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Abstract: To overcome the challenging food safety and security problem, in 2003, the Thai govern-
ment initiated ‘Good Agricultural Practices’ (GAP) technology. This paper used a sample of 107
small chili farms from the Chiyaphoom province for the 2012 crop year, and data envelopment
analysis (DEA) meta-frontier directional distance function technique to answer two questions: (1) Are
GAP-adopting farms, on average, more efficient than conventional farms? (2) Does access to GAP
technology affect farmers’ decisions to adopt GAP technology? We also developed an ‘indirect’ ap-
proach to reduce the potential sample selection bias for small samples. For the dry-season subsample,
GAP farms were more technically efficient when compared with non-GAP farms. These dry-season
non-GAP farms may not adopt the GAP method because they have limited access to GAP technology.
For the rainy-season subsample, on average, GAP farms were more efficient than non-GAP farms at
the 5% level. Access to the GAP technology is not a possible reason for non-GAP rainy season farms
to not adopt the GAP technology. To enable sustainable development, government agencies and
nongovernmental organizations (NGOs) must develop and implement appropriate educational and
training workshops to promote and assist GAP technology adoption for chili farms in Thailand.

Keywords: chili farm; directional distance function; environmental innovation; meta-frontier;
technology adoption; sample selection bias; sustainability

1. Introduction

As the world population is increasing, food safety and security have become promi-
nent and pressing issues. Food production requires natural resources, such as land and
water. These natural resources are scarce. It is of the utmost importance to conserve, if not
improve, these precious resources. Scientists, research practitioners, academic scholars, and
policymakers have turned their attention to environmental innovations and sustainable
development as potential avenues to address food safety and security. Following Aldieri
et al. [1], this paper defined environmental innovations as innovations that are environmen-
tally friendly, produce positive externalities, and lead to sustainable development. These
environmental innovations also produce knowledge spillovers that further generate more
sustainable development. For an excellent review of economic effects on environmental
innovations, see Aldieri et al. [2].

The ‘Good Agricultural Practices’ (GAP) program, initiated by the Ministry of Agri-
culture and Cooperatives of Thailand in 2003, is an example of environmental innovation.
Agricultural producers who adopt the GAP technology substitute chemical fertilizers for
organic fertilizers, resulting in less pollution, better soil quality and nutrients, and better
health for farmers and neighbors. If more farmers adopt GAP technology, the requisite
natural resources would be preserved and sustained. Promoting GAP technology may also
help farmers improve their productive efficiency and yield a win–win situation for farmers,
consumers, and the economy. Clean technology, such as the GAP production practice,
generates knowledge spillovers and positive effects on environment and productivity [2].
However, the impact on firms’ technical efficiency is inconclusive.
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This paper attempts to answer two questions: Are GAP-adopting farms, on average,
more efficient than conventional farms? Does access to GAP technology affect farmers’
decisions to adopt GAP technology? In this paper, we analyzed 107 small chili GAP farms
and conventional (i.e., non-GAP) farms in Thailand for the 2012 crop year. These farms
grow chili either in the dry or rainy seasons, depending on their geographic locations. To
control for ‘operating environments,’ we analyzed dry-season chili farms and rainy-season
chili farms separately. The empirical techniques included data envelopment analysis
(DEA) meta-frontiers and directional distance function. We computed and compared the
directional technical (or productive) efficiency of GAP farms and conventional non-GAP
farms. As participating in the GAP program is voluntary, potential sample selection bias
exists. In this paper, we developed an ‘indirect’ approach to address sample selection bias
for small samples.

In Thailand, chili production is important because chili is one of Thailand’s cultural
products. It is an essential ingredient of Thai meals in fresh, fried, grilled, and processed
forms. The processed forms include chili’s use in manufactured foods, such as chili paste,
chili sauce, and instant noodles for domestic consumption and export. Conventional
technology heavily uses chemicals and chemical fertilizers, and this chili produce is con-
taminated with chemical residues. Both characteristics not only harm the environment and
human health but also prevent chili farmers from exporting their crop. As such, empirical
findings could guide government agencies and nongovernmental organizations (NGOs) in
developing and implementing appropriate educational and training workshops to promote
and assist in GAP technology adoption.

Farmers from both groups could improve their productive efficiency and the quality of
their chili to meet manufacturing and export standards, and, thus, their income. Therefore,
using the GAP technology makes chili production sustainable. The findings can also be
useful for environmental advocates to help potential consumers develop proper awareness
and perceptions regarding safe produce. High-quality GAP chili and better consumer
awareness regarding food safety would reinforce Thailand 4.0, the policy for moving
Thailand forward initiated by the Thai Government [3].

The paper unfolds as follows. Section 2 presents background information on efficiency
studies as well as the GAP program. Section 3 describes our DEA measure of directional
distance function technical efficiency, the technology gap between group-specific frontiers
and the meta-frontier, as well as testable hypotheses. Section 4 introduces the sample,
approaches to reduce potential sample selection bias, and presents the findings. Section 5
concludes the paper.

2. Background Information

Sustainable development in the agriculture sector has received considerable attention
from environmental advocates, decisionmakers, policymakers, and researchers for decades.
This is because the agriculture sector plays an important role in addressing the world’s
growing need for food security and, at the same time, the sector consumes a substantial
part of limited natural resources, such as land and water (i.e., the core issue of sustainable
development [4,5]). Agriculture production must use technology that leads to sustainable
development by conserving natural resources, enriching the quality of natural resources,
improving human capital (i.e., skills, knowledge, and health), and improving production
capability and efficiency.

Studies focusing on individual farm efficiency span different products and locations. For
example, technical efficiency was analyzed for rice farms in Thailand [6–8], Vietnam [9–11],
and Myanmar [12,13]. Padilla-Fernandez and Nuthall [14] and Murali and Prathap [15]
addressed technical efficiency for sugarcane farms in the Philippines and India, respec-
tively, while Madau [16,17] considered technical efficiency for citrus farms in Italy. Some
studies focused on sustainable production, such as the effects of chemical pesticide use on
efficiency and productivity [18–20]. Others focused on additional efficiency types, such as
scale [9,16,19,21] or allocative efficiency [22–24]. Studies on the efficiency of the agriculture
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sector often use not only farm-level data but also macro-level data. For example, Shaik
and Miljkovic [25] and Hart et al. [26] used state- and country-level data, respectively, over
multiple years to explore whether trade affects technical efficiency.

Existing studies on efficiency and productivity in agriculture have used two main
techniques, i.e., data envelopment analysis (DEA) and stochastic frontier analysis (SFA),
with different variations. These studies measure the efficiency of individual observations
(e.g., farms, states, and countries) relative to the best observations in the same sample.
They assumed that these individual observations minimize their resource use to produce
predetermined output levels (input-orientation) or maximize output quantities from the
available resources (output-orientation). A small but growing number of studies measure
firms’ technical efficiency by assuming these firms expand outputs while reducing inputs
(reference [27–29] for agricultural farms; reference [30–32] for others). Again, these studies
measure the efficiency of observations relative to the best observations in the same sample.

Past studies on chili production cover a broad range of areas. For example, Anuwarul
Hug and Arshad [33], Mohammed et al. [34], Asravor et al. [35], Hossain [36], Pakpahan
and Nababan [37], and Ngo et al. [38] measured the technical efficiency of chili production.
Mariyono and Sumarno [39] studied farmers’ decisions to grow chili instead of alternate
crops, such as rice. Athipanyakul and Pak-Uthai [40] and Sriwaranun and Paku-Thai [41]
are among scholars who focused on adopting GAP technology for chili growing. Ooraikul
et al. [42] considered the health effects of high pesticide residue on chili products and
reported that Thai chili growers used excessive pesticides before and after harvesting.

Wanwimolruk et al. [43] investigated pesticide residuals in vegetables purchased from
markets in Thailand, while van Asselt et al. [44] identified and ranked chemical hazards
with the highest human health risk for spices and herbs, such as chili, in the European
Union. Khaitov et al. [45] used the experimental design approach to evaluate the impact of
organic manure on chili production under three variable climate conditions. The authors
concluded that the proper amount of organic manure under elevated temperature affected
the chili growth and nutrient intake. The use of organic manure helped to retain soil water
and reduced the water needed for production. Improving agricultural irrigation efficiency
and the use of clean production technology could improve water resources [5].

In response to the food safety and security challenges, the Thai Ministry of Agriculture
and Cooperatives initiated the good agricultural practice (GAP) program in 2003. Tuninetti
et al. [4] found that agricultural practices were more important than climatic conditions in
reducing the water needed to produce crops. Hence, the GAP program is the right step
toward creating sustainable development in the fruit and vegetable production system
(including chili) in Thailand. The GAP program regulates water sources, plantation area,
and the application of pesticides and fertilizers both before and after harvesting. Biological
controls and organic manure replaced chemical pesticides and chemical fertilizer, respec-
tively, to reduce the product contamination risk. However, too much emphasis on pesticide
contamination instead of on-farm practices may create an adverse outcome, i.e., increase
use of chemical pesticide. It is important that the GAP program balances the agricultural
practice and the quality of produce [46].

GAP includes guidance in the handling, harvesting, collecting, moving, and storing
of products to ensure proper hygiene, quality, and safety of the product [47,48]. The Thai
government actively promotes the GAP technology as a new agricultural practice through
several workshops and hands-on assistance in the field. These workshops and hands-on
assistance improved farmers’ knowledge and skills. It is one method to build the human
capital necessary for sustainable development [49]. Adopting the GAP technology is
voluntary and farmers are strongly encouraged to do so. By helping farmers develop their
ability to share their knowledge to assist other farmers, it creates knowledge spillovers that
have positive effects on sustainability. Thus, the government effort could potentially reduce
the obstacles for successful implementation of the GAP program, such as increased production
costs and constraints on labor or management time, weak public extension, etc. [49–52].
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An increase in food safety and quality awareness may contribute to differential prices
of products both locally and internationally. Food safety and quality are gateways to export
markets. In theory, farmers who adopt GAP and obtain certificates can command higher
prices for their products and generate higher income [50,53,54]. GAP production, if it
brings about technical efficiency improvement, would then be consistent with the food
and agriculture segment of Thailand 4.0, which calls for transforming traditional farmers
into smart farmers. The game plan for Thailand 4.0 is that smart farmers would create
a competitive advantage for Thai producers globally. Smart agriculture would result in
premium quality products that enable farmers to command high prices [3].

To our knowledge, none of these existing studies on chili production uses a directional
distance function to address the issue of technical efficiency of chili production as it
relates to GAP technology adoption, especially with farms in Thailand. This paper is a
novel application of the directional distance function technique, and it offers three new
contributions. First, it provides empirical evidence on the efficiency of chili production
in Thailand. The directional distance function enabled us to assess each farm’s technical
efficiency by expanding its output and simultaneously reducing its resources. Thus, this
technique does not require the a priori assumption that farmers want to minimize inputs
or to maximize output while keeping the output level (or input level) constant.

Second, this paper is the first paper to apply directional technical efficiency measures
to analyze chili production in a meta frontier framework. A study of Huang et al. [55] is
one such example; the paper calculated the meta-frontier directional technical efficiency
for the banking industry for 17 countries. Unlike Huang et al. [55], our paper uses a DEA-
type, instead of an SFA-type, meta-frontier. Third, we developed a method to address the
potential sample selection bias for small samples when the propensity matching approach
is not feasible. An issue of sample selection bias arises from the fact that adopting GAP
technology is voluntary.

3. Methodology

Let x = (x1, . . . , xN) ∈ <N
+ be a vector of N inputs and y = (y1, . . . , yM) ∈ <M

+ be a
vector of M outputs. The production technology set T is defined as:

T =
{
(y, x) : x ∈ <N

+ can produce y ∈ <M
+

}
. (1)

For a sample of K farms, the piecewise linear production technology set T is:

T = {(y, x) :
K
∑

k=1
zkykm ≥ ym, m = 1, . . . , M,

K
∑

k=1
zkxkn ≤ xn, n = 1, . . . , N,

K
∑

k=1
zk = 1, zk ≥ 0, k = 1, . . . , K}.

(2)

where intensity variable, zk, is the weight on the kth farm in creating the piecewise linear
technology. Following Färe and Primont [56], this paper assumed that the technology
set T satisfies the convexity, closeness, and strong disposability in the output and input
requirements. For variable returns to scale technology, the values of all intensity variables
z must add up to one [57]. Hence, the technology in (2) exhibits increasing returns to
scale, constant returns to scale, and decreasing returns to scale at different regions of the
technology frontier.

The technical efficiency for each farm can be measured relative to the technology
set in (2). Past studies on the efficiency of chili farms [33–38] assumed that farms in
the sample reduced their inputs for producing their predetermined levels of outputs or
expanded outputs from available inputs. In other words, these studies focused on either
input-oriented technical efficiency or output-oriented technical efficiency, relative to the
technology set constructed from all farms in the sample. Recent and growing studies
employ a directional distance function as a tool in measuring efficiency [27,28,32,58–60].
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This recent method measures neither input- nor output-oriented technical efficiency since
it enables individual farms to expand outputs and reduce inputs simultaneously.

This paper followed the studies mentioned above in that individual farms’ technical
efficiency was measured by allowing these farms to expand their outputs while reducing
inputs. An interview of Mr. Weera Pak-Uthai, a Thai chili specialist (3 November 2017)
revealed that farms that grow chili in the dry season are located near water sources, such
as rivers or irrigation systems. They grow a type of chili that is good for sale as fresh chili
or as supply to chili sauce manufacturing firms. Farms that grow chili in the rainy season
are located in hilly areas with no access to water resources from rivers or irrigation systems.
These farmers rely on rainfall so they grow a type of drought resistant chili that is very
hardy and can survive even if there is no rain for a month or so. These farmers may have
their own small reservoir to keep rainwater for use in their farms. Farmers who grow chili
in the rainy season normally sell their produce as fresh chili and dried chili.

By analyzing rainy-season chili farms and dry-season chili farms separately, we
controlled our technology set for different crop years that affected the type of chili grown,
source and level of water required, and resistance to drought, among other aspects. For
each crop year, we divided our sample into GAP farms and conventional farms and
measured the directional technical efficiency of individual farms in each group relative
to their own group frontier as well as the meta-frontier. Hayami and Ruttan [61] define a
meta-production as an envelope of all production functions. The upper boundary of the
meta-production function, an unrestricted technology, is a meta-frontier and is used as a
benchmark for measuring the technical efficiency of heterogeneous production units in the
sample (see, [62–64] for details).

Let TGAP, TNGAP, and Tm be a GAP farm group-frontier technology, a non-GAP farm
group-frontier technology, and a meta-frontier technology, respectively. First, consider
the rainy-season farm group. All rainy-season GAP farms were used to construct the
group-technology set for rainy-season GAP farms

(
TGAP) as specified in (2) where T is

replaced by TGAP and we measured each rainy-season GAP farm’s technical efficiency
relative to the GAP technology, using a directional distance function. More formally,
let g =

(
gx, gy

)
where gx ∈ <N

+ and gy ∈ <M
+ is the direction vector for which we

will contract input x and expand output y. The directional technology distance function
→
DTGAP(·) is defined as:

→
DTGAP

(
y, x; gy, gx

)
= sup

β

{β :
(
y + βgy, x− βgx

)
∈ TGAP}, y ∈ <M

+ , x ∈ <N
+ . (3)

→
DTGAP(·) has standard properties, as discussed in Chambers et al. [65].

Suppose that there are K rainy season GAP farms, and each produces output y =
(y1, . . . , yM) ∈ <M

+ using input x = (x1, . . . , xN) ∈ <N
+ as previously defined. The

technical efficiency score for farm r,
→
D

r

TGAP(·), is computed as the solution to the following
linear programming (LP) problem:

→
D

r

TGAP
(
yr, xr; gyr , gxr

)
= max

β,z
β (4)

subject to
K

∑
k=1

zkykm ≥ yrm + βgyrm , m = 1, . . . , M

K

∑
k=1

zkxkn ≤ xrn − βgxrn , n = 1, . . . , N

K

∑
k=1

zk = 1
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zk ≥ 0, k = 1, . . . , K.

Information on the left-hand side of (4) belongs to all rainy season GAP farms, while
information on the farm whose technical efficiency is being measured, i.e., Farm r, is
reflected on the right-hand-side of (4).

Suppose (yr, xr) is on the efficient boundary of the technology set TGAP (i.e., it is not
possible to produce more output y and use less input x simultaneously while stays in
the technology set TGAP). Farm r’s value of the directional technology distance function,
→
D

r

TGAP(·), is zero. If, however, it is possible to produce more output y while using less of

the input x, then
→
D

r

TGAP(·) is greater than zero. Therefore,
→
D

r

TGAP(·) ≥ 0 is a measure of the(
gx, gy

)
directional technical inefficiency. This reflects the deviation from the production

boundary or frontier. Farms that are efficient within the group, i.e.,
→
D

r

TGAP(·) = 0 are
efficient peers for inefficient farms in the group. This is a rainy-season GAP farm group-
frontier efficiency score.

To compute a rainy-season conventional (non-GAP) farm group-frontier efficiency

score for farm r, i.e.,
→
D

r

TNGAP(·), we repeated the procedure above. Specifically, we re-
placed the K rainy-season GAP farms in the LP formulation in (4) with all rainy-season
conventional non-GAP farms. The solution to the LP problem in (4) when the conventional
non-GAP farms were used was the directional technical efficiency scores for conventional
farms relative to the conventional farm group frontier. In this case, the solution to (4) is
a group-specific measure of directional technical efficiency for farm r where the specific
group is the rainy-season conventional non-GAP farms. Our empirical analysis repeated
this procedure two more times: one for the dry-season GAP farms and the other for the
dry-season conventional farms.

If technology is a reason why conventional farmers choose not to adopt GAP tech-
nology, we would expect that GAP farms form the meta-frontier. As a result, on average,
conventional farms have limited access to the meta-frontier (i.e., the best available tech-
nology). We applied the meta-frontier concept, first introduced by O’Donnell et al. [64],
in the context of the distance function and later extended to the context of the directional
distance function by Huang et al. [55]. Unlike Huang et al. [55], this paper measured the
directional technical efficiency for both the rainy-season GAP and rainy-season conven-
tional farms relative to a DEA meta-frontier instead of an SFA meta-frontier. In our study,
we constructed a meta-frontier technology (Tm) twice; one for rainy-season farms and the
other for dry-season farms.

The meta-frontier technology for rainy-season farms, for example, is constructed from
all rainy-season GAP farms as well as rainy-season non-GAP farms. This is the technology
in (2) where the generic notation T is replaced by Tm. The number of farms in the sample
K is the sum of rainy-season GAP farms and rainy-season conventional, non-GAP farms.
Then, the directional technical efficiency score for farm r relative to the rainy-season farm

meta-frontier (
→
D

r

Tm(·)) is computed by the LP formulation specified in (4) when a combined
sample consisting of both rainy-season GAP and rainy-season conventional farms is used
to form the frontier on the left-hand side of the LP model. Again, we repeated the process
for a sample of dry-season GAP and dry-season conventional non-GAP farms.

This study tested whether conventional farms have limited access to the best available
technology, thus, preventing them from adopting GAP technology. We first followed Huang
et al. [55] in defining the technology gap measure (TGM) in the context of the directional
distance function. As the meta-frontier envelops all group frontiers, it follows that, for any
farm r in the sample, the directional distance function relative to the group frontier is equal
or smaller than the directional distance function relative to the meta-frontier [64]. This fact,
combined with the translation property of the directional distance function, implies that,

if farm r is one of the GAP farms, TGM =
→
D

r

Tm(·)−
→
D

r

TGAP(·) ≥ 0 [55]. The larger TGM
indicates that farm r has more limited access to the meta-production technology. In other
words, farm r is more likely to adopt the less advanced technology.
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If farm r is one of the conventional farms, TGM =
→
D

r

Tm(·)−
→
D

r

TNGAP(·) ≥ 0. A similar
interpretation applies. Relative to the meta-frontier, when conventional farm r is measured
against its GAP farm efficient peers, this suggests that farm r chooses not to adopt the
GAP technology because the GAP technology is not accessible to it. Suppose the respective
efficient peers for conventional, non-GAP farm r belong to the non-GAP technology group.
In that case, it could imply that farm r already adopted the best available technology, but
this is purely inefficient. Note that Battese and Rao [62] and O’Donnell et al. [64] defined
TGM in the context of distance functions as a ratio, instead of an additive form, between the
meta-frontier technical efficiency and the group-frontier technical efficiency. Nevertheless,
the authors stated that TGM could be used to test whether production units have limited
access to the best available, unrestricted technology.

In applying the directional distance function methodology, we must use a specific
direction vector, g =

(
gx, gy

)
, as introduced earlier. Wang et al. [66] provided a literature

review on techniques for choosing direction vectors, including the advantages and dis-
advantages of each technique. This is beyond the scope of this study. We summarized
three types of direction vectors commonly used in existing studies: (i)

(
gx, gy

)
= (x, y),

(ii)
(

gx, gy
)
= (x, y), and (iii)

(
gx, gy

)
= (1, 1). The first type of direction vector uses an

individual farm’s input and output mix. That is, for each farm, we contract all inputs
in the same proportion as its original inputs to preserve the mix of inputs used (or the
current technology) and expand all outputs in the same proportion of its original outputs,
keeping the original mix of outputs. For this direction vector, each farm will move in its
own unique direction, and the efficiency measure will be in the same spirit as the Farrell
radial efficiency measure. For example, if the direction vector

(
gx, gy

)
= (x, 0), i.e., we

contract all inputs, holding the outputs constant, we obtain the Farrell radial input-oriented
efficiency. If the direction vector is

(
gx, gy

)
= (0, y), i.e., we expand all outputs, holding

the inputs constant, we obtain the Farrell radial output-oriented efficiency. See Färe and
Grosskopf [67] and Färe, Grosskopf, and Margaritis [68] for further discussion where the
Farell-efficiency measure is framed in terms of the distance functions.

The second type of direction vector uses the sample mean input and output mix. This
indicates that all farms in the sample must contract all inputs and expand all outputs in
the same direction, i.e., the mix of inputs and outputs at the sample mean. This direction
vector implicitly assumes that all farms in the sample can adjust their input and output
mixes, resulting in the change of their current technology. The third type of direction vector
requires all farms to adjust their inputs and outputs in the same common direction of (1,1).
This direction facilitates efficiency aggregation.

For our empirical analysis presented in Section 4, we chose the first type of direction
vector, i.e.,

(
gx, gy

)
= (x, y) for two reasons. First, we wanted our directional technical

efficiency measure to be in the same spirit as the Farell efficiency measure. Second, we
believed that it may not be feasible for some farms in our sample to change their technology.

4. Analysis of Chili Farms in Thailand
4.1. The Sample, Selection Bias, and Outliers

Although the Good Agricultural Practices (GAP) program was initiated in 2003, the
Thai government agencies began to actively promote the GAP program for chili production
in 2007. The pilot project covered two districts in Chaiyaphoom province in the Northeast
of Thailand. Using a participatory action research approach, a research team was in the
area offering several workshops on the GAP technology. These workshops help farmers
acquire knowledge and skills, such as how to make organic fertilizers, how and when to
apply the ‘home-made’ organic fertilizers, how to handle disease, etc.

Many farmers participated in the program while many other farmers did not or chose
not to adopt the GAP technology. By 2011, there were 106 GAP farms and approximately
101 non-GAP farms in two districts in Chaiyaphoom province covered by the pilot project.
Under the Thailand Research Grant TRG5380007 [69], a research team randomly selected
farmers in the agricultural extension area covered by the pilot project and interviewed
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them using a structured questionnaire to collect information on the 2012 crop year. There
were 107 completed surveys, representing 52% of the total farm population. These 107
farms comprised 42 GAP farms (40% of GAP farm population) and 65 non-GAP farms
(64% of non-GAP farm population). The sample was representative of the farm population
under the pilot project.

This study utilized the sample obtained by a research team under the Thailand Re-
search Grant [69]. The initial sample consisted of 107 owner-operated small chili farms in
two districts of Chaiyaphoom province, Thailand, during the 2012 crop year. The sample
includes 42 GAP farms (i.e., farms that adopted GAP) and another 65 conventional farms
(i.e., farms that did not adopt GAP). Individual farms in either group produce one output,
namely, chili measured in kilograms (kgs). They all use four inputs: cultivated land (rai),
labor (man-days), chemical fertilizers (kilograms), and other inputs (constant 2010 Thai
baht (THB)). These other inputs include seeds, pesticides, herbicides, water irrigation, and
other small tools. We used the Thailand Producer Price Index, available from Census and
Economic Information Center (CEIC) [70], to adjust the current value of all other inputs to
constant THB to obtain physical units of the other inputs. This is analogous to the concept
of real GDP as a physical unit of the aggregated goods and services a country produced
(nominal GDP). In total, sixty farms grew chili in the rainy season, while 47 farms did so in
the dry season. On average, the farmers had 33.4 years of cultivation experience. In total,
44% of farmers were male, and 23% had more than 6 years of schooling. Table 1 presents
the descriptive statistics of the initial sample.

Table 1. Descriptive statistics of the initial sample (n = 107).

Variables Average Standard
Deviation (S.D.) Min Max Coefficient of

Variation (C.V.)

Output (Kgs) 1567.23 1224.63 120.7 6666.7 78.1
Land (Rai) 1.87 1.49 0.3 10.0 79.7

Labor (Man days) 64.73 41.94 19.8 267.5 64.8
Fertilizer (Kgs) 77.19 51.48 0.003 295.0 66.7

Other Input (constant 2010 THB) 15,106.55 8010.81 4240.3 54,575.7 53.0
Variety (rainy-season variety = 1, dry-season variety = 0) 0.56 0.50 0.0 1.0 89.3
Good agricultural practice (GAP) (GAP technology = 1,

non-GAP technology = 0) 0.39 0.49 0.0 1.0 125.6

Experience (Years) 33.42 13.63 0.0 60.0 40.8
Gender (male = 1, female = 0) 0.44 0.50 0.0 1.0 113.6

Education (more than 6 years of schooling = 1;
otherwise = 0) 0.23 0.43 0.0 1.0 186.9

The initial data set may be relatively small; however, it processes several desirable
characteristics. First, the quality of the survey data is good; the information was collected
by a research team familiar with the location and production. The research team’s expertise
made it easier to notice unusual or inaccurate data and make corrections. Second, the GAP
workshops were opened to all farmers in the area covering by the pilot project free of charge.
Individual farmers decided whether to attend some or all workshops. After attending these
workshops, certain farmers decided to adopt the GAP technology and continued working
with the research team. Others decided not to adopt the GAP technology. Individual
farmers also had the option to ignore the GAP workshops that they accessed.

Thus, this data set enables us to compare the efficiency between farms that adopted
the GAP technology and those that did not, without confounding the effect of inefficient
use of resources and not knowing how to use the resources under the GAP technology
properly. Third, the sample is homogenous in terms of the geographic location (i.e., all
farms are in the same province), climate (e.g., rainfall, temperature, humidity, and wind),
and soil quality. Climate and soil quality affect the yield of chili production. Since this data
set is homogenous, there is no need to find proxy variables to correct the heterogeneity of
the sample to make the DEA efficiency analysis more accurate.
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As adopting GAP practice is voluntary, we may experience a sample selection bias.
One way to remove an observable sample selection bias is to use the matching procedure
technique. This statistical technique requires a relatively large sample to estimate the
propensity score model (PSM) based on characteristics of farms that are exogenous from
farmers’ decisions to adopt GAP practice. The ultimate goal was to create a sample of GAP
farms and conventional farms with similar exogenous characteristics. This study did not
consider the geographic location of farms as a potential determinant for the observable
sample selection bias because all farms in our initial sample were located in the same
geographic region, experiencing similar types of weather, climate, and soil quality. Instead,
we considered two possible exogenous characteristics, namely, farm size and the cultivation
experience of farmers. Farm size was measured by the cultivated land for chili production.
The cultivation experience of farmers was measured in years.

Due to a limited number of farms in our sample, the PSM method was eschewed, and
an ‘indirect’ procedure was developed to reduce the potential observable sample selection
bias as follows. First, the initial sample was classified into four groups. Group 1 consisted
of conventional, non-GAP farms that grow chili in the dry season. Group 2 comprised
conventional, non-GAP farms that grow chili in the rainy season. Group 3 included GAP
farms that grow chili in the dry season. Group 4 consisted of GAP farms that grow chili
in the rainy season. Second, descriptive statistics of farm size (i.e., land) and experience
were calculated separately for each group. Third, the group mean was tested for whether
the GAP farms’ average size was the same as the average size of conventional, non-GAP
farms using ANOVA and non-parametric Wilcoxon two-sample tests. More specifically,
we compared the average farm sizes (or average experience) between Group 1 and Group
3, Group 2 and Group 4, as well as Group 1 plus Group 2 vs. Group 3 plus Group 4. If the
null hypothesis was rejected, potential outliers in each group were removed, and steps 2
and 3 were repeated until the null hypothesis failed to reject. This procedure reduced our
sample to 42 GAP farms and 52 conventional, non-GAP farms.

Table 2 displays the descriptive statistics of exogenous farm characteristics in our final
sample by group as well as the test statistics under the null hypothesis that no difference in
the average farm size between Group 1 and Group 3 (Group 2 vs. Group 4; conventional
non-GAP farms (Group 1 plus Group 2) vs. GAP farms (Group 3 plus Group 4)). The
alternative hypothesis is that the average farm size differs between the two respective
groups. Based on ANOVA and non-parametric Wilcoxon two-sample tests, we do not
have evidence to reject the null hypothesis that there is no difference in the average farm
size in all cases at the 5% level of significance. Similarly, the differences in the farmers’
cultivated experience between relevant groups were tested, and the no difference in the
farmers’ average cultivated experience failed to reject at the 5% level for all cases. These
results suggest that the sample might not be prone to the sample selection bias.

As DEA is sensitive to outliers, we began by checking whether our data set included
outlying farms. We computed the output per each input and looked for extreme ratios.
One conventional farm growing chili in the rainy season had extremely high output per
worker, while two other conventional, non-GAP farms growing chili in the rainy season
had abnormally high output per kilogram of fertilizers due to reporting an unusually low
amount of fertilizers used. A total of two other potential outliers were rainy-season GAP
farms; one with an extremely high output per rai of cultivated land, and the other with an
extremely high output per kilogram of fertilizers. In total, we excluded three conventional,
non-GAP farms and two GAP farms, resulting in 49 conventional non-GAP and 40 GAP
farms. Table 3 presents the descriptive statistics of the output and input variables in the
final sample, excluding the outliers, classified by technology type and crop year.
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Table 2. Descriptive statistics of exogenous farm characteristics by group.

Variable Average S.D. Minimum Maximum

Group 1: Dry-Season, non-GAP farms (n = 17)

Farm size (rai) 1.90 0.90 0.25 3.0
Cultivation Experience (years) 38.94 12.99 18.0 60.0

Group 2: Rainy-Season, non-GAP farms (n = 35)

Farm size (rai) 1.31 0.61 0.25 3.0
Cultivation Experience (years) 34.40 9.98 20.00 60.0

Group 3: Dry-Season, GAP farms (n = 21)

Farm size (rai) 1.56 0.68 0.50 3.0
Cultivation Experience (years) 37.14 12.00 20.00 60.0

Group 4: Rainy-Season, GAP farms (n = 21)

Farm size (rai) 1.52 0.59 1.00 3.0
Cultivation Experience (years) 35.10 10.27 18.00 55.0

Hypothesis ANOVA Test Wilcoxon Two-Sample Test

H0: No difference in average farm size between
Group 1 and Group 3

F-value = 1.76 Z-value = 1.20
Prob > F = 0.19 Pr > |Z| = 0.23

H0: No difference in average farm size between
Group 2 and Group 4

F-value = 1.55 Z-value = 1.41
Prob > F = 0.22 Pr > |Z| = 0.16

H0: No difference in average farm size between
Non-GAP farms and GAP farms

F-value = 0.06 Z-value = 0.58
Prob > F = 0.81 Pr > |Z| = 0.56

H0: No difference in average years of experience
between Group 1 and Group 3

F-value = 0.20 Z-value = 0.24
Prob > F = 0.66 Pr > |Z| = 0.81

H0: No difference in average years of experience
between Group 2 and Group 4

F-value = 0.06 Z-value = 0.19
Prob > F = 0.80 Pr > |Z| = 0.85

H0: No difference in average years of experience
between non-GAP farms and GAP farms

F-value = 0.01 Z-value = 0.19
Prob > F = 0.92 Pr > |Z| = 0.85

Note: ‘***’, ‘**’, and ‘*’ denote significance at the 1%, 5%, and 10% levels, respectively.

Refer to Table 3. Comparing the dry-season GAP farms and rainy-season GAP farms,
rainy-season GAP farms, on average, produced more chili per farm and used twice as much
labor as the dry-season GAP farms. These differences might be in part due to the different
types of chili grown in the rainy and dry seasons and other factors. GAP farms were about
the same average size of 1.5 rai (or 0.24 hectares) for both seasons. All rainy-season GAP
farms were very similar as indicated by the coefficients of variation. A similar pattern
appeared for all dry-season GAP farms, except for the use of fertilizers, which appeared
to vary widely across farms. In addition, dry-season GAP farms were operated by male
farmers more than rainy-season GAP farms (0.62 vs. 0.26).

However, only 10% of dry-season GAP farmers had more than 6 years of education,
compared to 26% for rainy-season GAP farmers. Between dry-season and rainy-season
non-GAP farms, the rainy-season non-GAP farms, on average, produced more chili per
farm than dry-season non-GAP farms. However, the average farm size for rainy-season
non-GAP farms was 1.3 rai, slightly smaller than the average 1.9 rai for dry-season non-
GAP farms. Rainy-season, non-GAP farms, on average, used marginally more fertilizers
than dry-season, non-GAP farms. In terms of the farmers’ gender and education, a similar
pattern between GAP farms existed. Specifically, more male farmers operated dry-season,
non-GAP farms compared with rainy-season, non-GAP farms (0.65 vs. 0.25); however, these
dry-season, non-GAP farmers were less educated than those who operated rainy-season,
non-GAP farms (0.18 vs. 0.28).

From Table 3, one can infer that GAP farms, on average, produced more chili output
and used less fertilizers than non-GAP farms within the same crop year. Dry-season GAP
farms used less labor than dry-season, non-GAP farms on average. The opposite was
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found for the labor usage of rainy-season farms. Different farm sizes (i.e., cultivated land)
between GAP and non-GAP farms may contribute to this finding. To further explore this
issue, this study investigated the chili output per unit of input (i.e., land, labor, fertilizers,
and other inputs).

We compared the average output per unit of respective input between GAP and
non-GAP farms for the same crop year type. The data showed that GAP farms produced
more output per rai of land and obtained more yield per worker and per kilogram of
fertilizers used. Within each variety (i.e., dry-season or rainy-season), GAP and non-GAP
farms possessed similar characteristics in terms of experience farming, gender, and years
of schooling. Owners of dry-season farms were more likely to be male, less educated, and
had slightly more years of experience than owners of rainy-season farms.

Table 3. Descriptive statistics of GAP and non-GAP farms by season (outliers excluded).

Variables Average S.D. Min Max C.V.

Group 1: Dry-Season, Non-GAP Farms, n = 17

Output (Kgs) 543.25 287.71 123.25 986.0 53.0
Land (Rai) 1.90 0.90 0.25 3.0 47.4

Labor (Man days) 61.47 29.63 22.00 136.0 48.2
Fertilizer (Kgs) 65.96 39.91 15.00 190.0 60.5

Other Input (constant 2010 THB) 13,694.82 6535.66 4132.96 25,999.1 47.7
Experience (years) 38.94 12.99 18.00 60.0 33.4

Gender 0.65 0.49 0.00 1.0 75.4
Education 0.18 0.39 0.00 1.0 216.7

Group 2: Rainy-Season, Non-GAP Farms, n = 32

Output (Kgs) 1529.03 781.64 529.57 3543.0 51.1
Land (Rai) 1.30 0.58 0.50 3.0 44.6

Labor (Man days) 61.61 45.65 22.88 229.7 74.1
Fertilizer (Kgs) 89.16 49.74 25.0 200.0 55.8

Other Input (constant 2010 THB) 12,249.65 5295.99 4411.22 25,834.4 43.2
Experience (years) 34.03 9.87 20.00 60.0 29.0

Gender 0.25 0.44 0.00 1.0 176.0
Education 0.28 0.46 0.00 1.0 164.3

Group 3: Dry-Season GAP Farms, n = 21

Output (Kgs) 713.97 285.50 270.00 1485.0 40.0
Land (Rai) 1.56 0.68 0.50 3.0 43.6

Labor (Man days) 43.83 13.14 19.75 67.9 30.0
Fertilizer (Kgs) 62.47 66.10 6.00 295.0 105.8

Other Input (constant 2010 THB) 14,019.36 6866.43 3979.59 24,882.7 49.0
Experience (years) 37.14 12.00 20.00 60.0 32.3

Gender 0.62 0.50 0.00 1.0 80.6
Education 0.10 0.30 0.00 1.0 300.0

Group 4: Rainy-Season GAP Farms, n = 19

Output (Kgs) 2716.03 1099.87 1000.00 5296.5 40.5
Land (Rai) 1.52 0.60 1.00 3.0 39.5

Labor (Man days) 86.52 22.61 43.76 120.0 26.1
Fertilizer (Kgs) 78.50 38.57 20.00 170.0 49.1

Other Input (constant 2010 THB) 13,078.33 4047.92 8341.16 18,072.0 31.0
Experience (years) 33.53 9.48 18.00 55.0 28.3

Gender 0.26 0.45 0.00 1.0 173.1
Education 0.26 0.45 0.00 1.0 173.1
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4.2. Directional Distance Function Technical Efficiency and Technology Gap Measure
4.2.1. Dry-Season Farms

Table 4 panel (a) summarizes the directional distance function technical efficiency
results relative to the group frontier and the meta-frontier as well as the respective technol-
ogy gap measures for dry-season farms. Recall that a farm whose value of the directional
distance function is zero is technically or productively efficient. It cannot expand its current
output and simultaneously decrease its inputs relative to the respective technology frontier.
On average, dry-season GAP farms were relatively directional technical efficient relative to
their own frontier with an average score of 0.039. There are seven farms that formed the
dry-season group frontier. The farm that was the most directional technical inefficient in
this group had an efficiency score of 0.184.

Table 4. Directional distance function technical efficiency results.

a. Dry-Season Farms

Average S.D. Min Max Efficient
Farms

Relative to their own-group frontier

Dry-Season, GAP Farms DT (
→
DTGAP ) 0.039 0.061 0 0.184 7

Dry-Season, Non-GAP Farms DT (
→
DTNGAP ) 0.060 0.118 0 0.372 8

Relative to the meta frontier

Dry-Season, GAP Farms DT (
→
D

GAP

Tm ) 0.039 0.062 0 0.184 7

Dry-Season, Non-GAP Farms DT (
→
D

NGAP

Tm ) 0.156 0.166 0 0.556 2

Dry-Season, GAP Farms TGM 0.0002 0.0009 0 0.004
Dry-Season, Non-GAP Farms TGM 0.096 0.084 0 0.218

Hypothesis ANOVA Test Wilcoxon Two-Sample Test

H0: No difference in the average meta frontier Directional Technical
efficiency between dry-season GAP farms and dry-season Non-GAP

farms

F-value = 9.04 ***
Prob > F = 0.005

Z-value = 2.57 **
Pr > |Z| = 0.0101

H0: No difference in the average Technology Gap Measure (TGM)
between dry-season GAP farms and dry-season Non-GAP farms

F-value = 27.59 ***
Prob > F = <0.0001

Z-value = 5.07 ***
Pr > |Z| = <0.0001

b. Rainy-Season Farms

Average S.D. Min Max Efficient
Farms

Relative to their own-group frontier

Rainy-Season GAP Farms DT (
→
DTGAP ) 0.028 0.072 0 0.275 9

Rainy-Season, Non-GAP Farms DT (
→
DTNGAP ) 0.070 0.098 0 0.356 6

Relative to the meta frontier

Rainy-Season GAP Farms DT (
→
D

GAP

Tm ) 0.070 0.112 0 0.349 9

Rainy-Season, Non-GAP Farms DT (
→
D

NGAP

Tm ) 0.116 0.122 0 0.406 3

Rainy-Season, GAP Farms TGM 0.042 0.081 0 0.284
Rainy-Season, Non-GAP Farms TGM 0.045 0.048 0 0.159

Hypothesis ANOVA Test Wilcoxon Two-Sample Test

H0: No difference in average meta frontier Directional Technical efficiency
between rainy-season GAP farms and rainy-season Non-GAP farms

F-value = 1.76 Z-value = −2.37 **
Prob > F = 0.1908 Pr > |Z| = 0.0176

H0: No difference in average Technology Gap Measure (TGM) between
rainy-season GAP farms and rainy-season Non-GAP farms

F-value = 0.02 Z-value = −1.96 *
Prob > F = 0.8777 Pr > |Z| = 0.0505

Note: ‘***’, ‘**’, and ‘*’ denote significance at the 1%, 5%, and 10% levels, respectively.
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Dry-season non-GAP farms, on average, were also relatively efficient compared to
their own group frontier with an average score of 0.06. A total of eight dry-season non-
GAP farms formed the group frontier. Given the choice of their conventional, non-GAP
technology, the directional technical efficiency of non-GAP farms varied by more than the
GAP farm group as indicated by their respective standard deviation (0.118 for non-GAP
farms vs. 0.061 for GAP farms). As it is not appropriate to compare the technical efficiency
between dry-season GAP farms and dry-season non-GAP farms based on their group
frontier results, we are now turning to the meta-frontier results.

Relative to the meta-frontier, dry-season GAP farms, on average, were more directional
technical efficient than dry-season non-GAP farms (0.039 vs. 0.156). This conclusion was
supported by the ANOVA test at the 1% level of significance and by the Wilcoxon two-
sample test at the 5% level of significance. In total, nine farms formed the meta-frontier. Of
these farms, seven were GAP farms, and the remaining two were non-GAP farms.

The fact that the meta-frontier is anchored almost exclusively by GAP farms and these
GAP farms are the same as those formed the GAP-group frontier enables us to infer that the
GAP technology dominated the conventional non-GAP technology and the meta frontier
technology. As evident, the average technology gap measure (TGM) for dry-season GAP
farms was 0.0002, much less than the 0.096 average TGM for dry-season non-GAP farms at
the 1% level of significance. For dry-season chili farms, conventional non-GAP farms have
limited access to the meta frontier technology and the GAP technology.

Based on the meta-frontier results, we further scrutinized the efficient farms to find
possible anecdotes that might help us gain insight into our quantitative analysis. Almost
all inefficient farms, both GAP and conventional, non-GAP farms, had GAP farms as their
efficient peers or role models. A couple of almost efficient GAP farms (with directional
technical efficiency equal to zero if the efficiency score was rounded to four digits) also
serve as peers for inefficient farms. These anecdotes support our finding discussed earlier.

Most serving efficient farms produced about 500 kg of chili per rai of cultivated land.
However, it is not possible to narrow down the appropriate mix of inputs among labor,
fertilizers, and other inputs. Some frequent efficient peers (i.e., efficient farms that serve as
peers for inefficient farms multiple times) used more labor per rai of cultivated land than
other frequent peers. This practice may reflect the art of farming that farmers must attend
their farm frequently for early spotting of potential diseases, such as bacteria and viruses,
applying bio-fertilizers, and correcting problems accordingly in a timely fashion, or both.

4.2.2. Rainy-Season Farms

Table 4 panel (b) summarizes the directional distance function technical efficiency
results relative to the group frontier and the meta-frontier as well as their respective
technology gap measures for rainy-season farms. Results from rainy-season farms paint a
different picture compared to dry-season farms. Specifically, relative to their own rainy-
season group frontiers, GAP farms’ directional technical efficiency, on average, was 0.028
while that for non-GAP farms was 0.07. About half of the GAP farms were on their own
group frontier, while slightly less than 20% of conventional, non-GAP farms were on the
frontier. This finding suggests that, even if each farm operates within its homogenous
technology choice to control possibly environmental differences, the conventional farm
performance appeared to vary more than the GAP farm group.

The meta-frontier results that put both types of rainy-season farms against the common
frontier revealed that the average directional technical efficiency of GAP farms of 0.07 was
more efficient than the 0.116 average of conventional, non-GAP farms. Although this
difference is statistically significant at the 5% level based on the Wilcoxon two-sample test,
we failed to reject the null hypothesis based on the ANOVA test. Hence, our evidence is
inconclusive. We reached a similar conclusion when comparing the average technology gap
measure (TGM) between the two groups. Specifically, both groups had an average TGM of
0.04, indicating that accessibility of the meta technology or the best available technology
was not a reason for not adopting the GAP technology by rainy-season conventional farms.
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Based on the meta-frontier for rainy season farms, inefficient GAP and non-GAP
farms had a mix of GAP and non-GAP efficient farms as their efficient peers. The most
frequent peers were GAP farms. However, if we include efficient farms after rounding their
efficiency score to four digits, there were two other efficient farms from the conventional
farm group. The fact that frequent peers were from both groups supports our finding that
both groups have equal access to the best available technology. In other words, neither
technology, i.e., GAP vs. conventional, dominated; the prevailing meta technology is the
mix of both GAP and conventional technologies. These frequent peers produced different
chili levels, ranging from slightly above 1000 kg per rai to 2500 kg per rai. Similar to
dry-season farms, no consistent pattern regarding to the use of various inputs emerged.

5. Discussion and Conclusions

Rainy-season chili farms in our sample had different experiences compared with dry-
season chili farms. For rainy-season farms, both GAP and conventional, non-GAP farms are
relatively efficient based on their own-group technology. The group technologies reflected
different, perhaps unobserved environments, between GAP and non-GAP farms. The main
differences between GAP and non-GAP farms were in the use of chemical pesticides and
fertilizers (based on an interview of Mr. Weera Pak-Uthai, a Thai chili specialist). GAP
farmers tended to use biological controls and organic manure instead of chemical pesticides
and chemical fertilizers, respectively. They also follow the GAP guidelines that require
waiting periods between applications of chemical pesticides and harvesting.

The proper waiting period helps minimize chemical residues. Therefore, chili grown
under GAP is safer to consume. The meta-frontier results that put both GAP and conven-
tional non-GAP farms on the same frontier enable us to compare the two groups’ empirical
results. Our empirical evidence is inconclusive. We cannot say with confidence that both
groups differ in their directional technical efficiency and their ability to access the common
best available technology (i.e., the meta frontier technology). For rainy-season farms, it
appears that access to the GAP technology is not a reason for conventional, non-GAP farms
not adopting GAP practice.

On the contrary, dry-season GAP farms and conventional, non-GAP farms were
somewhat efficient relative to their own-group frontiers. Dry-season GAP farms appeared
to have more similar directional technical efficiency than dry-season non-GAP farms. Some
non-GAP farms had ample room for improvements. Relative to the meta-frontier, GAP
farms, on average, were more technically efficient and had better access to the meta frontier
technology compared with conventional, non-GAP farms at the 5% or better level of
significance.

This finding agrees with Krasachat’s [71] study, which reported that farmers who
applied GAP were more technically efficient than those who did not use GAP in Thailand’s
chili farms. Unlike the rainy-season farms, dry-season conventional, non-GAP farms had
limited access to the meta frontier technology mostly formed by GAP efficient peers. Hence,
we infer that conventional farmers’ decision to not adopt the GAP practices to produce
environmentally safe chili depended on the ability to access the GAP technology.

Our results suggest that GAP technology access may prevent dry-season conventional
farms from adopting the GAP technology. At the same time, this issue is irrelevant for
rainy-season conventional farms. Government agencies, developing agencies, or both
and NGOs should make the necessary efforts to educate dry-season conventional farmers
about the GAP technology. Although both GAP and non-GAP farms were relatively
efficient, on average, some farms were less efficient and had more room for improvement.
Government agencies and NGOs could target these farms to help them improve their
productive efficiency. More specifically, government agencies and NGOs could design and
implement appropriate GAP training programs and promote the benefits of adopting GAP
technology.

These benefits include improving farmers’ health and self-esteem, potentially reducing
the cost of fertilizers and pesticides, enhancing income from high product prices, and the
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privilege to access the safe agricultural products market. To make the implementation
of training programs and promotions more effective, government agencies and NGOs
may focus on young, well-educated farmers, a large family size, a small farm size, more
experience in chili cultivation, expectations on cost reduction, and expectations on a higher
price from the adoption. These factors positively affect farmers’ GAP adoption [40,41,72,73].

By building a strong community of GAP farmers, GAP farmers can help and support
each other in solving their farm problems, such as soil degradation. The group may share
knowledge and practices to enhance their technical efficiency further. The government
might be more aggressive in promoting the adoption of the GAP technology. They may
also tighten the aspects of the GAP program on the use of chemical fertilizers and food
contamination, for example, to a stringent sustainable development policy.

As suggested in Aldieri et al. [1], a more stringent environmental policy could stimu-
late more environmental innovations, but it may also adversely affect firms’ efficiency and
productivity. Accompanying the stringency of the environmental aspects of the GAP prac-
tices, the government may attempt to lessen the negative effects along the line suggested
by Siebrecht [49]. Past studies (see, for example, [53,54,72]) all found that GAP products
received higher prices compared with the products produced by conventional farms. Sub-
sequently, these chili GAP farms may raise their chili’s quality to meet manufacturing and
export standards and incomes. The ability to export chili products would reinforce the
Thailand 4.0 goal.

It is also important to raise awareness regarding food safety among value chain
actors, such as consumers, since government agencies and NGO support alone may not
be sufficient (see, [52,72]). Promoting a better understanding of what the GAP certified
products are to farmers and consumers could increase the demand for GAP certified
products, enabling GAP farmers to command a higher price for their chili. However, some
farmers may be unable to adopt GAP technology. These farmers may experience household
labor constraints, a lack of land ownership, and a high farmer age. In addition, the initial
high expectations regarding the market opportunities of the GAP-produced agricultural
products and others might be unattainable [40,72,73].
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