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Abstract: This multi-level study focuses on Thailand’s public good agricultural practices certification
standard (Q-GAP) and compares the performance of 100 certified and 229 uncertified growers
regarding their pesticide use practices and the levels of pesticide residues detected in on-farm
samples. Chili pepper, a crop primarily marketed domestically, was the focal point of this study
conducted in the production context of Chiang Mai province. The data for the study were collected
through field interview surveys and chili pepper sample collections. The collected crop samples
underwent organophosphate pesticide and synthetic pyrethroid analyses using gas chromatography.
Statistical analysis techniques, including one-way ANOVA, chi-square tests, probit regression, and
multiple linear regression, were employed to analyze the numerical data using the Stata software.
The study’s findings revealed several key points. The certified farmers’ main motivation for adopting
Q-GAP was to meet market requirements, rather than ensuring safety assurance. They exhibited a
significantly lower adoption of insecticides compared to the uncertified farmers, but no significant
differences were observed for fungicide or herbicide adoption. The analysis of the pesticide residue
results yielded mixed findings, making it challenging to conclude whether certified farmers have
better control over pesticide residues compared to uncertified farmers. A probit regression analysis
highlighted the critical importance of training for growers’ adoption of the standard.

Keywords: public GAP standard; Q-GAP; pesticide use; pesticide residue; chili pepper; Thailand

1. Introduction

In 2006, ASEAN countries launched AseanGAP, a common framework for good
agricultural practices, in order to enhance food safety and competitiveness in the agri-food
sector, as part of efforts to create the ASEAN Free Trade Area [1–4]. GAP involves a set
of quality standards, primarily aimed at ensuring food safety throughout both on-farm
and post-farm activities, including management regulations that promote the production
of environmentally and socially acceptable products [5]. This framework encourages
countries with less developed agricultural sectors to use AseanGAP as a benchmark in
developing their GAP standards [6]. AseanGAP includes guidelines for enforcement,
training manuals, and codes of recommended practices in four modules: food safety,
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environmental management, worker health, safety and welfare, and produce quality [7].
National public standards must align with AseanGAP’s food safety module [8].

Since the early 2000s, all 10 ASEAN countries have developed their own national
public GAP standards, in line with the common vision outlined in the AseanGAP standard,
although Thailand and Malaysia launched their standards before the creation of Asean-
GAP [9]. Among them, Thailand’s public GAP certification standard, dubbed “Q-GAP”
(Q means ‘quality’), has the highest number of certified farms in the ASEAN region, with
184,000 as of March 2023 [10], nearing the globally recognized GlobalGAP standard’s
200,279 in 2019 [11,12]. In contrast, six ASEAN countries have less than 100 certified
farms [9], highlighting a significant disparity in the public GAP certifications among them.

Academic research on GAP began with research on GlobalGAP in the early 2000s
(“EurepGAP” by 2007), while research on the national public GAP standards in the ASEAN
nations emerged in the early 2010s and gained momentum after the mid-2010s. The
scholarship on the national public GAP standards of ASEAN nations for crops can be
broadly divided into three categories: growers’ adoption of GAP standards, growers’ level
of compliance with GAP standards, and consumer decisions and behavior regarding GAP-
certified food commodities. The present study focuses on the first two categories; therefore,
the following review concentrates on the research findings in these areas.

Studies on the national public GAP standards in the ASEAN region primarily focus
on growers’ GAP adoption and the key factors influencing this. These factors include
the gross income derived from selling GAP-certified crops [13–18], experience with GAP
training [19–21], accessibility of GAP information [17,19,22–25], and farm size [13,17,19,24].
The predicted economic benefits associated with access to high-value markets through
GAP certification are considered critically important. However, GAP-certified farmers
are not always more profitable than uncertified farmers, particularly in the context of
domestic-sales-oriented crop production [23]. The conditions for the adoption of public
GAP standards can also significantly vary due to country-specific factors. For instance,
in the Philippines, the banana industry dominates GAP adoption, despite governmental
efforts to promote certification among small growers in various fresh fruit and vegetable
(FFV) sectors [26]. Meanwhile, the biggest reason for growers’ decision not to apply for GAP
certification is a lack of knowledge of the particular GAP certification standard [9,13,23,27],
highlighting the importance of providing training on GAP adoption [9].

Research on compliance with public GAP standards has mainly focused on comparing
the agro-chemical use and management between certified and uncertified farmers. The
majority of this research has been conducted on Thailand’s Q-GAP standard. As a public
GAP standard with the longest history, the Q-GAP standard has undergone three protocol
issuances in 2004, 2009, and 2013, respectively. Previous studies conducted prior to the latest
protocol (TAS 9001–2013) have indicated Q-GAP adoption’s lack of effect on agrochemical
control (see Appendix A.1 for detailed information on the certification procedure for
this protocol). For instance, a 2008 survey of 64 Q-GAP-certified pomelo growers in
Chaiyaphum province found that about half of them failed to understand the goal of the
Q-GAP policy, and the majority of them credited the reduction in their pesticide use to crop
growth stage rather than GAP adoption [27]. Similarly, a 2009–2010 survey in Chiang Mai
province found no significant differences in pesticide use, pest control methods, or pesticide
handling between certified and uncertified farms for nine studied vegetable crops [28].
However, another study conducted in 2012 showed that continued rice grower adopters
spent less on fertilizer costs and used insecticides and fungicides less frequently than their
non-adopter counterparts. The authors attributed these findings to the relative ease of
agrochemical control in rice cultivation compared to FFVs [29].

Since the issuance of the latest Q-GAP protocol, three studies have been conducted on
its effectiveness. A study conducted on certified cabbage farmers in Chiang Mai province
showed a better performance in the use of insecticides, fungicides, and herbicides compared
to their uncertified counterparts [23]. However, in the case of durian farmers in Chanthaburi
and Nakhon Si Thammarat, the differences in the amount of pesticides used by certified and



Agriculture 2023, 13, 1105 3 of 22

uncertified farmers were significant only for fungicides. Regional contextual factors played
a vital role in the use of pesticides, with the more export-oriented region (Chanthaburi)
being identified with significantly more pesticide usage [9]. For export-oriented mango
production, certified farmers in the Pitsanulok and Chiang Mai provinces showed no
significant differences in their pesticide use, except for the Chiang Mai farmers having a
significantly better understanding of the Q-GAP’s policy goal. The quality of the local GAP
training offered to growers was highlighted as a vital factor for this difference [30].

Apart from studies on Thailand’s Q-GAP, there have been two studies on compliance
with public GAP standards. In Malaysia, a survey conducted in 2013 found that MyGAP-
certified durian farmers used significantly lower amounts of insecticides, fungicides, and
herbicides compared to uncertified farms. However, the authors expressed reservations
about the effect of MyGAP on the results, as there was a possibility that Department of
Agriculture (DoA) officers selectively chose farmers who were already performing well
for MyGAP adoption during the individually-based recruitment process [13]. In Vietnam,
a survey conducted in 2015 found that participation in the VietGAP program reduced
growers’ health problems related to pesticide exposure by 15.6% to 25.5% over four types
of propensity score matching [31].

Recent research on public GAP compliance suggests that, overall, certified farmers
exhibit a better performance in pesticide use than uncertified farmers. However, it is
important to consider the impact of regional contextual factors, the quality of the local GAP
training, and the possibility that better pesticide users may have already been identified
prior to GAP adoption. It is also important to note that there is limited research on public
GAP compliance outside of Thailand. Further research in other ASEAN countries is needed
to gain a more comprehensive understanding of the effectiveness of public GAP standards
in different regions.

This study has three main objectives. First, it aims to revisit the investigation of
certified farmers’ compliance with a public GAP certification standard by focusing on
domestic-sales-oriented crops, as opposed to the majority of ASEAN public GAP studies
on production aspects, which focus on export-oriented crops [13–15,17–19,22,24,26,27,30].
Second, this study seeks to examine the case of spice. There have been two case studies
on a spice (chili pepper) in the ASEAN public GAP literature [5,32] (see Appendix A.2 on
the agronomic features of chili pepper), but neither examined certified farmers’ compli-
ance with GAP. Third, this study attempts to perform two types of regression analyses:
a probit regression analysis to identify the key factors affecting the adoption of the Q-GAP
certification standard, and multiple linear regression (MLR) to identify the main factors
influencing the amount of pesticide residue detected in the crop samples.

The paper proceeds as follows. The next section discusses the materials and methods.
The third section presents the results and discussion. The final section closes the paper
with its conclusions.

2. Materials and Methods
2.1. Sampling Procedures

A questionnaire survey and sample collection were conducted by eight research
assistants from Chiang Mai University at chili pepper farming sites in Chiang Mai province,
Thailand, between May 2020 and April 2021 (see the maps in Figure 1). To obtain a
comprehensive list of certified farms, we obtained information from the DoA office in
Chiang Mai City. According to the list provided by the DoA, there were a total of 160 Q-GAP-
certified chili pepper farms in Chiang Mai province. Considering budget constraints and
the accessibility of farmers for interviews in the province, an initial estimation was made to
include approximately 100 certified farmers and 200 uncertified farmers. To determine the
sample size in each district where certified farmers were located, a proportional sampling
method was employed based on the population. Ultimately, we conducted interviews with
100 Q-GAP-certified chili pepper farmers from 11 out of the total 25 districts in Chiang Mai
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province. Additionally, chili pepper samples were collected from their farms for further
analyses of pesticide residues.
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Figure 1. Field survey districts of Chiang Mai province, Thailand (blue highlighted). Source: Nord-
NordWest (2009) for the map of Thailand and Hdamm (2004) for the map of Chiang Mai province.

Furthermore, we conducted interviews with two to three uncertified chili pepper
growers near the location where we interviewed one certified farmer. The selection criteria
for the uncertified farmers were: 1. they were between 18 and 65 years old and had resided
in Chiang Mai province for at least 2 years; 2. they had been involved in chili pepper
farming since 2019 or earlier and had experience using pesticides; and 3. they were able to
speak and understand the Thai language. We interviewed a total of 229 uncertified farmers
in the Thai language and collected chili pepper samples from them. Among these farmers,
four held a Q-GAP certification for crops other than chili peppers at the time of the survey.
Each farmer was interviewed for 30 to 40 min, using a structured questionnaire and voice
recorders.

During the interview, the respondent farmers were asked about their views regarding
whether Q-GAP-certified farmers would have more economic advantages compared to
uncertified farmers as a result of this certification. However, some of the uncertified farmers
were not familiar with Q-GAP or did not understand its goal in relation to food safety. To
ensure accurate responses, explanations about the Q-GAP policy were provided to these
farmers before asking the question.

2.2. Pesticide Residue Analysis

The chili pepper samples for the pesticide residue analysis were collected randomly
from five different locations within a farmer’s field, with each point being approximately
equidistant from one another. Five chili pepper samples were collected from each farm.
The chili samples were left unwashed and chopped into small pieces. From the collected
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samples, one randomly selected processed sample weighing 500 g was chosen for the
analysis. The sample preparation followed the Codex Protocol 21 [33]. These procedures
were carried out the day after the samples were collected. Each sample was placed in an
ice box and stored in a freezer at −20 degrees Celsius at the Laboratory of Environmental
and Occupational Health Science, Research Institute for Health Sciences, Chiang Mai
University. As described in a previous study conducted by one of the authors [34], the
freezer samples were prepared for the organophosphate pesticide (OP) and synthetic
pyrethroid pesticide (SP) analyses. The OPs were evaluated using gas chromatography
with a photometric detector (GC-FPD), while the SPs were assessed using an electron
capture detector (GC-ECD). For calibration purposes, five levels of OP and SP standards,
ranging from 0.01 to 0.320 mg/kg, were prepared and added to the pooled chili samples.
The lowest concentration of analyte detected in a sample was used to determine the limit
of detection (LoD) [35]. The limit of quantification (LoQ) was determined based on the
lowest concentration that could be reliably measured with an acceptable relative standard
deviation (RSD). To assess the precision, intra-batch (n = 10) and inter-batch measurements
(n = 13) were conducted using a spiked mixed solution containing OPs and SPs at a
concentration of 0.40 mg/kg. Recovery tests were performed using the spiked mixed
solution at three levels: low (0.01 mg/kg), medium (0.08 mg/kg), and high (0.32 mg/kg).
The accuracy was expressed as the percentage recovery rate, while the precision was
estimated as the RSD of the repeated measurements.

2.3. Statistical Data Processing

The numerical data collected were analyzed using the Stata statistical analysis software.
To compare the continuous response variables, a one-way ANOVA was conducted. For
the nominal response variables, such as those with the categories “Yes” and “No”, coded
as 1 and 0, respectively, a chi-square test for independence was employed for statistical
comparisons.

A probit regression was employed to analyze the factors influencing the adoption
of Q-GAP standards among the chili-pepper farmers. The probit model is a statistical
probability model used for binary dependent variables with two categories. In this study,
the response variable represents the probability of adopting the Q-GAP standards, and it is
a dummy variable that takes a value of one for Q-GAP adoption and zero for non-adoption.

The explanatory variables included in the analysis were related to the farmers’ socio-
economic conditions, their perceptions of pesticide use and Q-GAP, their training experi-
ence, and their pesticide use practices. These variables were selected based on previous
studies [9,13,23,28,30] that identified them as critical factors influencing growers’ pesticide
use performance within a GAP framework. To avoid potential issues of multicollinearity,
variables representing environmental outcomes such as pesticide residues (specifically OPs
and SPs) were not included in the analysis.

According to Wooldridge [36], a probit model can be constructed based on an under-
lying latent variable model. Assuming the existence of an unobserved or latent variable
denoted as Y*, we can consider the following relationship:

Y* = β0 + Xβ + e, Y = 1 [Y* > 0]

where the notation 1 [.] is introduced to define a binary outcome. The indicator function,
denoted as 1 [.], is a mathematical function that evaluates to one if the event enclosed in
the brackets is true, and zero otherwise. Thus, Y takes on the value of one if Y* is greater
than zero, and Y takes on zero if Y* is less than or equal to zero. We assume that the error
term e is independent of X and follows a standard normal distribution.

An MLR procedure was employed to identify the main factors influencing the quantity
of the pesticide residue detected by the farmers. An MLR is a statistical technique that
utilizes multiple explanatory variables to predict the outcome of a continuous response
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variable. It extends the concept of an ordinary least square (OLS) regression, which involves
using a single explanatory variable. The MLR model can be expressed as follows:

Yi = β0 + β1Xi,1 + · · · + βnXi,n + εi (1)

where Yi is the amount of pesticide residue detected (mg/kg of active chemical ingredients),
β0, β1, and · · · βn, are coefficients, and εi denotes residual errors, which are assumed to be
independent, normally distributed, random variables with a mean of zero and a constant
variance σ2. The purpose of the MLR was to determine if the amount of pesticide residue
detected could be predicted using a set of explanatory (or predictor) variables. It aimed
to assess the extent to which the variance in the continuous response variable could be
explained by the predictors. The same explanatory variables used in the probit analysis
were included in in the MLR model.

To ensure the reliability of the results, we examined whether the basic assumptions
of the MLR model were met before conducting the analysis. Our assessment indicated
the following: there was no linear relationship between each predictor variable and the
response variable; there was no significant correlation among the predictor variables;
each observation in the dataset was independent; and the residuals demonstrated normal
distributions and a constant variance across the model. These findings confirm that the
assumptions of the MLR were satisfied, validating the reliability of the results.

3. Results and Discussion
3.1. Socio-Economic Profile of the Farmers Surveyed

The certified farmers grew a significantly higher number of crops other than chili
peppers on their farms, as compared to the uncertified farmers (p < 0.01) (Table 1). The
proportion of the certified farmers who grew certified crops other than chili peppers was
29.3% higher than that of the uncertified farmers, with statistical significance. Meanwhile,
no significant differences were observed for age, education, total farm size, chili pepper
farm size, the percentage of farms employing workers for chili pepper farming, or the
number of permanently employed workers for chili pepper farming.

Table 1. Basic profile of the respondent farmers.

Variable Description Certified
(N = 100)

Uncertified
(N = 229) p-Value

Age (years) 55.0 (9.9) 53.2 (10.5) 0.152 NS

Education (years) 6.5 (3.2) 6.5 (2.9) 0.930 NS

Total farm size (ha) 1.6 (2.1) 1.4 (1.7) 0.401 NS

Chili pepper farm size (ha) 1.0 (1.3) 0.8 (1.2) 0.160 NS

Number of crops to grow other than chili pepper 1.98 (1.09) 1.35 (0.94) 0.000 ***
Farms growing certified crops other than chili

pepper (1 = yes) (%) 31.0 1.7 0.000 ***

Permanent worker employment (1 = yes) (%) 16.0 11.8 0.297 NS

Number of permanently employed workers 1.25 (4.03) 1.26 (6.32) 0.991 NS

*** p < 0.01; NS = not significant. Standard deviation in parentheses.

3.2. Farmers’ Adoption of Q-GAP Standard

More than half of the certified farmers gave the answer to the question of the motiva-
tional factors for applying for Q-GAP as “Market demands GAP” (Figure 2). As chili pepper
is primarily a crop for domestic/local consumption in the surveyed region, the share of
the chili farmers’ interests in Q-GAP for export was limited (4.2%). Hence, many of the
market incentives were related to the requirements of the local/domestic specialty market
for GAP. Including “To improve produce quality” (8.3%), the motives that were directly
involved with marketing accounted for 75.8% of the answers. Among the non-marketing
motives, the primary motive was “Recommended to apply for Q-GAP by an individual
or an organization” (15.8%), followed by “To ensure safety for producers and consumers”
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(8.3%). Regarding the uncertified farmers’ reasons for not having applied for Q-GAP, the
primary reason was “I (we) did not know Q-GAP very much/at all” (88.4%). The other
reasons included “I (we) failed to meet on time to reapply for Q-GAP for chili pepper”
(5.6%), followed by “Too busy to do Q-GAP/too cumbersome to follow the required proce-
dures” (2.6%), “Not ready to apply yet” (2.2%), and others (1.7% including three farmers
who stated that the training site was too far and one farmer who failed to pass certification
three times in the designated round). It is noteworthy that no uncertified farmers pointed
to economic reasons for not applying, such as “Price remains the same” or “Q-GAP does
not help marketing”.
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Regarding the benefits of acquiring a Q-GAP certification, the highest percentage was
for “Helps ensure the safety of producers and consumers” (20.8%) (Figure 3). The benefits
directly related to economic values were “Helps receive higher prices” (18.4%), “Helps
ensure produce quality” (12.0%), “Makes produce sales easier” (8.0%), “Helps meet the
market demand” (4.8%), and “Helps reduce cost” (in Others, 0.8%), accounting for a total
of 43.2%. A total of 19 farmers answered “There are no benefits” (15.2%). Meanwhile,
regarding the disadvantages of acquiring a Q-GAP certification, the majority of farmers
answered “No disadvantages” (78.2%), followed by “Limited agrochemical use” (5%), “Has
an expiration of certification” (4.0%), “Uncertain marketing benefits” (3.0%), “No economic
differences from a lack of certification” (3.0%), and “No marketing support” (3.0%).

Given the lack of observed significant differences in the chili pepper farm size, no
significant differences in the annual chili pepper produce or yield were identified (Table 2).
This lack of significance seems to be influenced by the extremely high standard deviations
of the uncertified farms for annual produce and yield, given that their produce was over
39% and yield was nearly 76% higher than that of the certified farmers. Regarding the
farmgate prices that the farmers received, the certified farmers had approximately 46%,
34%, and 25% higher lowest, average, and highest prices compared to their uncertified
counterparts, with a significant difference (p < 0.01). However, these two types of farmers
had no significant differences in their total chili pepper sales or chili pepper sales per
hectare. These findings are consistent with our previous study on cabbage [23]. These
similarities are understandable considering that both studies were conducted in the same
province and both crops are oriented towards domestic markets. It is likely that the price
differences between the two types of farmers for these crops may not be as significant as
those observed for export-oriented crops.
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Table 2. Economic and marketing aspects of the respondent farmers.

Variable Description Certified
(N = 100)

Uncertified
(N = 229) p-Value

Annual chili pepper produce (kg) 3105 (5592) 4322 (15,632) 0.449 NS

Annual chili pepper yield (kg/ha) 3708 (3923) 6553 (23,577) 0.231 NS

Lowest chili pepper price in kg (THB) 30.88 (29.78) 21.15 (15.12) 0.001 ***
Average chili pepper price in kg (THB) 54.52 (42.01) 40.67 (21.10) 0.000 ***
Highest chili pepper price in kg (THB) 79.67 (38.77) 63.53 (34.03) 0.001 ***

Total chili pepper sales (THB) 101,013 (164,769) 105,124 (394,486) 0.920 NS

Chili pepper sales per ha (THB/ha) 209,906 (334,034) 166,011 (598,942) 0.585 NS

Average export sales (THB) 9390 (46,863) 2965 (27,836) 0.124 NS

*** p < 0.01; NS = not significant. Standard deviation in parentheses.

It is noteworthy that the certified chili pepper farmers, with an average land size
of 1 ha for chili pepper cultivation, generated more than twice the value of sales per ha
compared to their total chili pepper sales. Similarly, the uncertified farmers, with an average
land size of approximately 0.8 ha, generated a nearly 57% higher value of chili pepper sales
per ha compared to their total sales. Moreover, the certified farmers achieved an annual
yield approximately 19% higher than their annual produce, while the uncertified farmers
achieved an annual yield of nearly 52% higher than their annual produce. These findings
suggest that chili pepper farming is intensive and that smaller farms tend to have better
yields and sales per unit of land than larger farms, resulting in significant gaps between the
total and per unit values.

The export sales for both types of farmers were small, accounting for approximately
9.3% of the total chili pepper sales for the certified farmers and approximately 2.8% of those
for the uncertified farmers, with no significant difference. Interestingly, some uncertified
farmers managed to export their produce without Q-GAP certification, implying that they
had bypassed the Thai government’s regulations for fresh produce exports.

3.3. Farmers’ Perceptions of GAP Policy and Pesticide Use

During the interviews, it was found that 97.0% of the certified farmers were able to
associate the goal of the Q-GAP policy with food safety (Table 3). In contrast, only 40 out of
the 229 uncertified farmers (17.5%) stated that they had prior knowledge of Q-GAP. Among
these 40 farmers, 28 (70.0%) were able to relate the Q-GAP goal with food safety. This
level of understanding among the uncertified farmers differed significantly from that of
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the certified farmers (p < 0.01). While 38.0% of the certified farmers could explain what
IPM is, 24.5% of the uncertified farmers could, with a significant difference (p < 0.05). Both
the certified and uncertified farmers expressed a high confidence in the health of users
when pesticides are appropriately managed. However, no significant difference was found
between the two groups regarding the three objects of pesticide use impact. This finding
is in contrast to our previous study on cabbage, which showed that uncertified cabbage
farmers had a significantly higher proportion considering the absence of harmful effects
on users’ health, consumers’ health, and the environment in comparison to their certified
counterparts [23]. Additionally, while 58.0% of the certified farmers reported receiving
sufficient local government support for necessary technologies or services, only 14.8% of
the uncertified farmers reported the same, indicating a significant difference (p < 0.01).

Table 3. Respondent farmers’ perceptions of Q-GAP policy and pesticide use.

Variable Description (1 = Yes) Certified
(N = 100)

Uncertified
(N = 229) p-Value

Can relate the goal of the Q-GAP policy to food safety (%) 97.0 70.0
(n = 40) 0.000 ***

Can explain what integrated pest management (IPM) is (%) 38.0 24.5 0.012 **
Thinks that pesticides are not very harmful to the health of
users when appropriately managed (%) 77.0 68.9 0.134 NS

Thinks that pesticides are not very harmful to the health of
consumers when appropriately managed (%) 65.0 55.5 0.107 NS

Thinks that pesticides are not very harmful to the
environment when appropriately managed (%) 58.0 56.8 0.992 NS

Thinks that sufficient assistance has
been received from local government agencies to obtain
agricultural technologies or practices (%)

58.0 14.8 0.000 ***

*** p < 0.01, ** p < 0.05; NS = not significant. The number of samples is indicated as n in a parenthesis for the item
that falls short of the complete sample N.

3.4. Farmers’ Training Experiences

The certified farmers had a 37.3% higher proportion of those who received government
training on pesticide use compared to the uncertified farmers, with a significant difference
(p < 0.01) (Table 4). Among those who underwent government training on pesticide
use, there was no significant difference between the two types of farmers regarding the
number of training days. The certified farmers had a 51.6% higher proportion of those
who received government training on Q-GAP than their uncertified counterparts, with
a significant difference (p < 0.01). Among those who had taken government training on
Q-GAP, there was no significant difference between the two types of growers regarding
the number of training days. The certified farmers had a 13.6% higher proportion of those
who received government training on IPM compared to the uncertified farmers, with a
significant difference (p < 0.05). Additionally, the certified farmers had a 19.9% higher
proportion of those who received government training on the use of organic fertilizer
compared to the uncertified farmers, with a significant difference (p < 0.01).

Taken together, a significantly higher proportion of the certified farmers received train-
ing for pesticide use, Q-GAP, IPM, and organic fertilizer use compared to the uncertified
farmers. This advantage for the certified farmers appears to have influenced their adoption
of Q-GAP, their superior understanding of the IPM concept and the rationale of the Q-GAP
policy, as well as their higher satisfaction with the government support for agricultural
technologies and practices compared to their uncertified counterparts.
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Table 4. Training and processes for obtaining certification.

Variable Description Certified
(N = 100)

Uncertified
(N = 229) p-Value

1. Ever received government training on pesticide
use (1 = yes) (%) 74.0 36.7 0.000 ***

2. Number of days taken for participation in
government training on agricultural pesticides

1.61
(0.99)

(n = 74)

1.77
(3.22)

(n = 84)
0.671 NS

3. Ever received government training on Q-GAP
(1 = yes) (%) 66.0 14.4 0.000 ***

4. Number of days taken for participation in
government training on Q-GAP

1.73
(1.16)

(n = 66)

1.70
(0.92)

(n = 33)
0.896 NS

5. Ever received government training on IPM
(1 = yes) (%) 38.0 24.4 0.012 **

6. Ever received government training on the use of
organic fertilizer (1 = yes) (%) 64.0 44.1 0.001 ***

*** p < 0.01, ** p < 0.05; NS = not significant. Standard deviation in parentheses. The number of samples is indicated
as n in parentheses for items that fall short of the complete sample N.

3.5. Certified Farmers’ Experiences of Audit

The average number of times the certified farmers needed to undergo the DoA audits
to obtain the latest Q-GAP certification for chili pepper was 1.25 times (Table 5). During a
GAP audit, auditor DoA officers are not supposed to inform the certified farmers of the
exact date of their visit to ensure surprise inspections. However, this approach inadvertently
leads to inefficiencies in the auditing process, as there are instances where farmers are
not available or present on their farms during the surprise visit. Consequently, 56% of
the farmers surveyed received advance notice from the DoA regarding the schedule of
their initial audit for the latest certification. Among the farmers who received advance
notice, they were informed an average of 5.6 days before the audit date. On average, the
first audit lasted approximately 43 min. As per the protocol, DoA auditors are required to
verify the applicant farmers’ record-keeping practices by reviewing their documentation.
However, it was found that 39% of the farmers obtained a Q-GAP certification without
the auditors conducting any record-keeping checks. Additionally, auditors are responsible
for randomly selecting chili pepper samples from farmers’ fields for a pesticide residue
analysis to prevent farmers from selectively providing produce with low pesticide residue
levels. Surprisingly, 71% of the certified farmers personally selected and provided chili
pepper produce to the officers, which was significantly higher than the case of the cabbage
farmers mentioned earlier, where only 9.8% did so [23].

Table 5. Audit experiences of Q-GAP-certified farmers.

Variable Description Q-GAP-Certified
(N = 100)

Number of times DoA audit was needed to receive Q-GAP certification 1.25
Received advance notice on the date of the first audit (1 = yes) (%) 56.0
Number of days advance notice was made prior to the first audit 5.6
Time taken for the first audit (minutes) 43
Checked in audit on the record-keeping of farming practices (1 = yes) (%) 61.0
Handed chili pepper samples directly to DoA officers for pesticide residue test
(1 = yes) (%) 71.0

3.6. Synthetic Pesticide Use

A significantly smaller proportion of the certified farmers used insecticides compared
to the uncertified farmers in the past year (p < 0.01), while no significant difference was
found for their usage of fungicides or herbicides (Table 6) (see Table A1 in Appendix A
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for detailed information on the pesticides commonly used by the surveyed farmers). This
finding differs from the case of the aforementioned study on cabbage, which revealed a
significantly higher adoption of all three pesticide types by the uncertified farmers [23].
However, this study on chili pepper yielded similar results to the cabbage study regarding
the significantly lower annua frequency of the use of the three kinds of pesticides among
the certified farmers compared to the uncertified farmers, both including and excluding
the farmers who did not use a particular type of pesticide. Based on the certified farmers’
self-estimation reports, they achieved an average reduction of 26.4% in the amount of
insecticides sprayed, 18.8% in fungicides, and 16.4% in herbicides, following certification.

Table 6. Synthetic pesticide use by respondent farmers.

Variable Description Certified
(N = 100)

Uncertified
(N = 229) p-Value

Insecticides

Use (1 = yes) (%)
Frequency of insecticide application in the past year

60.0
2.19 (2.87)

76.4
5.84 (8.64)

0.0023 ***
0.0000 ***

Frequency of insecticide application in the past year
when excluding those who did not use insecticides

3.65 (2.90)
(n = 60)

7.65 (9.16)
(n = 175) 0.0010 ***

Changes (%) in the amount via certification
(excluding those who did not use insecticides)

−26.4
(n = 60) N.A. N.A.

Fungicides

Use (1 = yes) (%)
Frequency of fungicide application in the past year

52.0
1.61 (2.32)

60.7
−4.27 (7.60)

0.141 NS

0.000 ***
Frequency of fungicide application in the past year
when excluding those who did not use fungicides

3.09 (2.40)
(n = 52)

7.06 (8.69)
(n = 136) 0.0014 ***

Changes (%) in the amount via certification
(excluding those who did not use fungicides)

−18.8%
(n = 52) N.A. N.A.

Herbicides

Use (1 = yes) (%)
Frequency of herbicide application in the past year

68.0
1.83 (2.54)

75.1
3.28 (6.61)

0.182 NS

0.0344 **
Frequency of herbicide application in the past year
when excluding those who did not use herbicides

2.68 (2.68)
(n = 68)

4.37 (7.31)
(n = 172) 0.0639 *

Changes (%) in the amount via certification
(excluding those who did not use herbicides)

−16.4
(n = 68) N.A. N.A.

*** p < 0.01, ** p < 0.05, * p < 0.10; NS = not significant; N.A. = not applicable; standard deviation in parentheses.
The number of samples is indicated as n in parentheses for items that fall short of the complete sample N.

3.7. Detected Pesticide Residue Levels

Among the 19 active chemical ingredients analyzed for the OP residues, the uncertified
farms had residues detected for ten active chemical ingredients, whereas the certified farms
had residues detected for only seven ingredients (Table 7). No residues of Dicrotophos,
Pirimiphosmetyl, or Methidathion were found in the certified farms. It is noteworthy that
the smaller sample size of the certified farmers could provide them with an advantage in
this comparison. Among the detected ingredients, only Chlorpyrifos showed a significant
difference in the mean amount of detected residues (p < 0.10), with the uncertified farmers
having a significantly higher level compared to that of the certified farmers. Triazophos was
detected in the highest proportion of both types of farms detected. However, the detection
of Chlorpyrifos and Profenphos was significantly higher in the uncertified farms compared
to their certified counterparts (p < 0.05 for Chlorpyrifos and p < 0.01 for Profenophos) (their
p-values are not shown in the table). It is worth noting that none of the certified farms had
residues exceeding the Codex MRL, whereas one uncertified farm (0.44% of 229 farms) was
found to have Profenophos residue (not shown in the table).
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Table 7. Detected pesticide residue levels from the OP analysis.

Name of Active
Chemical Ingredients

Q-GAP-Certified (N = 100) Uncertified (N = 229)

Mean
(mg/kg) SD Min

(mg/kg)
Max

(mg/kg)

Farms
Detected

(%)

Mean
(mg/kg) SD Min

(mg/kg)
Max

(mg/kg)

Farms
Detected

(%)
p-Value

Diazinon 0.0006744 0.014439 0.0181 0.0493 2.0 0.001617 0.0169633 0.0107 0.2067 1.31 0.5868 NS

Dicrotophos - - - - 0 0.0003516 0.004368 0.0164 0.0641 0.87 N.D.
Pirimiphosmetyl - - - - 0 4.7869 × 10−7 0.0012549 0.0190 0.0190 0.44 N.D.
Chlorpyrifos 0.0009877 0.0002598 0.0065 0.0206 8.00 0.0160484 0.0796801 0.0073 1.0392 17.03 0.0600 *
Prothiophos 0.001415 0.0077992 0.0227 0.0653 4.00 0.0005669 0.004304 0.0250 0.0374 1.75 0.2071 NS

Methidathion - - - - 0 0.000138 0.001456 0.0131 0.0185 0.87 N.D.
Profenophos 0.0001011 0.0010105 0.0101 0.0101 1.00 0.0651415 0.454457 0.0124 5.0857 7.86 0.1537 NS

Ethion 0.0008523 0.003878 0.0004 0.0252 9.00 0.0024631 0.0167453 0.0002 0.2244 14.85 0.3427 NS

Triazophos 0.0042347 0.0050483 0.0067 0.0146 43.00 0.0050592 0.0063247 0.0070 0.0417 44.54 0.2498 NS

EPN 0.0002108 0.0013552 0.0026 0.0114 3.00 0.0000944 0.0000944 0.0039 0.0110 1.31 0.3563 NS

Total 0.008475 0.0137244 0.0004 0.0653 53.00 0.0915638 0.4690539 0.0002 5.0857 65.94 0.0777 *

* p < 0.10; NS = not significant. (-) indicates no detection, and N.D. indicates not detectable. Note: The technique for
detecting residues of a modified organophosphate pesticide (OP) followed the methods described by Sapbumrer
and Hongsibsong [34] and Pakvilai et al. [37]. A 5 g sample was placed into a 50 mL centrifuge tube, and 15 mL
of acetonitrile:dichloromethane (1:1 v/v) was added for extraction. The container was shaken for approximately
five min., with two extractions performed. The extracted solutions were combined with 3 g of sodium chloride
and magnesium sulfate to remove water. The resulting solution was filtered through filter paper containing 2 g of
anhydrous sodium sulfate into an evaporating flask. Drying was carried out using a rotary evaporator in a water
bath at 40 ◦C. Subsequently, the solution was dissolved in 1 mL of ethyl acetate and transferred to a GCB tube. It
was then filtered using a syringe filter with a pore size of 0.45 µm before being injected into the GC-FPD.

Among the eight active chemical ingredients examined in the SP analysis, no residues
of Fenpropathrin, Fenvalerate, Esfenvalerate, or Deltamethrin were detected in any of the
uncertified farms (Table 8). However, there were significant differences in the amounts
of detected residues for L-Cyhalothrin, Permethrin, and Cypermethrin, with the certified
farms showing higher levels compared to those of the uncertified farms. Additionally,
a significantly larger proportion of the certified farmers detected residue for these three
active chemical ingredients compared to the uncertified farmers (p < 0.01) (their p-values
are not shown in the table). Cypermethrin had the highest detection rate among the
certified farms, while Cyfluthrin had the highest detection rate among the uncertified farms.
Importantly, none of the certified farms had residues exceeding the Codex MRL, However,
two uncertified farms (0.87% of 229 farms) were found to have Cypermethrin residue (not
shown in the table).

Table 8. Detected pesticide residue levels from the SP analysis.

Name of Active
Chemical Ingredients

Q-GAP-Certified (N = 100) Uncertified (N = 229)

Mean
(mg/kg) SD Min

(mg/kg)
Max

(mg/kg)
Farms

Detected (%)
Mean

(mg/kg) SD Min
(mg/kg)

Max
(mg/kg)

Farms
Detected (%) p-Value

Fenpropathrin 0.0002136 0.0011416 0.0030 0.0084 4.00 - - - - 0 N.D.
L-Cyhalothrin 0.0029027 0.0194078 0.0004 0.1930 14.00 0.0002911 0.0024517 0.0070 0.0282 1.75 0.0459 **
Permethrin 0.009738 0.0356368 0.0048 0.2949 33.00 0.001636 0.0071918 0.0050 0.0620 10.48 0.0011 ***
Cyfluthrin 0.0058914 0.0113009 0.0062 0.1062 52.00 0.0060196 0.0069016 0.0022 0.0428 54.15 0.8997 NS

Cypermethrin 0.0951407 0.2427677 0.0051 1.6356 68.00 0.0269529 0.0794164 0.0044 0.7861 33.62 0.0002 ***
Fenvalerate 0.0003851 0.0016896 0.0074 0.0085 5.00 - - - - 0 N.D.
Esfenvalerate 0.001105 0.0025502 0.0066 0.0082 16.00 - - - - 0 N.D.
Deltamethrin 0.0003071 0.0015193 0.0072 0.0089 4.00 - - - - 0 N.D.

Total 0.115682 0.2462004 0.0004 1.6356 88.00 0.0349009 0.0801294 0.0022 0.0282 72.49 0.0000 ***

*** p < 0.01, ** p < 0.05; NS = not significant. (-) indicates no detection, and N.D. indicates not detectable. Note:
The technique for detecting residues of a modified synthetic pyrethroid pesticide (SP) followed the methods
described by Sapbumrer and Hongsibsong [34] and Pakvilai et al. [37]. A 5 g sample was placed into a 50 mL
centrifuge tube, and 15 mL of acetonitrile:dichloromethane (1:1 v/v) was added for extraction. The container was
shaken for approximately five min., with two extractions performed. The extracted solutions were combined
with 3 g of sodium chloride and magnesium sulfate to remove water. The resulting solution was filtered through
filter paper containing 2 g of anhydrous sodium sulfate into an evaporating flask. Drying was carried out using
a rotary evaporator in a water bath at 40 ◦C. Subsequently, the solution was dissolved in 1 mL of ethyl acetate
and transferred to a GCB tube. It was then filtered using a syringe filter with a pore size of 0.45 µm before being
injected into the GC-ECD.
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3.8. Non-Synthetic Pest Management

A significantly higher proportion of the certified farmers were found to use at least
one non-synthetic pest management method compared to the uncertified farmers (p < 0.01)
(Table 9). Regarding the adoption of each method, among the eight methods used by at
least one farmer in each farmer group, only bio-fungicide showed a significant difference
in favor of the certified farmers over their uncertified counterparts (<0.01). The method
used by the largest proportion of the farmers in both groups was mowing using a weed
cutter. This finding is similar to that of the aforementioned cabbage study, although the
latter found a significantly higher adoption of bio-fungicide by uncertified farmers and
herbal insecticide by certified farmers [23].

Table 9. Use of non-synthetic pest control methods.

Variable Description (1 = Yes) Certified
(N = 100)

Uncertified
(N = 229) p-Value

Farmers that use at least one non-synthetic
pest management method (%) 56.0 39.3 0.005 ***

Adoption of specific method
EM pesticides 4.0 2.6 0.502 NS

Herbal insecticide 4.0 2.2 0.353 NS

Lamp lighting as insect repellent 0.0 1.3 0.250 NS

Wood vinegar as insect repellent 1.0 0.0 0.130 NS

Ashes as insecticide 0.0 1.3 0.250 NS

Bio-fungicide 15.0 5.7 0.005 ***
Mowing 22.0 19.2 0.560 NS

Removing weeds by hand or hoe 9.0 10.0 0.769 NS

*** p < 0.01; NS = not significant. Standard deviation in parentheses. The number of samples is indicated as n in
parentheses for items that fall short of the complete sample N.

3.9. Record-Keeping

Record-keeping practices were investigated among the farmers who adopted the
particular pest control and fertilization method. Of the six items examined, the record-
keeping for insecticide use, the use of non-synthetic pest management methods, and the
use of fertilization methods other than chemical fertilizers showed significant differences
in favor of the certified farmers over the uncertified farmers (Table 10). None of the farmers
maintained record-keeping for fungicide or herbicide use. No significant difference was
found in the record-keeping for the use of chemical fertilizers.

Table 10. Record-keeping.

Variable Description (1 = Yes) Certified
(N = 100)

Uncertified
(N = 229) p-Value

Insecticide use (%) 20.0
(n = 60)

5.7
(n = 175) 0.001 ***

Fungicide use (%) 0
(n = 52)

0
(n = 139) N.D.

Herbicide use (%) 0
(n = 68)

0
(n = 172) N.D.

Use of non-synthetic pest management methods (%) 36.8
(n = 57)

10.0
(n = 90) 0.000 ***

Use of chemical fertilizers (%) 29.0
(n = 62)

24.9
(n = 189) 0.516 NS

Use of other fertilization methods (%) 36.8
(n = 38)

4.5
(n = 111) 0.000 ***

*** p < 0.01; NS = not significant; N.D. = not detectable.

It is noteworthy that the certified farmers generally had low levels of record-keeping,
particularly regarding the use of fungicides and herbicides. This finding aligns with the
cabbage study mentioned earlier, which also identified a lack of record-keeping for these
two types of pesticides. In the case of the certified chili pepper farmers, the record-keeping
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for insecticide use was as low as 20.0%, significantly lower than the 64.0% recorded for
the certified cabbage farmers [23]. In stark contrast, more than 80% of certified mango
growers in the Chiang Mai and Phitsanulok provinces, who focus on export-oriented
crops, maintained records of their pesticide use, except for 69.8% of those in Chiang Mai
province regarding herbicide use [30]. These findings suggest that, without intervention
from exporters, certified farmers of crops aimed at domestic sales may not prioritize their
record-keeping as strictly.

3.10. Factors Affecting the Adoption of Q-GAP

The likelihood ratio (LR) statistic indicated that the inclusion of independent variables
improved the fit of the model. The LR chi-square value of 218.25 with a p-value of 0.0000
demonstrated that our model was statistically significant, indicating a significantly better
fit compared to a model without any predictors.

The adoption of Q-GAP certification was positively influenced by several factors, in-
cluding chili pepper sales/ha, received sufficient government support, training experience
with pesticide use, training experience with Q-GAP, number of days of Q-GAP training,
herbicide use, and the frequency of herbicide use (Table 11). Meanwhile, chili pepper yield
and the frequency of insecticide use had a significantly negative effect on this adoption.

Table 11. Factors affecting adoption of GAP certification standards (Probit regression).

Variables Coef. Std. Err p-Value

Socio-economic factors
Age (years) 0.013 0.012 0.811
Education (years) 0.048 0.038 0.207
Total farm size (ha) −0.007 0.017 0.660
Chili pepper farm size (ha) 0.021 0.024 0.369
Chili pepper produce/ha −0.000 0.000 0.022 **
Chili pepper sales/ha 0.000 0.000 0.000 ***
Farmer’s Perceptions of Q-GAP Policy and Certification
Know about IPM (1 = yes) 0.255 0.267 0.339
No harm producer health (1 = yes) 0.260 0.285 0.361
No harm consumer health (1 = yes) 0.273 0.279 0.326
No harm environment (1 = yes) −0.282 0.280 0.313
Received government support (1 = yes) 0.330 0.152 0.000 ***
Farmer training experiences
Training on pesticide use (1 = yes) 0.571 0.255 0.016 **
Training on Q-GAP (1 = yes) 0.353 0.247 0.000 ***
Training on organic fertilizer (1 = yes) −0.286 0.276 0.299
Number of training days on pesticide use 0.053 0.051 0.295
Number of training days on Q-GAP 0.512 0.128 0.000 ***
Management of synthetic pesticides
Insecticide use (1 = yes) 0.064 0.343 0.852
Fungicide use (1 = yes) 0.508 0.332 0.219
Herbicide use (1 = yes) 0.710 0.351 0.037 **
Number of times insecticides used −0.068 0.043 0.069 *
Number of times fungicides used −0.071 0.052 0.173
Number of times herbicides used 0.090 0.040 0.033 **
_cons −0.401 0.028 0.004

Number of observations 329
LR chi2 218.25
Prob > chi2 0.0000
Pseudo R2 0.7600

*** p < 0.01, ** p < 0.05, and * p < 0.10.

It is important to note that increased training in pesticide use and Q-GAP significantly
contributed to the adoption of Q-GAP certification among chili pepper farmers. As seen,
this finding aligns with several previous studies. Additionally, herbicide use and its
frequency positively influenced the adoption of the Q-GAP standard. Conversely, a higher
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frequency of insecticide use was associated with a lower Q-GAP adoption. This suggests
that farmers increased their herbicide usage as they gained confidence in proper and safe
herbicide application through Q-GAP adoption. In contrast, they reduced their reliance on
insecticides by applying the knowledge acquired through Q-GAP to control insect pests.

3.11. Factors Affecting the Quantity of Pesticide Residue

Among the certified farmers, factors such as the received sufficient government sup-
port, herbicide use, and frequency of fungicide use were significantly associated with a
higher quantity of pesticide residue detected in the OP analysis (Table 12). Conversely,
the number of training days in pesticide use, fungicide use, and frequency of insecticide
use had a significantly negative effect on the pesticide residue levels. For the uncerti-
fied farmers, education and training experience with organic fertilizer had a significant
positive effect.

Table 12. Influence of various factors on the quantity of detected pesticide residues from the OP
analysis (Multiple linear regression).

Variables Certified Uncertified

Coef. Std. Err p-Value Coef. Std. Err p-Value

Socio-economic factors
Age (years) −0.000 0.000 0.973 −0.001 0.003 0.841
Education (years) 0.000 0.000 0.825 0.011 0.012 0.042 **
Total farm size (ha) 0.000 0.000 0.574 0.003 0.004 0.466
Chili pepper farm size (ha) −0.000 0.000 0.567 −0.006 0.006 0.343
Chili pepper produce/ha −0.000 0.000 0.491 −0.000 0.000 0.599
Chili pepper sales/ha −0.000 0.000 0.845 0.000 0.000 0.566
Farmer’s Perceptions of Q-GAP Policy
and Certification
Know about IPM (1 = yes) 0.002 0.003 0.507 0.046 0.080 0.576
No harm producer health (1 = yes) −0.004 0.004 0.405 0.063 0.076 0.411
No harm consumer health (1 = yes) −0.003 0.005 0.538 −0.093 0.078 0.237
No harm environment (1 = yes) −0.000 0.005 0.969 0.027 0.080 0.737
Received government support (1 = yes) 0.005 0.003 0.022 ** 0.077 0.090 0.392
Farmer training experiences
Training on pesticide use (1 = yes) 0.001 0.004 0.771 −0.030 0.077 0.698
Training on Q-GAP (1 = yes) 0.001 0.004 0.795 −0.116 0.099 0.242
Training on organic fertilizer (1 = yes) −0.005 0.004 0.276 0.135 0.015 0.021 **
Number of training days on pesticide use −0.003 0.001 0.044 ** 0.002 0.015 0.913
Number of training days on Q-GAP
standard 0.000 0.001 0.799 −0.031 0.048 0.513

Management of synthetic pesticides
Insecticide use (1 = yes) 0.003 0.005 0.484 −0.055 0.098 0.572
Fungicide use (1 = yes) −0.009 0.005 0.033 ** −0.012 0.093 0.894
Herbicide use (1 = yes) 0.001 0.004 0.001 *** −0.019 0.091 0.831
Number of times insecticides used −0.001 0.001 0.031 ** −0.005 0.008 0.488
Number of times fungicides used 0.003 0.001 0.002 *** 0.009 0.008 0.289
Number of times herbicides used 0.000 0.001 0.812 0.005 0.006 0.400
_cons 0.004 0.012 0.192 −0.015 0.222 0.947

Number of observations 100 229
Prob > F 0.0265 0.0365
R-squared 0.1972 0.1919
Adj R-squared −0.0389 −0.0200
Root MSE 0.07310 0.0792

*** p < 0.01, and ** p < 0.05.

Among the certified farmers, factors such as the total farm size, training experience
with Q-GAP, and frequency of insecticide use had a significantly positive effect on the
detection of pesticide residue in the SP analysis (Table 13). Conversely, insecticide use
and the frequency of herbicide use had a significantly negative effect. For the uncertified
farmers, training experience with organic fertilizer, insecticide use, and the frequency of
herbicide use had a significantly positive effect. The perception of no harm to producer
health and fungicide use had a significantly negative effect.
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Table 13. Influence of various factors on the quantity of detected pesticide residues from the SP
analysis (Multiple linear regression).

Variables Certified Uncertified

Coef. Std. Err p-Value Coef. Std. Err p-Value

Socio-economic factors
Age (years) 0.002 0.003 0.653 0.000 0.001 0.899
Education (years) −0.005 0.008 0.474 0.002 0.002 0.418
Total farm size (ha) 0.003 0.002 0.037 ** −0.000 0.001 0.512
Pepper farm size (ha) −0.001 0.004 0.895 −0.000 0.001 0.729
Pepper produce/ha −0.000 0.000 0.346 0.000 0.000 0.793
Pepper sales/ha −0.000 0.000 0.197 −0.000 0.000 0.725
Farmer’s Perceptions of Q-GAP Policy
and Certification
Know about IPM (1 = yes) −0.038 0.057 0.506 0.003 0.014 0.833
No harm producer health (1 = yes) 0.033 0.072 0.646 −0.031 0.013 0.003 ***
No harm consumer health (1 = yes) −0.069 0.080 0.386 0.008 0.013 0.561
No harm environment (1 = yes) 0.033 0.078 0.669 0.013 0.014 0.355
Received government support (1 = yes) 0.008 0.051 0.882 0.003 0.014 0.462
Farmer training experiences
Training on pesticide use (1 = yes) 0.036 0.062 0.564 −0.002 0.013 0.891
Training on Q-GAP (1 = yes) 0.138 0.058 0.028 ** −0.015 0.017 0.388
Training on organic fertilizer (1 = yes) −0.077 0.061 0.212 0.021 0.013 0.044 **
Number of training days on pesticide use −0.007 0.024 0.766 0.001 0.003 0.653
Number of training days on Q-GAP standard 0.026 0.023 0.258 0.005 0.008 0.572
Management of synthetic chemicals
Insecticide use (1 = yes) −0.134 0.080 0.036 ** 0.014 0.017 0.074 *
Fungicide use (1 = yes) 0.083 0.076 0.279 −0.023 0.016 0.050 *
Herbicide use (1 = yes) −0.041 0.069 0.554 −0.014 0.015 0.355
Number of times insecticides used 0.030 0.016 0.030 ** −0.000 0.001 0.857
Number of times fungicides used 0.026 0.019 0.174 0.002 0.001 0.164
Number of times herbicides used −0.019 0.012 0.026 ** 0.003 0.001 0.040 **
_cons 0.112 0.190 0.559 0.028 0.038 0.460

Number of observations 100 229
Prob > F 0.0187 0.0804
R-squared 0.4343 0.3061
Adj R-squared 0.1078 0.0154
Root MSE 0.0973 0.0710

*** p < 0.01, ** p < 0.05, and * p < 0.10.

The MLR results for the certified farmers yielded mixed and contradictory findings.
In the OP analysis, an increase in the training days for pesticide use was associated with
a decrease in the amount of pesticide residue detected. Conversely, in the SP analysis,
as more farmers receive Q-GAP training, pesticide residue levels increase. Furthermore,
in both the OP and SP analyses, several variables associated with pesticide use showed
unexpected inverse relationships with the detected residue levels. Normally, a higher
pesticide adoption or frequency of usage would result in higher residue levels. Therefore,
it is unclear why certain factors led to a decrease in residue levels despite an increased
pesticide usage.

4. Conclusions

We have assessed the implementation of Thailand’s public GAP certification standard
(Q-GAP) based on field surveys, pesticide residue analyses, and statistical processing. The
following conclusions can be drawn from this study regarding the understanding of the
ASEAN public GAP literature and its associated policy implications:

• The integrated, multi-dimensional approach used in this study provides valuable and
enlightening methodological contributions to food safety research in general, and
specifically to the ASEAN public GAP scholarship.
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• In domestic-marketing-oriented chili pepper production, safety assurance was not a
key motivation for certified growers to participate in Q-GAP. Meeting market require-
ments was the primary motivation for these chili pepper growers. DoA extension
officers should consider this when promoting Q-GAP to chili pepper farmers.

• The certified chili pepper farmers had a significantly lower adoption of insecticides
compared to uncertified farmers, but there were no significant differences in fungicide
or herbicide adoption. The certified chili pepper farmers had fewer annual pesticide
sprayings for all three types of pesticides than their uncertified counterparts. However,
the pesticide residue analysis results were mixed, making it difficult to conclude
whether the certified farmers had superior control over pesticide residues than the
uncertified farmers.

• The probit regression analysis revealed the critical importance of training for Q-GAP
adoption, which is consistent with the finding that the uncertified farmers did not
apply for Q-GAP due to a lack of knowledge about GAP. However, the MLR results
for the certified farmers, regarding the factors affecting the quantity of the detected
residues, were mixed for training and contradictory for pesticide use. Further studies
are needed to understand these results.

A limitation of the research is noted. In collecting the information about the farmers’
pesticide use and record-keeping, only farmers’ oral self-reports in the interviews were
collected, without any reference to their record-keeping notebooks.

Author Contributions: Conceptualization, Y.A.; methodology, Y.A., S.H. and G.G.G.; validation, Y.A.
and G.G.G.; formal analysis, Y.A., S.H. and G.G.G.; investigation, N.S.; data curation, Y.A. and N.S.;
writing, Y.A., S.H. and G.G.G.; visualization, Y.A.; supervision, Y.A. and S.H.; project administration,
Y.A. and S.H.; and funding acquisition, Y.A. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was conducted with financial support from the Japan Society for the Promo-
tion of Science (project number: 18H02292).

Institutional Review Board Statement: This study was conducted in accordance with the principles
of the Declaration of Helsinki. Approval was obtained from the Japan Society for the Promotion of
Science regarding the study’s “Human Rights Protection and Legal Compliance”.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Acknowledgments: The authors wish to convey their gratitude to all the officers at the DoA Chiang
Mai office and the offices of the DoAE and the HRDI in Chiang Mai province for their kind support of
the research team’s entry to the research site. The authors would also like to extend their appreciation
to all the participating chili pepper farmers for their cooperation in granting interviews. Additionally,
the authors thank Chiang Mai University for allowing them to use university facilities for the pesticide
residue analyses. The authors also greatly appreciate Kim Yeonwoo for her meticulous assistance in
data curation. Furthermore, the authors are sincerely grateful to the two anonymous reviewers for
their useful feedback.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A.

Appendix A.1. Certification Procedure of Q-GAP Standard (TAS 9001–2013)

TAS 9001–2013 certification entails a three-year period. To obtain certification, the
applicant farmer’s farming systems and practices are audited by DoA auditors, which
typically occurs one to three times within the application year. Crop and soil samples are
collected from the applicant’s farm for laboratory testing of pesticide residues. If excessive
residues are detected, the applicant will not pass the certification. If the threshold values
are exceeded in all three audits, the farmer will be unable to reapply for one year. As a
certification approaches expiration, the farmer must apply for a new certification 120 days
prior to the previous certification’s date of expiration to maintain their certified status [9].
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Appendix A.2. Agronomic Features of Chili Pepper

Chili pepper is an important spice in Thai cooking. It is also a high-value crop grown
by small-scale farmers as their vital income source in Thailand [5,32]. In 2021, chili peppers
were cultivated on 133,848 ha of land with a production of 251,665 tons nationwide and
10,973 ha with 7995 tons in Chiang Mai province [38]. Chili pepper is susceptible to
several pests. Herbivorous insects use chili pepper plants as their hosts in one or more
phases of their life cycles. For instance, Thrips suck the liquid out of chili pepper plants,
causing shrinkage of the leaves; the larvae of Spodoptera litura feed on the leaves and
fruits of chili pepper plants; and the larvae of female fruit flies (Bactrocera dorsalis) eat the
fruits [39]. Anthracnose is the most critical disease for chili pepper caused by the fungus
Colletotrichum spp., which inhabits the soil in its natural state. Its infection of chili pepper
plants creates chili fruits with sunken necrotic tissues. It can expose the fruit to secondary
infections by other fungal pathogens such as Aspergillus flavus. Thereby, aflatoxins may
be produced to cause serious harm to human health [40]. Chili pepper farmers in Thailand
rely on pesticides to control these pests, but they tend to be overused [32]. Thai chili
peppers have a record of import bans by European countries due to their detected pesticide
residues [16]. The indiscriminate use of pesticides can also be a risk factor for the health of
farmer households and the local ecosystem [41]. It is, therefore, critical to assess the ability
of the Q-GAP program to help chili pepper farmers minimize their pesticide overuse and
misuse based on an integrated agronomic approach.

Table A1. The pesticides commonly used by the chili pepper farmers surveyed.

No. Common Name Trade Name Concentration IUPAC Name * Molecular Formula Chemical Structure Depiction

Insecticides

1 Spinetoram Exalt 12% w/v SC

(2R,5R,9R,10S,14R,15S,19S)-15-
[(2R,5S,6R)-5-(dimethylamino)-6-

methyloxan-2-yl]oxy-7-
[(2R,3R,4R,5S,6S)-4-ethoxy-3,5-

dimethoxy-6-methyloxan-2-
yl]oxy-19-ethyl-14-methyl-20-

oxatetracyclo
[10.10.0.02,10.05,9]docos-11-ene-

13,21-dione

C42H69NO10
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Table A1. Cont.

No. Common Name Trade Name Concentration IUPAC Name * Molecular Formula Chemical Structure Depiction

Insecticides

3 Cypermethrin Saima 35 35% w/v EC

[cyano-(3-
phenoxyphenyl)methyl]

3-(2,2-dichloroethenyl)-2,2-
dimethylcyclopropane-1-

carboxylate

C22H19Cl2NO3
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No. Common Name Trade Name Concentration IUPAC Name * Molecular Formula Chemical Structure Depiction

Insecticides

9 Carbosulfan Posz 20% w/v EC

2,3-dihydro-2,2-
dimethylbenzofuran-7-yl

(dibutylaminothio)
methylcarbamate

C20H32N2O3S
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Fungicides 

1 Azoxystrobin Stoper 25% w/v SC 
methyl (E)-2-[2-[6-(2-cyanophe-

noxy)pyrimidin-4-yl]oxyphenyl]-3-
methoxyprop-2-enoate 

Azoxystrobin 

 

2 
Copper hydrox-

ide 
Funguran 77% WP copper;dihydroxide 

Copper hydrox-
ide 

 

Fungicides

1 Azoxystrobin Stoper 25% w/v SC

methyl (E)-2-[2-[6-(2-
cyanophenoxy)pyrimidin-4-

yl]oxyphenyl]-3-methoxyprop-2-
enoate

Azoxystrobin
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1 
Fenoxaprop-p-

ethyl 

Phenosa-
prop-P-Ethyl 

690 
6.9% w/v EW 

ethyl (2R)-2-[4-[(6-chloro-1,3-benzoxa-
zol-2-yl)oxy]phenoxy]propanoate 

C18H16ClNO5 

 

2 Clethodim Clethodim 24% w/v EC 

2-[(E)-N-[(E)-3-chloroprop-2-enoxy]-C-
ethylcarbonimidoyl]-5-(2-ethyl-

sulfanylpropyl)-3-hydroxycyclohex-2-
en-1-one 

C17H26ClNO3S 
 
 

2 Copper
hydroxide Funguran 77% WP copper;dihydroxide Copper hydroxide
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Herbicides

2 Clethodim Clethodim 24% w/v EC

2-[(E)-N-[(E)-3-chloroprop-2-
enoxy]-C-ethylcarbonimidoyl]-5-

(2-ethylsulfanylpropyl)-3-
hydroxycyclohex-2-en-1-one

C17H26ClNO3S
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Source: [42]. Note: * “IUPAC name” refers to the IUPAC nomenclature used in organic chemistry. 
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