.91 0.90 0.90 

FuZhou Da Bei 

Nong Biotech 
0.92 0.86 0.82 0.83 0.85 

Figian Yafeng 

Seed Industry 

Co., Ltd. 

0.86 0.80 0.74 0.78 0.82 

Figian Shenghe 

Modern 

Agriculture 

Limited 

0.91 0.85 0.80 0.83 0.84 

GanoHerb Bio-

technology 

Group 

0.88 0.80 0.75 0.79 0.81 

Minke Bio-

technology 

Development 

Limited 

0.83 0.76 0.71 0.78 0.76 

Fujian 

Richking 

Agriculture 

Development 

Co., LTD. 

0.82 0.77 0.72 0.74 0.76 

No. of efficient 

DMU 
1 0 0 0 0 

   Data source: Self-organized in this study 

 

5. Conclusion 

 

From the efficiency acquired with DEA and the message from variables, the bio-tech 

innovation of 1 DMU, about 10% of all DMUs, presents strong form efficiency (=1), 

revealing the better bio-tech innovation efficiency. The bio-tech innovation efficiency of 5 

DMUs, about 50% of all DMUs, appears 0.9-1, as margin inefficient showing that the bio-

tech innovation efficiency could be more easily enhanced.  

The bio-tech innovation efficiency of 4 DMUs, about 40% of all DMUs, is less than 

0.9, as obvious inefficient, among which Fujian Richking Agriculture Development Co., 

LTD. appears the lowest efficiency. It is possibly because Chaoda Modern Agriculture 

(Holdings) Limited has “walking green road, creating ecological civilization” as the business 

philosophy, comprehensively devotes to the development of green production data, the 
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construction of green production bases, the research and development of green agricultural 

technology, and the expansion of green marketing network.  

After making efforts for several years, a unique and self-brand “green eco-industrial 

chain” from the supply of seeds, organic fertilizers, and biopesticides to the produce 

production and processing bases, and to the community sales, unit distribution, wholesale 

network, and export for foreign exchange is successfully constructed and has passed 

international certificates of ISO9001 and ISO14000.  

Chaoda Modern Agriculture (Holdings) Limited, leading the competitors with the 

technologies and resources, possesses a leading research institution, Chaoda Modern 

Agricultural Technology institute, in green organic agricultural technology, Chaoda Modern 

Agriculture Strategic Institute for mapping out strategies, Chaoda Modern Agriculture Expert 

Group with 10 top agriculture experts, and Chaoda Modern Agriculture Hi-Tech 

Demonstration Farm valued several ten millions. Chaoda Modern Agriculture (Holdings) 

Limited also comprehensively promotes and applies green organic cultivation models to 

realize zero-pollution control “from land to table” and has developed more than 100 excellent 

produce, e.g. green organic vegetables, fruits, rice, and aloes, conforming to international 

export standards.  

The processing, refrigeration, and preservation are serialized the process to ensure the 

balanced supply and have the excellent green produce in China rapidly step to the 

international market after joining in WTO so as to complete the intrinsic quality in the 

strategic agriculture and be the model of enterprises by actively participating in international 

division of labor. 

 

6. Recommendations 
 

Aiming at the innovation of agricultural biotechnology enterprises, the following 

suggestions are proposed in this study. 

(1) To develop specially regulations and support suitable for agricultural 

biotechnology: Agricultural biotechnology is an applied science combined agriculture and 

biotechnology that it should have the primary agricultural production as the carrier to 

present the value by selling technological products. Basically, the target structures of 

agriculture and biotechnology are different that the business profits and the public task 

goals will not be compatible when being controlled in the same frame. Agricultural 

biotechnology therefore is controlled by the logic of risk management and is not suitable 
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for the industrial development need. Consequently, to avoid worsening competition for 

the goals of both parties and ensure the maximization of goals of traditional agriculture 

and modern agriculture, the priming mechanism and the exclusive clauses should be 

developed and have the “tendency” of agricultural biotechnology and traditional 

agriculture be the basis of classification and distribution management. Once being 

classified into the agricultural biotechnology, the key parts or the sensitive technology 

should be controlled and industrial need oriented conditional openness is preceded within 

reasonable range. 

(2) To establish a national technology evaluation center: As evaluation 

mechanisms present the function of project review and are distributed in units with 

different goals and standards, the integration and accumulation of technology are not easy 

that the coordinated development and overall development of technology could not be 

achieved. The establishment of a national technology evaluation center, which essentially 

conforms to objective considerations, is therefore suggested. 

(3) Open space conference: The high dependence of enterprises on the government 

has technology researchers and industry managers put the priority at the end. Major 

executors of technology R&D and diffusion not only exclude enterprises from the 

opportunities to strive for subsidies for self-research and development, but also focus 

technology R&D energy on science research institutes with the property of public 

systems. As a result, preventing from the proactive capital input to achieve the long-term 

industrial goals and pursuing the actualization of justice are the reasons for encouraging 

the innovation energy of enterprises. Enterprises should have high autonomy financially 

and technologically. Once they have the autonomy and reduce the dependence on the 

government, the flexible bound of external oversight and evaluation systems to enterprises 

could be avoided to form the requirement of financial accountability and the gap of 

development situations so that the R&D strategies conform to the overall strategies of 

enterprises. 
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