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Abstract

:

This study examined the effectiveness of Thailand’s Q-GAP initiative in raising cabbage farmers’ awareness regarding food safety assurance and improving their pesticide use practices by comparing 41 Q-GAP-certified and 90 uncertified farmers in Chiang Mai Province, Thailand. The research methods included a questionnaire survey administered to the participating farmers and laboratory pesticide residue testing of their cabbage produce samples. The research found that certified farmers had a significantly more heedful attitude than uncertified farmers toward the effects of pesticide use on the users, consumers, and the environment. This is supported by the higher level of Q-GAP training experiences. Compared to uncertified farmers, a significantly lower proportion of certified farmers also applied either insecticide, fungicide, or herbicide, with significantly less frequencies when including in the analysis those who did not use the particular pesticide. In the pesticide residue analysis, no significant difference was found between the two types of farms regarding the number of farms detected with maximum residue level exceedance in the sample produce and regarding the results of the aggregate organophosphate pesticide analysis. However, it was found that the produce of the uncertified farmers contained significantly more residue in the aggregate synthetic pyrethroid pesticide analysis as compared to that of the certified farmers. These findings indicate the Q-GAP-certified farmers’ progress in process control from earlier Q-GAP studies on compliance. However, considering the limited achievements of certified farmers in pesticide handling and recordkeeping, and those of the Department of Agriculture officers in auditing, there is a need for more governmental efforts, especially in these areas.
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1. Introduction


Since the early 2000s, many member countries of the Association of Southeast Asian Nations (ASEAN) have enacted food safety policies. One of these policies is the introduction of national good agricultural practices (GAP) standards, which are created and administered by the public authority of respective countries (except the private standard called “ThaiGAP” managed by a private institution and a public university). These public GAP standards were introduced in response to the chronic overuse and misuse of agricultural pesticides in this region [1], along with associated public concerns about food safety [2]. Globally, the public orientation of GAP standards in the ASEAN region is unique. The national GAP standards implemented in other parts of the world are mostly managed by private institutions without state engagement. Some of them, such as MexicoGAP, ChileGAP, and KenyaGAP, have sought to benchmark GlobalGAP [3].



GlobalGAP is a private GAP standard that originated in Western Europe and currently exerts a dominant influence on the global fresh fruit and vegetable (FFV) value chain. It was launched in 1997 under the banner of major European retailers, and it was called “EurepGAP” until September 2007, when its name and logo were changed to GlobalGAP due to its increasingly global influence [4]. As of May 2019, there were over 200,000 growers with a GlobalGAP-certified status in at least 135 countries [5,6].



In the past couple of decades, GlobalGAP has been the center of academic studies on GAP due to its pioneering and prominent features of food safety and quality assurance at the field level. In the 2000s, attention was paid to GlobalGAP’s proclivity to prioritize larger farms over smaller farms in providing certification via the conditions of investment it required from growers to meet its strict standards [7,8,9]. In the 2010s, numerous studies attempted to identify the socioeconomic features of GlobalGAP-certified farms by comparing them to the case of uncertified farms. Thus, they revealed the advantage of GlobalGAP-certified farms over uncertified farms with respect to several socioeconomic attributes, such as farmgate prices received [10], export sales [11], share of FFV sold to lucrative markets [12], crop yield [13], gross revenue from cropping [13,14], net income from cropping [15], and education and experience regarding high-value supply chains [16]. Some studies also noted that inequalities existed even among GlobalGAP-certified growers regarding the abovementioned aspects [12,17].



The public GAP standards of ASEAN nations are significantly lower than GlobalGAP and generally lower than other private GAP standards regarding required compliance for growers. Unlike private GAP standards, most or all audit and certification expenses are borne by governments. This suggests a greater opportunity for small-scale growers to gain access to mainstream markets through GAP [4].



Table 1 displays the basic facts of the national public GAP standards of ASEAN nations. Despite the common goal of food safety and quality assurance, the public GAP standards of ASEAN nations exhibit significantly different degrees of grower certification. Thailand’s Q-GAP is the largest standard in terms of the annual number of certified farms; it accounts for most farms with a certified status in the ASEAN region. Meanwhile, Singapore’s SingaporeGAP-VF, Myanmar’s MyanmarGAP, Cambodia’s CamGAP, and Brunei’s BruneiGAP account for less than 10 certified farms within each nation for the year when the latest data are available. This seems to attest to the Thai government’s single-minded quest for the quantitative achievements of the national GAP certification through extensive resource mobilization behind the scenes.



Academic research on national public GAP standards has mushroomed since the early 2010s. It can be classified into three orientations: (1) farmers’ adoption of GAP standards; (2) farmers’ compliance with a GAP standard; (3) consumer buying behavior and decision-making processes associated with GAP-certified food products. In the following sections, the first two are reviewed regarding their relevance to the purpose of this research (for research on consumer buying behavior and decision-making process, see Giao [24], Thai and Pensupar [25], and Wongprawmas and Canavari [26]). Studies on farmers’ adoption of public GAP standards are focused on identifying the critical factors influencing their standard adoption. The most frequently cited factors are gross income derived from selling a GAP-certified crop [27,28,29,30,31], certified growers’ experience of GAP training [27,32,33,34,35], accessibility to GAP information [30,32,35,36], and farm size [27,30,32]. Other than these factors, farmers’ adoption of public GAP standards is predicated on a country-specific condition. For example, in the case of PhilGAP, the government of the Philippines promotes its adoption by getting small farmers involved in various FFV sectors. Nonetheless, certification of the standard is dominated by corporate farms in the banana industry. This is related to their ability to meet stringent export requirements [37].



Studies on farmers’ GAP compliance are mainly concerned with the use and management of agrochemicals. Schreinemachers et al. [1] observed no statistically significant differences between 45 Q-GAP-certified and 245 uncertified farms regarding the amount of pesticides used, the methods of pest control employed, and the handling of pesticides, for a total of nine vegetable and fruit crops in a watershed in Chiang Mai Province, Northern Thailand. In two communities of Chaiyaphum Province, Northeast Thailand, Amekawa [38] found that over half of the 64 Q-GAP-certified pomelo growers did not understand the purpose of GAP in relation to food safety. Of those who mentioned a reduction in their pesticide use, only a few attributed the cause to the effect of GAP training rather than the growth stage of pomelo. Srisopaporn et al. [39] compared 41 continued Q-GAP adopter rice farmers with 66 adopt-then-disadopters and 70 never-adopters in terms of their agrichemical use. They found that continued adopters bought significantly less amounts of chemical fertilizers than never-adopters and adopt-then-disadopters. They also sprayed insecticides and fungicides significantly less often, although no significant differences were observed in the application of herbicides (the authors of the study attributed the observed differences from the findings of Schreinemachers et al. [1] and Amekawa [38] to the generally easier nature of rice production regarding the reduction in the use of pesticides than the case of FFV production). In a comparison of pesticide use and management of 19 MyGAP-certified and 57 uncertified durian farms in Pahang Province, Malaysia, Amekawa et al. [27] identified significantly smaller annual amounts of pesticides used by MyGAP-certified farmers as compared to the uncertified farmers. However, considering the quota-based recruitment of individual farmers for GAP application by officers of the Department of Agriculture (DoA), Malaysia, the authors posed a “chicken or egg” question. That is, is the observed result actually due to the effect of GAP adoption or due to the selection bias of farms that performed better even before they adopted GAP?



Considering the mixed results regarding the assessed performance of public GAP standards for food safety and quality assurance, this study examines Thailand’s Q-GAP program for two main purposes. First, it aims to compare the perceptions of Q-GAP-certified and uncertified farmers in terms of their awareness of food safety and quality assurance, as well as their recognition and personal views of the Q-GAP policy. Second, it seeks to examine the difference between the two types of farmers in their pesticide use practices from the viewpoint of their experiences of training, audit, recordkeeping, pesticide handling, and the amount of pesticide residues detected in their respective produce.



Four motivations govern this research agenda. First, the adoption and diffusion of agricultural innovations significantly depend on farmers’ perceptions of the ease and merits associated with the adoption of innovations [27]. However, most public GAP literature does not consider such internal aspects when examining farmers’ adoption of and engagement in a particular standard. While studies on public GAP standards adopt various statistical approaches, many of them focus on the identification of quantitative associations among external variables, such as income and land size, without delving into the perspectives of standard adopters and non-adopters e.g., [1,28,30,32,33,35,36,39]. This research contributes to the literature by illuminating farmers’ inner experience of GAP adoption and linking them to their behavior, practices, and outcomes.



Second, when compared to the public GAP literature on adoption, little has been studied on the reality of GAP-certified farmers’ compliance, such as their agrochemical use practices. This particularly holds true for the absence of a case study that focuses in detail on a single vegetable crop for a comparison between GAP-certified and uncertified farmers; the existing single-crop case studies focused on fruits [27,31,38], rice [39], or tea [28]. This lacuna appears bizarre, as vegetables tend to attract more intensive pesticide spraying than other crop types. Thus, we aim to fill this gap by drawing on the case of cabbage.



Third, the preceding public GAP studies, especially those single-crop case studies on GAP compliance, mainly examine the case of export-oriented crops [27,28,29,30,31,33,37,38]. Such studies may be helpful to see farmers’ motivations to apply for a GAP standard and their pesticide use practices in relation to the features of export market demand (e.g., higher prices and pressure to apply more pesticides to meet the esthetic needs of foreign consumers as compared to the case of domestic demand). However, there is a lack of insight into these aspects for crops whose sales are confined to local or domestic markets. Our research seeks to fill this gap by considering the case of domestic market-oriented cabbage. Cabbage grown in Chiang Mai Province is barely exported overseas because of its significant perishability characteristic of leafy vegetable crops.



Fourth, to the authors’ knowledge, no GAP studies have analyzed the reality of farmers’ use of synthetic pesticides based on the integration of social research and laboratory testing. This study sought to add strength to its multilevel, multimethod approach by comparing the results of a questionnaire farm survey with those obtained from laboratory pesticide residue testing to analyze the level of farmers’ use of synthetic pesticides.



We consider that this study is broadly relevant to the issues of agricultural sustainability. GAP is considered a comprehensive approach toward the attainment of agricultural sustainability in the practice of conventional agriculture. The dependence of industrial agriculture on synthetic agrochemicals (e.g., insecticides, fungicides, herbicides, and chemical fertilizers) has caused various externalities. These include pest resistance [40], a reduction in biodiversity, air and water pollution, soil depletion [41], and various health problems associated with pesticide poisoning [42,43]. Following a GAP standard, producers can correct these signs of unsustainability by appropriately controlling the use of agrochemical inputs, thereby ensuring the health and safety of producers and consumers, animal welfare, and environmental protection [34]. Thus, they can benefit from various resource-conserving practices, such as “integrated pest management, soil and water conservation, integrated plant nutrition and recycling, multiple cropping, water harvesting, and waste recycling” [44] (p. 1248).



Particularly noteworthy regarding plant protection is the incorporation of integrated pest management (IPM) into a GAP program. IPM is a systems approach that integrates various crop protection practices with careful monitoring of pests and their natural enemies. It does not aim to eradicate pest populations but rather to manage them below the economic threshold levels. This is done through a combination of tactics such as agroecological cultivation practices (e.g., crop rotation, intercropping, or undersowing), physical methods (e.g., mechanical weeders), natural products (e.g., semiochemicals or biocidal plant extracts), biological control with natural enemies, and a supervised or targeted use of synthetic pesticides (instead of routinized broad-based spraying) [45]. IPM has been practiced by smallholders in tropical countries over decades, especially in Southeast Asia, where the “farmer-first” approach to participatory nonformal education through “farmer field schools” has brought greater success in IPM implementation [46,47]. The efficacy of IPM for crop productivity and sustainable pest and pesticide management has been widely recognized. For example, a study on 85 IPM projects from 24 Asian and African countries implemented over the past two decades observed a mean yield increase of nearly 40.9%, coupled with a reduction in pesticide use to 30.7% compared with baseline [48].



In this study, we conducted field research in Chiang Mai Province, located in Northern Thailand. Northern Thailand covers an area of 17 million ha or 33% of the nation’s total land area, and this region is characterized by a mix of hills, mountains, and flat land. The area is home to dozens of ethnic groups, who generally arrived in Thailand later than other groups, many of whom, such as Hmong, Yao, Akha, Lahu, and Lisu, were forced to settle in upland or highland areas. Mountainous areas have been a hotbed of poverty and insecurity because of the general lack of suitability for agriculture, political and cultural isolation, frequent rebels and dissidents, and rampant opium production. Impressed by the ability of various peach trees to provide the local farmers with a higher income than opium, in 1969, Rama IX (King Bhumibol Adulyadej) began promoting the hill tribes’ cultivation of alternative crops, such as various tree fruits and vegetables. The purpose was to replace the opium production of hill tribes, which became a key component of the Royal Project in the region. The Royal Project Foundation, a non-profit organization founded by Rama IX, is the chief organization to implement the Royal Project through a total of 38 development centers located in five provinces, including Chiang Mai, Chiang Rai, Mae Hong Son, Lamphun, and Phayao. The project is supported by the Highland Research and Development Institute (HRDI), which was founded in 2005 as the extended arm of the Royal Project within and beyond the project area. The HRDI works with the Royal Project in providing logistical services to the hill tribes for the distribution of their products—handicrafts, agricultural products certified of GAP standards, and traditional gift items—to local and national supermarkets such as Tops Market and Tesco and various specialty stores. The HRDI also provides consultation services to the hill tribes regarding their marketing strategy, local entrepreneurship programs, and farming methods [49].



As mentioned, the target crop used in this study is cabbage. Cabbage (Brassica oleracea L. var. capitata), known to originate in West Europe, is among the most widely grown and consumed leafy vegetables worldwide [50] as cited in [51]. Together with Brussels sprouts, broccoli, cauliflower, and kale, it belongs to the family of cruciferous vegetables [52]. Cabbage serves physical growth with ample mineral salts, vitamins, and proteins [53], as cited in [51]. In addition to being consumed as a food, cabbage has been also used for medicinal purposes to treat headaches, gout, diarrhea, and peptic ulcers [54] as cited in [52]. During the growth stage, cabbage may be damaged by numerous insects and pathogens, such as “Myzus persicae (Sulzer), Pieris rapae (L.), Plutella xylostella L., Spodoptera exigua Hubner, Phyllotreta striolata Fabricius, bacterial soft rot, and mildew” [55] (p. 723). Accordingly, various pesticides (insecticides, fungicides, and herbicides) may be used to control the pests. In the context of Chiang Mai Province, cabbage was first adopted by the Hmong hill tribe through government promotion for the replacement of opium farming, subsequently spreading to Thai lowlanders [56].



The remainder of this paper proceeds as follows. Section 2 discusses Thailand’s Q-GAP policy. Section 3 discusses the research methods used. Section 4 presents the results and discussion. Finally, Section 5 provides the conclusions and policy implications.




2. Thailand’s Q-GAP Policy


Since Q-GAP was formulated in 2003 and launched in 2004, it has had three versions of the Q-GAP code of practice: TAS 9001–2004, TAS 9001–2009, and TAS 9001–2013, introduced in 2004, 2009, and 2013, respectively. The protocol accommodates eight areas of regulation involving 23 Major Must control points, 41 Minor Must control points, and 52 Recommended control points, amounting to a total of 116 control points (Table 2). The Major Must control points require 100% compliance, and the Minor Must control points require 60% compliance, but no compliance is necessary for the recommended control points [57]. The requirements of the 2013 version fall short of more stringent GAP standards. For instance, Malaysia’s MyGAP comprises 29 Major Must control points (100% compliance required), 77 Minor Must control points (90% compliance required), and 57 Encouraged control points (no compliance required), for a total of 162 total control points [58].



The Q-GAP standard control category of “3. Pesticides” is of particular relevance for the interest of this study. The criteria for farmers’ compliance in this category concern the type of synthetic pesticides and associated equipment used, as well as the methods of safety assurance during and after the use of the pesticides. Control points regarding the management of fertilizers concentrate in the category of “4. Pre-harvest quality management” addressing the prevention of microbial contamination on produce, safe and ecological management and use of organic fertilizers, and separation of fertilizers and soil conditioners for any occasion. The control category of “5. Harvest and post-harvest handling” is also concerned with the storage and disposal of pesticides, fertilizers, and associated equipment. Additionally, farmers’ recordkeeping practices of pesticides and fertilizers are checked in the “8. Recordkeeping” category.




3. Materials and Methods


This research combines sociological research on cabbage farmers’ views and practices related to their Q-GAP adoption with laboratory analyses of pesticide residues in the collected sample crops. Thus, it aims to organically integrate social science research on the compliance of farms participating in Q-GAP (i.e., process control) and natural science analysis of pesticide residue testing (i.e., outcome management) in collaboration with social and natural scientists. It is argued that this type of interdisciplinary research has the potential to influence existing research streams that focus on either process control or outcome management. This is against the backdrop that natural scientists have also examined the efficacy of GAP in several studies; however, their laboratory or field testing has been conducted without simultaneous integration with social scientific findings [59,60,61,62,63].



One of the researchers of this study, along with research assistants from Chiang Mai University, conducted a questionnaire survey at cabbage farming sites in Chiang Mai Province in Thailand from June 2019 to January 2020 (see the maps in Figure 1). Cabbage was selected as the target vegetable crop for this study for the following four reasons. First, we focused on vegetables as the target FFV category in this study. Second, we examined the case of a crop whose sales were projected in the domestic market. Third, cabbage farms were one of the few vegetable farms found to have a sizable number of Q-GAP certifications in Chiang Mai Province at the time of the research. Fourth, cabbage is a leafy vegetable whose skin is susceptible to pesticides; therefore, the crop is worth testing for pesticide residues. Thus, vegetables such as onions, garlic, and baby corn whose skin can protect these vegetables from pesticide penetration were not considered, although these vegetables entailed a significant number of Q-GAP certifications.



For interviews with farmers, according to the DoA list, there were a total of 73 Q-GAP-certified cabbage farms in Chiang Mai Province at the time of the research. We received a list from the DoA’s Chiang Mai office and attempted to contact all farmers on the list to request an interview and identify their locations. Consequently, we interviewed 41 certified farmers and collected cabbages from their farms for pesticide residue analysis. They resided in various districts of the province. Additionally, in the neighborhood of their residences, we interviewed two or three uncertified cabbage farmers. A criterion for the selection of uncertified farms was that they should never apply for Q-GAP certification for cabbage at the time of the interview. This condition allowed to include those uncertified cabbage farmers who had grown at least one Q-GAP-certified crop (other than cabbage). Four such uncertified farmers are included in this study; this may have some positive spillover effects on their cabbage farming practices toward GAP. Accordingly, we interviewed a total of 90 uncertified farmers from 12 out of the 25 districts in Chiang Mai Province and obtained cabbage samples from them. Every farmer was interviewed for approximately 30–40 min using a prepared questionnaire. Responses were noted on the questionnaire sheet, and conversations were recorded using a voice recorder. In the data collection, the local area measure of “rai” (equivalent to 0.16 ha) was used. Rai is a standard measure of the area in Thailand. As most studied farms are as small as less than 0.5 ha for cabbage cultivation, we present the area in the results section using rai. Data were analyzed using Stata statistical analysis software. Independent t-test was applied to compare mean differences between continuous variables, and chi-square test was conducted to examine the relationship between group variables. Additionally, frequency distribution was used to present the distributional results of dummy variables.



The cabbage samples for pesticide residue analysis were collected randomly from five points in the farm field of a farmer, with each point having similar distances to the other. Five cabbage samples were collected from each farm. Unwashed cabbage samples were chopped into small pieces. Subsequently, the processed sample weighing 500 g was randomly selected for analysis. Sample preparation was performed according to the Codex Protocol 21 [64]. These steps were performed within one day of sampling. Prior to analysis, each sample was transferred into an ice box and stored in a freezer at −20 °C at the Laboratory of Environmental and Occupational Health Science, Research Institute for Health Sciences, Chiang Mai University.



The samples stored in the freezer were prepared for organophosphate pesticide (OP) and synthetic pyrethroid pesticide (SP) analysis as described in one of the authors’ previous study [65]. The OPs and SPs were analyzed using gas chromatography with a flame photometric detector (GC-FPD) and an electron capture detector (GC-ECD), respectively. Five levels of OP and SP calibration were prepared and spiked into pooled cabbages in the range of 0.05–1.6 µg/kg. The limit of detection (LoD) was reported according to the lowest amount of analyte in a sample [66]. The limit of quantification (LoQ) was reported according to the lowest concentration measured using an acceptable relative standard deviation (RSD). The spiked mixed solution of OPs and SPs at a concentration of 0.40 mg/kg was used to determine intrabatch (n = 10) and interbatch (n = 13) precision. Recovery was measured via the spiked mixed solution of OPs and SPs at three levels: low (0.02 mg/kg), medium (0.08 mg/kg), and high (0.16 mg/kg). The precision was calculated as the RSD of repeated measurements, and the accuracy was reported as the % recovery rate.




4. Results and Discussion


4.1. Socioeconomic Profile of Studied Cabbage Farmers


Table 3 shows the basic profiles of the respondents’ cabbage farms. Of the three social variables—gender ratio, age, and education—gender ratio and age showed a significant difference (p < 0.1). In both certified and uncertified farms, most of the main interviewed household farmers were men. Q-GAP-certified farmers are nearly five years older than uncertified farmers. This is contrary to the findings regarding MyGAP-certified durian farmers [27] and VietGAP-certified vegetable growers [67], who were significantly younger than uncertified farmers, allegedly due to their willingness to accept novel agricultural practices. However, Krause et al. [29] also observed a significantly higher age of Q-GAP-certified orchid farmers over uncertified farmers; this may be related to the added time advantage of older farmers regarding the stock of their knowledge and experience about GAP.



The land size of Q-GAP-certified farms devoted specifically to growing cabbage (“Size of cabbage farmland in rai”) is smaller than uncertified farms, with a significant difference (p < 0.1). This gap may be related to the difference in the farming activities of the two farm types: on average, certified farmers grew 1.82 times more crop than uncertified farms with a statistical difference (p < 0.01). In reality, all the surveyed certified farmers grew at least one crop other than cabbage, while 18.9% of the uncertified farmers grew only cabbage. More than half of the certified farmers also grew at least one certified crop other than cabbage. Meanwhile, as mentioned earlier, there were only four uncertified cabbage farmers who grew at least one certified crop that is not cabbage.



All interviewed farmers grew cabbage in the form of family farming. Of these, 13 certified farms (31.7%) hired workers, of which one farm employed a worker on a permanent contract. The rest of the farms employed workers on a temporary contract, with nine of them (69.2%) hiring workers for 10 days or less, mainly during the harvest season. Meanwhile, 20 uncertified farms (22.2%) hired workers. One of these farms employed two workers, and another employed one worker, based on a permanent contract. The rest of the farms employed workers exclusively on a temporary contract, with 13 of them (65.0%) hiring for 10 days or less, mainly during the harvest season. In both types of farms, most of the workers were paid THB 300 (approximately USD 9.0) for their daily work, while others were paid THB 250 (approximately USD 7.5) or THB 200 (approximately USD 6.0). Of the farms that hired workers, the average certified farm (n = 13) employed 3.15 workers, and the average uncertified farm (n = 20) employed 2.54 workers. Hence, certified farms hired 24.0% more workers than uncertified farms, with no statistical difference.



Table 4 shows the economic and marketing profiles of the cabbage farmers in the past year. The uncertified farms’ yield per rai was 18.7% higher than certified farms, with no significant difference. The per rai produce values in the table represent the mean value obtained from the per rai value of each farm, which creates variance across individual farms. If per rai values are obtained by dividing the mean amount of produce by the mean land size for cabbage farming of each farmer type, the yield advantage of uncertified farms over certified farms is only 3.9% (the per farm produce value obtained from dividing the mean value of the total produce by the mean cabbage land size is 6089.99 kg/rai for certified farms and 6330.05 kg/rai for uncertified farms). Additionally, uncertified farmers allotted 33.3% more land to cabbage farming than certified farmers. Accordingly, the total cabbage produce of uncertified farmers was found to be 38.5% more than certified farmers. However, the difference is not statistically significant.



Regarding cabbage sales, certified farms’ sales per rai were 26.7% larger than uncertified farms, with no significant difference. The per rai sales values in the table represent the mean value obtained from the per rai value of each farm. If per rai values are obtained by dividing the mean value of sales by the mean land size for cabbage farming by farmer type, the yield advantage of certified farms over uncertified farms is 27.5%, with no statistical difference. This is not considerably different from the case of per rai sales value as the average of each farm. Although uncertified farms as a group did see approximately 3.9% higher yield than certified farms, their sales efficiency in terms of land size was 26.7% lower because of the significantly higher farmgate cabbage prices received by certified farmers as compared to uncertified farmers. The reported lowest and highest cabbage prices received by an average Q-GAP-certified farmer were 67.1% and 51.6% higher than those received by an average uncertified farmer, respectively (given n = 40 for certified farms and n = 83 for uncertified farms) (not all the produce of certified farmers can be sold at the premium price markets; Q-GAP-certified farmers may also sell some or a major portion of their produce at the non-premium price markets. Therefore, the gap in the sales amount of the two farmer types appears to be smaller than the gap in the reported prices). This finding regarding price gaps may appear counterintuitive. Studies on public GAP standards reporting certified farmers receiving a higher price than uncertified farmers relate it primarily to the former’s superior accessibility to export markets than the latter [27,29,35,38]. Meanwhile, this study, in the case of cabbage, does not involve export market sales. The quasi-price premium received by certified cabbage farmers was related to the Royal Project. The Royal Project provides local farmers with a guaranteed price that is higher than the local market price and sells the produce at various relevant local and domestic markets that require GAP, including major supermarkets. There are also groups of certified farmers who sell their produce to local specialty shops or markets catering to health-conscious consumers who demand organic or GAP-certified food. They tend to receive relatively high prices. Accordingly, despite the significant land size advantage of the uncertified farms, their total revenue from cabbage sales was only 5.3% higher than that of the certified farms, with no statistical difference.




4.2. Farmers’ Adoption of Q-GAP


Farmers need to become aware of a public GAP standard before applying for certification. Figure 2 shows the surveyed farmers’ initial sources of knowledge about Q-GAP. The number of uncertified farmer respondents who were aware of Q-GAP is limited, given that 67 uncertified farmers did not know of Q-GAP at the time of the survey. For certified farmers, the HRDI proved to be the most dominant source of knowledge, followed by the DoA. Generally, in Thailand, the district-level officers at the Department of Agriculture and Agricultural Extension (DoAE) play a key role in providing farmers with initial knowledge and training related to Q-GAP; however, no farmers in this study mentioned this department in their responses. As explained earlier in relation to the Royal Project, the HRDI is a public organization established in 2005 as part of the Royal Project to promote the introduction of cash crops to replace opium production in the highlands. This agency mediates between farmers and the DoAE in providing GAP training to the former provided by the latter. Therefore, the DoAE is not identified by any farmer in this study as the initial source of knowledge, although many could have received GAP training through the DoAE afterward. Regarding the initial source of knowledge of the 23 uncertified farmers who knew of Q-GAP, the Royal Project took the predominant share (60.9%, n = 14), followed by the HRDI (21.7%, n = 5), the DoA (13.0%, n = 3), and so on. When the uncertified farmers refer to the Royal Project, they refer to the training and marketing components of the Royal Project with which the HRDI is not involved. When an individual farmer belongs to a producer association that has no contact with the HRDI regarding Q-GAP, or when a farmer has no affiliation with a producer association, the farmer may become aware of Q-GAP by happening to meet the agricultural research officer of the Royal Project or seeing the GAP-affiliated market outlets provided by the Royal Project.



The motives of farmers to apply for and receive public GAP certification are relatively unknown in the context in which their crop sales are confined to domestic or local markets. Figure 3 shows certified cabbage farmers’ motives for applying for Q-GAP and uncertified farmers’ reasons for not applying for Q-GAP for cabbage production. The primary motive of certified farmers for having applied for Q-GAP was “producer safety/consumer health” (26.8%) to be obtained via Q-GAP certification. This finding is salient, as this choice does not come first in other public GAP studies [27,38], where farmers have stronger economic motivations related to access to export market sales. However, it is also noted that economic reasons (“Easier market access/to sell more” and “Higher farmgate prices for cabbage sales”) still collectively account for 41.0%. Regarding the reasons why uncertified farmers had not applied for Q-GAP certification, the primary reason was that they were not aware of Q-GAP (71.0%), followed by “Too busy to attend training meetings” (8.6%), “Farmgate prices for cabbage sales would remain the same” (4.3%), “Required procedures are too complicated” (3.2%), among others. Notably, nobody mentioned a potential increase in pest problems or a reduction in productivity as their reasons for not applying for Q-GAP certification.



Certified farmers were asked about the benefits and disadvantages of Q-GAP certification based on their participation in the public food safety program (Figure 4). Regarding the benefits, they are more or less similar to their original expectations (motives in applying for Q-GAP). However, notably, “certified producer and consumer safety” (41.4%) takes a larger share than their original expectations for it by 14.3%. Regarding disadvantages, 65.9% of certified farmers (n = 27) mentioned that there was no disadvantage. Of the disadvantages mentioned (CNT = 15), “Farmgate prices remain the same in some markets” (26.7%) takes the largest share, followed by “More pest problems occurring after practicing Q-GAP” (20.0%), “More observations and care of crops needed are burdensome” (13.3%), among others.




4.3. Farmers’ Perceptions of GAP Policy and Pesticide Use


A critical point regarding the effective implementation of a GAP policy is related to the extent to which certified farmers understand the goal of the GAP policy. Table 5 shows the results of farmers’ perceptions of the Q-GAP policy and pesticide use. Over 90% of the certified cabbage farmers correctly identified food safety assurance as the central goal of the Q-GAP policy, whereas 19 out of 24 uncertified farmers (79.2%) who were aware of Q-GAP accurately identified the central goal of the Q-GAP policy.



Cabbage farmers were questioned about their thoughts regarding the adverse impact of pesticide use when it is appropriately managed in relation to three types of affected objects: users’ health, consumers’ health, and the environment. The results show a significantly more optimistic viewpoint of uncertified farmers than certified farmers for all three types (p < 0.01). As cabbage grown in Northern Thailand is a domestic market-oriented crop, cabbage farmers may not be pressured to use as much pesticide as those growing export-oriented crops. The uncertified farmers’ more limited awareness of the possible impact of pesticides would also be related to their more limited experience of receiving GAP training as compared to certified farmers. The farmers in this study were also asked whether they thought that they had received sufficient support from the local governments for their access to useful farming technologies and practices. However, no significant difference was observed between the certified and uncertified farmers.




4.4. Training and Processes for Obtaining Q-GAP Certification


Table 6 shows the results of farmers’ experiences of receiving government training related to GAP and agrochemical use. Significant differences in favor of certified farmers over uncertified farmers are found in terms of their government training experiences of pesticide use and Q-GAP certification, as well as the number of days taken for the two types of training. Such significantly superior results for certified farmers are likely to be related to the adoption of Q-GAP. Farmers were also questioned regarding their knowledge of and training experiences related to IPM, given that it is relevant to sustainable pest control through the minimal application of synthetic pesticides. Their knowledge of IPM was initially tested to determine whether they knew of the term. The level of knowledge for both certified and certified farmers was not considerably high, with no significant differences identified. The interviewers provided relevant explanations to those who did not know of the term. Overall, 31.7% of the certified farmers and 28.8% of the uncertified farmers had received some kind of IPM training. No significant differences were found in their training experiences of IPM through either governmental or non-governmental agencies/individuals. Finally, the respondents were questioned regarding their experiences of government training on the use of organic fertilizer. While a higher proportion of certified farmers were found to have such an experience than uncertified farmers, there was no significant difference observed between the two groups.




4.5. Experiences of Farm Audit


Table 7 shows Q-GAP-certified farmers’ experiences of farm audit by DoA inspectors. The mean number of times DoA audit was needed to receive their most recent Q-GAP certification for cabbage was 1.05, which means most of the farmers received the certification in their first round of audit. Except for one farmer who responded with “half a day,” the time taken by DoA inspectors to audit the studied certified farmers for the first audit was less than an hour, with an average of 27 min. Prior to an audit, an applicant farmer for a GAP standard is not supposed to receive prior notice about the auditors’ visit so that the applicant cannot make any special preparation or treatment for the on-farm inspection and audit. However, all the certified farmers were contacted in advance for the first audit, on average over a week ago, for their latest certification. As auditors need to visit many farms in a limited time, they do not want to waste their time by visiting the applicant farmers without prior notice and find them absent from the farm or home. In the audit, the auditors checked the records of 78.0% of the certified farmers. As recordkeeping is a mandatory component for obtaining certification, the ideal completion percentage for this task must be 100%. Certified farmers were also asked whether they handed cabbage samples directly to DoA auditors for the pesticide residue test. In principle, crop samples should be selected from the field by the auditors themselves so that the applicant farmers cannot make any prior arrangements to select the most pesticide-free crop sample for the residue test. According to the four farmers (9.8%) who handed sample cabbages directly to the auditor, the average number of the samples handed was 3.0.




4.6. Synthetic Pesticide Use


Table 8 shows the adoption and use of synthetic pesticides in the past year based on the date of the survey interview. The number of times each of the three types of pesticides was applied in the past year was identified for two different cases: when farmers who did not use a particular type of pesticide were included in the analysis and when they were excluded from the analysis. The results show that for all three types of synthetic pesticides, the adoption rate of uncertified farmers is significantly higher than that of certified farmers. Likewise, the frequency of uncertified farmers’ pesticide application in the past year was significantly more than that of certified farmers for all three types of pesticides when the respondents who did not use the particular pesticide were included in the analysis. However, no significant difference was found in the frequency of fungicide or herbicide application when the respondents who did not use them were excluded from the analysis. To put it the other way around, this indicates the significant reliance of uncertified farmers on synthetic insecticide use.




4.7. Detected Pesticide Residue Levels


For pesticide residue analysis, valid cabbage samples were collected from 39 Q-GAP-certified and 90 uncertified farms. Table 9 shows the pesticide residue levels detected from the OP analysis of the 19 active chemical ingredients. Residues were found in samples from the five chemical ingredients (the ingredients of which no residue was detected in any sample were Methamidophos, Mevinphos, Dicrotophos, Mono-crotophos, Dimetroate, Parathion-methyl, Fenitrophos, Prothiophos, Methidathion, Profenphos, Ethion, EPN, Az-inphos-methyl, and Azinphos-ethyl). No significant difference in residue levels was identified between the two types of farms for any of the five ingredients. Samples exceeding the Codex maximum residue level (MRL) specified for diazinon were found to belong to six certified farms (15.4%) and 24 uncertified farms (26.7%). Further, samples with the chlorpyrifos level that exceeded the MRL belonged to one certified farm (2.6%) and two uncertified farms (2.2%). For both diazinon and chlorpyrifos, no significant difference between certified and uncertified farms was identified in the number of farms detected for MRL exceedance.



Table 10 shows the pesticide residue levels detected by the SP analysis of the eight active chemical ingredients. Residues of the six chemical ingredients were found in the samples (the ingredients of which no residue was detected in any sample were Fenpropathrin and Dethamethrin). Of the six ingredients, only the L-Cyhalothrin level showed a significant difference between the two types of farms (p < 0.01), with certified farms showing a higher residue level. The aggregate SP result shows a higher concentration in uncertified farms (p < 0.05). No samples were identified that exceeded the Codex MRL for all six ingredients.




4.8. Use of Non-Synthetic Pest Control Methods


Table 11 shows a comparison of certified and uncertified farmers’ use of non-synthetic pest control methods. This item of inquiry is useful for examining the degree of farmers’ commitment to IPM as part of their sustainable farm management. A significantly greater proportion of Q-GAP-certified farmers adopted at least one non-synthetic pest control method (p < 0.01). Of the 10 methods that have at least one user farmer, herbal insecticides show the highest adoption rate for both certified and uncertified farmers, with no significant difference between the two farmer types. This appears to show farmers’ relatively higher interest in controlling insect pests and their insecticide use based on the use of insect repellent herbal plants. Only biological fungicides and herbal herbicides showed a significant difference in the adoption rate between the two groups (p < 0.05), with the former presenting a greater proportion of uncertified farmers and the latter that of certified farmers. Additionally, herbal insecticides and herbicides were the only methods in which there were more than 10% of the users of either farm type.




4.9. Recordkeeping


Table 12 shows the results of recordkeeping. Not all farmers use a particular kind of farm input, such as insecticides or fertilizers. Those who do not use a particular farm input do not have to maintain records for it. Therefore, the table shows the total number of respondents who used a particular input, as well as the percentage of respondents who retained their records. Significant differences were found between the two groups regarding synthetic insecticides (p < 0.01), non-synthetic pest management methods (p < 0.05), chemical fertilizer (p < 0.01), and alternative fertilization methods (p < 0.01), with certified farms showing a higher recordkeeping level. However, neither fungicide nor herbicide users, either certified or uncertified, were found to maintain records of their use of these inputs.




4.10. Pesticide Safety and Handling Practices


Table 13 compares the agrochemical safety and handling practices of Q-GAP-certified and uncertified farmers. The items used were all derived from the Q-GAP code of conduct in the TAS 9001–2013 version. They comprise a set of control points that critically concern applicant farmers’ agrochemical safety and handling practices. The responses used for statistical comparison were limited to those who used at least one kind of pesticide out of insecticides, fungicides, and herbicides (N = 27 for certified farmers and N = 75 for uncertified farmers).



Of the total 13 items, three showed significant differences in favor of certified farmers over uncertified farmers regarding good pesticide handling practices (items 2, 3, and 4). At a glance, these appear to demonstrate the certified farmers’ superior understanding of what they are expected to do with pesticides based on the knowledge they have acquired through GAP training. However, the results for item 1 on the knowledge of legally registered agrochemicals show that only approximately 30% of the surveyed cabbage farmers mentioned that they knew of the types of such chemicals. Therefore, the self-reported responses for item 2 may not precisely reflect the actual situation of their possession or use of legally registered pesticides. Regarding the items that show no significant difference, eight items show that both types of farmers have a relatively high compliance of over 70% (items 5–11 and item 13). Meanwhile, both farmer types showed approximately 57% compliance with item 12 (destroying empty pesticide containers). In relation to item 10 (stopping the application of pesticides before harvest following recommendations), we also compared the two types of farmers regarding the withdrawal period. It was found that an average certified farmer has a withdrawal period of 9.2 days as compared to an average uncertified farmer’s 14.7 days, with a significant difference (p < 0.05). This suggests that overall, it is the uncertified farmers, not the certified farmers, who are more heedful in protecting their crops from pre-harvest chemical pollution. Considering these findings together, it can be said that Q-GAP certified cabbage farmers do not undertake significantly superior agrochemical safety and handling practices than their uncertified counterparts.




4.11. Discussion


The Q-GAP-certified farmers appear to enjoy less privileged cabbage production conditions as they devote a significantly smaller land size to the cultivation of cabbage (p < 0.1) compared to the uncertified farmers. Accordingly, the certified farmers have less total cabbage production, less total cabbage sales, and less yield, albeit no statistically significant difference from the uncertified farmers. However, the amount of the certified farmers’ cabbage sales per rai is higher than that of the uncertified farmers, with no significant difference, due to the significantly higher farmgate cabbage prices they receive. This is made possible through the marketing assistance provided by the HRDI and the Royal Project. It enabled the certified farmers’ superior access to high-value markets, such as local specialty markets and major supermarkets in the country that require GAP certification for product sales. In this sense, the demand for GAP-certified vegetables from local or domestic markets had a similar effect on certified farmers’ economic welfare with the case where export market sales through GAP certification are available.



The certified farmers had various motives to receive Q-GAP certification, including both economic and non-economic motives. Unsurprisingly, “producer safety/consumer health,” instead of an economic factor, was counted most as their key motive to have applied for Q-GAP certification—given that cabbage, the crop they grow for commercial sale, has no access to export markets in the context of their locale. The fact that over half of the certified farmers had Q-GAP certification for multiple crops would have added strength to their acknowledgment of the importance of safety assurance through GAP. This finding appears more salient when looking at the certified farmers’ view of benefits from Q-GAP certification: “certified safety for producers and consumers” received the largest counts, accounting for over 40%, which is unlikely for export-oriented crops. Nonetheless, economic reasons still collectively accounted for over 40% of their motives for Q-GAP adoption, implying the still relatively high importance of GAP certification for their economic livelihood.



The certified farmers’ organizational link to the HRDI and the DoA was instrumental in their initial knowledge of the Q-GAP program. Their link to the HRDI is considered a region-specific condition for Northern Thailand, given the lack of such institutional presence in other regions of Thailand. The same can be said of the initial link of some uncertified farmers to the Q-GAP through the Royal Project. Meanwhile, over 70% of the uncertified farmers considered for this study were completely unaware of Q-GAP at the time of the research. In this regard, knowledge gaps seem to retain a significant barrier to technical innovations for vegetable growers living remotely from urban towns.



Regarding effectiveness in raising awareness through joining the Q-GAP program, over 90% of the Q-GAP-certified farmers were found to have an understanding of the objective of the policy (i.e., food safety assurance). This appears to be a significant stride from the time when the Q-GAP research published in an international journal for the first time was conducted in 2008. Only around half of the surveyed 67 Q-GAP-certified pomelo farmers in two communities of Chaiyaphum Province could relate their certification to the policy goal [38]. The certified cabbage farmers also showed a significantly more heedful attitude than the uncertified farmers toward the effects of pesticide use on the users, consumers, and the environment. This is supported by their significantly higher level of public training experiences related to pesticide management and Q-GAP certification as compared to the uncertified farmers. However, both certified and uncertified farmers’ knowledge and training experiences related to IPM was found to be as low as approximately one-third and one-fourth of the respondents, respectively.



Regarding synthetic pesticide use practices, a significantly lesser proportion of the certified farmers were found to use either insecticide, fungicide, or herbicide than the uncertified farmers. The number of times they applied each of the three types of synthetic pesticides in the past year was also found to be significantly less than that of the uncertified farmers when including those who did not use the particular pesticide. In reality, 78.0% of the certified farmers reported that their pesticide management improved because of their learning experiences through the Q-GAP training program. These findings regarding the significantly limited adoption and controlled spraying of pesticides by certified farmers may be attributed to the positive effect of joining the food safety program. The findings also appear consistent with the relatively higher weight they place in safety assurance in their motivations for and felt benefits from GAP adoption compared to the case of more export-oriented crops. This result appears salient considering that four uncertified cabbage farmers were holding Q-GAP certification for at least one crop other than cabbage, implying positive spillover effects on their cabbage farming practices toward GAP.



The outcomes of self-reported adoption and frequency of pesticide application were checked through chemical residue testing. Of the 19 active chemical ingredients included in the OP analysis and the eight ingredients in the SP analysis, only one chemical ingredient (L-Cyhalottrin) was found to have a significant difference in the detected residue level, with certified farmers having a higher residue level (p < 0.01). Samples exceeding the Codex MRL regarding two active chemical ingredients were found from both certified and uncertified farms (15.4% for the certified group and 26.7% for the uncertified group) with no significant difference in the number of farms detected of the exceedance. In the aggregate-level analysis, no significant differences were identified between the two types of farms in the OP analysis of the five active chemical ingredients whose residue was detected in the samples. However, uncertified farmers showed a significantly higher aggregate residue level than certified farmers (p < 0.05) for the SP analysis of the six ingredients whose residue was detected in the samples. Considered together, certified farmers do not seem to exert dramatic control of pesticide residues as their self-reported awareness of the risk and use practices of pesticide spraying might suggest. This result is supported by their still limited knowledge, training experience, and field practice of IPM, as well as their less reserved pre-harvest pesticide spraying compared to the practice of uncertified farmers.



Regarding other process control aspects related to pesticide use, a significantly higher proportion of certified insecticide users maintained records on insecticide use as compared to that of the uncertified counterparts. However, the percentage of Q-GAP-certified recordkeepers remained at 64.0%, which is far less than the expected 100%. No fungicide users or herbicide users among certified farmers were found to maintain records on either fungicide or herbicide use. Moreover, a significantly superior result of certified farmers over uncertified farmers was found with only three out of the 13 items related to agrochemical safety and handling practices, although both types of farmers showed relatively high compliance of over 70% for eight items. One of the items (i.e., possession or use of illegal pesticides) may even be doubted regarding its validity because the certified farmers reportedly have limited knowledge of legally registered agrochemicals. Further, only 57.1% of the certified pesticide users self-reported the habit of disposing empty pesticide containers properly.



On the official part of process control, unlike the general GAP principle for an audit visit without advance notice, the DoA auditors’ visit was conducted with prior notice by 100%. Most certified farmers received their latest Q-GAP certification for their cabbage produce in their first audit. However, the average time taken by the DoA auditors in their first audit was 27 min when excluding one seemingly outlier farm that took half a day. This appears to be short for a careful check of the 116 control points. In the audit, 22% of the certified farmers were not checked for their recordkeeping practices by DoA auditors vis-à-vis the ideal official completion rate of 100%. Four farmers were allowed to directly hand cabbage samples to the auditors for pesticide residue testing, thereby undermining the proper procedure of random sampling.



Considered together, the above results regarding Q-GAP-certified farmers’ awareness with respect to food safety assurance and their pesticide use practices indicate definite progress from the time of early studies on Q-GAP, such as Amekawa’s field research in 2008 [35] and that of Schreinmachars et al. in 2009–2010 [1]. However, the Q-GAP’s goals in improving other process control practices, such as growers’ pesticide handling, recordkeeping, and DoA officers’ auditing, require the accomplishment of a higher progress level. Therefore, there is a need for more governmental efforts, especially in these areas.





5. Conclusions and Policy Implications


The research reveals at least five salient conclusions regarding its contributions to the public GAP literature and the proposed policy implications. First, this research illuminated farmers’ inner experience of GAP adoption, linking them to their behavior, practices, and outcomes. Thus, we could detect both unity and dissonance among the Q-GAP-certified farmers’ motivations for and benefits from the adoption of the food safety standard, their views of pesticide risks, their good and bad control of plant protection mechanics, and the outcomes observed in the amount of chemical residues detected. It would be difficult to obtain such a multidimensional—if not whole-ranging—perspective of a complex reality without conducting a multilevel probing such as that held in this research. While studies on public GAP standards adopt various statistical approaches, they mostly focus on the identification of quantitative associations among external factors without delving into the perspectives of grower respondents. However, this study effectively highlighted the usefulness of taking a more comprehensive approach relating the target agency’s perceptions, processes, and outcomes in a single study.



Second, this study contributes to the public GAP literature for the accumulation of knowledge in terms of certified farmers’ compliance with a GAP standard, such as their agrochemical use practices. This is contrary to the condition in the literature that most previous studies focused on farmers’ adoption of a public GAP standard. Additionally, there has been a relative absence of a case study in the public GAP literature that focuses on a single vegetable crop for a comparison between GAP-certified and uncertified farmers, given that the existing single-crop case studies focused on a fruit crop, rice, or tea. This lacuna appeared bizarre, as vegetables tend to attract more intensive pesticide spraying than other crop types. Thus, we aimed to fill this gap by studying cabbage.



Third, while the preceding public GAP studies, especially single-crop case studies on GAP compliance, focally examine the case of export-oriented crops, the crop of our target, cabbage grown in Chiang Mai Province, is focused on local or domestic market sales. The existing studies are helpful in understanding farmers’ motivations to apply for a GAP standard and their pesticide use practices in relation to the unique features of export market demand (e.g., higher prices and pressure to apply more pesticides to meet the esthetic needs of foreign consumers as compared to the case of domestic demand). However, there is a lack of insight into these aspects for crops whose sales are confined to local or domestic markets. Our research sought to fill this gap using the case of domestic market-oriented cabbage. Accordingly, it was found that compared to the case when certified farmers grew an export-oriented crop, the surveyed certified cabbage farmers placed a higher priority on safety assurance regarding their motivations to apply for and felt benefits from the adoption of the Q-GAP standard. Additionally, they were found to still retain a significant interest in acquiring more economic benefits from Q-GAP certification (e.g., good farmgate prices) through increased access to high-value major supermarkets and local specialty markets that require Q-GAP certification by way of the Royal Project mediation.



Fourth, while this research observed notable progress in certified farmers’ perceptions of the importance of safety assurance, awareness of pesticide risks, and adoption and frequency of pesticide use from the time of earlier studies on Q-GAP compliance, it also identified weaknesses in the current Q-GAP policy implementation. First, over 70% of the uncertified cabbage farmers did not know of Q-GAP, and this knowledge gap implies the need for further publicization of the program in the mountainous region. Second, certified farmers’ knowledge and adoption of IPM practices appeared inadequate to improve their plant protection mechanics associated with the selective and controlled use of synthetic pesticides. Third, official process control procedures need to be tightened. This is especially regarding training farmers about legally permitted pesticides and proper disposal of empty pesticide containers, and careful auditing by DoA officers (i.e., detailed interviews with applicant farmers, deliberate checks on their recordkeeping, and randomized selection of crop samples for pesticide residue testing).



Finally, this study makes a novel contribution to the possibility of international cross-disciplinary research through a unique partnership between social and natural scientists. To the authors’ knowledge, no GAP studies have analyzed the reality of farmers’ use of synthetic pesticides based on the integration of social and natural science research. This study sought to add strength to its multilevel, multimethod approach by comparing the results of a questionnaire farm survey with those obtained from laboratory pesticide residue testing for analyzing the level of farmers’ use of synthetic pesticides. Thus, the research created a synergy between process and outcome. Accordingly, we could grasp a wider picture of the reality of pesticide use by cabbage farmers and identify a gap between some of the farmers’ self-reported farming practices and their unknown environmental outcomes.



However, there is a limitation in this research: the sample size was limited. Thus, similar cross-disciplinary research needs to be conducted with a larger sample size; many FFV crops that have been understudied in relation to GAP certification could be studied through such research. Another limitation is related to the external validity of the research findings from Chiang Mai Province. Q-GAP-certified farmers producing domestic market-oriented vegetables in Northern Thailand might expect and enjoy better market conditions through assistance from the HRDI and the Royal Project compared to farmers from other areas where such assistance is absent. The conditions in other regions of Thailand or other nations in Southeast Asia may be different.



A preempt challenge for conducting this sort of cross-disciplinary research would be such that the concomitant operation of survey research and pesticide residue analysis for a large sample could be overwhelmingly costly for the time, money, and effort required. International collaboration adds further cost, especially when researchers reside in different countries but need to get together in one country. Guided opportunities from public support will be beneficial for this kind of interdisciplinary research. Specifically, a research collaboration between a public GAP official laboratory unit and a third-party research institution such as a university is expected to bring about fruitful results.







Author Contributions


Y.A. designed the overall research scheme, analyzed the collected questionnaire survey data, and wrote the manuscript. S.H. organized and led field survey research and cabbage sample collection, designed and conducted pesticide residue analysis, and wrote part of the methods and results sections of the manuscript related to pesticide residue analysis. N.S. and S.Y. collected questionnaire survey data and cabbage samples with two other research assistants, in addition to preparing for and assisting the pesticide residue analysis conducted by S.H.; G.G.G. assisted Y.A. to analyze the collected questionnaire survey data and revise the manuscript. 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 Promotion 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.”




Informed Consent Statement


Informed consent for participation was obtained from all individual participants included in the study by explaining the purpose of the research and voluntary nature of participation, and providing information about the researcher.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


The authors would like to express 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 wish to extend their appreciation to all the participating cabbage farmers for their cooperation in granting interviews. Additionally, the authors thank Chiang Mai University for allowing them to use university facilities for pesticide residue analysis. The authors are also sincerely grateful to the two anonymous reviewers for their useful feedback.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Schreinemachers, P.; Schad, I.; Tipraqsa, P.; Williams, P.M.; Neef, A.; Riwthong, S.; Sangchan, W.; Grovermann, C. Can public GAP standards reduce agricultural pesticide use? The case of fruit and vegetable farming in northern Thailand. Agric. Hum. Values 2012, 29, 519–529. [Google Scholar] [CrossRef]

	



Wongprawmas, R.; Canavari, M.; Waisarayutt, C. Food safety assurance system for fresh produce production in Thailand: A review. Qual. Assur. Saf. Crops Foods 2015, 7, 73–88. [Google Scholar] [CrossRef]

	



Van der Valk, O.; van der Roest, J. National Benchmarking against GLOBALGAP: Case Studies of Good Agricultural Practices in Kenya, Malaysia, Mexico and Chile; Report 2008-079; The Hague: Wageningen, The Netherlands, 2009; Available online: http://edepot.wur.nl/11453 (accessed on 30 March 2015).

	



Amekawa, Y. Reflections on the growing influence of good agricultural practices in the Global South. J. Agric. Environ. Ethics 2009, 22, 531–557. [Google Scholar] [CrossRef]

	



GlobalG.A.P. History. 2020. Available online: https://www.globalgap.org/uk_en/who-we-are/about-us/history/ (accessed on 20 November 2020).

	



GlobalG.A.P. In Europe—Facts and Figures. 2019. Available online: https://www.globalgap.org/uk_en/media-events/news/articles/GLOBALG.A.P.-in-Europe-Facts-and-Figures/ (accessed on 20 November 2020).

	



Asfaw, S. Does EurepGAP Standard Marginalize Poor Farmers? Evidence from Kenya. Entwicklung Landlicher Raum 2007, 45–47. Available online: http://www.rural21.com/uploads/media/ELR_engl_45-47_02.pdf (accessed on 30 October 2007).

	



Mungai, N. EU Rules could Destroy Horticulture: The Protocol on Good Agricultural Practices Will Have a Profound Impact on Both Large and Small-Scale Farmers, although the Biggest Impact Will Be on the Latter. Daily Nation 2004, 11. Available online: http://wwwfintrac.com/docs/kenya/05_07_04_EU_rules.pdf (accessed on 30 October 2007).

	



Graffham, A.; Karehu, E.J.; MacGregor, J. Impact of EurepGAP on Small-Scale Vegetable Growers in Kenya; Fresh Insights 6; DFID: London, UK, 2007. [Google Scholar]

	



Kariuki, I.M.; Loy, J.-P.; Herzfeld, T. Farmgate private standards and price premium: Evidence from the GlobalGAP scheme in Kenya’s French beans marketing. Agribusiness 2012, 28, 42–53. [Google Scholar] [CrossRef]

	



Henson, S.; Masakure, O.; Cranfield, J. Do fresh produce exporters in sub-Saharan Africa benefit from GlobalGAP certification? World Dev. 2011, 39, 375–386. [Google Scholar] [CrossRef]

	



Holzapfel, S.; Wollni, M. Is GlobalGAP certification of small-scale farmers sustainable? Evidence from Thailand. J. Dev. Stud. 2014, 50, 731–747. [Google Scholar] [CrossRef]

	



Annor, B.P.; Mensah-Bonsu, A.; Jatoe, J.B.D. Compliance with GLOBALGAP standards among smallholder pineapple farmers in Akuapem-South, Ghana. J. Agribus. Dev. Emerg. Econ. 2016, 6, 21–38. [Google Scholar] [CrossRef]

	



Asfaw, S.; Mithöfer, D.; Waibel, H. What impact are EU supermarket standards having on developing countries’ export of high-value horticultural products? Evidence from Kenya. J. Int. Food Agribus. Mark. 2010, 22, 252–276. [Google Scholar] [CrossRef]

	



Kuwornu, J.K.M.; Mustapha, S. GlobalGAP standard compliance and smallholder pineapple farmers’ access to export markets: Implications for incomes. J. Econ. Behav. Stud. 2013, 5, 69–81. [Google Scholar]

	



Kersting, S.; Wollni, M. New institutional arrangements and standard adoption: Evidence from small-scale fruit and vegetable farmers in Thailand. Food Policy 2012, 37, 452–462. [Google Scholar] [CrossRef]

	



Subervie, J.; Vagneron, I. A drop of water in the Indian Ocean? The impact of GlobalGAP certification on lychee farmers in Madagascar. World Dev. 2013, 50, 57–73. [Google Scholar] [CrossRef]

	



Department of Agriculture, Thailand. GAP DoA Online. 2021. Available online: https://www.doa.go.th (accessed on 3 January 2021).

	



Singapore Food Agency. Good Agricultural Practice for Vegetable Farming (GAP-VF). 2020. Available online: http://www.sfa.gov.sg/food-farming/farming-initiatives/ (accessed on 20 November 2020).

	



GAP Research Institute. GAP Research Institute’s Homepage. 2020. Available online: https://asiagap.jp/siryou/gapsiryou.html (accessed on 23 October 2020).

	



Food and Agricultural Organization of the United Nations. A Scheme and Training Manual on Good Agricultural Practices (GAP) for Fruits and Vegetables. 2016. Available online: http://www.fao.org/3/a-i5739e.pdf (accessed on 5 November 2020).

	



Khoenram, P.N. From 300 to 100,000 green Farms: From Trilateral Cooperation to LaoPDR. 2016. Available online: http://www.sfa.gov.sg/food-farming/farming-initiatives/ (accessed on 23 October 2020).

	



Wasil, W. Brunei to Push Good Agricultural Practices. 2019. Available online: https://www.thebruneian.news/brunei-to-push-good-agricultural-practices/ (accessed on 23 October 2020).

	



Giao, H.N.K. Attitude and intention to buy VietGAP vegetables of inhabitants at Ho Chi Minh City, Vietnam. Int. J. Food Agric. Econ. 2019, 4, 125–134. [Google Scholar]

	



Thai, N.T.; Pensupar, K. Factors affecting consumers’ decision to purchase VietGAP vegetables in Hanoi, Vietnam. Full Paper Proceeding BESSH 2015, 24, 54–64. [Google Scholar]

	



Wongprawmas, R.; Canavari, M. Consumers’ willingness-to-pay for food safety labels in an emerging market: The case of fresh produce in Thailand. Food Policy 2017, 69, 25–34. [Google Scholar] [CrossRef]

	



Amekawa, Y.; Chuan, N.C.; Lumayag, L.A.; Tan, G.H.; Wong, C.S.; Abdulra’uf, L.B.; Tan, H.B.; Tai, W.X.; Tan, S.M.; Liu, C.H.; et al. Producers’ perceptions of public good agricultural practices and their pesticide use: The case of MyGAP for durian farming in Pahang, Malaysia. Asian J. Agric. Dev. 2017, 7, 1–16. [Google Scholar] [CrossRef]

	



Bac, H.V.; Nanseki, T.; Chomei, Y. Impact of VietGAP tea production on farmers’ income in Northern Vietnam. Jpn. J. Farm Manag. 2019, 56, 100–105. [Google Scholar]

	



Krause, H.; Lippe, R.S.; Grote, U. Adoption and income effects of public GAP standards: Evidence from the horticultural sector in Thailand. Horticulturae 2016, 2, 18. [Google Scholar] [CrossRef]

	



Loan, L.T.T.; Pabuayon, I.M.; Catelo, S.P.; Sumalde, Z.M. Adoption of good agricultural practices (VietGAP) in the lychee Industry in Vietnam. Asian J. Agric. Ext. Econ. Soc. 2016, 8, 1–12. [Google Scholar] [CrossRef]

	



Pongvinyoo, P.; Yamao, M.; Hosono, K. Cost efficiency of Thai national (QGAP) and mangosteen farmers’ understanding in Chanthaburi Province. Amer. J. Rural Dev. 2015, 3, 15–23. [Google Scholar] [CrossRef]

	



Hoang, G.H. Adoption of good agricultural practices by cattle farmers in the Binh Dinh Province of Vietnam. J. Agric. Ext. 2020, 24, 151–160. [Google Scholar] [CrossRef]

	



Mankeb, P.; Limunggura, T.; In-Go, A.; Chulilung, P. Adoption of Good Agricultural Practices by Durian Farmers in Koh Samui District, Surat Thani Province, Thailand. Soc. Soc. Manag. Syst. Internet J. 2014, 9, 1–6. Available online: http://kutarr.lib.kochitech.ac.jp/dspace/bitstream/10173/1249/1/sms13-6142.pdf (accessed on 30 March 2015).

	



Nicetic, O.; van de Fliert, E.; Van Chien, H.; Mai, V.; Cuong, L. Good Agricultural Practice (GAP) as a Vehicle for Transformation to Sustainable Citrus Production in the Mekong Delta of Vietnam. In Proceedings of the 9th European IFSA Symposium, Vienna, Austria, 4–7 July 2010; Available online: http://ifsa.boku.ac.at/cms/fileadmin/Proceeding2010/2010_WS4.4_Nicetic.pdf (accessed on 30 March 2015).

	



Suwanmaneepong, S.; Kullachai, P.; Fakkhong, S. An investigation of factors influencing the implementation of GAP among fruit farmers in Rayong Province, Thailand. Int. J. Agric. Tech. 2016, 12, 1745–1757. [Google Scholar]

	



Tinh, L.; Hung, P.T.M.; Dzung, D.G.; Trinh, V.H.D. Determinants of farmers’ intension of applying new technology in production: The case of VietGAP standard adoption in Vietnam. Asian J. Agric. Rural Dev. 2019, 9, 164–178. [Google Scholar]

	



Banzon, A.; Mojica, L.E.; Cielo, A.A. Adoption of Good Agricultural Practices (GAP): How does the Philippines fare? J. Interdiscip. Netw. 2013, 2, 2–8. [Google Scholar]

	



Amekawa, Y. Can a public GAP approach ensure safety and fairness? A comparative study of Q-GAP in Thailand. J. Peasant Stud. 2013, 41, 189–217. [Google Scholar] [CrossRef]

	



Srisopaporn, S.; Jourdain, D.; Perret, S.R.; Shivakoti, G. Adoption and continued participation in a public Good Agricultural Practices program: The case of rice farmers in the Central Plains of Thailand. Technol. Forecast. Soc. 2014, 96, 242–253. [Google Scholar] [CrossRef]

	



Willson, C.; Tisdell, C. Why farmers continue to use pesticides despite environmental, health and sustainability costs. Ecol. Econ. 2001, 39, 449–462. [Google Scholar] [CrossRef]

	



Horrigan, L.; Lawrence, R.S.; Walker, P. How sustainable agriculture can address the environmental and human health harms of industrial agriculture. Environ. Health Perspect. 2002, 110, 445–456. [Google Scholar] [CrossRef]

	



Sharma, N.; Singhvi, R. Effects of chemical fertilizers and pesticides on human health and environment: A review. Int. J. Agric. Environ. Biotechnol. 2017, 10, 675–679. [Google Scholar] [CrossRef]

	



Wesseling, C.; Corriols, M.; Bravo, V. Acute pesticide poisoning and pesticide registration in Central America. Toxicol. Appl. Pharm. 2005, 207, S697–S705. [Google Scholar] [CrossRef]

	



Pretty, J.N. Participatory learning for sustainable agriculture. World Dev. 1995, 23, 1247–1263. [Google Scholar] [CrossRef]

	



Chandler, D.; Bailey, A.S.; Tatchell, G.M.; Davidson, G.; Greaves, J.; Grant, W.P. The development, regulation and use of biopesticides for integrated pest management. Phil. Trans. R. Soc. B 2011, 366, 1987–1998. [Google Scholar] [CrossRef]

	



Thorburn, C. The rise and demise of integrated pest management in rice in Indonesia. Insects 2015, 6, 381–5408. [Google Scholar] [CrossRef]

	



Matterson, P.C. Insect pest management in tropical Asian irrigated rice. Annu. Rev. Entomol. 2000, 45, 549–574. [Google Scholar] [CrossRef]

	



Pretty, J.; Bharucha, Z.P. Integrated pest management for sustainable intensification of agriculture in Asia and Africa. Insects 2015, 6, 152–182. [Google Scholar] [CrossRef]

	



The Highland Research and Development Institute (HRDI). The Highland Research and Development Institute’s (HRDI) Home Page. 2021. Available online: https://www.hrdi/or.th/en/ (accessed on 8 May 2021).

	



Food and Agricultural Organization of the United Nations (FAO). Cabbage Ecological Guide; FAO Inter-Country Programme for IPM in Vegetables in South and Southeast Asia: Rome, Italy, 2000. [Google Scholar]

	



Fening, K.O.; Amoabeng, B.W.; Adama, I.; Mochiah, M.B.; Braimah, H.; Owusu-Akyaw, M.; Narveh, E.; Ekyem, S.O. Sustainable management of two key pests of cabbage, Brassica oleracea var. capitata L. (Brassicaceae), using homemade extracts from garlic and hot pepper. Org. Agric. 2013, 3, 163–173. [Google Scholar]

	



Singh, J.; Upadhyay, A.K.; Bahadur, A.; Singh, B.; Singh, K.P.; Mathura, R. Antioxidant phytochemicals in cabbage (Brassica oleracea L. var. capitata). Sci. Hortic. 2006, 108, 233–237. [Google Scholar] [CrossRef]

	



USDA. USDA National Nutrient Database for Standard Reference; USDA: Washington, DC, USA, 2009.

	



Cheney, G. Anti-peptic ulcer dietary factor. J. Am. Diet Assoc. 1950, 26, 268–672. [Google Scholar]

	



Zhang, Z.-Y.; Liu, X.-J.; Yu, X.-Y.; Zhang, C.-Z.; Hong, X.-Y. Pesticide residues in the spring cabbage (Brassica oleracea L. var. capitata) grown in open field. Food Control 2007, 18, 723–730. [Google Scholar] [CrossRef]

	



Renard, R.D. The monk, the Hmong, the forest, the cabbage, fire and water: Incongruities in Northern Thailand opium replacement. Law Soc. Rev. 1994, 28, 657–664. [Google Scholar] [CrossRef]

	



National Bureau of Agricultural Commodity and Food Standards. Thai Agricultural Standard TAS 9001-2013: Good Agricultural Practices for Food Crop; National Bureau of Agricultural Commodity and Food Standards: Bangkok, Thailand, 2013; Available online: http://www.acfs.go.th/standard/download/eng/GAP_Food_Crop.pdf (accessed on 23 August 2015).

	



Department of Agriculture, Malaysia. Malaysian Farm Certification Scheme for Good Agricultural Practice (SALM) Standard. 2005. Available online: https://law.resource.org/pub/my/ibr/ms.gap.2005.pdf (accessed on 18 June 2014).

	



Elsoy, N.; Tekinarslan, O.; Ozgür, E.A.; Göktas, U. Determination of pesticide residues in Apricot (Prunus armeniaca L.) grown at good agricultural practices (GAPs) by LC-MS/MS and GC-MS. Erwerbs-Obstbau 2018, 60, 349–358. [Google Scholar]

	



González-Rodríguez, R.M.; Noguerol-Pato, R.; González-Barreiro, C.; Cancho-Grande, B.; Simal-Gándara, J. Application of new fungicides under good agricultural practices and their effects on the volatile profile of white wines. Food Res. Int. 2011, 44, 397–403. [Google Scholar] [CrossRef]

	



Ha, T.M. Effectiveness of the Vietnamese good agricultural practice (VietGAP) on plant growth and quality of choy sum (Brassica rapa var. parachinensis) in Northern Vietnam. Aceh Int. J. Sci. Technol. 2014, 3, 80–87. [Google Scholar] [CrossRef]

	



Kim, J.S.; Oh, D.H. Monitoring of unregistered pesticides contaminated in the domestic crops grown under good agricultural practices. J. Food Hyg. Safety 2017, 32, 275–283. [Google Scholar] [CrossRef]

	



Yu, Y.M.; Oh, S.C.; Sung, B.J.; Kim, H.H.; Lee, Y.H.; Youn, Y.N. Analysis of good agricultural practices (GAP) in Panax ginseng C.A. Mayer. Korean J. Med Crop Sci. 2007, 15, 220–226. [Google Scholar]

	



Codex. Recommended methods of sampling for the determination of pesticide residues for compliance with MRLs. CAC/GL 33. 1999. Available online: http://files.foodmate.com/2013/files1773.html (accessed on 8 April 2019).

	



Sapbamrer, R.; Hongsibsong, S. Organophosphorus pesticide residues in vegetables from farms, markets, and a supermarket around kwan phayao lake of northern Thailand. Arch. Environ. Contam. Toxicol. 2014, 67, 60–67. [Google Scholar] [CrossRef] [PubMed]

	



AOAC. Official Methods of Analysis of AOAC International, 19th ed.; AOAC International: Gaithersburg, MD, USA, 2012. [Google Scholar]

	



Chau, T.H.B. Propensity score matching method to estimate impact of VietGAP program on health of farmers in Thua Thien Hue Province, Vietnam. Hue Univ. J. Sci. 2017, 126, 17–31. [Google Scholar]








[image: Sustainability 13 06333 g001 550] 





Figure 1. Map of Thailand and Chiang Mai Province. Source: NordNordWest (2009) for the map of Thailand and Hdamm (2004) for the map of Chiang Mai Province. 
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Figure 2. Surveyed farmers’ initial source of knowledge about Q-GAP. Source: Authors’ survey results. Note: The uncertified farmer respondents are confined to those who were aware of Q-GAP at the time of interview. 
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Figure 3. Surveyed farmers’ motivations (and the lack thereof) in applying for Q-GAP. Source: Authors’ survey results. CNT indicates the total number counted. Note: Certified farmers are accounted for the reasons why they applied for Q-GAP and uncertified farmers for the reasons why they did not apply for it. 
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Figure 4. Certified farmers’ views about the benefits from and disadvantages of Q-GAP certification. Source: Authors’ survey results. CNT indicates the total number counted. 
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Table 1. Adoption of national public GAP standards by farms in ASEAN nations.






Table 1. Adoption of national public GAP standards by farms in ASEAN nations.





	Country
	Program Name
	Year of Formulation
	Number of Farms with Certified Status (Year)
	Scheme Owner





	Malaysia
	MyGAP
	2002
	664 (2016)
	Department of Agriculture



	Thailand
	Q-GAP
	2003
	>146,000 (2021)
	National Bureau of Agricultural Commodity and Food Standards



	Singapore
	SingaporeGAP-VF
	2004
	8 (2020)
	Agri-Food and Veterinary Authority



	Indonesia
	IndoGAP
	2004
	13,666 (N.A.)
	National Food Safety Competent Authority



	The Philippines
	PhilGAP
	2005
	82 (2016)
	Department of Agriculture



	Vietnam
	VietGAP
	2008
	1574 (2014)
	Ministry of Agriculture and Rural Development



	Myanmar
	MyanmarGAP
	2009
	0 (2015)
	Department of Agriculture



	Laos
	LaoGAP
	2010
	300 (2016)
	Department of Agriculture



	Cambodia
	CamGAP
	2010
	0 (2017)
	Department of Sanitary and Phytosanitary Plants Protection



	Brunei
	BruneiGAP
	2014
	4 (2019)
	Agriculture and Agrifood Department







Source: MyGAP: obtained via personal contact in the Department of Agriculture, Malaysia in 2017, Q-GAP: [18], SingaporeGAP-VF: [19], PhilGAP, VietGAP, MyanmarGAP, and LaoGAP: [20], IndoGAP: [20,21], LaoGAP: [22], and BruneiGAP: [23]. N.A. indicates not available.
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Table 2. Control points in the Q-GAP code of practice.
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	Control Categories
	Major Must
	Minor Must
	Recommended
	Subtotal





	1. Water
	5
	2
	7
	14



	2. Planting area
	4
	4
	3
	11



	3. Pesticides
	5
	8
	8
	21



	4. Pre-harvest quality management
	2
	6
	11
	19



	5. Harvest and post-harvest handling
	3
	6
	5
	14



	6. Holding, moving produce in planting plot, and storage
	0
	5
	4
	9



	7. Personal hygiene
	1
	3
	4
	8



	8. Recordkeeping
	3
	7
	10
	20



	 Subtotal:
	23
	41
	52 Total:
	116







Source: [57].
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Table 3. Basic profile of the respondent cabbage farmers.
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	Variable Description
	Q-GAP-Certified (N = 41)
	Uncertified (N = 90)
	Difference





	Gender ratio (man 1:woman 0)
	82.9%:17.1%
	71.1%:28.9%
	±11.8% *



	Education (years)
	10.66 (4.03)
	12.49 (16.87)
	−1.83



	Age (years)
	48.73 (12.74)
	43.73 (14.84)
	5.00 *



	Total farm size in rai
	7.41 (8.93)
	6.14 (6.18)
	0.21



	Size of cabbage farmland in rai
	2.27 (1.84)
	3.02 (2.61)
	−0.49 *



	Number of crops to grow other than cabbage
	2.85 (2.02)
	1.56 (1.42)
	1.30 ***



	Percentage of farms growing certified crops other than cabbage
	53.7% (50.5)
	4.4% (20.7)
	49.2% ***



	Worker employment (1 = yes)
	31.7%
	22.2%
	9.5%



	Number of employed workers
	3.15 (n = 13)
	2.54 (n = 20)
	0.61







Source: Authors’ survey results. * Significant at the 10% level, *** significant at the 1% level; standard deviation and the number of observations n (for items that fall short of the complete sample N) are given in parentheses. One rai is equal to 0.16 ha.
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Table 4. Economic and marketing aspects of cabbage farmers.
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	Variable Description
	Q-GAP-Certified (N = 41)
	Uncertified (N = 88)
	Difference





	Total cabbage produced in kilograms (kg)
	13,813.90 (19,383.78)
	19,134.36 (28,961.50)

(n = 87)
	−5320.45



	Yield per rai in kg
	5171.99 (6995.32)
	6140.95 (11,956.84)
	−968.96



	
	
	(n = 86)
	



	Lowest cabbage price in kg (THB)
	10.06 (12.41) (n = 40)
	6.02 (9.71) (n = 83)
	4.04 *



	Highest cabbage price in kg (THB)
	21.06 (18.71) (n = 40)
	13.89 (14.14) (n = 83)
	7.17 **



	Total amount of cabbage sales (THB)
	44,751.22 (98,644.26)
	47,130.68 (67,848.89)
	−2379.46



	Amount of cabbage sales per rai (THB)
	18,440.20 (25,017.36)
	14,552.00 (17,819.65)
	3850.04







Source: Authors’ survey results. * Significant at the 10% level, ** significant at the 5% level; standard deviation and the number of observations n (for items that fall short of the complete sample N) are given in parentheses for continuous variables. One rai is equal to 0.16 ha. One THB is equal to approximately 0.03 USD. Note: As two uncertified farmers grew cabbage for the first year and had no record of produce for the past year, their responses were not considered for the analysis. Additionally, one to five farmers were excluded from the analysis because they could not provide accurate information with confidence.
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Table 5. Farmers’ perceptions of Q-GAP policy and pesticide use.
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	Variable Description
	Q-GAP-Certified

(N = 41)
	Uncertified

(N = 90)
	Difference





	Can relate the goal of Q-GAP policy to food safety assurance (1 = yes)
	90.2%
	79.2%

(n = 24)
	11.1% ***



	Think that pesticides are not very harmful for users’ health when appropriately managed (1 = yes)
	48.8%
	82.2%
	−33.4% ***



	Think that pesticides are not very harmful for the health of consumers when appropriately managed (1 = yes)
	51.2%
	82.2%
	−31.0% ***



	Think that pesticides are not very harmful for the environment when appropriately managed (1 = yes)
	39.0%
	80.0%
	−41.0% ***



	Think that sufficient assistance has been received from local government agencies for obtaining good agricultural technologies and practices (1 = yes)
	34.1%
	20.0%
	14.1%







Source: Authors’ survey results. *** Significant at the 1% level. The number of observations is indicated as n in parentheses for an item that falls short of the complete sample N.
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Table 6. Training and processes for obtaining certification.
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	Variable Description
	Q-GAP-Certified

(N = 41)
	Uncertified

(N = 90)
	Difference





	Training experience of pesticide management through governmental agencies (1 = yes)
	70.7%
	45.6%
	25.2% ***



	Number of training days for pesticide management
	1.59 (0.66)
	0.52 (0.71)
	1.06 ***



	Training experience of Q-GAP certification through governmental agencies (1 = yes)
	68.3%
	22.2%
	46.1% ***



	Number of training days for Q-GAP certification
	0.94 (0.90)
	0.29 (0.67)
	0.64 ***



	Knowledge of the term “IPM” (1 = yes)
	34.1%
	25.6%
	8.6%



	Training experience of IPM through governmental agencies (1 = yes)
	31.7%
	24.4%
	7.3%



	Training experience of IPM through non-governmental agencies or individuals (1 = yes)
	0.0%
	4.4%
	−4.4%



	Training experience of the production and use of organic fertilizer through governmental agencies (1 = yes)
	60.9%
	45.6%
	15.4%







Source: Authors’ survey results. *** significant at the 1% level; standard deviation is given in parentheses for continuous variables.
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Table 7. Experiences of farm audit.
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Variable Description

	
Q-GAP-Certified (N = 41)




	
Yes

	
No

	
Difference






	
Number of times DoA audit was needed to receive Q-GAP certification

	
1.05 (0.22)




	
Received prior notice regarding the date of the first audit

	
100.0%

	
0.0%

	
100.0%




	
Recordkeeping of agricultural practices was checked during the audit

	
78.0%

	
22.0%

	
56.1% ***




	
Handed cabbage samples directly to a DoA officer for pesticide residue test

	
9.8%

	
90.2%

	
−80.5% ***








Source: Authors’ survey results. *** Significant at the 1% level; standard deviation is given in parentheses for continuous variables.
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Table 8. Synthetic pesticide use.






Table 8. Synthetic pesticide use.





	Variable Description
	Q-GAP-Certified

(N = 41)
	Uncertified

(N = 90)
	Difference





	Use of synthetic insecticide (1 = yes)
	61.0%
	81.1%
	−20.1% **



	Frequency of insecticide application in the past year
	2.96 (3.35)
	7.32 (13.06)
	−4.36 ***



	Frequency and the number of farmers when excluding those who did not use insecticides
	4.86 (3.03)

(n = 25)
	9.12 (13.93)

(n = 73)
	−4.26 **



	Use of synthetic fungicide (1 = yes)
	17.1%
	54.4%
	−37.4% ***



	Frequency of fungicide application in the past year
	0.66 (1.81)
	3.53 (10.86)
	−2.87 ***



	Frequency and the number of farmers when excluding those who did not use fungicides
	3.86 (2.73)

(n = 7)
	6.49 (14.10)

(n = 49)
	−2.63



	Use of synthetic herbicide (1 = yes)
	51.2%
	78.9%
	−27.7% ***



	Frequency of herbicide application in the past year
	1.07 (1.52)
	3.66 (13.96)
	−2.59 *



	Frequency and the number of farmers when excluding those who did not use herbicides
	2.10 (1.55)

(n = 21)
	4.64 (15.59)

(n = 71)
	−2.55







Source: Authors’ survey results. * Significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level; standard deviation and the number of observations n (for items that fall short of the complete sample N) are given in parentheses for continuous variables.
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Table 9. Detected pesticide residue levels from OP analysis.
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Amount of Active Chemical Ingredients (mg/kg)

	
Q-GAP-Certified (N = 39)

	
Uncertified (N = 90)

	




	
Mean

	
SD

	
Min

	
Max

	
Farms Detected (%)

	
Mean

	
SD

	
Min

	
Max

	
Farms Detected (%)

	
Mean Difference (mg/kg)






	
Diazinon

	
8.185

	
2.477

	
6.439

	
12.863

	
15.4

	
7.314

	
5.042

	
0.251

	
18.000

	
32.2

	
0.871




	
Pirimiphos-methyl

	
0.007

	
0.005

	
0.001

	
0.013

	
15.4

	
0.016

	
0.021

	
0.002

	
0.040

	
2.2

	
−0.011




	
Chlorpyrifos

	
0.908

	
1.078

	
0.146

	
1.671

	
5.1

	
0.816

	
1.770

	
0.009

	
5.398

	
10.0

	
0.092




	
Malathion

	
0.009

	
0.000

	
0.009

	
0.009

	
2.6

	
0.003

	
0.000

	
0.003

	
0.003

	
1.1

	
0.006




	
Triazophos

	
−

	
−

	
−

	
−

	
−

	
0.012

	
0.001

	
0.012

	
0.012

	
1.1

	
N.D.




	
Aggregate

	
1.307

	
3.116

	
0.000

	
12.863

	
35.9

	
2.358

	
4.493

	
0.000

	
18.000

	
41.1

	
1.051








Source: Authors’ test results. (−) indicates no detection, and N.D. indicates not detectable.
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Table 10. Detected pesticide residue levels from SP analysis.
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Amount of Active Chemical Ingredients (mg/kg)

	
Q-GAP-Certified (N = 39)

	
Uncertified (N = 90)




	
Mean

	
SD

	
Min

	
Max

	
Farms Detected (%)

	
Mean

	
SD

	
Min

	
Max

	
Farms Detected (%)

	
Mean Difference (mg/kg)






	
L-Cyhalothrin

	
0.099

	
0.028

	
0.080

	
0.119

	
5.1

	
0.007

	
0.006

	
0.000

	
0.019

	
14.4

	
0.092 ***




	
Permethrin

	
−

	
−

	
−

	
−

	
−

	
0.014

	
0.015

	
0.001

	
0.036

	
5.6

	
N.D.




	
Cyfluthrin

	
−

	
−

	
−

	
−

	
−

	
0.0003

	
0.0003

	
0.0001

	
0.0007

	
5.6

	
N.D.




	
Cypermethrin

	
0.020

	
0.015

	
0.002

	
0.051

	
28.2

	
0.107

	
0.215

	
0.000

	
0.818

	
40.0

	
−0.087




	
Fenvalerate

	
−

	
−

	
−

	
−

	
−

	
0.0001

	
3.16 × 10−5

	
0.0001

	
0.0003

	
1.1

	
N.D.




	
Esfenvalerate

	
−

	
−

	
−

	
−

	
−

	
0.002

	
0.0003

	
0.002

	
0.003

	
2.2

	
N.D.




	
Aggregate

	
0.011

	
0.025

	
0.000

	
0.119

	
33.3

	
0.045

	
0.145

	
0.000

	
0.818

	
52.2

	
−0.034 **








Source: Authors’ test results. ** Significant at the 5% level, *** significant at the 1% level. (−) indicates no detection. N.D. indicates not detectable.
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Table 11. Use of non-synthetic pest control methods.
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	Variable Description
	Q-GAP-Certified

(N = 41)
	Uncertified

(N = 90)
	Difference





	Use at least one non-synthetic pest management (1 = yes)
	61.0%
	35.6%
	25.4% ***



	Percentage of farms that use (multiple response):
	
	
	



	Herbal insecticide (1 = yes)
	29.3%
	17.8%
	11.5%



	Biological insecticide (1 = yes)
	2.4%
	5.6%
	−3.1%



	Insect glue trap (1 = yes)
	9.8%
	3.3%
	6.5%



	Removing insects by hand (1 = yes)
	2.4%
	6.7%
	−4.2%



	Wood vinegar (as botanical pesticide) (1 = yes)
	4.9%
	4.4%
	0.4%



	Burning the land (to remove pests of external abundance) (1 = yes)
	0%
	1.1%
	−1.1%



	Biological fungicide (1 = yes)
	0%
	4.4%
	−4.4% **



	Herbal herbicide (1 = yes)
	17.1%
	0%
	17.1% **



	Weed cutter machine (1 = yes)
	0%
	3.3%
	−3.3%



	Removing weeds by hand (1 = yes)
	0%
	1.1%
	−1.1%







Source: Authors’ survey results. ** Significant at the 5% level, *** significant at the 1% level.
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Table 12. Recordkeeping.
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	Variable Description
	Q-GAP-Certified
	Uncertified
	Difference





	Synthetic insecticide (1 = yes)
	64.0%
	11.0%
	53.0% ***



	
	(n = 25)
	(n = 73)
	



	Synthetic fungicide (1 = yes)
	0%
	0%
	0%



	
	(n = 7)
	(n = 49)
	



	Synthetic herbicide (1 = yes)
	0%
	0%
	0%



	
	(n = 21)
	(n = 71)
	



	Non-synthetic pest management methods (1 = yes)
	32.0%
	9.4%
	22.6% **



	
	(n = 25)
	(n = 32)
	



	Chemical fertilizer (1 = yes)
	59.3%
	6.1%
	53.2% ***



	
	(n = 27)
	(n = 82)
	



	Alternative fertilization methods (1 = yes)
	41.9%
	25.9%
	16.0% ***



	
	(n = 31)
	(n = 54)
	







Source: Authors’ survey results. ** Significant at the 5% level, *** significant at the 1% level. The total number of farmers who use a particular input is indicated in parentheses.
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	Variable Description
	Q-GAP-Certified

(N = 27)
	Uncertified

(N = 75)
	Difference





	1. Aware of chemicals registered under the Hazardous Substances Act and its amendments (1 = yes)
	28.6%
	34.7%
	−6.1%



	2. Possession or use of pesticides that are prohibited under the Hazardous Substances Act and its amendments (1 = yes)
	7.2%
	40.0%
	−32.9% ***



	3. Use of a mixture of two types of pesticides when it is not recommended by the government (1 = yes)
	35.7%
	74.7%
	−39.0% ***



	4. Wearing all the protective clothing (mask, gloves, hats, and boots) while working with pesticides (1 = yes)
	100.0%
	88.0%
	12.0% **



	5. Taking note of wind direction while spraying to prevent contaminating neighborhood farms and the environment (1 = yes)
	82.1%
	76.0%
	6.1%



	6. Storing pesticides in a tidy manner in the specified secure storage to prevent mishandling (1 = yes)
	96.4%
	88.0%
	8.4%



	7. Taking a shower, using shampoo, and changing clothes right after the pesticide application is finished (1 = yes)
	96.4%
	90.7%
	5.8%



	8. Ensuring that clothes used during spraying are cleaned every time and separated from the normal laundry (1 = yes)
	78.6%
	77.3%
	1.2%



	9. Cleaning pesticide sprayer and equipment after each use (1 = yes)
	82.1%
	76.0%
	6.1%



	10. Stopping application of pesticides before harvest following the withdrawal period indicated on the label of each pesticide or the official recommendations (1 = yes)
	85.7%
	85.3%
	0.4%



	11. Separating the storage area of farming equipment, containers, and materials from the storage for pesticides or other chemicals (1 = yes)
	82.1%
	81.3%
	0.8%



	12. Destroying empty pesticide containers to prevent reuse or properly disposing the containers (1 = yes)
	57.1%
	57.3%
	−0.2%



	13. Undergoing a health examination at least once a year concerning pesticide activity (1 = yes)
	82.1%
	70.7%
	11.5%







Source: Authors’ survey results. ** Significant at the 5% level, *** significant at the 1% level.
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