
SHUKAI CAI et al: MODELLING AND EMPIRICAL ANALYSIS FOR OUTSOURCING AGRICULTURAL SERVICES . 

DOI 10.5013/IJSSST.a.17.46.10                                           10.1                             ISSN: 1473-804x online, 1473-8031 print 

Modelling and Empirical Analysis for Outsourcing Agricultural Services to 
Control Pests and Diseases 

Shukai CAI , Xiaohong ZHOU* 
 

Department of Management, Anhui Polytechnic University, Wuhu, Anhui 241000, P.R. China 

 
Abstract — This paper uses Multinomial Logit Model to quantitatively analyze farmers’ willingness to outsource pest and disease 
control services and their influencing factors. We use field survey data involving 740 farmers in major grain-producing areas of 
Anhui province in China. Two options were tested: ‘Alternative’ prevention and ‘Contracting’ prevention. The results show 
significant negative influence on the 2 options: i) ’alternative’ prevention was negatively influenced by: householder’s age, number 
of agricultural labor, non-agricultural employment difficulty, farming system, and planting area, ii) ‘contracting’  prevention 
option was negatively influenced by: the number of agricultural labor, farming system, and cultivated land area. Cultivated land 
area and government’s induced policy had significantly increased farmers willingness to participate in ‘alternative’ prevention. We 
recommend: i) to tighten propaganda and support by the system innovations that released potential demand, ii) related service 
bodies should apply promotion strategies and differentiated policy measures to improve service efficiency. 
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I. INTRODUCTION 

 
Pesticides are inefficient and have created a series of 

negative impacts to economy, society, and environment. 
They not only affect the quality and safety of agricultural 
products but also damage the agro-ecological environment 
and public health. Currently, based on China’s criteria, 
pesticide residues on vegetables, fruits, and grains have 
exceeded 22.15%, 18.70%, and 6.2%, respectively. These 
values are higher than the international standards[1]. 
Excessive amounts of pesticide residues are becoming the 
largest barrier to China’s agricultural product exports [2]. 
Pollution from pesticide contamination of cultivated land in 
China has affected 6.67 million hectares (6.4% of the total 
area)[3]. Furthermore, cancer incidence and mortality in 
China increases every year; cancer incidence and mortality 
may have a direct relationship with pesticide pollution and 
food contamination[4]. 

In terms of Specialized Unified Prevent Diseases and 
Insect Pest, we generally adopt individual farmer control 
mode, which is the reason for the low efficiency of 
pesticide application. Small-scale farmers generally have 
many problems with the pest control process, as follows: 
timing is not synchronized, weak timeliness, low efficiency 
of application pesticide tool, low efficiency of pesticides, 
and high intensity of labor. To avoid the risk, farmers often 
over optimize use[2]. Giving individual families complete 
control of plant disease and insect pest prevention, control 
knowledge, and effective pest control is neither feasible nor 
economic. Many farmers rely on accumulated experience to 
apply pesticide and develop a “path dependence” of disease 
and pest control. Because of performance considerations, 
ordinary households tend to purchase highly toxic  
pesticides[5]. When many farmers use pesticides, the 
amount of pesticides used will be more than the manual or 
recommended standards and will be >50% may even be as 

high as >100%. Consequently, farmers commonly reuse the 
same pesticide without authorization and regardless of the 
dose-interval period[6]. With increasing non-agricultural 
employment opportunities, labor input in agricultural 
production are likely to be reduced[7]. 

Specialized Unified Prevent Diseases and Insect Pest 
prevents diseases and insect pests is an important form of 
service outsourcing in the process of agricultural production 
and is a systematic and proactive response to multiple 
difficulties of self-prevention and treatment. The united 
prevention and control of agricultural pest professional is 
achieved through market-oriented professional prevention 
and control organizations. Under scientific direction and 
management in the agricultural sector, using advanced 
forecasting technology, control devices, and prevention and 
treatment methods can be a unified way to prevent and 
control plant diseases and insect pests for larger crop areas. 
The Specialized Unified Prevent Diseases and Insect Pest 
has significant economic benefits, apparent ecological 
benefits, and far-reaching social benefits. It can enhance the 
degree of fine division of labor in agricultural production, 
thereby improving the efficiency of allocation of production 
factors. In practice, it performs the advanced concepts of 
“public plant protection” and “green plant protection.” It 
also increases food production and can significantly reduce 
the amount of pesticides used and the frequency of use[8]. 
This service ultimately reduces the cost of pesticide use[9]. 
Vigorously promoting the services of Specialized Unified 
Prevent Diseases and Insect Pest is significant as a response 
to the current severe situation of pest control and to ensure 
food security in China.  

Farmers are participants in the Specialized Unified 
Prevent Diseases and Insect Pest. Intentional and rational 
choice of farmers' behavior is the important basis of system 
design or reform and micro-foundation. Empirical studies 
on pest control services outsourcing is rare. This paper was 
created based on field survey dates of major grain 
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producing areas. Multinomial Logit Model is used to 
quantitatively study farmers’ willingness to participate in 
pest control service outsourcing and other influencing 
factors. This paper is structured as follows: the second part 
contains the research methods, the third part contains the 
data sources and descriptive analysis, the fourth part 
contains the analysis of model results, and finally, the last 
part contains the research findings and policy implications. 

II. RESEARCH METHODS 

A. The Theoretical Analysis 

According to the transaction cost theory, the market 
mechanism is more effective when transactions involving 
asset-specific investments, contract uncertainty of results, 
and transaction frequency are relatively low. Asset 
specificity investment is low for Specialized Unified 
Prevent Diseases and Insect Pest. In practice, pest control 
services are often driven by government administrative and 
policy supports, which reduce the uncertainty of the 
contract outcome. Pest and disease control of outsourcing 
transaction frequency occurs primarily at the peak of 
incidence of plant diseases and insect pests, and transaction 
frequency is relatively low. Therefore, the way to solve pest 
problems in farmers' production process is suitable for 
utilizing market mechanisms. 

Plant diseases and insect pest prevention and control of 
outsourcing can divide labor through the expansion of 
agricultural production process, enhancement the degree of 
specialization of agricultural production and pest control, 
and improvement of the efficiency of resources allocation. 
Owing to the small scale production of Chinese farmers, 
farmers outsourcing pest control link to an external 
organization that has a comparative advantage. This 
strategy is good for farmers because it can reduce 
production activities, allow farmers to focus on core 
business, and increase the productivity of the farmers. 
Manual pest control is time-consuming. 

When farmers outsource, they save labor, and they can 
perform more jobs. In general, the economic benefits of 
non-agricultural production activities are better than those 
of agricultural production activities. Labor-saving effect of 
Specialized Unified Prevent Diseases and Insect Pest, 
thereby increasing the income of the farmers. Moreover, 
because pest control is knowledge-intensive and 
information-intensive production processes, professional 
pest management organizations are better grasped and 
applied. Through the professional pest control organization 
unified prevention and control plant diseases and insect 
pests, the effect of prevention and control and efficiency of 
pesticide application will greatly enhance. This can lead to 
premium benefits for food safety, environment, and farmers' 
health. The accumulation and spread of human capital and 
knowledge capital, deepening of division of labor, and high 
specialization division in the process of united prevention 
and control form a virtuous circle and further enhance the 
efficiency of resource allocation. 

B. Model Choice 

The goal of outsourcing by farmers is to maximize 

profits. Assume that farmers' gross income is 1Y before 

pest services outsourcing, it includes agricultural 
employment income and employment income. In the 

equation 1 1 1 1 1 0 1( , , ) ( )Y P F K L S L L    , 1P  is the 

price of agricultural products before service outsourcing, 

1F is the output of agricultural products before service 

outsourcing, 1K is capital spending before outsourcing 

services, 1L is labor input in agricultural production before 

outsourcing service, S  represents the elements of land 

investment,   is agricultural labor price, and 0L is the 

total labor force of farm households. 

Total cost of outsourcing services is 1C . Hence, in the 

equation 1 1 1C K L S     ,   is the price of 

capital, and  is land price. Thus, net income of rural 
households before farmers outsource services 
is

*
1 1 1 1 1 0 1 1( , , ) ( ) ( )Y Y C P F K L S L L K L K            . 

Assume that after plant diseases and insect pests of 

outsourcing services, the total revenue is 2Y , which 

includes agricultural employment income and employment 

income. Thus, 2 2 2 2 2 0 2( , , ) ( )Y P F K L S L L    . 

2P  is the price of agricultural products after outsourcing, 

2F is agricultural output after outsourcing, 2K is capital 

investment after outsourcing, and 0L  is the labor input in 

agricultural production after outsourcing. The total cost is 

2C after service outsourcing, i.e., 2 2 2C K L K     . 

Hence, the net income of farmers after outsourcing services 

is *
2 1 1 2 2 2 0 2 2 2( , , ) ( ) ( )Y Y C P F K L S L L K L K            , 

and then the following formula is obtained. 
* *
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Because of Specialized Unified Prevent Diseases and Insect 
Pest, pest control decisions can change from the farmers’ 
single family decision-making to the change in community 
scientific policy. Pest control decision technology can 
change the chemical control of one type of pests and 
diseases to integrated control of diseases and insect pests 
and united prevention and control, thereby reducing the loss 

of grain from pests and diseases in general ( 2 1F F> ). In 

addition, China has not yet formed food markets based on 
plant disease and insect pest control and residual. However, 
even with Specialized Unified Prevent Diseases and Insect 
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Pest can reduced pesticide use and further reduced the 
amount of pesticide residue, the changes have not reflected 

in food prices. Thus, 1 2P P . After the united prevention 

and control of pests, farmers’ pesticide application time was 

reduced. In general, 2 1L L< , but farmers need to pay a 

certain service fee for united prevention and control. Thus, 

2 1K K> . In most cases
* *
2 1Y -Y 0> , if 

 1 2 2 2 1 1 1 2 2( , , ) ( , , ) ( ) ( )P F K L S F K L S L L K K     >
. Thus, farmers see the potential for profit, and they will 
choose service outsourcing to prevent and control plant 
diseases and insect pests. The abovementioned content is 
only theoretical. The farmers’ actual choice needs further 
empirical testing. 

In practice, rice farmers’ plant disease and insect pest 
prevention and cure strategies mainly comprise three 
options, as follows: purchase alternative prevention 
services, buy contracting prevention, and lack the will to 
avail of service outsourcing (self-prevention and treatment). 
Contracting prevention is when farmers entrust service 
personnel to buy treatment and implement preventive 
practices. Professional service personnel are responsible for 

pest control during crop growth. In an alternative 
prevention system, farmers buy treatment and let 
professional service personnel implement certain 
prevention, control, and plant protection systems. The main 
difference between alternative prevention and contracting 
prevention is that the farmer still holds the anti-pesticide 
decision rights. The dependent variables are discrete 
variables. Thus, analyzing discrete choice problems by 
using the probability model (Logit, Probit, and Tobit) is an 
ideal estimation method. According to the data 
characteristics and by using the multinomial logit model to 
analyze the problem in this paper. 

C. Variable Selection 

The outsourcing service requirements of farmers’ 
unified prevention of diseases and insect pests are 
determined by many resulting factors. According to the 
abovementioned theoretical analysis, related literatures, and 
considering the availability of relevant dates, this article 
selects individual characteristics of the householders, family 
business characteristics, and the government's policy 
induced variables as the influencing factors (See table I). 

 
TABLE I.     VARIABLES AND INTERPRETATION 

Variable Name Variable Types Variable Explanation 
Y（Farmers’ willingness for pest control 
services） 

Dependent variable 
1=No intention (self-prevention and treatment); 2= alternative 
prevention; 3= contracting prevention 

Age(X1) 
Heads of individual 
characteristics 

Household head age 
Gender(X2) Household sex：0= female，1= male 
Education(X3) The head of households receive formal education years 
Health awareness(X4) Farmers’ use of pesticides leads to acute disease occurrences in 2009. 

Agricultural labors(X5) 

Family business characteristics 

Number of family labor often participate in agricultural production 
activities 

Non-agricultural employment difficulty(X6) 
The difficulty of pesticides policymakers(pesticides sprayer or the 
head of household) non-farm employment：1= easy；2= general；
3=hard 

Income structure(X7) The proportion of farming income in total income 
Cropping system(X8) 0= Single-season rice; 1= Double-season rice 
Land size(X9) 

Characteristics of cultivated 
land 

The paddy area of family farm（mu） 
Blocks of land(X10) Family block of cultivated land 
Distance of land(X11) Cultivated land with the average distance from home 
Policy propaganda(X12) 

outside factors 
Whether to accept a propaganda of unified prevent diseases and insect 
pest: on=0, yes=1 

 
1) Household characteristics 

Household characteristics include the age, gender, years 
of education, and health awareness of farmer’s head. Older 
householders are generally conservative and prefer to 
maintain the status quo. Hence, in this study, we speculate 
that the householder age and the united prevention and 
control of pest have a negative correlation relationship. 
Pesticide application is manual. Thus, the demands of the 
female head of the household for possible outsourcing 
services for Specialized Unified Prevent Diseases and 
Insect Pest are more pressing. The head of the household 
with the higher level of education and is more aware of the 
benefits of outsourcing services of Specialized Unified 
Prevent Diseases and Insect Pest. At the same time, higher-
educated households may have more non-farm employment 

opportunities Therefore, their rational decisions may have 
positive effect on Specialized Unified Prevent Diseases and 
Insect Pest. In theory, people's beliefs and attitudes are 
affected by personal experience. Thus, past experience is 
often the basis for behavioral decisions. Farmers’ 
knowledge of pesticide poisoning and their awareness of 
the health risks of pesticides should be considered. Farmers 
are more likely to avail of Specialized Unified Prevent 
Diseases and Insect Pest for the sake of health service 
demand. 

2) Characteristics of families 
In this paper, the family characteristics that influence 

pest and disease control methods choice include family 
agriculture labor numbers, non-agricultural employment 
difficulty, income structure, and farming system. Primarily, 
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pesticide application is manual and is likely affected by the 
number of household labor providers. When a family has 
many farm laborers, the labor constraints are less, thereby 
lowering outsourcing service demand for Specialized 
Unified Prevent Diseases and Insect Pest. Secondly, 
agriculture is low income, and non-agricultural employment 
income is higher than income obtained from agriculture. 
Based on non-farm employment difficulty, farmers would 
make a rational judgment and show concurrent business 
behavior choice, thereby maximizing family income. If the 
work of the head of the household is easier, the farmer is 
more likely to choose outsourcing services (Specialized 
Unified Prevent Diseases and Insect Pest). Thirdly, income 
structure involves the proportion of income that comes from 
farming and affects farmers’ dependence on agricultural 
income level and important decisions for agricultural 
production activities. Finally, farming system constitutes 
the demand for pest control volume because of the 
increasing severity of late rice diseases and insect pests. 
The plant diseases and insect pests of double-cropping rice 
are more serious than those of single-season rice, which 
affect the farmers’ demands for outsourcing services for 
Specialized Unified Prevent Diseases and Insect Pest. 

3)  Characteristics of cultivated land  
Cultivated land features include cropping system, 

cultivated land scales, number of blocks, and distances. 
Firstly, cultivated land scales not only influence the 
farmers’ pest control, but also affect the risk forecast and 
earning estimates of farmers to unified prevent diseases and 
insect pest outsourcing services. Secondly, the more 
cultivated land blocks, the time of pest control will be 
higher. This article assumes that the cultivated land blocks 
have a positive impact to outsourcing services of 
Specialized Unified Prevent Diseases and Insect Pest. 
Eventually, cultivated land distances directly affect the 
convenience of farmers to spray pesticides, transport costs, 
and time cost, thus, this article assumes that land distances 
have a positive impact to outsourcing services of 
Specialized Unified Prevent Diseases and Insect Pest. 

4)  Policy propaganda 
The Specialized Unified Prevent Diseases and Insect 

Pest is a new thing to most farmers, and farmers cannot 
correctly evaluate the anticipated effects and benefits. 
Government’s propaganda can help farmers recognize its 
potential benefits, which would improve the enthusiasm and 
demand for outsourcing services for Specialized Unified 
Prevent Diseases and Insect Pest. Different from 
conventional extrusion equipment, the operation principle 
of centrifugal extruder is to employ the centrifugal force 
filed to develop stabilized conveying pressure.  

 

III. SOURCES OF DATA AND DESCRIPTIVE ANALYSIS 

A. Sources of data 

Research group randomly selected 30 households to be 
interviewed in survey sites from 8 November to 15 
November 2010, in Anhui Province of China. For further 
modification and perfection of these questionnaires, the 

research group started a formal investigation in Anhui 
province of China from 12 March to 23 March 2011 based 
on stratified sampling method. We investigated 8 
townships, 815 peasant households. A total of 740 final 
effective questionnaires were sent out, and the effective rate 
was 90.8%. The investigation was performed with the help 
of the local government. The choices of respondents are 
household pesticides, decision makers, and major 
agricultural practitioners, and these choices improved the 
accuracy of the questionnaires. The main content of the 
survey included farmers’ basic characteristics, family 
business characteristics, pesticide application, and 
outsourcing services of Specialized Unified Prevent 
Diseases and Insect Pest. 

 
TABLE II. VARIABLES AND INTERPRETATION 

Projects Options Number Of 
Households 

Proportion 
(%) 

Age 
under age of 50 years 314 42.43 
50 to 60 years old 276 37.30 
older than 60 years old 150 20.27 

Cropping system 
Single Cropping Rice 156 21.08 
double cropping rice 584 78.92 

Income structure 

≥75% 159 21.49 
50%–74% 173 23.38 
25%–49% 304 41.08 
<25% 104 14.05 

Induced by policy 
propaganda 

yes 63 8.51 
no 677 91.49 

Land size 

>50 19 2.57 
10-50 121 16.35 
5–9.9 319 43.11 
<5 281 37.97 

Farmers’ 
willingness for 
pest control 
services 

Alternative Prevention 69 9.32 
Contracting Prevention 111 15.00 

B. Descriptive analysis 

The results of the survey showed that the average age of 
respondents was 52.11 years old, sample distribution range 
was 32–73 years old. Farmers less than 50 years old 
account for 45.68%, and 98.11% of household pesticides 
policymakers are male. The proportion of the double-
cropping rice is 75.27% in the system of cultivated land. 
Income structure (planting industry accounts for a 
proportion of the total revenue) was between 25% and 49% 
of the farmers, accounting for 41.08% of the sample. A total 
of 37.97% of farmers’ planting areas are less than 5 acres, 
but 2.57% of farmers’ planting areas are more than 50 
acres. Only 8.51% of the farmers received government 
propaganda on Specialized Unified Prevent Diseases and 
Insect Pest (See table II). Most farmers (75.68%) tend to 
keep the current scenario, and 9.32% of farmers are willing 
to buy. Farmers are willing to buy “alternative prevention” 
services, and 15.00% of farmers are willing to buy 
“contracting prevention” services. Generally, the proportion 
of farmers who are willing to participate in the Specialized 
Unified Prevent Diseases and Insect Pest is only 24.32%, 
which is low. 
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IV. ANALYSIS OF MODEL RESULTS 

Data was processed by using Stata 10.0 software 
package. IIA results of the model show that this study 
appropriately applied the Multinomial Logit model. The 
estimated results and marginal effect are shown in Table III. 
From the regression analysis, log-likelihood ratio test value 

is –210.214, and the adjoint probability of corresponding is 
Prob> F = 0.0000. Thus, the model fitting effect is 
considerably good and can achieve research goals and 
model requirements. The estimated results of model are 
shown in Table III, and the specific interpretation is as 
follows: 

 
TABLE III.  RESULTS OF ESTIMATION 

Y Alternative Prevention (Contrast To Self-Control) Contracting Prevention (Contrast To Self-Control) 
Variable Coefficient Relative Risk Ratio Marginal Effect Coefficient Relative Risk Ratio Marginal Effect 

X1 0.153*** 1.165 0.0060 0.028 1.028 0.0001 
X2 −0.833 0.435 −0.0483 1.879 6.547 0.0060 
X3 0.066 1.069 0.0026 0.068 1.070 0.0004 
X4 −0.090 0.914 −0.0035 0.030 1.030 0.0002 
X5 −1.822*** 0.162 −0.0713 −0.849** 0.428 −0.0052 
X6 −0.792*** 0.453 -0.0306 −1.684*** 0.186 −0.0112 
X7 −0.584 0.557 −0.0218 −4.205*** 0.0150 −0.0283 
X8 −2.211*** 0.110 −0.1621 −2.730*** 0.065 −0.0433 
X9 0.224*** 1.252 0.0088 −0.228** 0.796 −0.0016 
X10 −0.245 0.783 −0.0096 −0.110 0.896 −0.0007 
X11 −0.282 0.754 −0.0111 0.353 1.423 0.0025 
X12 1.877*** 6.535 0.1544 1.300 3.664 0.0125 

Pseudo R2=0.6036 

Hausman test for IIA: chi2=16.444，Prob>chi2=0.226；chi2=11.196，Prob>chi2=0.594 

Log likelihood=−210.214 
LR chi2(24) =640.30 Prob>chi2 =0.0000 

Note: 1.The marginal effect of the independent variable with an asterisk is the result of the change from 0 to1; 2 *, **, and *** are at 10%, 5%, and 1% 
levels, respectively, and are significant. 

 

A. Influence of the head of the household personal 
characteristics 

1) Age 
Age has a significant positive effect (on the 1% level) 

on “alternative prevention” service demands, but does not 
have a significant effect on “contracting prevention.” 
Regression results show that compared with “self-control,” 
the increase in householder age increases relative 
probability for “alternative prevention” service demands by 
1.165 times. From the point of marginal effects, in the 
average, the increase in householder age by 1 year increases 
the probability to 0.60% when they choose “alternative 
prevention.” This finding is due to the increase of 
householder age, and agricultural work ability is gradually 
weakened. Hence, the farmers are more likely to buy 
“alternative prevention” services to meet the pest control 
demands. From the statistical results of the sample, we 
know that the householder's average age is 52.97, and this 
age group is willing to address “alternative prevention” 
service demands. Householders with an average age of 
51.69 are willing to address “contracting prevention” 
service demands. Farmer householders that are 52.08 years 
old on average tend to maintain the present situation of 
“self-control.” The average age of heads of the household 
that are willing to address “alternative prevention” service 
demands is far higher than that of heads that are willing to 
address  “contracting prevention “ service demands of the 
head of household and is also higher than the age of heads 
that tend to maintain the status quo. Age of farmers that are 
willing to address “contracting control” service demands 

has a slight effect and does not have a statistically 
significant effect. On one hand, the older farmers face their 
own weak labor, thereby causing demands for “contracting 
prevention” services. On the other hand, older farmers are 
more likely to be conservative and are not willing to give up 
decision making for pest control. The two effects cancel 
each other out because they are not statistically significant. 

2) Gender 
Gender has a slight effect on farmers’ “alternative 

prevention” and “contracting prevention” service demands, 
and such effect is statistically not significant. Because of the 
influence of traditional values, Chinese rural families are 
generally dominated by men, thereby reflecting the 
difference between the statuses of men and women in 
society and in the family. The survey dates show that 
among the surveyed households, male farmers are 726 in 
number, accounting for 98.11% of the sample households, 
and the proportion of female heads of households may be 
too low, generating statistically insignificant results. 

3) Education 
Years of education has low influence on the farmers’ 

“alternative prevention” and “contracting prevention” and is 
statistically not significant. The possible reason is that more 
educated farmers focus on better understanding of the 
benefits of prevention and treatment, and this may increase 
their desire to specialize unified prevent diseases and insect 
pest. However, they are also more capable of understanding 
the pest control information and use advanced prevention 
instruments and control methods to obtain better control 
effects of pest and disease, thereby reducing the “alternative 
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prevention” and “contracting prevention” service demands. 
The specific reasons are to be further studied. 

4) Health consciousness 
Health consciousness has less impact on the farmers’ 

“alternative prevention” and “contracting prevention” 
service desires and is statistically not significant. Through 
the survey, we found that some farmers are not aware of the 
health risks of pesticide application. Some farmers realize 
the short-term health risks caused by pesticide exposure. 
However, they did not realize their long-term health effects, 
and their knowledge of pest control effects on health is not 
reflected in pesticide application behavior. Farmers are 
more concerned about the earning yield derogation of 
pesticide application than health risks. 

B. Influence of family characteristics 

1) Agricultural labors 
The number of agricultural labor has a significant 

negative impact on farmers’ “alternative prevention” and 
“contracting prevention” service desires. The results in 
Table 3 showed that the number of family agricultural labor 
increases significantly and reduces relative probability to 
choose “alternative prevention” and “contracting 
prevention,” compared with choosing the probability of 
“self-control.” The probabilities of choosing “alternative 
prevention” and “contracting prevention” are 0.162 and 
0.428 times the probability of selecting “self-control,” 
respectively. From the point of view of marginal effect (the 
family number of agricultural labor at the mean point per 
additional person), the probabilities of selecting “alternative 
prevention” and “contracting prevention” are reduced by 
7.13% and 0.52%, respectively. Pest control is a great 
demand in agricultural labor. From the perspective of rural 
household decision analysis, family decision making is 
based on the best possible use of the family members of the 
division of labor advantage to maximize the benefits of 
family income. The lower the family agricultural labor, the 
more willing the farmer is to avail of the Specialized 
Unified Prevent Diseases and Insect Pest service, thereby 
solving the problem of the lack of agricultural labor. 

2) Non-farming employment difficulty 
Non-farm employment difficulty has a significant 

negative effect on farmers’ “alternative prevention” and 
“contracting prevention” service desires. The difficulty of 
non-farm employment is one of the important variables we 
focused on in this paper. Farmers entering the non-
agricultural industry have a certain influence on agricultural 
production (Feng, 2008) , and it has changed the shortage of 
labor supply for agricultural production, resulting in the 
substitution of other factors to the labor input. By contrast, 
non-farm employment has enhanced the income of the 
farmers because of the increase of income and 
diversification (Hung, 2002), and the farmers' dependence 
on agriculture and the payment ability of the Specialized 
Unified Prevent Diseases and Insect Pest has changed. In 
general, the pesticide makers of non-farm employment will 
easily be more inclined to avail of the Specialized Unified 
Prevent Diseases and Insect Pest because of the increase of 
the opportunity cost of labor, and at the same time, because 

of the concurrent business market that usually measures the 
level of wages easily. Under the guidance of price signals, 
farmers’ pest control mode selection decisions become 
more rational. The results showed that the relative risk ratio 
can be compared with the probability of selected “self-
control.” The relative probability of selecting “alternative 
prevention” and “contracting prevention” are 0.453 and 
0.186 times that of selecting “self-control,” respectively. 
The results shows a marginal effect. When non-farm 
employment difficulty moves from general to difficult, the 
probability of selecting “alternative prevention” drops to 
3.06% and that of selecting “contracting prevention” drops 
to 1.12%. 

3) Income structure 
The income structure has significant negative effect on 

farmers’ “contracting prevention” service desire, and the 
income structure has no significant effect on the demand of 
“alternative prevention” service. However, the coefficient is 
negative. This finding shows that in the total of family 
income, a high proportion of planting industry income 
households showed reluctance to participate in “alternative 
prevention” and “contracting prevention.” From the point of 
marginal effect, farming income accounts for a certain 
proportion of household income, which increases by 1% on 
average. The probability of selecting “contracting 
prevention” is reduced to 2.18% whereas selecting 
“alternative prevention” was reduced to 2.83%. Risk 
preference is one of the bases of farmers’ behavioral 
decision. Assessing the diversity of household income is the 
measurement method of risk to a certain extent. A higher 
degree of dependence on agricultural income implies a 
more risk-averse household; the farmers may be more 
reluctant to give up pest control decision making power and 
are not willing to accept “alternative prevention” and 
“contracting prevention” services. 

4) Cropping system 
The farming systems for farmers’ “alternative 

prevention” and “contracting prevention” service demands 
have a significant negative impact. Results on Table 3 
compared  the farmers who plant single-cropping rice and 
those that plant double-cropping rice. The probability 
choosing “alternative prevention” dropped by 16.21% and 
selecting “contracting prevention” declined to 4.33% of 
cultivation in double-cropping rice compared with single-
cropping rice. This finding implies that the farmers who 
plant double-cropping rice do not prefer Specialized 
Unified Prevent Diseases and Insect Pest services, and the 
reason may be that the pests and diseases of double-
cropping rice are far more serious than those of single-
cropping rice. The production risk is bigger, and at the same 
time, control costs are higher. Thus, producing different 
risk-earning and cost-earning forecasts ultimately affects 
farmers' decision-making. 

C. Influence of cultivated land characteristics 

1) Land size 
Cultivated land have a significant positive effect on 

“alternative prevention” willingness to serve the needs of 
farmers, but a significant negative effect was observed on 
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the farmers' willingness for “contracting prevention” 
services. The results of marginal effects have shown that 
the cultivated land area increased by 1 mu (mean). The 
probability increased by 0.88% when farmers choose the 
“alternative prevention,” and the probability was reduced 
by 0.16% when farmers select “contracting prevention.” 
This finding shows that farmers with more cultivated land 
are less willing to participate in “contracting prevention.” 
They tend to choose “alternative prevention.” Statistical 
results from the sample show that the farmers have service 
demands for “alternative prevention” when their average 
cultivated land is 68.61 mu, and they have service demands 
for “contracting prevention” when their average cultivated 
land is 3.52 mu. In the survey, we found that large 
households with large cultivated lands generally purchase 
advanced spray tools, and they have more knowledge and 
experience in preventing and controlling diseases and insect 
pests. The sunk cost is too high for them to participate in 
“contracting prevention.” Small farmers are more willing to 
participate in “contracting prevention” because of the lack 
of scale effect of pest control. 

2) Blocks of land 
The cultivated land blocks have a smaller impact on 

services desire when farmers select “alternative prevention” 
and “contracting prevention” and are statistically not 
significant. This finding is mainly attributed to the survey 
area. Farmers with cultivated land blocks are lower in 
number than farmers with 93.24% of cultivated land blocks 
in 3 and below, and the time cost and labor intensities of 
farmers' disease and insect pest control are lowly affected. 

3) Distance of land 
The variability of cultivated land distance to farmers 

“alternative prevention” and “contracting prevention” 
service requirements will influence smaller and statistically 
not significant. In the survey area, the distance between 
farmers and cultivated land is small, and the maximum 
distance is 2 km. The average distance is 1.07 km. 
Therefore, no significant effects on pest control costs are 
observed. At the same time, with increasing state subsidies 
for the agricultural machinery, farmers have more operating 
radius for large agricultural machinery. 

D. Influence of policy propaganda 

The government’s policy-induced variable is also one of 
the variables that this study focused on. The government's 
policy-induced variable has a significant impact on farmers’ 
selection of “alternative prevention” service requirements, 
although it has no significant effect on the “contracting 
prevention” service demand. However, its coefficient is 
positive. According to the results of relative risk ratio, for 
farmers who received the disease and insect prevention and 
treatment publicity, the probability of choosing “alternative 
prevention” and “contracting prevention” are 6.535 times 
and 3.664 times higher, respectively, compared with the 
probability of selecting self-control and self-defense. This 
finding shows that the farmers who accepted the policy 
advocacy are more inclined to choose the Specialized 
Unified Prevent Diseases and Insect Pest. The demands of 
the Specialized Unified Prevent Diseases and Insect Pest 

largely depend on the farmers' rational expectation. The 
rationality of the farmers is subject to their knowledge and 
information in China. The reason of the farmers is bounded 
rationality, indicating that farmers make their choices based 
on known information. The Specialized Unified Prevent 
Diseases and Insect Pest services is a new strategy, and 
farmers who lack knowledge about it can obtain relevant 
service information through government propaganda to 
understand the potential costs and benefits of the services. 
Obtaining information can finally increase participation 
willingness. The marginal effect analysis shows that the 
probability of choosing “alternative prevention” improves 
by 15.44% when farmers have accepted the policy 
advocacy. The influence of the government policy-induced 
variable on the farmers' willingness to select “contracting 
prevention” is not significant. The main reason is that the 
local government policy propaganda in the sample area is 
based on the development level of the local disease and 
insect prevention and treatment, which encourages farmers 
to participate in the “alternative prevention,” and rarely 
involves the “contracting prevention.” 

V. FURTHER ANALYSIS 

Current literature shows that the Specialized Unified 
Prevent Diseases and Insect Pest is utilized to increase food 
production while significantly reducing the amount and 
frequency of pesticides used. It can effectively reduce the 
cost of pesticide use and increase the income of farmers. It 
improves pest control technology arrival rate, thereby 
eliminating the risk of food safety at the source. Vigorously 
promoting the Specialized Unified Prevent Diseases and 
Insect Pest is important to deal with the current grim 
situation of pest control and to ensure China's food security. 

However, the survey found that farmers’ willingness to 
participate is low. The main reasons include the fear of 
generating disputes in the course of the transaction, 
considerably high sunken costs, worries about outsource 
services control effect and have abundant labor force of 
farmers (See table 4). 

 
TABLE IV.  THE REASONS THAT FARMERS DON’T NEDD PEST 

CONTROL OUTSOURCE SERVICES 
Reasons Alternative Prevention Contracting Prevention 

 Frequency Proportion 
(%) 

Frequency Proportion 
(%) 

Fear of a 
dispute 

50 23.70 5 2.40 

Sunk costs 
are too high 

87 41.23 16 7.58 

Worried 
about effects 

6 2.84 32 15.17 

Have 
abundant 
labor force 

0 0 102 48.34 

Note: The question is multiple choice, hence the proportion sum of all 
the variables is greater than 1 in the Table 4. 

VI. CONCLUSIONS 

The Specialized Unified Prevent Diseases and Insect 
Pest outsourcing services have important significance to the 



SHUKAI CAI et al: MODELLING AND EMPIRICAL ANALYSIS FOR OUTSOURCING AGRICULTURAL SERVICES . 

 
 

DOI 10.5013/IJSSST.a.17.46.10                                           10.8                             ISSN: 1473-804x online, 1473-8031 print 

liberation of agricultural labor, Specialized Unified Prevent 
Diseases and Insect Pest improves agricultural production 
income and reduces the negative impact of pesticide 
application on ecological environment. This paper is based 
on the field survey of major grain-producing areas in Anhui 
Province. The farmers’ willingness and influencing factors 
of service outsourcing of farmers’ diseases and insect pest 
prevention and control are analyzed by using the 
Multivariate Logit model. The willingness and influence 
factors of service outsourcing of farmers’ disease and insect 
pest prevention and control were quantitatively analyzed by 
using Multivariate Logit model. The survey found that 
9.32% of households are willing to buy “alternative 
prevention” and 15% of farmers are willing to buy 
“contracting prevention.” Measurement results show that 
older farmers are more likely to adopt the “alternative 
prevention” service. Non-agricultural employment is 
difficult and implies more family farm labor. Planting 
double-cropping rice has a negative effect on “alternative 
prevention.” Agricultural income accounted for a higher 
proportion of total household income, wherein the lower 
need for outsource service implies a significant increase in 
“alternative prevention” service demand. However, the 
demand drops when the farming area is large. Policy 
induction significantly improves farmers’ “alternative 
prevention” demand. However, farmers’ health awareness 
is not reflected in the Specialized Unified Prevent Diseases 
and Insect Pest service outsourcing needs. 

Therefore, in the promotion of the Specialized Unified 
Prevent Diseases and Insect Pest, the government should 
formulate relevant subsidy (or credit) policies to increase 
farmers' enthusiasm in buying new services. A new service 
supply for the main body’s enthusiasm should also be 
added, and such service supply will release farmers’ hidden 
and potential service demands. The government needs to 
consider the development direction and path of Specialized 
Unified Prevent Diseases and Insect Pest in the overall 
objectives, including food security, farmers’ income raise, 
environmental protection, and food safety. Clearly, the 
implementation of guide support policies to market-oriented 
agricultural producer services promotes the structure 
optimization and function upgrade of agricultural 
production service industry. Notably, the prevalence of 

heterogeneity of Chinese farmers in the natural resources 
endowment, the interests of the target and role orientation, 
and the demand difference for agricultural production 
services are large. Hence, they should rely on the farmers’ 
professional cooperatives and agricultural product industry 
associations and other service organizations; this facilitates 
coordination of the behavior and relationship of the parties 
with the help of administrative forces to form the inherent 
expansion ability of agricultural productive service supply. 
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