o ey 4
<@ sustainability ﬂw\p\py

Article

Evaluation of GHG Mitigation Measures in Rice
Cropping and Effects of Farmer’s Characteristics:
Evidence from Hubei, China

Qingmeng Tong "2, Lu Zhang "?>* and Junbiao Zhang />

1 College of Economics and Management, Huazhong Agricultural University, Wuhan 430070, China;

cntqgqm@webmail. hzau.edu.cn (Q.T.); zhangjb208@163.com (J.Z.)
Hubei Rural Development Research Center, Huazhong Agricultural University, Wuhan 430070, China
*  Correspondence: zhangluwork517@163.com; Tel.: +86-27-8728-8381

2

Received: 6 April 2017; Accepted: 15 June 2017; Published: 20 June 2017

Abstract: Greenhouse Gas emissions from agricultural activities, such as rice cropping, have been
proven to be an important cause of climate change, with constant barriers and constraints in the
implementation and promotion of mitigation measures among farmers in China. However, there
has been a lack of research focusing on specific mitigation measures and their characteristics. In this
paper, we applied the expert assessment and best-worst scaling method to evaluate mitigation
measures in rice cropping from the perspectives of effectiveness and applicability. The results showed
that no mitigation measure in rice cropping was best from both an effectiveness and applicability
viewpoint. However, the study found that “reducing the use of chemical fertilizers” was the most
effective one, while “applying soil testing and formulated fertilization” was the most applicable
one. Additionally, the older farmers spending more time on non-agricultural jobs and farming more
plots of land were more likely to believe that mitigation measures related to the management of
input elements would be more applicable compared to soil and water management or some types of
new science and technology. Finally, we suggested that the agricultural extension agencies should
popularize input elements management such as improvement of fertilizer or seeds among older
farmers, and meanwhile promote soil cultivation management and new technologies for agriculture
in areas where the land is more concentrated such as plains.
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1. Introduction

As climate change has had a severe impact on society and economy worldwide, taking measures
to reduce greenhouse gas (GHG) emissions, while maintaining a growing economy, has become
a common goal for countries all around the world [1]. However, the agricultural sector has
produced massive GHG emissions [2,3], especially in the process of rice cropping [4,5]. As for China,
the mitigation issue has become much more urgent. GHG emissions from rice cropping in China
account for 22% of the total emissions of the world [6]. As a result, the Chinese government has
initiated a plan for rural environmental governance, which has a major objective that use of pesticides
and fertilizers in agriculture should not be increased after 2020 [7].

Many recent studies have shown that adopting appropriate mitigation measures (MMs) would
remarkably contribute to the abatement of GHG emissions in rice cropping [8-10]. They concluded
that applying soil testing and formulated fertilization (STFF) could reduce the GHG emissions by
minimizing the total amount of fertilizers used and improving fertilizer efficiency [11,12]. In addition,
appropriate water management would mitigate the methane emissions from rice paddies [8], while
conservation tillage would help to retain the organic carbon in soil and strengthen the capability of
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carbon sequestration [9]. All these studies suggested that it might be an achievable objective to reduce
the carbon emissions from rice cropping.

Despite these rich studies focusing on the mitigation practices or measures, barriers to adoption
also deserve attention, which include uncertainty, costs and other constraints of MMs. Some
researchers discussed the prospects of applying these techniques [12,13]. Furthermore, the farmers’
awareness, willingness and actual behavior of adopting MMs have been previously examined [14,15].
As the research conclusions revealed, some socio-economic factors, such as the farmer’s age, total
operated area and family income, are the influencing factors on farmers’ adoption of GHG mitigation
technologies, including minimum tillage [15-17]. Zhu and Tian argued that for rice farmers in China,
willingness to adopt low-carbon technology is higher when the expenses of required inputs increase
less after application [18]. However, most researchers have focused mainly on the adoption of a specific
mitigation measure and its socio-economic barrier. Therefore, this field requires a more comprehensive
study examining a set of mitigation measures to determine which is best. Furthermore, among the
factors affecting farmers’ choices, whether an MM “fits” in the current farming conditions is also worth
considering. Generally, if an MM can meet these conditions and are beneficial, farmers are much more
likely to adopt it [19,20]. Therefore, in order to promote MMs among farmers, the government or
promotion agency must take both the effectiveness and applicability into consideration. It is the goal
of this paper to contribute more to the field of evaluation of different MMs in rice cropping.

The rest of the article is divided into three main parts. Firstly, we made a brief introduction of the
Best-Worst Scaling (BWS) method including its status of application. Following this, we explained
details of the process of the research design. This part was mainly composed by the design of the B-W
survey, Latent Class Model (LCM) construction and sampling. Finally, the results of BWS method and
LCM were introduced, followed by the conclusions and implications.

2. The Best-Worst Scaling Method

In order to examine the factors that could lead to stronger inclinations towards applicability for
various mitigation measures, a survey of rice farmers usually needs to be undertaken. A stated preference,
namely the Best-Worst Scaling (BWS) experiment, is designed to explore the relative strength of a set
of measures, which is used as the core component of the survey. Commonly, respondents in the BWS
investigation are shown a predefined number of sets of candidate items and asked to choose only two
items in each set that they consider the “best” and “worst” [21]. The choice task is repeated over a series
of sets containing diverse combinations of mutually exclusive items, which thus provides a preference
score. For example, in a set of four alternatives (A to D), one respondent chooses A as the best option
and D as the worst, which allows us to be certain that A > {B, C, D}, B > D and C > D. Thus, the order of
preference could be summarized. The standard BWS approach has several advantages over conventional
rating scales and is less distorted by potential response bias [22,23]. Essentially, it is less cognitively
sensitive and more accurate to select extremes on a scale instead of ranking all items simultaneously [21].
The Random Utility Theory constructs the basic premise and theoretical foundation of BWS. It is assumed
that an individual’s relative preference for object A over object B is a function of the relative frequency
with which object A is selected as a preferred choice to object B [24,25]. Marley and Louviere have given
formal theoretical foundations of best-worst probabilistic models [26].

BWS was first designed to allow respondents to make trade-offs in their choices regarding food
safety issues [21]. Although it has been mainly applied in business management and designing
marketing strategies [27,28], it is gaining much popularity in some new subjects, such as health
care [23,29]. In resource and environmental economics, it is gradually being employed to evaluate
different environmental policies or mitigation measures [30,31]. There are three cases of BWS being
used: Case 1 is often employed when the research mostly pays close attention to relative values of
different objects. They can be vehicles, policy goals or any other set of objects that can be somehow
meaningfully compared [32]. Generally, there will not be an attribute level structure, which always
appears in profile and multi-profile cases.
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3. Survey Design

3.1. Mitigation Measures in the Survey

First, we need to choose the objects included in the study. A total of 19 carbon mitigation
measures related to rice cropping were taken into consideration. They were selected mainly in
three ways: following the conclusions of existing literature [33,34], consulting from experts engaged
in GHG mitigations of rice cropping and interviews with farmers. We attempted to make sure
that these measures are more or less effective and are currently used by farmers. Following this,
a preliminary expert survey was conducted to select the 11 most effective mitigation measures for the

i

use of next step. In the expert survey, there were four classification options: “very effective”, “quite
effective”, “ineffective” or “do not know”. Answers were marked with scores of “2”,“1”, “—1" and “0”
respectively and then summed for each MM. In our research, the effectiveness means the effectiveness
of perception in reducing GHG emissions from the experts’ perspective. Although it did not show the
precise comparison by amount of GHG reduction among different MMs, it provided a judgement on
the overall effect of reducing GHG. Thus, there is some relative significance of comparison here.

We chose the 11 most effective measures because it was more convenient for building the model
matrix. Furthermore, effective scores of the remaining eight low-ranking MMs were not higher than
the average, while the selected 11 measures were. Therefore, it was reasoned to exclude the other
8 MMs from our research scope. Finally, the mitigation measures included in the BWS choice sets are
shown in Table 1. “Reducing the use of chemical fertilizers” ranked first in the effectiveness assessment,
followed by “adopting no-till cropping” and “returning stubble and straw to field”. The three least
effective mitigation measures from a professional point of view were “applying aquaculture in rice

a7

paddy”, “planting green manure” and “applying soil testing and formulated fertilization”.

Table 1. Mitigation measures analyzed with farming characteristics.

Mitigation Measures Input Elements  Soil and Water New Science
Management Management and Technology

1 = Reducing the use of chemical fertilizers X X

2 = Adopting no-till cropping X X

3 = Returning stubble and straw to field X X X

4 = Applying controlled-release fertilizers X X

5 = Mixed use of organic and chemical fertilizers X X

6 = Reducing the use of chemical pesticides X

7 = Applying intermittent irrigation X X

8 = Applying low-carbon rice seeds « %

(high nitrogen efficiency and low permeability)

9 = Applying aquaculture in rice paddy X X

10 = Planting green manure X X

11 = Applying soil testing and formulated fertilization X X X

Although there was limited research about evaluating the GHG mitigation measures of rice
cropping simultaneously, several conclusions revealed that managing fertilizer and water are the two
main controlling factors [35-37]. More specific research pointed that promoting midseason aeration by
short-term drainage (intermittent irrigation) is one of the most promising strategies, while improving
organic matter management is another candidate [38]. Wassmann et al. made a comparison among
measures of reducing methane emissions from rice fields and concluded that the most effective
measures included irrigation, use of compost and biogas residues [39]. From our results of the expert
survey, although intermittent irrigation was not selected as the most effective mitigation measure, the
measures ranking at the top were almost the same as the input management, especially fertilizer use.
Thus, our evaluation of effectiveness is consistent with most studies. Furthermore, our results give
a more detailed comparison of different fertilizer uses.
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3.2. B-W Survey

This paper attempted to distinguish which mitigation measures could be applicable in rice
cropping without considering different levels of each MM. Therefore, we employed the so-called
Case 1 of BWS, which ranked the items as whole entities [24]. To obtain a survey in which all
mitigation measures occurred equally often while all items were independent of each other, we used
an orthogonal design method based on an orthogonal array obtained from Sloane’s website [40,41].
Table 2 shows the complete design.

Table 2. The model matrix.

Number of Appearance

Items Choice Sets in the Survey
CS1 CS2 (CS3 (Cs4 (CS5 (CSe  (CS7 (€S8 (Cs9 (CS10 CS11 Cs12
MM1 1 0 0 1 0 0 0 1 1 1 0 1 6
MM2 0 0 1 1 0 1 1 1 0 0 0 1 6
MM3 1 0 1 0 0 1 0 0 0 1 1 1 6
MM4 0 0 1 0 1 1 0 1 1 1 0 0 6
MM5 0 0 0 1 0 1 1 0 1 1 1 0 6
MM6 1 1 1 1 0 1 0 0 1 0 0 0 6
MM7 1 0 1 1 1 0 1 0 0 1 0 0 6
MMS8 0 1 1 0 0 0 1 0 1 1 0 1 6
MM9 0 1 1 1 0 0 0 1 0 1 1 0 6
MM10 0 0 1 1 1 0 0 0 1 0 1 1 6
MM11 0 1 0 1 1 1 0 0 0 1 0 1 6
Number of items 4 4 8 3 4 6 4 4 6 3 4 6

in the choice set

At last, the survey contained six choice sets with four MMs, three sets with 6 measures and
3 choice sets with 8 measures. Thus, there were a final total of 12 choice sets. In Table 1, each MM
is compared with others six times in one survey (12 choice sets), while each pair of the measures
(such as MM1 and MM6) was compared three times in one survey (CS1, CS4 and CS9). Table 3 shows
an example of the choice set.

Table 3. Example of best-worst (B-W) questions used in the survey.

Most Applicable Least Applicable

Adopting no-till cropping
Returning stubble and straw to field
Applying controlled-release fertilizers
Mixed use of organic and chemical fertilizers
Reducing the use of chemical pesticides
Planting green manure

All 12 choice sets were included in each questionnaire, with farmers told to choose only the most
applicable MM and the least applicable one for reducing GHG during rice cropping in each choice
set. As shown in Equation (1), a BWS score was computed from the difference between the number
of times it was thought to be “best” (“most applicable”) and the number of times it was considered
“worst” (“least applicable”), divided by the product of the number of respondents and the frequency
each MM appears in the design [25].

Number(Best) — Number(Worst)
nxr

Standard Score = (1)
where Number (Best) = total number of times an MM was most applicable; Number (Worst) = total
number of times an MM was least applicable; n = the number of respondents; and r = the frequency
each MM appeared in the design (six in our plan).
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3.3. Latent Class Modeling

BWS analysis provided descriptive results in terms of the applicability of each MM among
responsive farmers. Moreover, we conducted further research by proposing an application of Latent
Class Modeling (LCM), which could measure the heterogeneity across the sample [42]. The reason
LCM was chosen instead of the Multinomial Logit Model or Mixed Logit Model was that LCM is more
suitable for BWS data and also could be used to capture underlying the latent dimension within the
respondents [43]. Generally, it is assumed that individuals are sorted into a set of Q classes or clusters,
although it is unknown as to which one is geared to a particular cluster beforehand [44]. Thus, in our
study, the LCM results provided information on the degree of differences in awareness of applicability
across the sample as well as how demographic and environmental variables (such as age and area)
affected the classification of respondents.

As illustrated by Loureiro and Arcos [42], the selected model could be regarded as a logit model
for a discrete choice among | alternatives, with each respondent (namely, the individual i) confronted
with the choice of locations T (12 in our case). Therefore, that can be expressed as:

exp (x{t’j Bq)
']i:1 exp (X{t,j Bq)

The choice sets can be different in particular applications. We use yj; to depict a specific choice
made as the best MM so that:

Prob(i, t,jlq) = 2

(j) = Prob(y;, = j|class = q) 3)

Following Greene and Hensher [44], we simplify Equation (3) to Py q while the prior probability
for class q for individual i is denoted as Hjq. For our application, considering the multinomial logit
whose form is: )

o exp (z10q)

Hiq = Q /
Lg—1€Xp ({0q)
where q is the number of classes, q € (1, ... , Q); and z; indicates a set of observable characteristics [45].

Following Loureiro and Arcos [42], the likelihood of this classification and selection for the sample
is calculated as:

(4)

In L= NP = YN In[£2 Hig (T Py ) (5)

The 11 MMs could be classified into one or more categories with regards to their characteristics.
They may belong to the input elements management, which means that farmer particularly focus
on their use of fertilizers, pesticides and seeds. They could potentially also belong to soil or water
management, such as conservation tillage. Furthermore, the measures could also be related to new
agricultural science or technology. Table 1 also displays the most relevant characteristics of all MMs. We
borrowed the original attributes from the literature [46], before inviting farmers and other stakeholders
to help with the professional judgment process. The characteristics were coded as dummy variables
for each MM to fit the LCM [42]. For further and deeper analysis, we added some socio-demographic
questions about the respondent’s farm conditions, personal information and others in the survey, as
shown in Table 4.
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Table 4. Description of socio-demographic characteristics.
Variable Description Mean  Std. Dew.

Gender 1 = Female; 2 = Male 1.89 0.320
Age Years of age in 2016 52.11 9.221
Education Years of received education 8.47 4721
Part time The months on non-agricultural job in last year 3.06 4.789
Area (hectares) Total rice farming areas 2.71 6.240
Plots Number of rice planting plots 10.75 13.963
Soil quality Self-evaluation of soil quality; 1 = very poor; 2 = relatively poor; 3 = general; 4 = relatively good; 5 = very good 3.28 0.904
Cooperative 1 = Join an agricultural cooperative; 0 = otherwise 0.15 0.361

Family income (thousand yuan) Total family income (including agricultural and non-agricultural) 124.11 385.302

Soil quality is treated, as ordered in the SPSS data set.
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3.4. Sample

Responses from 20 experts and 105 farmers were collected. The experts are botanists, biologists,
and/or ecologists from top academic institutions in China. Table 4 shows the characteristics of the
sample. The average age of respondents was 52 years old and the surveyed farmers are mainly male.
The distribution of this gender structure may be due to the fact that the head of households who make
production decisions are mainly men in the rural areas of China. We also considered the finances
(family income) and the degree of land fragmentation, which is a special characteristic of agricultural
production in China. These characteristics were transformed to variables and modeled as covariates in
LCM to observe how these factors affected the probability of farmers falling into each particular class.

The personal interviews with farmers were conducted randomly in 10 counties in Hubei province,
including Xinzhou, Macheng, Zhongxiang, etc. (Figure 1). Hubei province, which is the main crop
farming area, is located in central China and is on the middle reaches of Yangtze River. Similar to
Lagerkvist’s method of reducing the psychological bias of respondents [47], the respondents were not
compensated for their participation. Each interview lasted for 30-45 min, while the survey responses
were collected between 5 August and 11 September in 2016. The survey was pre-tested on 20 farmers
from Wuxue County in Hubei province. We asked a series of questions about the survey structure,
length and the carbon farming practices/MMs included in the choice sets. Based on the feedback, we
revised some questions, making the questionnaire briefer and easier to interpret.

Zaoyang

Zengdu
Macheng

. . Xinzhou
Hubei province

Wuxue

Zhijiang

Gongan Qianjiang

Figure 1. Areas surveyed.

4. Results and Analysis

4.1. BWS Results

Table 5 reports the BWS results. The rankings of MMs based on the BWS Standard Score are shown
in Column 5. The most applicable mitigation measures were “applying soil testing and formulated
fertilization”, “returning stubble and straw to field” and “applying controlled-release fertilizers”, while
“planting green manure” and “adopting no-till cropping” were the two most infeasible measures.
Although Standard Score demonstrated a ranking of the most to least applicable MMs, there is a lack
of knowledge with regards to the relative applicable information, i.e., how applicable the third ranked
MM was relative to the top one. To investigate the correlativity, we adopted a new index, which was
calculated from taking the square root for best/worst score Column 6. This value is then scaled by
a factor such that the most applicable measure with the highest index was assigned an interval scale of
100 [48]. The resulting coefficients in Column 7 measured the choice probability compared to the most
applicable MM [27].
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Table 5. Best-Worst Scaling results.
@ @ (3) @ (5) ) ) ®)
Mitigation Measures Total Best  Total Worst Aggregated B/W Score Ranking Based on Sqrt B-W Standardized Sqrt Interval Ranking Based on
B-W Score (Standard Score) Standard Score Scale (Relatively Important)  Standardized Scale
Applying soil testing and formulated fertilization 232 32 200 0.3175 1 2.6926 100 1
Applying controlled-release fertilizers 146 49 97 0.1540 3 1.7261 64.1076 2
Returning stubble and straw to field 181 62 119 0.1889 2 1.7086 63.4563 3
Mixed use of organic and chemical fertilizers 147 54 93 0.1476 4 1.6499 61.2763 4
Applying aquaculture in rice paddy 141 145 —4 —0.0064 5 0.9861 36.6232 5
Applying low-carbon rice seeds 77 95 —18 —0.0286 6 0.9003 33.4360 6
Reducing the use of chemical fertilizers 87 134 —47 —0.0746 7 0.8058 29.9253 7
Reducing the use of chemical pesticides 57 121 —64 —0.1016 8 0.6863 25.4904 8
Planting green manure 71 157 —86 —0.1365 10 0.6725 24.9753 9
Applying intermittent irrigation 58 137 =79 —0.1254 9 0.6507 24.1649 10
Adopting no-till cropping 63 275 —212 —0.3365 11 0.4786 17.7760 11

Notes: Column (3) = Column (1) — Column (2), Column (4) = Column (3)/(105 x 6), Column (6) = Square root of Column (1)/Column (2), Column (7) = Standardized square root

interval scale.
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Column 7 and Column 8 of Table 5 refined the ranking using the standardized scale. “Applying
soil testing and formulated fertilization (STFF)” also emerged as the most applicable measure, after
taking the interval scale of 100. All other standardized scales were computed relative to this value.
For instance, “adopting no-till cropping” was only 0.18 times as applicable as “applying soil testing and
formulated fertilization”. The ranking of MMs based on the standard scale painted a spectacular picture.
The top three applicable MMs remained the same while the second and third places exchanged places
compared to the ranking based on the standard score. In addition, the second highest ranked MM
“applying controlled-release fertilizers” had a standardized square root interval score of 64.1 relative
to the score of 100 for the top ranked measure. This essentially means that “applying STFF” is
considerably more applicable than all other MMs. Similarly, “applying controlled-release fertilizers”,
“returning stubble and straw to field” and “mixed use of organic and chemical fertilizers” all got scores
above 60, which were far more than the 5th ranked MM, namely “applying aquaculture in rice paddy”.
The first four highest ranked MMs were considered to be most suitable for application in rice cropping
from the views of farmers joining the survey.

Both the expert effectiveness and farmer applicability scores are plotted in two 2 X 2 spaces
(Figures 2 and 3). The axes of Figure 2 represented the standard B-W score and the average effective
score from experts, while the titles of “applicable” and “very effective” are displayed in Figure 3. It is
noticeable that MMs in the upper right area scored highly for both effectiveness and applicability.
Neither figure shown an MM, which could combine best effectiveness and applicability. However,
some important conclusions could be made. MM11 (applying STFF) and MM1 (reducing the use of
chemical fertilizers) always located at the top or in the right area in the coordinate system. MM2
(adopting no-till cropping) and MM6 (reducing the use of chemical pesticides) performed well in
effectiveness, although they demonstrated limited applicability. In any case, MM3 (returning stubble
and straw to field) and MM4 (applying controlled-release fertilizers) were considered to be both
relatively applicable and effective carbon-mitigation practices during rice cropping.

0.4 -
Practicability

MM11 o

0.2 - MM3
MMS5

MM4

Effectivenes
0.0 T T T T T . T T T 1
D 0.2 0.4 0.6 0.8 1 1.2* 1.4 1.6 1.8 2

*
-0.1 A . MM1

¢ MM2

04 A

Figure 2. Plot of effectiveness and applicability (standard score); applicability is represented by the
B-W score (standard score); and effectiveness is the average effective score from experts.
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Figure 3. Plot of effectiveness and applicability (numbers).

4.2. LCM Results

With the employment of the latent model, we could conveniently use the empirical estimation to
assess what types of MMs are applicable for different farmers and how the covariates in the model
affect the choices. We tentatively estimated several models to determine the optimal number of
classes for our analysis with the software, Latent Gold 4.5. Table 6 displays the estimates of four
models, including the L? and Log-Likelihood value as well as their Bayesian Information Criteria (BIC).
As a smaller BIC implies a better estimation [42], it is easy to notice that the model of class 2 performed
best. On the criteria of parsimony, a latent cluster model of two classes with several covariates was
selected for further analysis. Furthermore, we estimated the robust standard errors and Wald statistics
to validate our results [49].

Table 6. Statistics employed to define the optimal number of classes.

L2 BIC(L2) LL BIC(LL)
Class 1 1674.9597 1432.9538 —838.8662 1924.3922
Class 2 1582.4707 1400.9663 —792.6217 1892.4047
Class 3 1541.4420 1420.4391 —772.1073 1911.8775
Class 4 1511.7904 1451.2889 —757.2815 1942.7273

Table 7 provides the empirical results of this latent class estimation. As observed, differences
across classes were significant. Farmers in Class 1 viewed input elements management as more
applicable. In contrast, Class 2 with two positive coefficients represented the group of respondents,
who regarded soil and water management as most applicable followed by new science and technology.
The size of the class or the probability of belonging to Class 1 was 59.44%, while this was 40.56%
in Class 2. Thus, a relatively larger number of people were likely to take measures related to the
application of fertilizers and pesticides instead of applying some tillage management practices or new
science and technology. The application of this LCM highlighted the existence of the heterogeneous
preferences (applicable) for mitigation measures.
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Table 7. Empirical results for Latent Class Model (2 classes).

Attributes Class1 Coef.  Class2 Coef. Wald p-Value
Input elements management 0.2946 —0.2946 15.3710 8.8 x 1075
Soil and water management —0.4962 0.4962 24.3703 8.0 x 1077
New science and technology —0.1659 0.1659 9.1533 0.0025
Model for classes
Gender 0.2328 —0.2328 0.3201 0.57
Age 0.0502 ** —0.0502 ** 5.8974 0.015
Education 0.0827 —0.0827 2.0697 0.15
Part time 0.1097 ** —0.1097 ** 6.8488 0.0089
Area —0.1334 0.1334 2.1673 0.14
Plots 0.0328 ** —0.0328 ** 4.2592 0.039
Soil quality 0.0100 —0.0100 0.0040 0.95
Cooperative 0.1122 —0.1122 0.0625 0.80
Family income 0.0003 —0.0003 0.0565 0.81
Intercept —3.9034 3.9034 5.7765 0.016
Prob. 0.5944 0.4056 - -

Notes: *p < 0.1; ** p < 0.05.

Considering the socio-demographic profiles of the two classes, three main covariates were
significant determinants of class membership and were in bold font in the table: age, part time and plots.
Through the signs of coefficients, we drew the conclusion that those who were older and spending
more time on non-agricultural jobs were willing to take the MMs related to arranging input, such as
fertilizers and pesticides. Meanwhile, the fragmentation of farmland also led to the input management.

Despite the perceptions of applicability not actually guaranteeing the actual behavior of applying
these mitigation measures, it could be inferred that those who were attributed to Class 1 would be more
than willing to implement input management measures to reduce carbon emissions in the process of
growing rice if possible. Correspondingly, respondents in Class 2 would choose soil and management
as mitigation measures first, followed by some practices associated with new science and technology as
sub-optimal choices. These conclusions could be very useful in practical applications and policy making,
especially in the extension of agriculture technique, which will be mentioned in the next section.

5. Conclusions and Implications

This paper aims to explore which mitigation measure of reducing GHG in rice cropping is
considered feasible with regards to effectiveness and applicability as well as what the influencing
factors are. As found in previous research, fertilizer management and conservation tillage showed great
potential in mitigating GHG in the rice system [50,51]. Our BWS survey revealed that for rice farmers in
Hubei province, the top three applicable MMs are “applying soil testing and formulated fertilization
(STFF)”, “applying controlled-release fertilizers” and “returning stubble and straw to field”. The Chinese
government has launched a plan to subsidize the use of STFF every year [52], with all counties having
been covered with the promotion. In general, soil testing can rarely be implemented by farmers alone in
China because of high detection costs. The fertilizer companies produce fertilizer on the basis of chemical
composition of local soil, which requires the participation of a large number of farmers. After this,
farmers obtain access to STFF mainly through the extension of agricultural technology. Thus, with the
help of government, applying STFF does not appear to be difficult for them, which could explain why
this measure was most likely to be adopted even though it did not show much potential in carbon
mitigation as known from experts in our survey. Unfortunately, the BWS results do not coincide with the
most evaluation of effectiveness from the expert survey. Thus, none of the 11 MMs performed best in both
effective and applicable respects. “Returning stubble and straw to field”, “applying controlled-release
fertilizers”, and “mixed use of organic and chemical fertilizers”, are considered to be comparatively
balanced in terms of potential to reduce carbon emissions and practical operability. This study implied
that the usage of fertilizer showed a relative advantage in terms of mitigation implementation overall.
Hence, the mitigation program should concentrate more on this field.
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Some farmers’ personal characteristics and socio-economic conditions could explain how the
farmers were classified. As to the factors that influence the classification of farmers, the policies are
different. In the case of Hubei province, it would be much more effective to promote input elements
management to farmers who are older and have more time on off-farm work. Because they tend to lack
time and labor in the agricultural production and management, and they are not willing to learn new
farming technology. However, the improvement of fertilizer or seeds would be the most possible for
them to adopt. Moreover, in areas where the land is more concentrated, such as plains, soil cultivation
management and new technologies for agriculture are more widely available, and the prospects of
promotion are well demonstrated. Different from farmers in the foothills areas, farmers in plain regions
tend to manage large scale and concentrated lands, it would be more conducive to test and development
of new technology and easier for to mechanized farming on soil. Reconciling such views may be
a pre-requirement in order to reduce conflicts and could promote green agricultural technologies among
farmers by designing specific MMs suited to their farm type and locality in China, especially in Hubei
province. Thus, our study suggested that the mitigation policy or program targeted at particular areas
or farmers instead of “one size fits all” would achieve the goal of GHG reduction more effectively.
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