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Abstract: The adoption of environmentally friendly farming practices, such as organic farming, is
promoted as a promising option for meeting the sustainable development goals in Taiwan. Taking the
paddy rice as an example, this study examines the determining factors of organic farming adoption
with an emphasis on farm households’ socio-economic characteristics. Based on data drawn from the
2015 Census of Agriculture, Forestry, Fishery and Animal Husbandry, rice farm households’ adoption
of organic farming is defined as allocating part of the farmland to rice plantation without using any
chemical fertilizers and pesticides. In line with previous research, farm operators’ age, educational
level and on-farm workdays are found to be significant determinants of organic farming adoption.
Socio-economic characteristics of the farm household are also found to be relevant to the adoption
decision. The results suggest that household-level human capital such as proportion of middle-aged
or elder members, and proportion of members with college degree, have significantly positive effect
on the adoption probability. Since organic farming is more labor-demanding than conventional
farming, this study performs a further analysis to examine the differences in the determining factors
between full-time and part-time households. Relative to the young operators, middle-aged operators
in the full-time households are found to be less likely to adopt organic farming, whereas the elder
operators in the part-time households have a higher adoption probability. Additionally, share of
members with a college degree is found to be another significant driving factor of adoption, which is
however only true for the part-time households. Exploring the diverse impacts of socio-economic
factors for the two groups of households contributes to the extant literature by narrowing the gap in
understanding the relation between farm management strategy and organic farming adoption.

Keywords: organic farming; adoption determinants; rice farm households; household-level charac-
teristics; human-capital related factors; agriculture census data

1. Introduction

With the increasing awareness of negative impacts of chemical fertilizers and pesti-
cides on the environment, environmentally-friendly farming practices have been proposed
as promising alternatives for the achievement of sustainable development goals. One
major thread of research in the past has focused on the identification of the drivers and/or
barriers influencing the adoption rate of organic farming. The extant literature on the
determining factors of the adoption of organic farming can be roughly divided into four
categories including: (1) farmers’ socio-economic characteristics; (2) farm characteristics;
(3) attitudinal or psychological factors; and (4) social capital and learning. A similar catego-
rization of the evidence-based factors affecting farmers’ organic farming adoption decision
can be found in the most recent reviews, e.g., [1].

Farmers’ socio-economic characteristics identified as the factors influencing the adop-
tion of organic farming include the farmer’s gender, age and education, [1–12]. It was
found that female farmers are more inclined to adopting organic farming [1,2,5,7,9,10].
Possible explanations for the significant gender differences in practicing organic agriculture
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may be due to different value orientations held by females and males [13] and the fact that
females’ bond with Nature is inherently stronger than that of males [14]. Another major
determinant of organic farming adoption is the age of the farmer. Some of the previous
studies found that younger farmers are more likely to adopt organic farming [2,5,7,9].
However, in some recent reviews of the factor influencing sustainable farming practices
adoption in Europe, age is found to be of importance in terms of affecting the adoption
of sustainable farming practices but the empirical evidence is not conclusive as to if age
is a driver or barrier [12]. A similar finding was reported in a study of organic cotton
which found old farmers are more likely adopt organic farming [10]. In addition to gender
and age, some of the previous studies found education to play a role in influencing the
adoption of organic farming. Most of the extant research found the probability of organic
farming adoption is higher for farmers with higher educational levels, e.g., [4,5,8]. The
two recent review articles, [1,12], also suggested the same conclusion after a systematic
review. However, in some study of West Africa, farmers with lower educational levels
were found be more inclined to adopting organic cotton farming practices [10], while the
effect of education was found to be insignificant in explaining the adoption of organic
horticultural techniques in the UK [3].

Taking the paddy rice as an example, this study examines the determining factors of
organic farming adoption in Taiwan. Organic farming has been the major environmentally-
friendly farming practice adopted in Taiwan since it was first promoted in 1995 [15].
However, the share of farmland allocated to organic agriculture is still below 2% (Figure 1).
The findings in this study can provide important policy implications concerning the pro-
motion and development of the environmentally-friendly farming practices in Taiwan.
Furthermore, with an emphasis on farm households’ socio-economic characteristics that are
related to human capital, this study departs from the previous research by investigating the
effect of farm-household-level human capital on the adoption of organic farming. Based on
213,534 rice farm households drawn from the 2015 Census of Agriculture, Forestry, Fishery
and Animal Husbandry (henceforth 2015 agriculture census in short), shares of different
age groups and educational levels in the household working population, that is, members
aged 15 and above, are used to capture the effect of farm-household characteristics. This
study contributes to the existing body of knowledge by advancing our understanding of
the factors determining the adoption of the environmentally-friendly farming practices.
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Figure 1. Land area and share of organic agriculture in Taiwan. Source: Adapted from [16], with permission from Organic
Agriculture Promotion Center (OAPC), 2021. OAPC official website: www.oapc.org.tw.

The possible influence of off-farm work on the adoption of organic farming has
been discussed in the literature of technology adoption [17,18] and organic farming [19].
Some study of Spanish olive orchards showed that organic olive farmers tend to work
off the farm [19]. Nonetheless, another study for U.S. soybean farmers pointed out that
farmers having off-farm works may become reluctant to adopt managerially intensive
technology [20]. Since organic farming is often considered as more labor-demanding than

www.oapc.org.tw
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conventional farming, the two divergent findings motivate our further investigation of
differences in the factors determining the adoption decision between full-time and part-
time farmers. Exploring the differences in the adoption behavior between the two types of
farmers can contribute to the extant literature by narrowing the gap in understanding the
association of farm management strategy and the adoption behavior.

2. Materials and Methods
2.1. Data and Descriptive Statistics

The rice farm household data used in the present study is taken from the 2015 agricul-
ture census which is a national survey released by the Executive Yuen in Taiwan. According
to the codebook of the agriculture census data, the “main crop” is defined as the crop which
contributes most to the total production value in each farm household. We only focused on
farm households mainly producing paddy rice which is composed of around 39% of all
farm households in the 2015 agriculture census, resulting in 213,534 observations in total.

Definitions and descriptive statistics of the dependent and explanatory variables are
listed in Table 1. The boldface subtitles (Dependent variable, Principal operator, Household
members over 15 years old, and Farm characteristics) are used to emphasize different types
of the explanatory variables. The rice farm households’ adoption of organic farming is
defined as allocating part of the farmland to rice plantation without using any chemical
fertilizers and pesticides. A positive share of farmland devoted to organic farming is used as
the indicator for the adoption of organic farming. Among the 213,534 rice farm households,
approximately 4% of the households allocate part of their farmland to organic farming.

Table 1. Definition and descriptive statistics.

Variable Definition Mean Frequency

Dependent variable
Adopt Organic rice farming is adopted = 1 and 0 otherwise 0.039 8246

Principal operator
Male Gender of the principal operator 0.811 173,162

Age (under 45) Age (less than 45 years old) 0.048 10,268
Age (45–65) Age (45–64 years old) 0.455 97,130

Age (65 and up) Age (more than 64 years old) 0.497 106,136
Elementary Education (elementary school and below) 0.485 103,524

Junior Education (junior high school) 0.213 45,418
Senior Education (senior high school) 0.222 47,389

College Education (college and above) 0.081 17,203
On-farm work (<30 days) On-farm work (less than 30 days) 0.268 57,331

On-farm work (30–59 days) On-farm work (30–59 days) 0.302 64,413
On-farm work (60–89 days) On-farm work (60–89 days) 0.223 47,682
On-farm work (90–149 days) On-farm work (90–149 days) 0.121 25,835

On-farm work (150–179 days) On-farm work (150–179 days) 0.048 10,193
On-farm work (180–249 days) On-farm work (180–249 days) 0.023 4936

On-farm work (>249 days) On-farm work (more than 249 days) 0.015 3144

Variable Definition Mean Std. Dev.

Household members over 15 years old
FH_male Share of male members 0.557 0.25

FH_age (under 45) Share of members under 45 years old 0.330 0.29
FH_age (45–65) Share of members aged 45 to 64 0.343 0.30

FH_age (65 and up) Share of members aged 65 and up 0.327 0.35
FH_elementary Share of members with elementary school education and below 0.339 0.34

FH_junior Share of members with junior high school education 0.160 0.26
FH_senior Share of members with senior high school education 0.270 0.30
FH_college Share of members with college education and below 0.231 0.28

Working Share of members currently working 0.762 0.25

Not working Share of members not working (housework, students, sick,
retirement, etc.) 0.238 0.25

Farm characteristics
Land Farmland used for crop production (hectare) 0.719 1.52
Labor Hired labor (calculated by number of labors hired per month) 0.757 3.44

Note: Number of observations = 213,534.
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The farm operators are categorized into three age groups: (1) young farmers (less
than 45 years old); (2) middle-aged farmers (45–64 years old) and (3) elder farmers (more
than 65 years old). According to the descriptive statistics reported in Table 1, the principal
operators are mostly male, in old group over 65, and had education level below junior high
school. We divide working days on the farm into seven groups. The operator’s on-farm
working day could be also used to determine whether it was a full-time or part-time farm
household. Full-time farms are those whose operator’s on-farm working days are more
than 150 days [21]. As the data shown in Table 1, full-time farms only account for 8.6%.

In the present analysis, the socio-economic characteristics of family members over
15 years old are taken into account. The household-level factors considered include the
proportion of each educational level, working status, gender, and age group. The average
education level of the farm household is usually higher than that of the operator. According
to Table 1, the farm household’s gender and age distributions are more equally distributed.

There are two farm-level determinants considered in this study—farmland area and
number of hired workers. The sample mean of farmland (in hectare) and hired workers
(in persons) are, respectively, 0.719 and 0.757. To check the distribution of farm land and
hired labor, Figure 2 shows the scatter plot with labor on x-axis and land on y-axis. The
summary statistics indicate that the distributions of both farmland and worker are skewed
to the right.
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2.2. The Model

The adoption of organic farming can be described using a random utility model
(RUM). The adoption choice lies in the mutually exclusive and exhaustive choice set, J, in
which j = 0 stands for conventional farming whereas j = 1 stands for organic farming. The
utility resulting from individual i′s adoption of farming method j is denoted by Uij, which
is specified as the following [22,23]:

Uij = Vij

(
Xi;βj

)
− εij, i = 1, 2, . . . , N, j = 0, 1 (1)

To put it simply, let Vij stands for Vij(·). In (1), Vij is the expected utility which is
assumed to be a function of all observable attributes, denoted by Xi. Vector of parameters
is denoted by βij, and the random error term is denoted by εij. The probability farmer i
deciding to adopt organic farming can therefore be written as:

Prob(Ui1 > Ui0) = Prob(Vi1 − εi1 > Vi0 − εi0) = Prob(Vi1 −Vi0 > εi1 − εi0) (2)
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The probability of adoption is, therefore, equal to the cumulative probability of εi on
the right-hand side in (2). In this study, we use the probit model to estimate the factors
influencing the rice farm households’ decision to adopt organic farming. Accordingly, the
error term is assumed to follow the standard normal distribution.

The observed choice of adoption of organic farming can be denoted by some indicator
variable, y, which takes the value of 1 if the farm household allocates part of its farm-
land to organic farming and takes the value of 0 if otherwise. The model is formulated
as the following:

yi
∗ = β0 + Xi1β1 + Xi2β2 + Xi3β3 + ei (3)

Prob(yi
∗ > 0|X1, X2, X3,β0,β1,β2,β3) = Φ(Xβ) =

∫ Xβ

−∞
φ(ei)dei (4)

In the above equations, the latent variable, yi
∗, is a linear function of X1, X2 and X3.

X1, X2 and X3 denote, respectively, the vectors of the socio-economic characteristics of
the farm operator, farm household and farm. β1,β2 and β3 are the parameter vectors
corresponding to X1, X2 and X3. The adoption probability is an integral over a range of the
values of the error term ei. Considering that there might be nonlinear effect in land size, its
quadratic term was included in the model.

The probit model is estimated by the maximum likelihood (ML) method. The coeffi-
cients estimated therefore have different meaning compared with those in linear regression
models. To obtain more straightforward results, we provide partial marginal effect esti-
mated at means. Further discussion about the probit model can be found in [23].

∂E(y|X,β)
∂X

= φ(Xβ)β (5)

3. Results
3.1. Determinants of Adoption

Our primary interest is in identifying the determinants of organic farming adoption.
To this end, results of probit estimation are reported in Table 2. Since the coefficient
estimates in the probit model is not a measure of the marginal effect of the explanatory
variables, we also report the marginal effect estimates in Table 2.

Results in Table 2 indicate that the principal operator’s age is one significant deter-
minant of organic farming adoption. Relative to the young farmers, elder farmers that
aged 65 years old or older are more likely to adopt organic farming. In addition to age,
educational level is another human capital related factor. The marginal effect estimates for
the principal operator having a college degree is 0.013, suggesting that operators that are
well-educated have approximately 1.3% higher probability of organic farming adoption.
The on-farm working days have positive effects on the adoption of organic farming. In
general, farmers devoting more time on the farm have higher probability to adopt organic
farming. The marginal effects range from 1.14% to 31.8%, with a slight decline to 13.3%
for the group with on-farm working days between 180–249 days. Farms with more hired
workers also tend to adopt organic farming, with 0.1% higher in the probability of adoption.
The result also indicates the influential role of educational level. It is found that, relative to
operators receiving elementary school education, the principal operator holding a college
degree or above are more inclined to adopting organic farming.

Socio-economic characteristics of the farm household are found to be relevant to the
adoption behavior. Farm households with higher proportion of middle-aged or elder
members (age ≥ 65) have significantly higher probability to adopt organic farming. Specif-
ically, more of the middle-aged and elder members in the farm household increases the
probability of adoption by 1.4% and 1.3% respectively. Proportion of farm household
members with college degree is an indication of household-level of human capital. Results
in Table 2 indicate farm households with more members attaining the college degree have
approximately 1.5% higher adoption probability. The result therefore provide evidence



Agronomy 2021, 11, 2195 6 of 11

supporting the positive influence of household-level human capital on the adoption of the
environmentally-friendly farming practices.

This study considers two farm factors in explaining rice farm household’s adoption
behavior. With a marginal effect estimate of 0.001, the result in Table 2 indicates the positive
effect of the number of hired labor on the adoption probability. Considering possible
nonlinear influences of farmland area, the squared term of farmland is included into our
regression model.

Table 2. Coefficient estimates and marginal effect.

Probit Regression Marginal Effect

Variable Coef. Std. Err. dy/dx Std. Err.

Principal operator
Male −0.028 0.022 −0.002 0.002

Age (45–65) −0.003 0.034 0.000 0.003
Age (65 and up) 0.061 * 0.036 0.005 * 0.003

Junior −0.005 0.028 0.000 0.002
Senior 0.050 0.031 0.004 0.003

College 0.147 *** 0.041 0.013 *** 0.004
On-farm work (<30 days) base group

On-farm work (30–59 days) 0.114 *** 0.033 0.010 *** 0.003
On-farm work (60–89 days) 0.126 *** 0.044 0.011 *** 0.004

On-farm work (90–149 days) 0.179 *** 0.056 0.016 *** 0.006
On-farm work (150–179 days) 0.214 *** 0.063 0.020 *** 0.007
On-farm work (180–249 days) 0.135 * 0.077 0.012 0.008

On-farm work (>249 days) 0.318 *** 0.102 0.034 ** 0.014
Household members over 15 years old

FH_male −0.025 0.028 −0.002 0.002
FH_age (45–65) 0.176 *** 0.035 0.014 *** 0.003

FH_age (65 and up) 0.156 *** 0.060 0.013 *** 0.005
FH_junior 0.008 0.042 0.001 0.003
FH_senior 0.032 0.055 0.003 0.004
FH_college 0.185 ** 0.078 0.015 ** 0.006

Working −0.161 *** 0.033 −0.013 *** 0.003
Farm characteristics

Land 0.071 *** 0.010 0.006 *** 0.001
Labor 0.008 ** 0.004 0.001 ** 0.000
cons −2.002 *** 0.069

Note: *, ** and *** denote significant at the 10%, 5% and 1% significance level.

The results in Table 2 illustrate that the farmland size has a positive but decreasing
effect on the probability of adoption. A plot of the estimated probability of organic farming
adoption with the farmland area is presented in Figure 3 which portrays the inverted-U
shape of the influence of farmland area on the adoption probability. As it is shown, farms
with less than 50 hectares of farmland, the predicted probability is increasing with farm
scale. Nevertheless, for the farms larger in size, ranging from 60 hectares to more than
150 hectares, increase in land size reduces the likelihood to adopt organic farming.
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3.2. Comparing Full-Time and Part-Time Farmers

A common rule to define part-time farming is working 150–200 days off the farm [21].
Based on this definition, principal operators who report more than 150 days of on-farm
working days annually are categorized as the full-time farmers in this study. This cat-
egorization triggers another interesting question: Are the two groups different in the
determinants of organic farming adoption? Using the categorizing rule, we divide the
sample into two groups to examine the differences in the factors determining the adoption
of organic farming. The results of the estimated coefficient and partial marginal effect at
means are presented in Table 3.

Table 3. Probit estimation of full- and part- time households.

Full-Time Household (obs = 18,273) Part-Time Household (obs = 195,261)

Variable Marginal Effects Std. Err. Marginal Effects Std. Err.

Principal operator
Male 0.007 0.005 −0.003 0.002

Age (45–65) −0.021 ** 0.010 0.001 0.003
Age (65 and up) −0.008 0.012 0.005 * 0.003

Junior 0.003 0.008 −0.001 0.002
Senior 0.010 0.009 0.003 0.003

College 0.026 0.017 0.012 *** 0.004
On-farm work (<30 days) Base group

On-farm work (30–59 days) 0.009 *** 0.003
On-farm work (60–89 days) 0.009 ** 0.004
On-farm work (90–149 days) 0.013 ** 0.005

On-farm work (150–179 days) Base group
On-farm work (180–249 days) −0.006 0.006

On-farm work (>249 days) 0.021 * 0.012

Household members over 15 years old
FH_male −0.011 0.008 −0.001 0.002

FH_age (45–65) 0.031 *** 0.011 0.012 *** 0.003
FH_age (65 and up) 0.019 0.016 0.012 ** 0.005

FH_junior −0.005 0.012 0.001 0.003
FH_senior 0.009 0.013 0.002 0.004
FH_college 0.016 0.019 0.015 ** 0.006

Working −0.008 0.010 −0.013 *** 0.003

Farm characteristics
Land 0.004 *** 0.001 0.009 *** 0.001

Landsq −0.000 * 0.000 −0.000 *** 0.000
Labor 0.000 0.000 0.001 ** 0.000

Notes: *, ** and *** denote significant at the 10%, 5% and 1% significance level.

One interesting finding from the comparison of the adoption determinants is that
female operators of the part-time farms are more likely to adopt organic farming while
female operators of the full-time farms are not. The results suggest the presence of signifi-
cant gender differences in rice farming may depend on the time principal operators devote
to on-farm work. Some previous studies explained the gender difference in agricultural
practices from the perspective of value orientations held by the female and the male [13]
and the females’ stronger bond with the nature [14]. The findings in this study partly sup-
port this observation. According to the results in Table 3, relative to the young operators,
middle-aged operators of the full-time households are less likely to adopt organic farming.
As for the part-time households, elder operators have a higher adoption probability relative
to the young operators.

In general, both groups adoption probability increases with the principal operator’s on-
farm working days. The operator’s college degrees are relevant only to part-time farmers,
with 0.012 of marginal effect. A novel finding is that, the larger share of the members who
are currently working in the part-time households, the probability of adopting organic
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farming is lower. This result is in line with previous research finding the significant
influence of off-farm employment on the probability of adoption [24]. Similarly, number of
hired labor significantly increases the adoption probability for the part-time households.

The land size is a significant determinant of the adoption probability for both full-
and part-time households. For the part-time households, the magnitude of the marginal
effect is more than twice of that of the full-time household. The squared terms are all
significant as well. The curves showing the relation of land size and estimated adoption
probability are plotted in Figure 4 which reveals a similar inverted-U shape which peaks
at 80 hectares for both groups. However, the curvature of the curve for part-time farms
is larger, suggesting the marginal effect of land size on the adoption probability is greater
for the part-time households.
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4. Discussion

Our primary interest was to examine the determinants of organic farming adoption
of rice farmers in Taiwan. The results reveal that the principal operator’s characteristics,
such as their devotion to farm activities reflected by on-farm working days, and household
human capital related characteristics along with farm traits have significant effects on the
adoption decision. It is notable that, taking diverse crop types or livestock sectors and
different methods utilized into account, past studies did not reach a consensus in most of
the variables considered in this study. Our result that elder farmers that aged 65 years old
or older are more likely to adopt organic farming is in part consistent with some previous
research, e.g., [12]. The result presented here is novel. Since organic farming is often
regarded as more labor demanding for the time cost on crop management, elder farmers
are considered less likely to adopt. We also find that the households with larger share of
mid-aged or elders are more inclined to the adoption of organic farming. Taken together,
in the present study, age is a significant driver to organic farming, similar to the finding
in [10]. The insignificance of gender, however, is not consistent with some of the previous
studies, e.g., [7,9,10].

The result that on-farm work days have positive effects on organic farming adoption
is consistent with the results reported in some earlier literature, e.g., [1,5,8]. One possible
explanation for this result is that the farmers devoting more time to on-farm work may
be more concerned with the negative effect of conventional farming on their health or on
the environment. Although psychological factors such as environmental/health concern
have been found to be a driver for the adoption of environmentally friendly practices [15],
the data is not available in the agriculture census. However, the finding of the positive
effect of on-farm working days can be taken to be some indication of farmers’ environmen-
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tal/health concern since organic farming is considered more environmentally friendly than
conventional farming.

It was found in the literature that farmers’ off-farm work is one significant determinant
of organic farming adoption [17–19]. In order to explore the differences in the adoption
behavior between full- and part-time farmers, we categorize farm households into the two
types. The results reveal that the determinants of organic farming adoption are diverse
among full- and part-time households. It is found that, middle-aged full-time farmers
have lower probability to adopt. This result may suggest that, for farmers who make living
primarily on agricultural production, organic farming is not a promising alternative from the
perspective of earning. Results concerning household member characteristics, nevertheless,
have opposite effect from that of operators. The results connote that middle-aged family
members in full-time farmer households may nudge principal operators towards organic
farming. This result suggests the importance of opinion given to main operators by family
members of the same generation, that is, brothers, sisters, or husbands and wives.

While some previous work, e.g., [24,25], did not find a significant effect of off-farm
work on the adoption of organic farming, some studies found a positive association
between off-farm income and organic adoption [26,27]. It was also pointed out in the
previous work that off-farm income is critical to the adoption of new farming method [24].
This gives a possible explanation to the finding that part-time households hiring more
labor have a higher probability to adopt organic farming. Since organic farming is more
labor-demanding, part-time farm operators may need to hire workers to mitigate their
burden on farm management.

Turning the spotlight to farm scale in the determination of organic farming adoption,
our findings on farm size are not consistent with past studies. While farm size was found
to be an insignificant determinant of organic farming [3,24,28,29], it was found to have a
positive impact in the present study. Furthermore, by dividing the rice households into
full- and part-time households, the results indicate that the farm size has greater impact for
part-time farm households (Figure 3). This result may reveal the variation in the degree
of aversion towards agricultural production risks. Specifically, because part-time farmers
have more diversified income sources, they may be less risk-averse towards production
risks, and thus are more willing to take the risk of lower production in exchange of healthier
living style or better environment. Analogously, full-time farmers may be more risk-averse,
and therefore are less willing to adopt organic farming. Figures 3 and 4 show an inverted-U
relation between the probability of organic farming adoption and farm size. Nevertheless,
the few large farms pull the curve downward. This study retains those observations since
these large farms have influential impacts on organic extension in Taiwan.

5. Conclusions

Our exploration of the differences in the adoption determinants between the part-
and full-time households contributes to the extant literature by narrowing the gap in
understanding the association of farm management strategy and the adoption of organic
farming. From the perspectives of policy design and agricultural extension, the present
study also enables politicians and practitioners to gain understanding of the drivers and/or
barriers of organic farming adoption.

Understanding the determinants of farmers’ organic farming adoption has been
an important issue in the last two decades. Previous studies on this issue tended to
utilize relatively smaller data set with observations around or less than 600 [1]. The
understanding of the determinants of adoption is thus limited in scope in comparison to
large dataset, and inconclusive results were often reported. The data used in this study is
taken from the national-level agriculture census. Therefore, the results found in the present
study can provide significant complements to the literature on organic farming adoption.
Furthermore, it is found that household-level human capital such as proportion of middle-
aged or elder members, and proportion of members with college degree, have significantly
positive effect on the adoption probability. The results suggest that for outreaching organic
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farming, different projects can be designed according to farm households’ characteristics in
order to achieve the policy agenda.

Previous studies on determinants of organic farming adoption were often constrained
by the dataset used. This study is no exception. Since the data used in this study is taken
from the national-level agriculture census, data for the psychological factors related to the
adoption behavior are not available. Therefore, one possible avenue for further research is
to take into account the other attributes that may also affect the adoption decision, such as
environmental concerns [15], positive/barrier attitude, norms and moral obligations [1].
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