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ABSTRACT

The increased manure produced in animal husbandry, especially in beef cattle farming, pose a great
threat to the environment. Resource utilization of the manure is an effective way to solve the problem
and is conducive to the sustainable development of animal husbandry. Based on the theory of planned
behavior, this paper attempts to construct a model of farmers’ willingness to utilize livestock manure
from behavioral attitude, subjective norm and cognitive behavioral control, and makes an empirical test
through a questionnaire on beef cattle farmers. As the findings show, farmers’ behavioral attitude, sub-
jective norm and cognitive behavioral control have a significantly positive impact on the resource utiliza-
tion of the manure. Among them, behavioral attitude exerts the greatest impact, followed by cognitive
behavioral control and subjective norm. Farmers surveyed share almost the same attitude towards the
effects of resource utilization, who may actively or passively take into consideration the corresponding
economic, social and ecological benefits. The pressure from the government plays an important role in
farmers’ subjective norm, while less pressure comes from village cadres and neighbors. Finally, time or
labor endowment and economic strength are the core constraints on the resource utilization of livestock

manure by farmers, with relatively little constraint on skill acquisition.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Intensive livestock production for human food purposes cannot
be uncoupled from a massive production of manure (Vrieze et al.,
2019). Even if manure is a resource for preserving the soil fertility,
its management has become one of the main problems for the
environment (Loyon, 2017), and imposes great harms to human
health and environment, if not suitably treated (Zubair et al.,
2020; Millner et al., 2014). Resource utilization of livestock manure
is considered as a fundamental way to solve environmental pollu-
tion in animal husbandry, as well as an important technical sup-
port to promote the green and high-quality development of
animal husbandry. In China, which is the world’s largest producer
and consumer of livestock products (Ma et al., 2014), the compre-
hensive utilization rate of livestock and poultry manure in the
country takes up only 60% at present, with the rest to be effectively
utilized (Sohu, 2018), according to the official data of the Ministry
of Agriculture and Rural Affairs. It is thus particularly urgent to
improve the utilization rate as the quantity of livestock and poultry
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manure continue growing. The main implementers engaged in
resource utilization of livestock manure can be farmers, organic
fertilizer processors, third-party centralized treatment centers or
other socialized service organizations. Farmers are responsible
for properly managing manure from their own farm (Li et al,,
2020), as the market-oriented channels for resource utilization
are not yet well developed. The key for the willingness-guided
action and the improvement of the utilization rate of livestock
manure is to improve farmers’ willingness to recycle manure, with
the focus placed on identifying the determinants of farmers’ will-
ingness to utilize livestock manure. Therefore, the exploration into
farmers’ willingness for resource utilization possesses a practical
significance in promoting the resource utilization of livestock
manure.

Since the beginning of the 21st century, over 30 million tons of
livestock manure (N content) have been annually produced world-
wide, and such a production takes on a growth trend (FAO, 2019).
In 2017, 34.22 million tons of manure were produced, of which
about 18.22% came from China (FAO, 2019). China has become
the world’s main source of livestock manure, and the treatment
of the manure in China thus gains certain representativeness.
Willingness analysis is an important branch of current academic
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research, as well as in the research field related to livestock and
poultry farming. The research into farmers’ willingness analysis
involves insurance participation (Khan et al., 2013), policy accep-
tance (Ji et al., 2014), social service payment (Kumar et al., 2011),
epidemic reporting (Liu et al., 2017), new technology adoption
(Zanu et al., 2012), safe input use (Wu et al., 2015), breeding mode
selection (Mcleod et al., 2018) and pollution prevention (Claytor
et al., 2018), etc., with the research focus gradually shifted to the
farming environment. In terms of research method, the existing
studies are mainly empirical, mostly using Logit or Probit (Mlote
et al.,, 2013; Zhang et al., 2014), ISM (Li et al., 2019), Heckman'’s
two-stage method (Wang et al., 2019b), conditional valuation
method (Budak et al., 2010), Tobit (Zhang et al., 2017), and struc-
tural equation model (Lin et al., 2018), which are particularly dom-
inated by the binary logit model, and a few researchers, based on
survey data, revealed farmers’ behavioral intention through
descriptive statistics or correlation analysis. From a research per-
spective, the vast majority of studies selected a package of poten-
tial factors affecting farmers’ willingness centering on the
characteristics of individual, family, farming and environment
(Zhang and Xiao, 2016; Pan, 2017; Xu et al., 2019), and a few stud-
ies investigated the impact of a specific factor on farmers’ willing-
ness. For example, Yu and Yu (2019) studied the impact of farmers’
cognition on resource utilization of livestock and poultry waste
upon their participation willingness, and found that farmers’
awareness on water pollution by livestock and poultry waste, envi-
ronmental protection policy and financial subsidy policy had pro-
duced a significantly positive effect on their willingness to
participate, among which the cognition of financial subsidy policy
had had the most significant impact, and that, for farmers, the
binding environmental regulation policy was significant in produc-
ing positive regulatory effect on the relationship between “water
pollution cognition and participation willingness” and between
“environmental protection policy cognition and participation
willingness”.

The existing studies, especially those related to the prevention
and control of animal farming pollution and the resource utiliza-
tion of manure, mainly focus on pigs, laying hens and dairy cows
(Pan, 2016; Jeon et al., 2015; Tancuk et al., 2019; Krishna et al.,
2008), and few on resource utilization of beef cattle manure.
Among the factors affecting farmers’ behavioral intention, some
important ones that are difficult to observe cannot be introduced
into commonly used discrete selection models, while a structural
equation model can tackle the deficiency and has now been widely
used. In addition, different from the existing studies, the environ-
mental effect, income effect, production effect, social effect and
combined effect of manure recycling are comprehensively consid-
ered in this paper, which makes the model closer to reality. Thus,
the paper, while taking cattle manure as its research object and
drawing lessons from relevant research, adopted a structural equa-
tion model to empirically investigate the determinants of farmers’
willingness to recycle livestock manure, in an aim to provide the-
oretical support for guiding farmers to actively participate in the
activity of resource utilization.

2. Materials and methods
2.1. Theoretical basis

Fishbein and Ajzen first put forward the theory of reasoned
action (TRA) in 1970s, stating that when individuals make behav-
ioral decisions, they will use available information and analysis
means to weigh various potential outcomes before making the
decision of action or inaction, a process reflecting the individual’s
behavioral intention determined by two factors, namely,
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behavioral attitude and subjective norm. Behavioral attitude refers
to a positive or negative evaluation of an individual’s behavior,
while subjective norm refers to the pressure that an individual
feels from the surrounding while making a behavioral decision,
which is manifested in the surrounding institutions’ or individuals’
views on whether they should take a certain behavioral decision or
not. TRA was further evolved into the theory of planned behavior
(TPB), into which cognitive behavioral control, the third factor that
determines behavioral intention, is introduced, namely, an individ-
ual’s perception of the degree of control over decision-making
behavior based on considerations of time and opportunity. The
theory of planned behavior has a strong explanatory and predictive
power for individual behaviors (Myers, 2005), and has been widely
used in ecological compensation participation (Zhang et al., 2019),
fertilizer reduction by farmers (Tang, 2019) and waste classifica-
tion intension (Tian et al., 2019), etc. Thus, this paper constructed
a theoretical analysis framework for farmers’ willingness to utilize
the livestock manure from the perspectives of behavioral attitude,
subjective norm and cognitive behavioral control (Fig. 1) based on
the theory of planned behavior, and conducted an empirical test
with field investigation data.

2.2. Research hypothesis

Farmers, as rational economists, often make cost-benefit mea-
surement before taking a behavioral decision, which may involve
economic, ecological and social benefits. In terms of economic ben-
efits, the utilization of livestock manure can eliminate farming
manure in a timely manner, creating a good farming environment,
reducing the spread of diseases, and promoting the healthy growth
of beef cattle. In addition, the recycling of livestock manure is con-
ducive to economic benefits and can realize “turning waste into
wealth” through organic fertilizer sales and manure returning to
fields, which can generate income, save costs and increase effi-
ciency. Thus, farmers may be driven by potential economic benefits
to take the initiative to conduct resource utilization. On the other
hand, ecological and social benefits reflect the positive externali-
ties of recycling livestock manure; timely and effective utilization
of livestock manure can reduce the impact on the surrounding
environment and to a reasonable extent, avoid government penal-
ties for pollution, as well as conflicts with neighbors or the risk of
being reported. Consequently, farmers may be compelled to per-
form an altruistic act of resource utilization of livestock manure
at the potential cost of income loss. Based on that, hypothesis H1
was proposed.

Hypothesis H1. The higher the farmers’ evaluation on the eco-
nomic, ecological and social benefits of resource utilization, i.e., the
more positive their behavioral attitude, the greater their willing-
ness to engage in resource utilization of livestock manure.

Although farmers themselves are the direct makers of behav-
ioral decision, the government, village cadres and neighbors are
all farming stakeholders, whose legitimate rights and interests
cannot be infringed. Livestock farming can affect air, water and soil
to a certain extent, endangering the safety of public environment.
The government may adopt coercive, economic incentives or
mixed policies to guide and regulate farming behavior for environ-
mental reasons; village cadres are closely connected with govern-
ment departments while deeply rooted in the local community,
they act as “agents” of the government and “heads” of the villages
(He and Tong, 2002), who are also “village members”, such a “triple
role” playing multiple supervisory roles on farmers’ behavior. On
the other hand, neighbors may take measures to persuade or report
about farmers who pollute, for the sake of not affecting their own
lives. In an acquaintance society, persuasion may be taken as the
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Fig. 1. Theoretical analysis framework of farmers’ willingness to utilize livestock manure.

preferred strategy. Therefore, the attitude of farming stakeholders
is one of the external constraints on farmers’ behavioral decision-
making, especially under the current pressure of environmental
protection. Farmers must take into consideration the demands or
appeals from different stakeholders and correspondingly take
effective response measures. Based on that, hypothesis H2 was
proposed.

Hypothesis H2. The more pressure farmers perceive from the
government, village cadres, and neighborhood, i.e., the stronger the
subjective norm, the greater their willingness to engage in resource
utilization of livestock manure.

In terms of the cost of resource utilization, a certain amount of
manpower, together with material and financial resources, is to be
invested, and farmers can maximize their income through the allo-
cation of existing resource elements. Technology constitutes the
core of the resource utilization of livestock manure, and different
modes of resource utilization have different technical require-
ments, among which the simple compost returning mode is rela-
tively low-tech and widely used in reality, while the modes, such
as those involving biogas production and organic fertilizer process-
ing, have higher technical requirements. Funding, as the basis for
the resource utilization of farming manure, is the key element that
constrains the resource utilization by farmers. Construction of
manure dumps and sewage ponds as well as the purchase of ter-
tiary treatment facilities requires large investment, while farmers
complain in general about low farming efficiency and difficult cap-
ital turnover. Labor force, the main executor of resource utilization,
is directly constrained by the availability of labor within the house-
hold on the one hand, and indirectly by financial strength on the
other hand, for example, the lack of internal manpower having to
be supplemented by hire hands. Consequently, the degree of uti-
lization and participation is constrained by farmers’ resource
endowments, and sufficient resource elements become the basic
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guarantee for the resource utilization of livestock manure. Based
on that, hypothesis H3 was put forward.

Hypothesis H3. The higher the farmers’ evaluation of their own
labor abundance, economic strength and skill acquisition, i.e., the
greater the control of perception behavior, the greater their
willingness to utilize livestock manure.

2.3. Model building

Based on the theory of planned behavior, this paper constructed
a structural equation model from farmers’ behavioral attitude (AT),
subjective norm (SN), and cognitive behavioral control (BC) in
order to explore their willingness to utilize livestock manure. As
behavioral attitude, subjective norm and cognitive behavioral con-
trol were all latent variables, which were difficult to be directly
observed and accurately measured, the structural equation model
(SEM) was used with reference to the research made by Bukhari
et al. (2020) and Wang et al. (2019a) as demonstrated below.

WR = B;iWR; + &
AT = BATi + P, WR + &,
SN = ,B3isNi + 'y2WR + 83

BC = f4BCi + s WR + &4

In the structural equation model above, WR, AT, SN and BC are
four latent variables corresponding to behavioral intention, behav-
ioral attitude, subjective norm and cognitive behavioral control.
WR;, AT;, SN; and BC; respectively represent the observable variable
vector corresponding to these four potential variables, and i takes
the values of 1, 2, 3..., indicating the number of observable vari-
ables; vy,, 7,, and y; represent path coefficients between potential
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variables; By, B, B3 and p, represent the load coefficients
between the latent variable and the observable variable; and ¢,
&, &3 and &4 indicate residual terms.

2.4. Scale design

With reference to the existing research, and through expert
consultation and field investigation, 14 observable variables corre-
sponding to the four latent variables were finally identified. Among
them, there were five indicators for behavioral attitude, including
environmental effect (AT1), income effect (AT2), production effect
(AT3), social effect (AT4) and combined effect (AT5); there were
three indicators for subjective normative, namely, government-
level pressure (SN1), village cadre-level pressure (SN2), and
neighborhood-level pressure (AT3); three indicators for cognitive
behavioral control included labor endowment (BC1), economic
strength (BC2) and skill acquisition (BC3); and three indicators
for behavioral intention included general intention (WR1), fund
input (WR2) and training study (WR3). 5-point Likert scale was
used for all measurement items, with 1 standing for the weakest
in positive strength and 5 for the strongest, as shown in Table 1.

2.5. Data source

The data used in this paper were sourced from the field investi-
gation conducted by the research team. In July 2018, the research
team selected Biyang County, Queshan County and Pingyu County
in Zhumadian City, Henan Province for pre-investigation, based on
which the questionnaire was then improved. In August 2018, a for-
mal investigation was launched. The multi-stage, stratified random
sampling was adopted in the investigation. Four prefecture-level
cities, Zhumadian, Kaifeng, Luoyang and Nanyang, were selected
after a comprehensive consideration on economic development,
regional location and beef cattle farming scale in Henan Province.
The four surveyed are large prefecture-level cities in beef cattle

Table 1
Measurement items and codes of farmers’ willingness to recycle livestock manure.
Latent variable Measure item Code
Behavioral Attitude Resource utilization of cattle manure is AT1
(AT) beneficial to improving the environment
Resource utilization of cattle manure has AT2
increased the breeding income
Resource utilization of cattle manure has AT3
promoted the healthy growth of beef cattle
Resource utilization of cattle manure has AT4
improved neighborhood relations
Resource utilization of cattle manure is an AT5
inevitable trend in the future
Subjective Norm The government thinks that I should recycle SN1
(SN) cattle manure
Village cadres think that I should recycle cattle SN2
manure
Neighbors think that I should recycle cattle SN3
manure
Cognitive I have enough time/staff to recycle cattle BC1
Behavioral manure
Control (BC)
I have the economic strength to recycle cattle BC2
manure
I have certain skills in recycling cattle manure ~ BC3
Behavioral Are you willing to recycle cattle manure WR1
Intention (WR)
Are you willing to invest money in the resource ' WR2
utilization of cattle manure to buy equipment
Are you willing to take the initiative to WR3

participate in trainings related to cattle manure
treatment and learn certain skills

711

Waste Management 120 (2021) 708-715

farming, and as the beef stock in these cities in 2016 accounting
for 35.8% of the Province’s total, they can be taken as a good repre-
sentation of the Province which is a main producing area of beef
cattle. Besides, the beef cattle stock in the main beef producing
areas of the Central Plains (Henan, Shandong, Hebei and Anhui)
accounts for about 16.9% of the whole country, so the sampling
is also very representative at the national level. By the same
method, three sample counties were selected from each city, and
25 beef cattle farmers were randomly selected from each sample
county. Questionnaire survey was conducted in the form of one-
to-one interviews, and 289 from 300 questionnaires were actually
received. By the research needs of this paper, 276 valid question-
naires were finally obtained after eliminating the invalid ones
which were self-contradictory or lacking in key variables, with an
effective rate being 95.5%.

3. Results and discussion

Model identifiability is the prerequisite for parameter estima-
tion of structural equation model, and the identification results
include just-, over- and under-identification, in which parameter
estimation can be made in both just-identification and over-
identification, but in statistical index of the overall fit test of a
just-identification model, y? value is 0 , other statistical indexes
cannot be estimated, and as just-identification does not have prac-
tical application value (Tabachnick and Fidel, 2007), over-
identification is much ideal in providing results. With the t test rule
adopted, and assuming that p, g and t respectively refer to the
number of exogenous measurement indicators, endogenous mea-
surement indicators and free parameters to be estimated, the
degree of freedom df of the model was expressed as
P+q9(P+q+1)/2—t. If df is positive, the model is over-
identified, just identified if df is zero, and under-identified when
df has a negative value. The structural equation model in this paper
had 11 exogenous measurement indicators, 3 endogenous mea-
surement indicators, 34 free parameters to be estimated, and the
calculated degree of freedom was 71, which was significantly pos-
itive, indicating that the model was over-identified.

3.1. Questionnaire reliability test

The clarity of the investigator’s statement and the respondents’
attitude have a direct impact on the reliability of the questionnaire,
so it is necessary to test the stability and consistency of the ques-
tionnaire through reliability analysis before the survey data is
used. Reliability can be divided into internal reliability and exter-
nal reliability. External reliability refers to the consistency of the
scale measured at a different time, which is generally tested
through repeated measurement and quite costly to operate; inter-
nal reliability refers to whether all measurement questions under a
certain construct consistently point to the construct itself, which
can be tested by technical means of data processing. Therefore,
internal consistency coefficient (Cronbach’s o value) is usually
adopted for testing. SPSS20.0 and Amos22.0 were comprehensively
used to test the reliability of 14 observable variables of four latent
variables: behavioral attitude, subjective norm, cognitive behav-
ioral control and behavioral intention, with the results shown in
Table 2. The Cronbach’s o values of the four latent variables were
between 0.827 and 0.913, and the Cronbach’s a value in total scale
was 0.879, all greater than the general discriminant criterion of
0.70; the composite reliability of the four latent variables was
between 0.830 and 0.914, all greater than the general criterion
value of 0.60, collectively indicating that the scale in this study
had a good reliability.
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Table 2
Reliability and validity of test results.
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Latent variable Observable Factor Cronbach’s o KMO Bartlett's test of Composite Extraction of mean
variable loading value value sphericity reliability variance
Behavioral Attitude (AT) AT1 0.755 0.851 0.850 543.489 (p = 0.000) 0.853 0.537
AT2 0.756
AT3 0.746
AT4 0.712
AT5 0.692
Subjective Norm (SN) SN1 0916 0913 0.754 576.987 (p = 0.000) 0.914 0.780
SN2 0.886
SN3 0.847
Cognitive Behavioral Control BC1 0.819 0.845 0.724 345.059 (p = 0.000) 0.846 0.648
(BC)
BC2 0.831
BC3 0.763
Behavioral Intention (WR) WRI1 0.814 0.827 0.706 313.504 (p = 0.000) 0.830 0.619
WR2 0.789
WR3 0.756

3.2. Questionnaire validity test

The validity analysis is used to test whether the questionnaire
has virtually obtained the expected research content, namely, the
closeness between the research results and the expected goals,
for which content validity test, criterion validity test and structural
validity test are commonly used. In this paper, content validity and
structural validity were chosen for testing.

(1) In terms of content validity, this paper first designed a ques-
tionnaire based on relevant literature and theoretical
research, and experts in economic and technical posts in ani-
mal husbandry were consulted. Before the formal investiga-
tion, case investigation and questionnaire pre-survey were
carried out, and the questionnaire was modified and
improved, based on the suggestions from 20 relevant
experts and actual investigation, to ensure a rational design
and effective samples.

(2) In terms of structural validity, exploratory factor analysis
was first conducted. As shown in Table 2, the KMO values
of the four latent variables ranged from 0.706 to 0.850, and
the KMO value of the total scale was 0.857, all greater than
the general criterion value of 0.70; and the approximate
chi-square values of Bartlett spherical test had statistical sig-
nificance at the level of 1%, indicating a good validity of the
questionnaire. In the assignment of a single factor, the factor
loadings of 14 observable variables ranged from 0.692 to
0.916, all greater than the general criterion value of 0.60,
indicating that the model had good reliability and validity.
Structural validity can be further divided into convergence
validity and discrimination validity. The convergence valid-
ity of the questionnaire was evaluated with the extraction
value of mean variance. As shown in Table 2, mean variances
extracted for the four latent variables ranged from 0.537 to
0.780, which were greater than the general criterion value
of 0.50, indicating that the questionnaire had good conver-
gence validity. As shown in the results of discrimination
validity test in Table 3, the difference in degrees of freedom
between unconstrained and constrained models for any two
latent variables was 1, and the chi-square difference values
ranged from 108.043 to 151.129, with the probability value
p in significance test of chi-square difference all less than
0.05, which reached a significant level, indicating the good
discrimination validity among the four latent variables. To
sum up, this questionnaire had good structural validity.

3.3. Model fit test

The model fit is normally used to evaluate whether the diagram
of constructed path analysis model is compatible with the data
obtained from the research, i.e., the matching between theoretical
model and actual data. Following the recommendations of Hair
et al. (1998), the model fit test was preceded by the violation esti-
mation, which showed no negative error variance, the correlation
coefficient of standardized estimation coefficients between covari-
ances was less than 1, and the standardized parameter coefficients
were less than 0.95, there existed no large standard error, and the
covariance matrix or correlation matrix was positive definite, indi-
cating that there were no estimation violations in this model. The
overall model fit was then tested in terms of absolute fit, incremen-
tal fit and parsimonious fit (Wu, 2010). As shown in Table 4, all fit
indexes except y? value had passed the significance test. On the
whole, the theoretical model constructed in this paper matched
well with the actual data.

3.4. Result analysis and interpretation

The maximum likelihood estimation method was applied to
estimate the model, with results shown in Table 5. All parameters
of the structural equation model passed the significance test, indi-
cating that the interactive relationship existed among behavioral
attitude, subjective norm, cognitive behavioral control and behav-
ioral intention, and that farmers’ behavioral attitude, subjective
norm and cognitive behavioral control had a significant positive
effect on their willingness to recycle livestock manure. Comparing
the three effects, behavioral attitude had the largest impact on
farmers’ willingness to participate in the resource utilization,
scored 0.385, followed by cognitive behavioral control, with the
score of 0.299, and subjective norms, only scored 0.240. The find-
ings were consistent with those obtained by Bin et al. (2017), indi-
cating that behavioral attitude was the main driving force affecting
farmers’ willingness to utilize livestock manure, with a relatively
small but not negligible impact from external factors on it.

The standardized regression coefficient for the effect of behav-
ioral attitude on farmers’ willingness to utilize livestock manure
scored 0.385, which was significant at the statistical level of 1%,
indicating that the more positive farmers’ cognitive attitude
towards the utilization of livestock manure, the greater their will-
ingness to participate. Hypothesis H1 was thus confirmed. Of the
five measures of behavioral attitude, the standardized path
coefficient of environmental effect (AT1), income effect (AT2),
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Table 3

Result of discriminant validity test among latent variables.
Classification Model DF CMIN P NFI delta-1 IFI delta-2 RFI rho-1 TLI rho-2
AT & SN Constrained Model 1 150.949 0.000 0.129 0.131 0.178 0.182
AT & BC Constrained Model 1 151.129 0.000 0.159 0.162 0.22 0.227
AT & WR Constrained Model 1 132.329 0.000 0.134 0.137 0.183 0.188
SN & BC Constrained Model 1 145.822 0.000 0.154 0.155 0.254 0.258
SN & WR Constrained Model 1 108.043 0.000 0.113 0.114 0.184 0.187
BC & WR Constrained Model 1 121.825 0.000 0.165 0.167 0.269 0.275

Note: Assuming model unconstrained to be correct.

Table 4
Results of the overall model fit test for structural equation modeling analysis.

Statistical test volume Fit criteria or critical values

Test result value Model fit determination

Absolute Fit Index

%2 Value P > 0.05 (not significant) p = 0.000 No
RMR Value <0.05 0.029 Yes
RMSEA Value <0.05, excellent; <0.08, good 0.056 Yes
GFI Value >0.90 0.936 Yes
AGFI Value >0.90 0.905 Yes
Incremental Fit Index
NFI Value >0.90 0.937 Yes
RFI Value >0.90 0.919 Yes
IFI Value >0.90 0.969 Yes
TLI Value (NNFI Value) >0.90 0.960 Yes
CFI Value >0.90 0.969 Yes
Parsimonious Fit Index
PGFI Value >0.50 0.633 Yes
PNFI Value >0.50 0.731 Yes
PCFI Value >0.50 0.756 Yes
CN Value >200 133.222 No
x? Freedom Ratio <2.00 1.876 Yes
AIC Value The theoretical model value less than the 201.222 < 210.000, 201.222 < 2129.276 Yes
independent model value and the saturated model value
CAIC Value The theoretical model value less than the 358.316 < 695.142, 358.316 < 2193.962 Yes

independent model value and the saturated model value

production effect (AT3), social effect (AT4) and combined effect
(AT5) was 0.755, 0.756, 0.746, 0.712 and 0.692 respectively. On
the whole, farmers’ behavioral attitudes towards the various
effects of resource utilization of livestock manure were compara-
ble, and the income effect occupied an absolute advantage, with
the income effect being dominant and the combined effect being
relatively minimal. Farmers are the market economic actors who
pursue the maximization of their individual interests. Under the
high pressure of environmental protection, the marginal cost or
marginal revenue of their behavior has changed (Li and Wang,
2018), which leads to the boundaries of their personal interests
expanding from economic benefits to social and ecological ones.
Moreover, they show a strong positive awareness of the ecological
benefits with positive externalities, and even the satisfaction with
the ecological effect is higher than that with economic effect or
social effect (Bin and Wen, 2017), which is beneficial for jointly
promoting farmers to actively participate in the resource utiliza-
tion of livestock manure.

The standardized regression coefficient for the effect of subjec-
tive norm on farmers’ willingness to utilize livestock manure was
0.240, which was significant at the statistical level of 1%, indicating
that the greater the pressure from external norms, the stronger
their willingness to participate in the utilization of livestock man-
ure. Hypothesis H2 was confirmed. Among the three measures of
subjective norm, the standardized path coefficient of the pressure
from the government (SN1), village cadres (SN2) and neighbors
(SN3) was 0.916, 0.886 and 0.847 respectively, indicating that
government-level pressure was an important source of farmers’
subjective norm, with comparatively small contribution of
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pressure from village cadres and neighbors. The result is consistent
with the research made by Hou et al. (2018) who found that the
pressure from governmental regulations is a key factor that stimu-
lates manure treatment. From the government to the village cadres
and then to the neighbors, the external pressures felt by farmers
gradually decreased, consistent with the intrinsic attribute of the
pressure sources. The pressure at the government level mainly
embodied in the constraints of the formal institution, which was
mandatory by the state, the pressure from the neighborhood level
was mainly reflected in the non-formal institution of public opin-
ion and moral constraint, which was less obligatory, but it played
a stronger binding role than legal norms in an acquaintance society
(Wang, 2016), while the essence of the village-level norms at the
intermediate level lay between the formal and non-formal institu-
tions, with the attributes from the both. In fact, being deeply
rooted in the local society, farmers have to take into account the
feedback from their fellow villagers. On the one hand, in an
acquaintance society like a village, most farming practitioners are
village members, and the human relationship mechanism turns
the society into a micro-power relationship network, in which each
individual is expected to abide by certain human relationship
norms (Chen, 2011), a situation easy to form the effect of public
opinion (Wang, 2016). On the other hand, neighbors may report
animal farming pollution to free their living environment from
being disturbed. In the investigation, a small number of farmers
were reported by neighbors for farming pollution, thus turning a
non-formal institutional constraint into a formal one. Therefore,
social pressures from different levels are very crucial to farmers’
willingness to participate in the resource utilization of livestock
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Table 5
Estimates of path coefficients of the structural equation model.
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Path Unstandardized path coefficient Standard error C.R. Value Results Standardized path coefficient
AT - WR 0.448 0.085 5.281 Accepted 0.385
SN - WR 0.197 0.049 4.014 Accepted 0.240
BC - WR 0.300 0.069 4.355 Accepted 0.299
AT1 - AT 1.000 — — —— 0.755
AT2 — AT 1.161 0.097 12.000 Accepted 0.756
AT3 — AT 1.042 0.088 11.848 Accepted 0.746
AT4 — AT 1.004 0.089 11.298 Accepted 0.712
AT5 — AT 0.946 0.086 10.978 Accepted 0.692
SN1 — SN 1.000 —— —— —— 0.916
SN2 — SN 0.880 0.042 20.846 Accepted 0.886
SN3 - SN 0.907 0.047 19.329 Accepted 0.847
BC1 - BC 1.000 —— —— —— 0.819
BC2 - BC 1.028 0.075 13.675 Accepted 0.831
BC3 - BC 0.866 0.068 12.830 Accepted 0.763
WR1 - WR 1.000 —— — —— 0.814
WR2 - WR 0.957 0.074 12.972 Accepted 0.789
WR3 - WR 0.856 0.069 12.484 Accepted 0.756

manure. The more pressure farmers feel from the government, vil-
lage cadres and neighbors, the stronger motivation they may have
for the resource utilization.

The standardized regression coefficient for the effect of cogni-
tive behavioral control on farmers’ willingness to utilize livestock
manure was 0.299, which was significant at the statistical level
of 1%, indicating that the stronger the cognitive behavioral control
of farmers, the greater their willingness to participate in the
resource utilization of livestock manure. Hypothesis H3 was thus
confirmed. Of the three measures of cognitive behavioral control,
the standardized path coefficient of labor endowment (BC1), eco-
nomic strength (BC2) and skill acquisition (BC3) scored 0.819,
0.831 and 0.763 respectively, suggesting that time or labor endow-
ment and economic strength were the core elements of farmers’
cognitive behavioral control, with economic strength being the
most important and skill acquisition contributing relatively little
to cognitive-behavioral control. The findings are consistent with
the research made by Lin et al. (2018), which suggests economic
capacity is the most important factor to consider when farmers
make use of livestock manure. The survey found that livestock
manure were mainly utilized through simple, low-technology
composting, which, in nature, was a labor-intensive mode of
resource utilization. In most cases, livestock manure were left on
land, sun-dried and possibly sold for applying on arable farms
(Sefeedpari et al., 2019). Farmers acquired knowledge and skills
from traditional farming experience, which were significantly defi-
cient compared to biogas production, commercial organic fertilizer
processing and other technology-intensive utilization modes for
livestock manure. Moreover, farmers had limited learning capacity
and were slow to accept new technologies (Bin and Wen, 2017).
Therefore, farmers were weak in skill acquisition in terms of cogni-
tive behavioral control. Farmers’ resource utilization of livestock
manure was preconditioned by input constraints in labor, fund
and technology. Livestock farming required large fund investment
and had a long profit cycle, and most farmers in the survey
reported the difficulty of capital turnover, but for the simple or pri-
mary mode of resource utilization of livestock manure, various fac-
tor inputs were relatively insignificant, and farmers had certain
labor endowment, economic strength, knowledge and skills to uti-
lize the manure. On the whole, the current resource utilization
behavior of livestock manure shows low requirements for eco-
nomic and knowledge conditions, and behavioral implementation
is less restricted by the behavioral cost and conditions (Lin et al.,
2018).
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4. Conclusions

In this paper, based on the theory of planned behavior, a model
of farmers’ willingness to utilize livestock manure was constructed
at three levels: behavioral attitude, subjective norm and cognitive
behavioral control, and the empirical test was conducted through a
questionnaire on beef cattle farmers. The results show that farm-
ers’ behavioral attitude, subjective norm and cognitive behavioral
control had a significantly positive impact on the resource utiliza-
tion of livestock manure, among which behavioral attitude exerted
the greatest impact, followed by cognitive behavioral control and
subjective norm; farmers shared almost the same attitude towards
the various effects of resource utilization of livestock manure, who
may actively or passively weigh up the corresponding economic,
social and ecological benefits; the pressure from the government
played an important role in farmers’ subjective norm, with fewer
contribution from village cadres and neighbors; and time or labor
endowment and economic strength were the core constraints on
the resource utilization of livestock manure by farmers, with rela-
tively little constraint on skill acquisition.

From the above conclusions, certain implications can be drawn.
First of all, the publicity of policies related to the resource utiliza-
tion of livestock manure should be increased, and the level of pol-
icy awareness be improved among farmers, so as to stimulate their
enthusiasm for participating in the resource utilization and
enhance the supervisory role of other interested stakeholders. Sec-
ondly, within the scope of government financial permission, the
subsidy support for the resource utilization of livestock manure
can be appropriately increased, the mode of policy support be
innovated, with the compensation provided to farmers for the pos-
itive externalities of farming behavior, the cost of resource utiliza-
tion as well as financial constraint on farmers’ utilization of
livestock manure be reduced, and at the same time, the supervision
of environmental law enforcement in livestock and poultry farm-
ing can be strengthened, together with severe punishment
imposed on farming pollution. Thirdly, technological research
and development in resource utilization for livestock manure can
be improved, new technologies and new models characterized
with strong applicability, low cost and sustainability be promoted,
and the diversity of modes for resource utilization of livestock
manure be increased, which should have a demonstration effect
and can drive more farmers for active participation in resource uti-
lization. The above research showed technology had less constraint
on farmers’ resource utilization of livestock manure, but it was
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low-tech for primary resource utilization; on the whole, the quality
of the resource utilization of livestock manure has yet to be further
improved to adapt to the new circumstances in the development of
livestock farming.
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