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ABSTRACT
Themain purpose of the study was to investigate the determinants of adopting GAP standards. Based on this,

a simple random sampling method would be used to select 300 farmers, and binary logistic regression would be
used to assess the factors inϐluencing the adoption of GAP. The ϐindings showed that the average income of veg‑
etable farmers who implemented GAP standards was signiϐicantly higher than that of farmers who did not. The
land area under vegetable production was also much greater for GAP adopters than for non‑adopters. The culti‑
vation area (p< 0.01), training frequency (p< 0.01), average income per production cycle (p< 0.01), educational
level (p < 0.05), age of the farmers (p < 0.05), and family size (p < 0.05) were the signiϐicant factors inϐluencing
GAP adoption. Speciϐically, the cultivation area had a peak exposure to suitable physical resources, which is vital
for effective compliance with GAP standards. As a result of such ϐindings, this study provides several contributions
in terms of policy recommendations, such as targeted investments in improving agricultural structures, the con‑
tinuing training of farmers and dissemination of information, the support of low‑income farmers inmanaging their
ϐinances and resources, and the continuous learning incentive that may assist in transitioning small‑scale farmers
to eco‑friendly production processes.
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1. Introduction

In the agricultural and economic system of Thai‑
land, vegetables are a key economic crop, since both do‑
mestic sales and income from exports to foreign mar‑
kets can be earned from this crop. For example, veg‑
etables, which can be fresh, chilled, frozen, dried, and
also processed, can be exported from Thailand and av‑
erage around 244.35 million USD each year based on
data from 2013–2018 (with an average growth rate of
about 7.63%) [1]. This growth has been justiϐied by sev‑
eral justiϐications: population growth, the growth of the
service sector, and the rising trend in safe food consump‑
tion, which has created a continuous increase in the
demand for quality and safe vegetables [2, 3]. Respond‑
ing to this demand, the government has issued regula‑
tions to encourage the production of safe vegetables by
encouraging farmers to implement Good Agricultural
Practices (GAP) in their production, which is an impor‑
tant standard in the control of food safety, environmen‑
tal health, and farmers’ own health. TheMinistry of Agri‑
culture and Cooperatives introduced a “large‑scale farm‑
ing system” in 2018, which clusters farmers to enable
systematic production management across the value
chain, including production, marketing, and quality con‑
trol [1]. According to the Department of Land Develop‑
ment reports [4] from 2018 to 2022, the number of large‑
scale farming groups of vegetable growers increased by
80 groups, and the number of farmers joining the sys‑
tem increased by more than 2300. Meanwhile, there are
261,643 farmers with GAP certiϐication, with an area of
more than 14,400 hectares, or about 20,415 GAP cer‑
tiϐied farmers in the Northeast area. Kalasin has the
most farmers who are certiϐied in the province, with
2642, which is consistent with the province’s plan to
be a “Smart Green City” and the centre of safe food.
While this is a positive sign and there is genuine sup‑
port from the government, it is observed that a large
number of these produce vegetables without entering
the GAP system, which is about 40 percent of the to‑
tal vegetable growers. They are limited in adoption
because the production structure, knowledge manage‑
ment, attitudes, and resource perspectives that farm‑
ers can access are still within the realm of what was

already established. Age, income, education, farming
experience, and training were hypothesized as major
factors determining whether to adopt GAP standards.
Training imparts technical knowledge, insight about the
beneϐits of GAP, and introduces farmers to new mar‑
keting alternatives. Regular participation in training
leads not only to compliance with technical standards
but also to the development of the conϐidence of farm‑
ers that they can seek access to markets. This result
indicates that constant programmes to train packages
and establish new packages are necessary to go from
an adoption tipping point of the few farms with access
to non‑agrochemical technologies produced locally, to‑
wards large‑scale use of GAP.

But earlier studies had produced conϐlicting con‑
clusions, and none provided a decisive conclusion for
each factor. For example, while younger farmers are
more willing to accept on‑farm innovations [5, 6], it was
claimed that older and more experienced farmers are
better at implementing GAP technology [7]. Variables
related to income also have conϐlicting effects: while
some studies ϐind that income is positively related to
the adoption of GAP [8, 9], others do not ϐind a signiϐicant
association. Along with other factors such as education,
experience, and training, GAP standards are supported
by educated or experienced farmers [2, 3]. In addition to
the standards of adequate training, implementation of
standards in practice also depends on government sup‑
port in the form of (a) training activities or (b) transfer
of technology [10, 11]. However, there are few detailed
studies on certain sectorswith a high chance of diversity,
both by the province of Kalasin, which has been under
an old pressure policy in the past few years, but there
are still a lot of farm owners who have not yet entered
the GAP system. It also implies that despite strong gov‑
ernment promotion, the adoption level in Kalasin is low
(approximately 40 per cent), which emphasizes an im‑
portant research void that the present study attempts
to ϐill. In Thailand and throughout the ASEAN region,
use of GAP has been extensively promoted, but accep‑
tance is varied. More than 265,000 farmers are certiϐied
across the country, but about 40% of vegetable grow‑
ers, particularly in theNortheast, have not joined the sys‑
tem. Equivalent discrepancies are present in ASEAN na‑
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tions where institutional capability, market motivation,
and level of farmer knowledge differ greatly [12, 13]. The
originality of this work is in its provincial case study
of Kalasin, mixed with the development application of
logistic regression, allowing for a deeper understand‑
ing that goes into a more extensive evaluation of so‑
cioeconomic, demographic, and institutional factors af‑
fecting adoption. This approach also provides more de‑
tailed perspectives beyond national scale analysis on lo‑
cal level barriers and opportunities in promoting GAP.
As a result of the above, the research will investigate
the economic and social situation of safe vegetable farm‑
ers and general farmers in Kalasin Province and ex‑
amine the factors that inϐluence acceptance of GAP or
good agricultural practices standards, particularly for
small farmers, in issuing the policy guidelines and pro‑
motions in accordance with the area context effectively.

The recent digital revolution has also spotlighted
the possibility of linking computational advances to agri‑
cultural practice. For instance, a recent study investi‑
gated the use of NLP and quantum computing for agri‑
cultural data analysis and decision‑making in order to
show that the digital tools can increase the pace of in‑
novation in farm management [14]. Moreover, new ontol‑
ogy frameworks have been developed for the structured
ontological representation of agricultural knowledge
to enhance data interoperability and enable advanced
decision‑support systems in agriculture [15]. Moreover,
some recent works in crop protection have also focused
their attention on the use of hybrid artiϐicial intelligence
models, like Vision Transformers paired with Convolu‑
tional Neural Networks, to better detect plant diseases
and elaborate early‑warning systems for farmers [16].
These trends indicate that the future of GAP implementa‑
tion is shaped by not only socioeconomic and structural
factors, but also digitally‑driven efϐiciencies, sustainabil‑
ity, and resilience for agricultural production. Thus, the
objectives of this study were to explore the factors in‑
ϐluencing the decision to adopt GAP standards by small‑
holder vegetable farmers in Kalasin Province, Thailand.
The speciϐic objectives are (1) to describe the farmers’
socio‑economic and demographic proϐile, (2) to assess
the determinant factors associated with GAP adoption
through binary logistic regression, and (3) to draw pol‑

icy implications. The impetus for this has been the low
uptake of GAP despite intensive government promotion.
This study was particularly focused on small‑scale veg‑
etable producers in Kalasin Province, and these selected
provinces represent someeconomic and institutional sit‑
uations in the Northeast.

2. Materials and Methods

Kalasin Province is located in the Northeastern re‑
gion of Thailand with a total population of 977,175 per‑
sons and is administratively divided into 18 districts
and 135 sub‑districts, with a total area of 4,715,494 rai,
most of which is agricultural land of 2,832,889.64 rai
(453,262.34 ha) or 60.08 percent of the total area used
for growing rice, ϐield crops, fruit trees, perennial plants,
vegetables, ϐlowering plants, and ornamental plants, to‑
talling 21,783.83 rai or 3,485.41 ha [11]. From large‑
scale plot registration data, it was found that there was
a total of 1036 vegetable farmers in Kalasin Province
in the latest year, of which 60 percent, or 622 farmers,
grew vegetables according to Good Agricultural Prac‑
tices (GAP) standards, and another 40 percent, or 414
farmers, still used conventional production methods [4].
This research aimed to study the factors inϐluencing
the adoption of GAP standards by vegetable farmers in
Kalasin Province by using a representative sample of
300 farmers growing vegetables according to GAP stan‑
dards and common vegetable farmers through calcula‑
tion based on Yamane’s formula appropriate for the pop‑
ulation size known, and setting a reliability level at 95
percent and an error at 0.05. Model validity was con‑
ϐirmed by the Hosmer–Lemeshow test (p = 0.604), Cox
& Snell R² (0.497), and Nagelkerke R² (0.672). For
more completeness of data analysis, the researcher in‑
creased the sample size to 300 subjects, divided into
180 farmers adopting GAP and 120 common farmers
sampled by simple random sampling. Descriptive statis‑
tics were used for data analysis, namely frequency, per‑
centage, mean, standard deviation, and maximum and
minimum values, to describe the general characteristics
of the representative sample, such as gender, age, edu‑
cational level, agricultural area size, vegetable‑growing
area, and vegetable‑growing experience. For inferen‑
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tial data analysis, the binary logistic regression model
was used. This statistical technique was appropriate
for the case where the dependent variable was a bi‑
nary outcome, such as adoption or rejection of GAP
standards (1 = adopt GAP, 0 = reject GAP). The model
looked at the relationship between the chances of adopt‑
ing or rejecting GAP standards, which was then used
in a logarithmic equation (log odds) to effectively eval‑
uate how each independent variable affected the like‑
lihood of adopting GAP standards [17, 18]. The indepen‑
dent variables studied included AGE [19, 20], educational
level (EDU) [4, 21], agricultural area size (AREA) [20, 22],
income (INCOME) [2, 16], vegetable‑growing experience
(EXP) [23, 24], attending training (TRAIN) [25, 26], govern‑
ment support (SUPPORT) [27–29], environmental knowl‑
edge and attitudes (KNOWLEDGE) [12, 30–32] and gender
(GEN) as summarized in Table 1. This is in accordance
with regular procedures employed in binary logistic re‑
gression [17, 18]. The good recovery of the binary logis‑
tic regression model was further validated by a series
of diagnostic tests. The model ϐit was good (Hosmer–
Lemeshow goodness‑of‑ϐit test: p = 0.604 > 0.05). Cox
and Snell R² (0.497) and Nagelkerke R² (0.672) showed
that the model accounted for an appreciable amount of
variance in the adoption behavior. Furthermore, the
total accuracy of 89.3% indicated the excellent ability
of the model to differentiate the adopters from non‑
adopters. These results validate the robustness of the
assessment methodology used in this study. This model
had the advantage of interpreting the analysis results
through odds ratio, which could reϐlect the change in
the likelihood of adopting GAP standardswhen the value
of the independent variable changed by one unit while

other variables remained constant, thus being optimal
for the research objective to analyse the impact of mul‑
tiple factors on farmers’ GAP standard adoption be‑
haviour by setting the regression equation with speci‑
ϐied equation form as follows. Data analysis was carried
out using SPSS version 28 for binary logistic regression.
Excel was used for data entry and cleaning. Data collec‑
tion in the ϐield was based on structured questionnaires
delivered through face‑to‑face interviews with farmers.

Logit(Pi) = ln( Pi
1− Pi

)=β0 + β1GEN+ β2AGE
+β3EDU+ β4EXP+ β5TRE+ β6ARE

+β7INC+ β8MEM+ β9OPI+ e

Where Pi = Probability or likelihood of a situation
of interest

1= Adopt GAP standards, 0= Not adopt GAP stan‑
dards

β0 = Constant or vertical y‑intercept when x= 0
βx1…..βxn = Coefϐicient showing the change in Y

when Xn changes by 1 unit (where other independent
variables remained constant)

GEN= Gender (0= Female 1=Male)
AGE= Age (years)
EDU= Number of education years (years)
EXP= Vegetable‑growing experience (years)
TRE= Number of GAP training (times)
ARE= Vegetable ‑growing area (ha)
INC= Income per production cycle ($)
MEM= Number of household members (person)
OPI= Opinion on suitability of vegetable ‑growing

area (0= Disagree, 1= Agree)
e= Estimation error

Table 1. Variables used in the study of factors affecting the adoption of GAP standards.
Variable Meaning Unit Symbol

Gen Gender 0= Female 1=Male +
AGE Age Year ‑
EDU Number of education years Year +
EXP Vegetable‑growing experience Year +
TRE Number of training times on GAP Time +
ARE Vegetable‑ growing area Ha +
INC Income per production cycle $ +
MEM Number of household members Person +
OPI Opinions on the suitability of a vegetable‑growing area 0= Disagree Value 1= Agree +

Note: + means positive and – is negative.
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Several previous studies on the adoption of Good
Agricultural Practices (GAP) and sustainable farming
standards have been informative, but there are also sev‑
eral weaknesses in the literature. For one, there are
inconsistent ϐindings in the literature regarding the ef‑
fects of socio‑economic variables such as income, age,
and education. For example, education and previous ex‑
perience were found to positively affect GLOBALG adop‑
tion [8]. Regarding agricultural practice adoption in Thai‑
land, while other studies indicated that income or age
were not signiϐicant or even contradict in different con‑
texts [12, 13]. Second, many of the models have tended to
be of a compartmentalized nature, with focus on spe‑
ciϐic determinants such as training or farm size, giving
less emphasis on the interactive effects of human capital,
resource endowments, and institutional support. Stud‑
ies in Central Java discovered that technology adoption
must not only follow the normal socio‑demographic fea‑
tures, but also be compatible with cropping systems and
farmers’ risk perception [33], which are usually neglected
in the single‑factormodels. Third, there are alsomethod‑
ological limitations: some studies employ descriptive
statistics or simple regressions without proper diagnos‑
tics, and others use small or nonrepresentative sam‑
ples, which limit the generalizability of results [34]. In
addition, most studies focus on the analysis at the na‑
tional or cross‑country level, and thus understate local
heterogeneity. Contextual, place‑based factors, includ‑
ing land attributes, the presence of infrastructure, and
the degree to which provincial policies are supported,
are often ignored despite the fact that they play a key
role in inϐluencing the behavior and choices of potential
adopters [35, 36]. In particular, little data is available on
the process of GAP adoption in Northeastern Thailand,
an area that possesses special socio‑economic and en‑
vironmental attributes. Therefore, there is no empiri‑
cal evidence on how local production structures, house‑
hold characteristics, and government programs interact
in determining decision‑making. For instance, in China
and in Indonesia’s ϐindings emphasized the signiϐicance
of socio‑economic and institutional factors [12, 13], while
there has been heterogeneity resulting for Ireland [36].
These results are consistent with the diffusion of inno‑
vation theory which focuses on the roles of innovators

and early adopters, as well as with models highlight con‑
textual as key resources determinants [24, 35]. It is in this
literature that the present study situates itself, focusing,
however, on the ASEANandThai provincial perspectives.
To address these gaps, this study applies a binary logis‑
tic regression model to smallholder farmers in Kalasin
Province, with the inclusion of demographic, economic,
and structural factors that capture the local conditions
that enhance the academic understanding and the policy
formulation.

3. Results

3.1. General Social Conditions of Vegetable
Farmers

From the study on the economic and social charac‑
teristics of vegetable farmers in Kalasin Province by com‑
paring the group following Good Agricultural Practices
(GAP) standardswith common farmers, the ϐindingswere
as follows. In both groups of farmers,more thanhalfwere
women (GAP = 44.44%, non‑GAP = 43.33%), and there
was no signiϐicant difference between the two groups (p
= 0.850), showing that women play an important role in
vegetable farming, which needs more careful work than
growing ϐield or industrial crops as summarized in Ta‑
ble 2. In terms of age, GAP farmers had an average age
of 53.12 years, while the common group had an average
age of 60.51 years, with a statistically signiϐicant differ‑
ence (p< 0.001), reϐlecting that most GAP farmers were
middle‑aged, still had the potential to adapt, were more
open to innovation, and adopted standard systems. This
conclusion was consistent with the proposals indicating
that younger agewas positively associatedwith the adop‑
tion of agricultural innovation [26, 28]. As to educational
level, GAP farmers had an average of 8.74 years of edu‑
cation, while the non‑GAP group had an average of only
6.79 years, with a statistically signiϐicant difference (p <

0.001). This trend was consistent with the results of the
studies indicating that education was a key human cap‑
ital for promoting the decision to adopt new technolo‑
gies [3, 10, 34]. As to vegetable‑growing experience, GAP
farmers had an average of 11.33 years, while the common
group had only 8.44 years, with a statistically signiϐicant
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difference (p = 0.014). This conclusion was consistent
the view that specialized experience is more inϐluential
than overall experience in determining technology adop‑
tion behaviour [23]. In terms of training on GAP standards,
it was found that GAP farmers attended training an aver‑
age of 5.28 times, while the common group attended only
3.16 times on average, with a statistically signiϐicant dif‑
ference (p < 0.001), indicating GAP farmers’ greater ac‑
cess to knowledge and support from the government au‑
thorities. This conclusion was consistent with ϐindings
that training signiϐicantly affected knowledge, attitudes,
and adoption of innovation [26, 37]. Regarding landholding
size, GAP farmers had an average area of 0.171 hectares,
while the common group had only 0.09 hectares (p <

0.001). Moreover, the average income per production cy‑
cle of the GAP groupwas as high as 7,719 baht, or approx‑
imately 211.47 dollars, compared to the non‑GAP group
with only 2355 baht, or 64.52 dollars (p < 0.001), show‑
ing the economic advantage of the GAP group being able
to invest and improve production systems to meet the
standards more. This result was consistent with the view
that economic capital and resources inϐluenced the adop‑
tion of production standards [11, 35]. As for household
structure, theGAPgrouphad an average of 3.70members,
while the common group had 4.10 members, with a sta‑
tistically signiϐicant difference (p= 0.016), probably indi‑
cating the characteristic of small households with higher
ϐlexibility in resource management.

Table 2. Comparison of social and economic differences classiϐied by vegetable cultivation standards.

Variable
GAP (N= 180) Non‑GAP (N= 120)

t‑Statistic
Mean SD % Mean SD %

Gender of the farmer
0= Female ‑ ‑ 44.44 ‑ ‑ 43.33 −0.189ns1= Male ‑ ‑ 55.56 ‑ ‑ 56.67
Age (years) 53.12 11.49 60.51 6.78 7.272***
Education (year) 8.74 3.65 6.79 3.86 −4.373***
Experience (year) 11.33 10.14 8.44 9.79 −2.470**
Training (Number of times) 5.28 2.10 3.16 1.89 −9.125***
Area (ha) 1.07 0.75 0.59 0.66 −5.921***
Income ($) 7719 7175 2355 1602 −9.673***
Member (person) 3.70 2.01 4.10 1.60 2.423**
Opinions on the suitability of the planting area
0= No ‑ ‑ 13.33 ‑ ‑ 48.33 −6.681***
1= Yes ‑ ‑ 86.67 ‑ ‑ 51.67

Note: Signiϐicant levels: * p< 0.10, ** p< 0.05, *** p< 0.01, ns= non‑signiϐicant.

With respect to opinions on area suitability, it was
found that 86.67% of GAP farmers assessed that their
area was appropriate for growing safe vegetables, while
only 51.67 percent of the common group had the same
view, with a signiϐicant difference (p< 0.001). This sup‑
ported the idea that emphasized that the availability of
physical resources such as soil, water, and infrastructure
was a major variable in the adoption of standard sys‑
tems [18, 22, 28, 38]. Overall, the structural and behavioural
differences between GAP farmers and common farmers
indicated the important role of human capital, social net‑
works, resources, and government support in driving the
adoption of GAP standards at the local level effectively
and sustainably.

From the data analysis in Table 3, it was found
that farmerswho cultivated vegetables according to GAP

standards had signiϐicantly more access to diverse and
high‑value marketing channels than ordinary farmers.
Themajority of GAP farmers sold products through com‑
munity markets, along with middlemen (52.22%). The
other part was the sale through mixed channels that in‑
cludednichemarkets or consumer groups (28.89%). Ad‑
ditionally, it was possible to sell to hospitals and pri‑
vate companies (2.22%) as channels with product safety
and quality requirements. Meanwhile, non‑GAP farmers
mostly relied heavily on single‑channel outlets, selling in
community markets (49.17%) and depending solely on
middlemen (14.17%) without access to high‑standard
markets. Signiϐicantly, 16.11% of GAP farmers were in‑
volved with institutionalized and high‑end outlet mar‑
kets such as hospitals or private companies, a pathway
entirely missing among non‑GAP farmers. This demon‑
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strates the power of GAP certiϐication in opening up
higher‑value markets that require food safety and qual‑
ity. These results reϐlected the structural advantages
of GAP farmers in accessing supply chains with spe‑
ciϐic standards and requirements. This was consistent
with previous studies, which stated that GAP‑certiϐied
farmers tended to access markets with high purchas‑
ing power and could signiϐicantly increase household
income [12]. This also supported the ϐindings that GAP
helped increase bargaining power and expand distribu‑
tion channels, especially in export markets [39]. These
indications emphasize the structural beneϐits of adopt‑
ing GAP: certiϐied farmers diversiϐied their marketing

channels and not only invested in commercialization but
also gained access to institutional markets with higher
purchasing power and consistent demand. In this re‑
gard, the research suggested that farmers in networks or
groups supported by the government sector were more
likely to accessmarket information, liaisewith large buy‑
ers, and enter the market with a higher quality mecha‑
nism than the commongroup [31, 40]. Therefore, the adop‑
tion of GAP standards was not only effective at the farm
level butwas also a strategic factor in helping drive farm‑
ers’ marketing capabilities, increase bargaining power,
and enhance the economic potential of small‑scale farm‑
ers at local and national levels sustainably [41].

Table 3. Vegetable product distribution locations of farmers classiϐied by cultivation standards.

Distribution Location
GAP Vegetable Farmer N= 180 Common Vegetable Farmers

(Non‑GAP) N= 120

Number (Person) Percent Number (Person) Percent

Community markets 0 0 59 49.17
Middlemen 0 0 17 14.17
Sell to groups 5 2.78 7 5.83
Community markets and middlemen 94 52.22 20 16.67
Middlemen and groups 0 0 14 11.67
Community markets, middlemen, selling to groups 52 28.89 3 2.50
Hospitals, middlemen, and community markets 25 13.89 0 0
Hospitals and private companies 4 2.22 0 0
Total 180 100.00 120 100.00

Source: Survey (2023).

3.2. Factors Affecting the Adoption of GAP
Good Agricultural Practices (GAP) Stan‑
dards by Small‑Scale Vegetable Farmers

The factors associated with the adoption of Good
Agricultural Practices (GAP) standards among small‑
scale vegetable farmers in the northeastern region of
Thailand were assessed using binary logistic regression
analysis, and the ϐit of the model was statistically signif‑
icant (Chi‑square = 206.031, df = 9; p < 0.001). High
level of dependent variables explained variances were
reϐlected by Cox and Snell R Square (0.497) and Nagelk‑
erke R Square (0.672). The outcome indicated that the
model could account for the 67.2 percent variance of
the adoption behavior of GAP; the model was able to
predict with an accurate rate of 89.3 percent, and the
−2 log likelihood reached 197.776 as compared to GU,
whichwas involved in predicting the outcome, signifying
that the model was therefore efϐicient. From 9 indepen‑

dent variables, the statistically signiϐicant variableswere
6, namely age (AGE), average income per production cy‑
cle (INC), suitability of cultivation area (LAN), number
of times of training on GAP (TRE), number of household
members (MEM), and number of education years (EDU).
Notably, this model indicated that LAN (coefϐicient =
1.690, Exp(B)=5.417; p<0.01)was themost inϐluential
variable. This implies that farmers who evaluated their
area as suitable for production through GAP are 5 times
more likely or 441.7%more likely to adopt the standards
compared to those inunsuitable areas, alluding to the im‑
pact of physical factors such as soil conditions, irrigation
systems, drainage, and access to infrastructure on com‑
pliance with GAP requirements in practice. This implies
that the GAP adoption is more likely to be adopted by
farmers who have access to fertility and a regular sup‑
ply of irrigation water, since these are factors that can
limit production risks as well as catalyze GAP compli‑
ance. The outcome highlights the need for investment
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in soil conditioning and water conservation infrastruc‑
ture. This aligns with the ϐinding that the availability of
natural resources is a key component in reducing adap‑
tation costs and increasing its probability [22]. It also sup‑
ports the view that, despite sufϐicient knowledge or mo‑
tivation, farmers who lack these physical resources are
unable to fully implement the standards [35]. In addition,
the factors, average income per production cycle (INC),
GAP training (TRE), and the number of education years
(EDU) were positively correlated and statistically signif‑
icant with the coefϐicient of INC as 0.001 and Exp (B)
= 1.001 (p < 0.01), it implies that each additional unit
increase in income would increase GAP adoption prob‑
ability by approximately 0.1%. Although not high, the
ϐigures expressed that those farmers with a stable eco‑
nomic position were able to invest and modify their pro‑
duction processes better. The important effect of income
suggests that if a household has higher or stable current‑
annual personal earnings, it is more capable of invest‑
ing in production adjustments, which are required for
GAP. Economic Capital: Catalyst and Condition. It ap‑
pears that economic capital acts as an accelerator aswell
as a conditionality for adoption. In contrast, the nega‑
tive coefϐicient of the household size indicates that big‑
ger families face ϐinancial and labor constraints that limit
their ability to adhere to GAP practices. These results
have important policy implications: subsidies/grants or
credit access for low‑income and large families would al‑
leviate the economic constraint to encourage more equi‑
table adoption of GAP. This ϐinding is in agreement with
the studies [36, 42]. The important effects of income im‑
ply that child households with high or positive income
are able to invest in presage changes imposed by GAP.
This indicates that economic capital is both amotive and
a condition for adoption. On the other hand, the nega‑
tive inϐluence of family size implies that larger families
tend to be ϐinancially and labor‑constrained, which may
minimize their adaptive capacity to adopt GAP regula‑

tions. The ϐindings have important policy implications:
the provision of subsidies or credit access to low‑income
or large‑household farmers can alleviate economic con‑
straints and contribute to an inclusive adoption of GAP.
The coefϐicient was 0.348 and Exp(B) = 1.417 (p <

0.01), meaning that the more a farmer attended train‑
ing, the more likely a farmer was to adopt GAP up to
41.7%, which conϐirmed the role of knowledge promo‑
tion and attitude development of farmers [28, 43]. EDU
Exp(B) = 1.129 (p < 0.05), suggesting every year of
increased education would increase the odds that GAP
was adopted by 12.9 percent. This aligned with the
view that educated farmers were better able to evalu‑
ate the impacts, risks, and returns of innovation adop‑
tion [34]. All other factors, i.e., age (AGE) and the num‑
ber of household members (MEM), negatively affected
the same (Table 3). AGE’s Exp(B) = 0.914 (p < 0.01)
indicated that the increase in age by one year decreased
the 8.6 percent chance of GAP adoption. This could be ex‑
plained that innovation adoption theory, which provides
the basis to understand that young farmers are com‑
paratively more open towards change [24]. The house‑
hold’smembers, Exp(B)= 0.609 (p< 0.01) ofMEM, indi‑
cated that when one member was added, the household
would have a 39.1 percent lower probability of adopt‑
ing GAP, which was likely attributed to household re‑
source constraints. This ϐinding was in agreement with
the view that increasing family burden is likely to dis‑
courage farmers from investing or taking the risks of
changed production systems [35]. In short, the results of
the analysis were consistent with the consequence that
the promotion of GAP adoption should be carried out
in an integrated manner that connects the merits of hu‑
man capital, physical capital, and government support‑
ing system to formulate spatial strategies to deal with ef‑
fectively and sustainably with the restrictions faced by
farmers and the particular potential of farmers in each
region (Table 4).

Table 4. Factors affecting the adoption of GAP safe vegetable cultivation standards.
Variables Coefϐicient Wald Exp(B)

GEN −0.108ns 0.084 0.898
AGE −0.090*** 15.799 0.914
EDU 0.121** 5.029 1.129
EXP −0.006ns 0.079 0.994
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Table 4. Cont.
Variables Coefϐicient Wald Exp(B)

INC 0.001*** 17.861 1.001
ARE −0.571* 3.570 0.565
TRE 0.348*** 15.685 1.417
LAN 1.690*** 11.595 5.417
MEM −0.497*** 8701 0.609

Constant 1.912 1.482 6.767
Predicted= 89.3, Cox and Snell R‑squared= 0.497, Nagelkerke R Square= 0.672
–2 log likelihood= 197.776; Chi‑square= 206.031; df= 9; p= 0.000

Note: Signiϐicant levels: * p< 0.10, ** p< 0.05, *** p< 0.01, ns= non‑signiϐicant.

4. Discussion

The results of the quantitative analysis based
on the binary logistic regression model to analyze
the factors of vegetable farmers in Northeastern Thai‑
land adopting Good Agricultural Practices (GAP) stan‑
dards showed that the suitability of the vegetable‑
growing area variable (LAN) was the most inϐluential
variable in the model, which had an odds ratio (Exp(B))
of 5.417, meaning that farmers with cultivation ar‑
eas suitable for GAP standards‑based production would
have the highest likelihood of adopting and implement‑
ing the standards, 4.417 times greater than that of farm‑
ers with less suitable areas. What is unique in this study
is its provincial scope of inquiry and uniϐied analytical
approach. Unlike some of the earlier studies conducted
in Thailand that explored predominantly the national‑
level trends of GAP adoption [8], the evidence generated
herein is speciϐic to Kalasin Province, which still remains
a low adopter, even though the government encourages
adoption. What is also clear, even if studies here con‑
solidated their ϐindings with research in China and In‑
donesia, which focused on socio‑economic and institu‑
tional determinants, is that structural factors such as
land suitability (LAN) and household size (MEM) are
equally important [12, 13]. This comparative examination
demonstrates the context‑speciϐic nature of adoption dy‑
namics and reinforces the value of our analysis in com‑
bining socio‑economic, demographic, and structural fac‑
tors in a uniϐiedmodel [43]. This factor explored the phys‑
ical resources required for production systems, such as
soil fertility, drainage systems, safety from contamina‑
tion, and access to adequate water sources, which were
items considered to enter into full compliance with GAP

requirements and directly inϐluenced the affordability
of adaptation of production systems to comply with the
standards (in terms of cost, time, and labor). This was
in line with a study, which found that Irish farmers with
farms endowed with physical resources such as good
quality soil and water were more likely to adopt stan‑
dardized systems. In the same context, a study in China
found that farmers in lowland regions with high‑quality
irrigation systems were more likely to receive GAP certi‑
ϐication compared to farmers facing environmental con‑
straints who were more likely to have previously been
able to access high‑grade markets like supermarkets or
export channels [20, 36]. The structural factors that sig‑
niϐicantly affected GAP participation were also evident
in a study analyzing GAP promotion systems of develop‑
ing Southeast Asian countries which emphasized farm
resources such as soil, water, and topography [38].

Policy or training factors were secondary con‑
tributors. This is in linewith the concept of “enabling re‑
sources,” which suggests that the successful implemen‑
tation of standards largely rests on access to underpin‑
ning basic resources, not merely motivation or aware‑
ness. Our ϐindings were also conϐirmed by research
on GAP adoption among vegetable farmers in Ecuador,
which showed that farm physical factors such as land ar‑
rangement and access to water systems strongly inϐlu‑
enced differentiation towards high‑value market value
chains [31]. By contrast, a study on GAP adoption by
farmers in East Africa emphasized that continued par‑
ticipation in standards‑holding markets directly depen‑
dent on the ability to act on the on‑farm environ‑
ment [21]. In addition to this, the research on farmers in
the west of China found that infrastructure‑related fac‑
tors such as the management of on‑farm water systems
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and the quality of soil resources were signiϐicantly and
positively associated with GAP certiϐication and access
to the central market [33]. Hence, the adoption of the
GAPs was not just a matter of farmers’ attitude or mo‑
tivation, but it embodied the structural conditions re‑
garding natural resources, playing a role in the proba‑
bility of effective compliance with the standards. Main
strategic policies topromoteGAP include theGAPzoning
which refers to the distribution of areas deemed quali‑
ϐied and with high potential to be GAP promotion zones,
allocationof a budget to supportGAPpromotion through
infrastructure development such as irrigation systems,
soil quality improvement, area analysis services, and
technology transfer, enabling farmers to realistically ac‑
cess the GAP certiϐication system sustainably and efϐi‑
ciently in the long term.

5. Conclusions
This study was to examine factors impacting the

adoption of Good Agricultural Practices (GAP) standard
among small‑scale vegetable farmers in Northeast Thai‑
land. The binary logistic regressionmodel tested the as‑
sociation of independent variables with GAP adoption
behaviour. The independent variables were peaches
GAP adoption after statistically signiϐicant analysis of 6
independent variables that affected GAP adoption: the
suitability of the vegetable‑growing area, number of
training times, average income per production cycle,
number of education years, age of farmers, and num‑
ber of household members. The variable, i.e., the suit‑
ability of vegetable‑growing areas with the highest odds
ratio, highlighted the signiϐicant role that physical re‑
sources play in supporting effective compliance with
GAP standards. At the same time, factors of human and
economic capital, including educational attainment, in‑
come level, and training, were positively correlated with
the adoption of those standards. However, the factors,
i.e., age and household members, had a negative associa‑
tion, which indicates that some groups of farmers have
limitations associated withmotivation, burden of house‑
hold members with respect to involvement in agricul‑
tural practices, and also ϐlexibility to adapt to technology
changes.

The question that arises is that for farmers to
adhere to GAP standards, contextual analysis in spa‑
tial structure, economy, society, and human capital
is key. This leads us to the conclusion that encour‑
aging farmers towards GAP standards is intrinsically
linked to effective evaluation on the said fronts. In par‑
ticular, focus should be given on the forging of agri‑
cultural infrastructure on growing GAP breeding (e.g.,
soil management, plot establishment, irrigation, and
pollution control on agricultural plots) standards, de‑
velopment of GAP zoning strategies to identify high‑
potential areas, and custom‑focused support. Moreover,
the public sector must set up systems for training and
transfer of GAP knowledge based on frequency, accessi‑
bility to target audiences, and compatibility with the ca‑
pabilities of the localities, especially smallholder farm‑
ers with low income or education levels, who should
have opportunities to develop their potential through
lifelong learning and support from the respective agen‑
cies. It is also important that ϐinancial assistance is prop‑
erly targeted to groups facedwith structural constraints
(e.g., households with high burdens or sensitive areas
that need to be invested in improvement to actually ac‑
cess and comply with standards) to ensure that ϐinan‑
cial support produces the intended effectiveness. Simul‑
taneously, there should be incentives sculpting certiϐi‑
cation systems and market access that reward farmers
producing standard products, such as tying with niche
markets or through government procurement systems.
Such will generate an economic value of the GAP sys‑
tem and turn its implementation from just a technical
burden into an opportunity to develop farmers’ quality
of life in a sustainable way. Thesemeasures all need sys‑
tematic cooperation among the government and private
sectors, local organizations, and civil society in order to
better strengthen the safe, efϐicient agriculture ecosys‑
tem in accordance with international standards in the
long run.

Author Contributions
S.P. conceptualized the study, designed themethod‑

ology, collected data, performed the analysis us‑
ing binary logistic regression, and participated in writ‑

789



Research onWorld Agricultural Economy | Volume 07 | Issue 01 | March 2026

ing the manuscript. K.M. participated in the data collec‑
tion process, performed the statistical analysis, and was
a major contributor in writing the manuscript and revis‑
ing it critically for important intellectual content. Both
authors have read and agreed to the published version
of the manuscript.

Funding
Thisworkwas supported by the Graduate School of

Khon Kaen University.

Institutional Review Board State‑
ment

Not applicable.

Informed Consent Statement
Not applicable.

Data Availability Statement
The datasets analyzed during the study are not

publicly available due to privacy and ethical restric‑
tions. However, interested parties may contact the cor‑
responding author for further information.

Acknowledgment
The author gratefully acknowledges the Graduate

Faculty Research Fund, Graduate School, Khon Kaen Uni‑
versity, for the academic year 2021 and the National Re‑
search Council of Thailand (NRCT) and the University
(Project No. N42A650295). This support, aimed at fos‑
tering high‑potential graduate students and advancing
research in faculty areas of expertise, made possible the
successful completion of the article “Factors Inϐluencing
the Adoption of Good Agricultural Practices (GAP) Stan‑
dards by Small‑Scale Vegetable Farmers in theNortheast
of Thailand”.

Conϐlicts of Interest
The authors declare no conϐlict of interest.

References
[1] Department of Agricultural Extension, 2014. Pro‑

duction of safe vegetables. The Agricultural Coop‑
erative Federation of Thailand: Bangkok, Thailand.
Available from: https://esc.doae.go.th/wp‑con
tent/uploads/2015/02/veg‑pod‑san‑pis.pdf (in
Thai)

[2] Chouichom, S., Yamao, M., 2010. Comparing opin‑
ions and attitudes of organic and non‑organic farm‑
ers towards organic rice farming system in north‑
eastern Thailand. Journal of Organic Systems. 5(1),
25–35. Available from: https://organic‑systems.o
rg/journal/Vol_5(1)/pdf/Chouichom_JOS_Volum
e‑5_Number‑1‑4.pdf

[3] Teklewold, H., Kassie, M., Shiferaw, B., 2013.
Adoption of multiple sustainable agricultural prac‑
tices in rural Ethiopia. Journal of Agricultural Eco‑
nomics. 64(3), 597–623. DOI: https://doi.org/10.
1111/1477‑9552.12011

[4] Department of Land Development, 2021. Guide‑
lines for promoting appropriate agriculture
based on proactive agricultural mapping data in
Kalasin province. Department of Land Develop‑
ment: Bangkok, Thailand. Available from: https:
//www.ldd.go.th/Agri‑Map/Data/NE/ksn.pdf (in
Thai)

[5] Feder, G., Just, R.E., Zilberman, D., 1985. Adop‑
tion of agricultural innovations in developing coun‑
tries: A survey. Economic Development and Cul‑
tural Change. 33(2), 255–298. DOI: https://doi.
org/10.1086/451461

[6] Meijer, S.S., Catacutan, D., Ajayi, O.C., et al., 2015.
The role of knowledge, attitudes and perceptions
in the uptake of agricultural and agroforestry
innovations among smallholder farmers in sub‑
Saharan Africa. International Journal of Agricul‑
tural Sustainability. 13(1), 40–54. DOI: https://do
i.org/10.1080/14735903.2014.912493

[7] Sunding, D., Zilberman, D., 2001. The agricul‑
tural innovation process: Research and technol‑
ogy adoption in a changing agricultural sector. In:
Gardner, B., Rausser, G. (eds.). Handbook of Agri‑
cultural Economics, Vol. 1. Elsevier: Amsterdam,
Netherlands. pp. 207–261. DOI: https://doi.org/
10.1016/S1574‑0072(01)10007‑1

[8] Krause, H., Lippe, R.S., Grote, U., 2016. Adoption
and income effects of public GAP standards: Ev‑
idence from the horticultural sector in Thailand.
Horticulturae. 2(4), 18. DOI: https://doi.org/10.
3390/horticulturae2040018

[9] Laosutsan, P., Shivakoti, G.P., Soni, P., 2019. Fac‑
tors inϐluencing the adoption of Good Agricultural
Practices and export decision of Thailand’s veg‑
etable farmers. International Journal of the Com‑

790

https://esc.doae.go.th/wp-content/uploads/2015/02/veg-pod-san-pis.pdf
https://esc.doae.go.th/wp-content/uploads/2015/02/veg-pod-san-pis.pdf
https://organic-systems.org/journal/Vol_5(1)/pdf/Chouichom_JOS_Volume-5_Number-1-4.pdf
https://organic-systems.org/journal/Vol_5(1)/pdf/Chouichom_JOS_Volume-5_Number-1-4.pdf
https://organic-systems.org/journal/Vol_5(1)/pdf/Chouichom_JOS_Volume-5_Number-1-4.pdf
https://doi.org/10.1111/1477-9552.12011
https://doi.org/10.1111/1477-9552.12011
https://www.ldd.go.th/Agri-Map/Data/NE/ksn.pdf
https://www.ldd.go.th/Agri-Map/Data/NE/ksn.pdf
https://doi.org/10.1086/451461
https://doi.org/10.1086/451461
https://doi.org/10.1080/14735903.2014.912493
https://doi.org/10.1080/14735903.2014.912493
https://doi.org/10.1016/S1574-0072(01)10007-1
https://doi.org/10.1016/S1574-0072(01)10007-1
https://doi.org/10.3390/horticulturae2040018
https://doi.org/10.3390/horticulturae2040018


Research onWorld Agricultural Economy | Volume 07 | Issue 01 | March 2026

mons. 13(2). DOI: https://doi.org/10.5334/ijc.
895

[10] Genius, M., Pantzios, C.J., Tzouvelekas, V., 2006.
Information acquisition and adoption of organic
farming practices. Journal of Agricultural and Re‑
source Economics. 31(1), 93–113. DOI: https://
www.jstor.org/stable/40987308

[11] Dong, H., Liang, Q., 2023. Agro‑food quality certiϐi‑
cation, agricultural organizations, and farm perfor‑
mance: evidence from vegetable farmers in China.
International Journal of Agricultural Sustainability.
21(1), 2205772. DOI: https://doi.org/10.1080/
14735903.2023.2205772

[12] Nong, Y., Yin, C., Yi, X., et al., 2020. Farmers’ adop‑
tion preferences for sustainable agriculture prac‑
tices in Northwest China. Sustainability. 12(15),
6269. DOI: https://doi.org/10.3390/su12156269

[13] Sukayat, Y., Setiawan, I., Suharfaputra, U., et al.,
2023. Determining factors for farmers to engage in
sustainable agricultural practices: A case from In‑
donesia. Sustainability. 15(13), 10548. DOI: https:
//doi.org/10.3390/su151310548

[14] Bhargavi, G., Das, M., Banumathi, S., et al., 2024.
Leveraging NLP and quantum computing for ad‑
vanced agricultural solutions. In Proceedings of
the 2024 8th International Conference on Elec‑
tronics, Communication and Aerospace Technol‑
ogy (ICECA), Coimbatore, India, 6–8 November
2024; pp. 900–906. DOI: https://doi.org/10.
1109/ICECA63461.2024.10800767

[15] Deepa, R., Jayaraman, V., Srinivasulu, S., et al., 2025.
Agri‑ontology: A novel ontology framework for
agricultural domain. In Proceedings of the 2025
International Conference on Electronics and Re‑
newable Systems (ICEARS), Tuticorin, India, 11–13
February 2025; pp. 1151–1157. DOI: https://doi.
org/10.1109/ICEARS64219.2025.10941477

[16] Selvaraj, K., Selvanarayanan, R., Venkatesan, S.K.G.,
et al., 2025. Future‑proof coffee plant disease de‑
tection based on counter‑factual recommendation
with a hybrid vision transformer and convolutional
neural network model. Agrociencia. 59(4), 1–24.
DOI: https://doi.org/10.47163/agrociencia.v59i
4.3385

[17] Gujarati, D.N., Porter, D.C., 2009. Basic Economet‑
rics, 5th ed. McGraw‑Hill: New York, NY, USA.

[18] Hosmer, D.W., Lemeshow, S., Sturdivant, R.X., 2013.
Applied Logistic Regression, 3rd ed. Wiley: Hobo‑
ken, NJ, USA.

[19] Adesina, A.A., Zinnah, M.M., 1993. Technology char‑
acteristics, farmers’ perceptions and adoption de‑
cisions: A Tobit model application in Sierra Leone.
Agricultural Economics. 9(4), 297–311. DOI: https:
//doi.org/10.1111/j.1574‑0862.1993.tb00276.x

[20] Feder, G., Umali, D.L., 1993. The adoption of agri‑

cultural innovations: A review. Technological Fore‑
casting and Social Change. 43(3–4), 215–239. DOI:
h t t p s : / / do i . o r g / 10 . 1016/0040‑1625(93 )

90053‑A
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[26] Läpple, D., Renwick, A., Cullinan, J., et al., 2016.
What drives innovation in the agricultural sector?
A spatial analysis of knowledge spillovers. Land
Use Policy. 56, 238–250. DOI: https://doi.org/10.
1016/j.landusepol.2016.04.032

[27] Wu, F., 2022. Adoption and income effects of new
agricultural technology on family farms in China.
PLOS ONE. 17(4), e0267101. DOI: https://doi.or
g/10.1371/journal.pone.0267101

[28] Ghadim, A.K.A., Pannell, D.J., 1999. A conceptual
framework of adoption of an agricultural innova‑
tion. Agricultural Economics. 21(2), 145–154.

[29] Kassie, M., Jaleta, M., Shiferaw, B., et al., 2013. Adop‑
tion of interrelated sustainable agricultural prac‑
tices in smallholder systems: Evidence from ru‑
ral Tanzania. Technological Forecasting and Social
Change. 80(3), 525–540. DOI: https://doi.org/10.
1016/j.techfore.2012.08.007

[30] Pannell, D.J., Marshall, G.R., Barr, N., et al., 2006. Un‑
derstanding and promoting adoption of conserva‑
tionpractices by rural landholders. Australian Jour‑
nal of Experimental Agriculture. 46, 1407–1424.
DOI: https://doi.org/10.1071/EA05037

[31] Kersting, S., Wollni, M., 2012. New institutional
arrangements and standard adoption: Evidence
from small‑scale fruit and vegetable farmers in
Thailand. Food Policy. 37(4), 452–462. DOI: https:
//doi.org/10.1016/j.foodpol.2012.04.005

[32] Schreinemachers, P., Schad, I., Tipraqsa, P., et al.,

791

https://doi.org/10.5334/ijc.895
https://doi.org/10.5334/ijc.895
https://www.jstor.org/stable/40987308
https://www.jstor.org/stable/40987308
https://doi.org/10.1080/14735903.2023.2205772
https://doi.org/10.1080/14735903.2023.2205772
https://doi.org/10.3390/su12156269
https://doi.org/10.3390/su151310548
https://doi.org/10.3390/su151310548
https://doi.org/10.1109/ICECA63461.2024.10800767
https://doi.org/10.1109/ICECA63461.2024.10800767
https://doi.org/10.1109/ICEARS64219.2025.10941477
https://doi.org/10.1109/ICEARS64219.2025.10941477
https://doi.org/10.47163/agrociencia.v59i4.3385
https://doi.org/10.47163/agrociencia.v59i4.3385
https://doi.org/10.1111/j.1574-0862.1993.tb00276.x
https://doi.org/10.1111/j.1574-0862.1993.tb00276.x
https://doi.org/10.1016/0040-1625(93)90053-A
https://doi.org/10.1016/0040-1625(93)90053-A
https://doi.org/10.1111/j.1574-0862.2010.00443.x
https://doi.org/10.1111/j.1574-0862.2010.00443.x
https://doi.org/10.1016/j.ecolecon.2011.03.002
https://doi.org/10.1016/j.ecolecon.2011.03.002
https://doi.org/10.3368/le.90.1.26
https://doi.org/10.3368/le.90.1.26
https://doi.org/10.1111/j.1574-0862.2005.00433.x
https://doi.org/10.1111/j.1574-0862.2005.00433.x
https://doi.org/10.1016/j.landusepol.2016.04.032
https://doi.org/10.1016/j.landusepol.2016.04.032
https://doi.org/10.1371/journal.pone.0267101
https://doi.org/10.1371/journal.pone.0267101
https://doi.org/10.1016/j.techfore.2012.08.007
https://doi.org/10.1016/j.techfore.2012.08.007
https://doi.org/10.1071/EA05037
https://doi.org/10.1016/j.foodpol.2012.04.005
https://doi.org/10.1016/j.foodpol.2012.04.005


Research onWorld Agricultural Economy | Volume 07 | Issue 01 | March 2026

2012. Can public GAP standards reduce agricul‑
tural pesticide use? The case of fruit and vegetable
farming in northern Thailand. Agriculture and Hu‑
man Values. 29(4), 519–529. DOI: https://doi.or
g/10.1007/s10460‑012‑9378‑6

[33] Liu, M., Zhong, T., Lyu, X., 2024. Spatial spillover ef‑
fects of “new farmers” on diffusion of sustainable
agricultural practices: evidence from China. Land.
13(1), 119. DOI: https://doi.org/10.3390/land
13010119

[34] Jena, P.R., Tanti, P.C., 2023. Effect of farm machin‑
ery adoption on household income and food secu‑
rity: Evidence from a nationwide household sur‑
vey in India. Frontiers in Sustainable Food Systems.
7. DOI: https://doi.org/10.3389/fsufs.2023.
922038

[35] Knowler, D., Bradshaw, B., 2007. Farmers’ adoption
of conservation agriculture: A review and synthe‑
sis of recent research. Food Policy. 32(1), 25–48.
DOI: https://doi.org/10.1016/j.foodpol.2006.
01.003
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