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The karst hills of Indonesia, especially in Gunungsewu, have shallow soil, steep
elevations, and limited water availability, consequently inhibiting agricultural practices
and increasing the risk of land degradation. Local farmers use pot cultivation (PC) to
grow crops in soil-filled rock cavities while conserving soil and water resources. This
research aimed to empirically formulate a model explaining environmental, economic,
labor, and perception factors that influence farmers’ motivations and behavior in
practicing PC and its potential to support the Sustainable Development Goals (SDGs).
The research was conducted in the karst hills of Girisubo, Rongkop, Tepus, Semanu,
Tanjungsari, Paliyan, and Saptosari districts. A purposive sampling method was used to
select 41 farmers who had been practicing PC for more than five years. The factors
studied included environment, economic, labor, perception, motivation, and behaviors
using path analysis. The results showed that motivation fully mediated the influence of
environmental, economic, labor, and farmer perception factors on farmer behavior in
practicing PC. PC has the potential to support SDGs, namely SDGs 2 (zero hunger) and
SDG 12 (responsible production and consumption), particularly target 2 (ensure

sustainable management and efficient use of natural resources).

1. INTRODUCTION

Environmental conditions create human behavior in
managing land, water, and plants, as a form of adaptation. One
form of adaptation carried out is pot cultivation (PC) in the
Gunungsewu karst hill. PC is a term coined to refer to the
practice of cultivating plants by farmers in a small volume of
soil between rocks, like planting in a pot, on shallow soil in a
karst hill. Rock functions like a pot filled with soil. The
volume of soil between the rocks is very small, dominated by
rocks. The soil is managed to fill the rock and is sufficient as
a medium for growing plants. The volume of soil varies,
adjusting the depth, width of the ‘pot,” and the dominant rocks,
which are influenced by the condition of the rock on the karst
hill. The soil that fills the ‘pot’ can be native soil or soil that is
collected and inserted so that it is sufficient as a medium for
growing plants. PC is often found in the Gunungsewu karst
hills, Gunungkidul, D.I. Yogyakarta, Indonesia [1].

In addition to being a form of plant cultivation practice, PC
also functions as a form of soil and water conservation (SWC)
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technique on karst hills. According to the study [2], karst hills
can have a slope of 60 to 70 degrees and are prone to land
degradation, especially due to erosion processes, resulting in
the formation of critical land. Land degradation and the
formation of critical land will cause disruption to the nutrient
cycle, carbon absorption, the hydrological cycle, the provision
of food and energy sources, habitats for living things, and
biodiversity, and further to flood and climate regulation [3].
SWC practices will depend heavily on the level of
technological mastery to maintain and increase productivity,
reduce degradation and rehabilitate land, and provide
economic and environmental benefits [4].

Increasing population density and rapid economic
development mean that karst areas are inseparable from being
development areas [5]. Gunungsewu Karst is classified as
Kegel karst, characterized by sinusoidal hills interspersed with
interconnected valleys, that covers an area of 1,300 km? and
features more than 10,000 hills with a density of around 30
km™ and varied morphology. Shallow soil is found on karst
hills [2]. PC is not implemented on all the Gunungsewu karst
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hills, but it has been successfully implemented in some
locations. PC requires further study to identify the supporting

factors and its environmental benefits. PC is illustrated in
Figure 1.

Figure 1. (A) Land of PC in Dadapayu Semanu Gunungkidul, cultivated after harvesting groundnut, waiting the rainfall for the
next crop, picture taken May 18, 2025; (B) PC in Sidoharjo Tepus Gunungkidul with corn at 32 days after planting, picture taken
January 19, 2025; (C) PC in Jetis Saptosari Gunungkidul with groundnut at 48 days after planting, picture taken January 26,
2025; (D) PC in Balong Girisubo Gunungkidul with cassava at 117 days after planting, picture taken May 18, 2025

Indonesia focuses on achieving sustainable development
goals (SDGs) as a global commitment. Land management
plays a crucial role in meeting SDGs targets. It significantly
contributes to food equity, poverty alleviation, food security,
and environmental protection. Land management must be
conducted appropriately, based on potential and carrying
capacity, to enhance community welfare and promote the
sustainability of natural resources and the environment [6]. PC
is a form of land management practice that includes crop
cultivation and SWC. Farmers practice PC on easily degraded
karst hills, with shallow soil and steep slopes. Farmers have
been practicing PC for a long time, over five years, and the
karst hills remain sustainable. Farmers are able to maintain PC
practices on karst hills. PC has potential to support the SDGs.

A previous study has identified PC as a method for SWC in
karst landscapes. Anshori et al. [1] presented a qualitative
analysis of the technical aspects of PC, including the
mechanisms by which rocks retain soil and the methods
employed by farmers to harvest rainfall for agricultural water
needs. Anshori et al. [7] evaluated cassava production between
PC and karst valleys, finding that productivity in PC is
approximately half that of the valleys. However, these
previously published studies failed to investigate the reasons
farmers persist in using PC regardless of its low yield, nor did
they identify the elements influencing farmer motivation and
subsequent actions. No earlier research has introduced a
comprehensive theoretical model connecting environmental,
economic, labor, and perceptual factors to farmer motivation
and behavior in PC, investigated the mediating effect of
motivation between these external factors and behavioral
outcomes empirically, and systematically aligned PC practices
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with specific SDGs targets based on farmer-level data. Thus,
this study aimed to formulate and empirically evaluate a
behavioral model explaining the influence of environmental,
economic, labor, and perceptual factors on farmer motivation,
therefore influencing behavior in PC practices, which has the
potential to support the SDGs.

2. METHODOLOGY
2.1 Theoretical framework

2.1.1 Pot cultivation in karst hills

Plant cultivation in the karst areas is specific and differs
from other regions. Karst features specific characteristics,
dominated by rock and limited water resources. Land use in
the karst areas requires serious attention, from the planning
and implementation stages to harvesting, to minimize
environmental impact, as karst regions are susceptible to land
damage from erosion and water source depletion. The
utilization of karst areas prioritizes the welfare of the
population and environmental sustainability. Development of
karst areas considers aspects of resource management and
utilization,  disaster = mitigation, and environmental
preservation [8].

PC is implemented on some of the Gunungsewu karst hills.
The productivity of the plant on PC is relatively low. For
example, cassava productivity on PC is only about half that of
the karst valley, and also results in lower profit [7]. Planting
on PC relies on water from rainfall, with a seasonal pattern.
Highest rainfall occurs in November-March, and the lowest in



May-September [9]. Theoretically, rainwater is only sufficient
for plant growth during the period November-March. The
availability of water for plants on karst hills is limited, with
low plant productivity, but farmers still carry out PC.

2.1.2 Research model and hypothesis
The concept of PC research on the Gunungsewu karst hills
refers to the proposed model (Figure 2). Environment,

economy, labor, and perception, with three items, play a role
in determining farmer motivation, which then manifests in
behavior. Previous studies have not explored the role of
environmental, economic, labor, and perception factors on
farmer behavior in PC practices on the karst hill, which adds
to the novelty of this research. Environment, economy, labor,
and perception are independent factors that influence
motivation and then determine behavior in PC practices.

He6a
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ENV = Environment
ECN = Economy
LBR = Labor

PEP = Perception
MOT = Motivation
BHV = Behavior

Figure 2. Proposed theoretical model

The conceptualization of the model describes the
relationship between environmental, economic, labor, and
farmer perception factors that shape motivation, which is then
shown in the form of behavioral responses. All factors consist
of three statement items. Environmental factors consist of PC
reducing soil loss (ENV 1), increasing fertility (ENV 2), and
sustainability (ENV 3). Economic factors include costs (ECN
1), income (ECN 2), and food sources (ECN 3). Labor factors
include labor skill (LBR 1), the number of laborers (LBR 2),
and female labor (LBR 3). Perceptions include soil
sustainability in the PC (PEP 1), crop water requirement from
rainfall (PEP 2), and government support (PEP 3). Motivation
is related to the demands for survival (MOT 1), adaptation to
the environmental pressures (MOT 2), and land as an ancestral
heritage that must be protected (MOT 3). Behavior refers to
the information farmers need (BHV 1), maintaining soil and
rocks on the PC (BHV 2), and the application of crop
cultivation technologies (BHV 3).

Environment

PC is formed by a rock filled with soil like a ‘pot” with a
plant in it. The rock-filled soil can be native soil or added soil.
The rock holds the soil from erosion by water [1]. The
provision of organic fertilizer improves nutrient status, soil
microorganism status, soil fertility, soil quality, soil
infiltration, and soil water retention status [10]. Organic
fertilizers will also increase the sustainability of the farming
system and the environment [11]. Land on karst hills that are
not properly conserved with the PC has the potential to
become unused or degraded land. However, excessive and
inappropriate cultivation will also have the potential to
damage the land on the karst hill. Hypothesis H1 states that the
environment plays a role in shaping motivation in the practice
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of PC. Hypothesis Hb6a states that the environment influences
farmers’ behavior in the practice of PC.

Economic

The practice of PC is carried out by utilizing limited land to
produce biomass and food. Referring to the study [12], plant
cultivation practices will require costs according to the type
and scale of the business. More intensive efforts usually
require higher costs [13]. The conservation action in
agriculture will provide harvest results and, at the same time,
income for the farming families [14]. Harvest also functions
as a source of food for the farming families [15]. Hypothesis
(H2) is economy plays a role in shaping motivation in the
practice of PC. Hypothesis (H6b) is that economic influences
farmers’ behavior in the practice of PC.

Labor

Small-scale or traditional farming requires minimal labor,
typically provided by family members at a lower implicit cost.
Family labor is generally not classified as skilled or trained
labor and is not wage-based. This pattern provides higher
yields [16]. Family labor in agriculture is a socio-economic-
cultural way of life with the aim of meeting the needs of
farming family members, not for profit [17]. Family-based
food systems significantly contribute to food and nutrition
security. Family farming also plays a role in maintaining
nutritional diversity [18]. Women’s labor spans from land
preparation to harvesting and marketing. Their contributions
are often excluded from agriculture calculations, despite
having a positive impact on the family [19]. Hypothesis (H3)
is that labor plays a role in shaping motivation in the practice
of PC. Hypothesis (H6c) is that labor influences farmers’
behavior in the practice of PC.



Perception

Perception about agricultural practice can vary between
individuals and communities and can be influenced by
environmental factors, economic and cultural values, and even
health [20]. Farmers assume that with PC, the sustainability of
the soil in the karst hill will be maintained, not lost, and will
remain fertile. The water requirement of PC is met during the
growing season in the rainy season, just from rainfall [1].
Policy support from the government is needed for the
sustainability of agricultural practices [21]. Hypothesis (H4) is
that perception plays a role in shaping motivation in the
practice of PC. Hypothesis (H6d) is that farmers’ perception
influences farmers’ behavior in the practice of PC.

Motivation

Motivation significantly influences agricultural practices.
The need to motivate farmers to survive. The survival of
farmers is a demand for farmers to meet the demands of their
lives. Limitations trigger farmers to carry out survival strategy
activities so that survive in life [22]. Every individual must be
able to survive in all situations and conditions that befall them,
including the environmental pressure [23]. Sustainable
management requires comprehensive support related to the
complexity of agroecology [24]. Land as a legacy and mandate
must be managed properly according to its potential [25].
Hypothesis (HS) is that motivation plays a role in shaping
behavior in the practice of PC.

Behavior

Information received by farmers will be responded to in the
form of agricultural practice behavior. SWC practices take into
account the technical, social, economic, and resource
conditions [26]. Farmers’ behavior influences efforts to
increase farmers' income through increasing agricultural
productivity [27]. Farmers’ behavior in general will tend to
imitate others. Behavior will be related to learning and
sustainable practice. Increasing farmer awareness of
sustainable practices will frame cost and benefit and increase
the flexibility of agricultural-environmental practice [28].

Motivation as a mediating factor

The environment, economy, labor, and perceptions can
directly influence farmer motivation (H1, H2, H3, H4) and
behavior (H6a, Hob, H6c, H6d). Indirectly, motivation can act
as a link between the environment, economy, labor, and
perceptions of farmer behavior. Hypothesis (H7) states that
motivation mediates the relationship between the
environment, economy, labor, and perceptions of farmer
behavior in the practice of PC.

2.2 Data collection and analysis

Research was conducted in the Gunungsewu karst area,
Gunungkidul, D.I. Yogyakarta, Indonesia, from December
2024 to June 2025, in karst hills. Karst hills are found in 10
districts, and sample points were taken in 7 districts where PC
practices are found, namely Girisubo, Rongkop, Tepus,
Semanu, Tanjungsari, Paliyan, and Saptosari. Literature study,
previous research, and direct observation at the location are the
basis for compiling a questionnaire to develop an
understanding of the various factors that influence farmers’
motivation to practice PC, which is then manifested in the
form of behavior.

The questionnaire was developed according to the model
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construction (Figure 2) with six factors (environment,
economy, labor, perception, motivation, and farmer behavior).
Each factor consisted of three statement items. Environmental
factor items consist of reducing soil loss (ENV 1), increasing
fertility (ENV 2), and maintaining sustainability (ENV 3).
Economic factor items consist of cost being relatively
affordable (ECN 1), providing additional income (ECN 2), and
family food availability (ECN 3). Labor factor items consist of
no special skills required (LBR 1), a small number of workers
(LBR 2), and providing employment opportunities for women
(LBR 3). Farmers’ perception items regarding PC consist of
maintaining the sustainability of karst hills (PEP 1), crop water
requirements on karst hills are met (PEP 2), and requiring
government support (PEP 3). Farmers’ motivation items
consist of PC as a means of survival (MOT 1), PC as a way of
adapting to environmental pressures (MOT 2), and PC as a
way of protecting ancestral heritage (MOT 3). Farmers’
behavior items include seeking needed information about the
PC (BHV 1), maintaining soil and rocks on the PC (BHV 2),
and applying crop cultivation technologies, such as applying
organic matter (BHV 3). Data on environment, economic,
labor, perception, and motivation were captured based on a
five-point Likert scale, scored from 1 to 5 (strongly disagree =
1, disagree = 2, undecided = 3, agree = 4, strongly agree = 5).
Meanwhile, farmer behavior is given a score of 1 to 5 (never
=1, very rarely = 2, sometimes = 3, often = 4, very often = 5).

The study involved 41 farmers cultivating crops in the karst
hill area. Given the absence of reliable population records,
samples were selected based on field identification and
accessibility. The sample was determined by non-probability
sampling with a purposive sampling technique; namely,
farmers who had been practicing PC for more than 5 years
were selected. Interviews were conducted face-to-face.
Implementation of the study refers to the study [29]. Data were
analyzed to determine validity and reliability. Validity of the
questionnaire items was tested using Pearson correlation and
corrected item-total correlation (CITC), with a value limit of
more than 0.3 as valid. Questionnaire reliability was tested
using Cronbach’s alpha, with a value of more than 0.7 as
reliable. The items test refers to the study [30]. Linear
regression was utilized to simultaneously evaluate the direct
effects of all explanatory variables on motivations and
behaviors. Bootstrap-based simple mediation models using
PROCESS macro v4.2 were employed to analyze the
mediating function of motivations for each variable
individually. Data analysis was performed using SPSS 22.
Furthermore, the bootstrapping test was used to verify
mediating variables using the PROCESS macro v4.2 as
described by Hayes [31].

3. RESULTS AND DISCUSSION

The Gunungsewu karst area of Gunungkidul, D.L
Yogyakarta, Indonesia, borders the Indian Ocean to the south.
The elevation ranges from zero to 486 meters above sea level.
The karst hills contain shallow soil between the dominant
rocks, with steep slopes. The karst hills are found in the
southern area of Gunungkidul, in the districts of Girisubo,
Rongkop, Tepus, Semanu, Tanjungsari, Paliyan, Saptosari,
Panggang, Purwosari, and Ponjong. The PC research focus
was on 7 districts: Girisubo, Rongkop, Tepus, Semanu,
Tanjungsari, Paliyan, and Saptosari (Figure 3). PC is carried
out intensively by farmers on the karst hills. The exact number



of PC farmers is unknown, and no accurate data exists.

The Gunungsewu karst area in Gunungkidul, D.I.
Yogyakarta, exhibits a unique phenomenon. A distinct
difference in characteristics is found between karst hills and
valleys. Karst hills are characterized by steep slopes and
shallow, rocky soils. Karst valleys are flatter and have deeper
soils. The PC location is on a karst hill, stretching from the
Girisubo district in the east to Saptosari in the west. The PC
location is on a karst hill separated by a karst valley. However,
not all karst hills are suitable for PC practices. Some karst hills

years old. The majority of farmers, 90.24%, had only an
elementary education. Additional education is needed,
especially at a young age, for understanding karst hills,
accelerating agricultural development, and furthering the
sustainability of agricultural systems. Farmers join farmer
groups as an effective means of gaining additional knowledge.
Extension programs and field schools, emphasizing theory and
practice, are conducted to improve and sustain PC.

Table 1. Characteristics of a farmer who practices pot

consist of rocky areas with shrubs and trees. PC can only be cultivation (PC)
done in conditions with sufficient soil to support plant growth.
The water source for the karst hills comes from rainfall, Profile Category Percentage (%)
without any additional irrigation water. Farmers practice PC Less than 40 years 4.88
only during the rainy season. They typically plant corn or Age A§0_60 years 56’1(2)
groundnuts twice. Groundnuts are planted more frequently due ove 60 years 39.0
. . S . Male 68.29
to their shorter maturity. Cassava is eight months old, and as it Gender Female 3171
approaches harvest, it doesn’t require much water, as the dry Elementary school 9024
season has already begun. Education level Junior High School 7.32
The profile of a farmer who practices PC is listed in Table ucation feve Senior High School 2.44
1. The majority of farmers were male, 68.29%. The farmer that University -
over 60 years old were 39.02%, and only 4.88% in under 40
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Figure 3. Sample location of pot cultivation (PC)

The results of the validity and reliability tests for
environmental, economic, labor, perception, motivation, and
behavior factors are listed in Table 2. The hypothesis test for
the direct influence of environmental, economic, labor, and
perception factors on motivation and behavior is listed in
Table 3. The hypothesis test for the indirect influence between
these factors is listed in Table 4. Table 3 and Table 4 were
generated from different analytical frameworks: regression
and single-mediator models, respectively.
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The validity test results showed that all questionnaire items
had CITC values ranging from 0.367 to 0.781, which exceeded
the recommended threshold of 0.30 [30]. Therefore, all items
were considered valid and suitable for further analysis. The
Cronbach’s Alpha value is in the range of 0.702-0.754,
indicating that the questionnaire instrument used has good
reliability because it exceeds the commonly used minimum
limit of 0.70. The items in the questionnaire can be applied in
research.



Table 2. Validity and reliability analysis

Attribute Fearson Corrected Item - Total Correlation (CITC) Cronbach’s = \1sha if Item Deleted Values
Correlation Alpha
ENV 1 0.840%* 0.631 0.554
ENV 2 0.865%* 0.616 0.731 0.575
ENV 3 0.71 1 0.444 0.763
ECN 1 0.861%* 0.612 0.484
ECN 2 0.699%* 0.367 0.702 0.787
ECN 3 0.819% 0.613 0.513
LBR | 0.788 % 0.554 0.706
LBR 2 0.826% 0.581 0.754 0.676
LBR 3 0.843 % 0.619 0.629
PEP | 0.813% 0.513 0.667
PEP 2 0.8487* 0.652 0.726 0.519
PEP 3 0.755%%* 0.476 0.720
MOT 1 0.787 % 0.476 0.738
MOT 2 0.826% 0.594 0.726 0.583
MOT 3 0.807%* 0.589 0.599
BHV I 0.854% 0.781 0.748
BHV 2 0.819% 0.691 0.705 0.772
BHYV 3 0.700%** 0.594 0.826

Note: ***: Correlation is significant at the 0.01 level. ENV: environmental factors; ECN: economic factors; LBR: labor factors; PEP: farmer perceptions of pot
cultivation; BHV: farmer behaviors; MOT: farmer motivations.

Table 3. Hypothesis analysis for the direct effect

Unstandardized

Direct Effect 8 SE p-Value Collinearity Tolerance VIF
ENV = MOT 0.354 0.696 0.587 0.010 103.248
ECN > MOT 0.519 0.237 0.029 0.077 12.332
LBR > MOT -0.467 0.704 0.489 0.009 110.048
PEP > MOT 0.577 0.091 <0.001 0.429 2.332
F-test value 52.788 (p < 0.001)
R? 0.854
Adjusted R? 0.838
MOT - BHV 1.001 0.085 0.000 0.146 6.865
ENV - BHV -0.265 0.354 0.464 0.010 104.108
ECN - BHV 0.017 0.129 0.903 0.068 14.777
LBR = BHV 0.198 0.360 0.598 0.009 111.542
PEP - BHV -0.092 0.065 0.229 0.217 4.616
F-test value 155.198 (p <0.001)
R? 0.957
Adjusted R? 0.951

Notes: ENV: environmental factors; ECN: economic factors; LBR: labor factors; PEP: farmer perceptions of pot cultivation; BHV: farmer behaviors; MOT:
farmer motivations; SE: standard error; VIF: Variance Inflation Factor. Estimates are derived from a regression model with all predictors entered simultaneously

Table 4. Bootstrap mediation analysis of farmer motivations (MOT) on the relationship between explanatory factors and farmer

behaviors (BHV)
Predictor X Patha (X — -Value Direct Effect (X -Value l;?f(elil;e\fita 95% Bootstrap Mediation Type
MOT) p p — BHV) B P MOT C1 P
ENV 0.868 <0.001 -0.057 0.254 0.816 [0.612, 1.084] Full mediation
ECN 0.863 <0.001 -0.035 0.467 0.798 [0.592, 1.065] Full mediation
LBR 0.839 <0.001 -0.046 0.310 0.782 [0.592, 1.051] Full mediation
PEP 0.829 <0.001 -0.089 0.189 0.814 [0.660, 0.986] Full mediation

Notes: Indirect effects are significant when the 95% bootstrap confidence interval does not include zero. ENV: environmental factors; ECN: economic factors;
LBR: labor factors; PEP: farmer perceptions of pot cultivation; MOT: farmer motivations; BHV: farmer behaviors; CI: confidence intervals. Each row represents
a separate simple mediation model using bootstrapping, with only one predictor entered at a time

The direct effect analysis results of environmental,
economic, labor, and perception factors on farmer motivation
and behavior are presented in Table 3. Model fit testing was
performed by displaying the R? value, adjusted R?, and F-test.
Multicollinearity testing was based on collinearity tolerance
and VIF. Residual testing using a residual scatterplot can be
seen in Figure 4.

Based on the multicollinearity test, high VIF values were
obtained for environmental (ENV) and labor (LBR) factors.
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Although multicollinearity can increase the standard error of
the regression coefficients, the models remain statistically
significant and exhibit high explanatory power, with adjusted
R? values of 0.838 for motivation and 0.951 for behavior. The
low collinearity tolerance values for ENV and LBR indicate
that these factors share a significant proportion of variance
with other explanatory variables. The high collinearity
between environmental, economic, and labor factors reflects
their interconnectedness in farmer decisions. Farmers often



view environmental, economic, and labor factors as
inseparable parts of the agricultural production system,
making them difficult to distinguish statistically. The residual
scatterplot results (Figure 4) show that the points are randomly
distributed without a clear pattern, indicating that the
homoscedasticity assumption is met. The resulting regression
model can be used for further analysis. Test results show that

economic factors (H2: B = 0.519, p < 0.05) and farmer
perceptions (H4: B = 0.577, p < 0.01) significantly influence
farmer motivation in the practice of PC. Furthermore, farmer
motivation (H5: B = 1.001, p < 0.01) significantly influences
farmer behavior. Hypotheses H2, H4, and HS are proven to be
supported. Hypotheses H6a, Hob, H6c, and H6d are proven to
be unsupported.

Scatterplot
Dependent Variable: MOT

Regression Standardized Residual

Regression Standardized Predicted Value

Regression Standardized Residual

Scatterplot
Dependent Variable, BHY

Regression Standardized Predicted Value

Figure 4. The residual scatterplot results

The results of the indirect effect analysis of the
environmental, economic, labor, and perception factors on
farmer behavior with motivation as the mediator are presented
in Table 4. Bootstrap mediation analysis was used because it
provides a stronger estimate of the indirect effects, especially
in studies with relatively small sample sizes. The bootstrap
analyses estimated separate mediation models for each
predictor variable individually.

Bootstrap mediation analysis showed that farmer
motivation significantly mediated the relationship between
environmental (ENV), economic (ECN), labor (LBR), and
perception (PEP) factors on farmer behaviors (BHV). Based
on the results of bootstrap analysis, all variables showed a
significant positive effect on motivation (p < 0.001). The
indirect effects via MOT of ENV (B = 0.816, 95% CI [0.612,
1.084]), ECN (B = 0.798, 95% CI [0.592, 1.065]), LBR (B =
0.782, 95% CI [0.592, 1.051]), and PEP (B = 0.814, 95% CI
[0.660, 0.986]) were statistically significant because the
bootstrap confidence interval did not include zero. In contrast,
the direct influence of these variables on farmer behavior was
not statistically significant (p > 0.05) (Table 4). Hypothesis
(H7) stating that motivation mediates the relationship between
environment, economy, labor, and perception on farmer
behavior in PC practice was met. Although the direct effects
of environmental, economic, labor, and perception factors
were not statistically significant in the multiple regression
model, mediation analysis revealed a significant indirect effect
through motivation. This difference may be due to substantial
collinearity among the explanatory variables, which may
reduce the precision of the individual regression coefficients.
This analysis result indicates that motivation fully mediates
environmental, economic, labor, and farmer perception factors
on  behavioral  responses.  Therefore,  optimizing
environmental, economic, labor, and perception factors will
not directly influence farmer behavior unless they first
increase farmer motivation. The results of this test are the basis
for understanding the phenomena that occur in the practice of
PC in the karst hill of Gunungsewu, Gunungkidul, D.I.
Yogyakarta, Indonesia.
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3.1 Factors that influence pot cultivation

Economic factors significantly and positively influence
farmers’ motivation. Economic factors encourage motivation
to survive by adapting to limited land. There is a strong
connection between economic factors and motivation.
Economically, PC does not require high additional costs,
provides family income, and increases food availability, thus
fostering motivation and engaging in PC practices. This
condition strengthens previous research indicating that costs
align with the intensity of effort [12, 13], that agricultural
practices provide additional income [14], and contribute to
food security [15] for families.

Farmers’ perceptions directly have a significant influence
on motivation. Farmers’ perceptions play a significant role in
PC practices. Soil sustainability, crop water requirements [1],
and government support for agricultural practices [21] are
farmer perceptions that influence motivation.

The environment does not directly influence farmers’
motivation or behavior, but it does indirectly influence
behavior through motivation. Several things related to
environmental parameters, such as soil conservation by
retaining rocks [1], the benefits of organic fertilizers [10], and
agricultural sustainability [11], are understood by farmers, but
they need to foster motivation to practice PC. When farmers
believe that PC remains productive and beneficial despite
environmental constraints, they tend to maintain their
motivation to continue practicing PC.

Labor is not a factor that triggers farmer motivation in PC
practices directly, but it has an indirect influence on farmer
behavior through motivation. PC practices do not involve
labor with special skills, not in large numbers, and often utilize
female labor. PC practices are traditional and small-scale,
which, according to research [16], require little labor, family
labor [17], and the involvement of women's labor [19].
Increasing farmer motivation towards utilizing the family
labor is expected to make PC practices more productive.

Environmental, economic, labor, and perception factors
influence farmer behavior in PC practices by increasing



motivation. Motivation specifically functions as a mediator
between environmental, economic, labor, and perception
factors on farmer behavior in practicing PC. This is the novelty
of this research. Furthermore, efforts are needed to increase
farmer motivation in PC practices in karst areas, not only
focusing on environmental, economic, labor, and perception
factors. Motivation can be enhanced through extension
services, capacity-building programs such as farmer field
schools, and farmer empowerment programs.

3.2 The potential of pot cultivation to support the selected
sustainable development goals

Farmers of the Gunungsewu Karst Hills, Gunungkidul,
practice terraces, cropping patterns, rainwater harvesting, and
the use of organic fertilizers to cope with limited soil fertility
and water availability in the karst landscape [32]. Besides
being a crop cultivation practice, PC also functions as a form
of SWC technique on karst hills. These activities improve land
productivity, conserve natural resources, and support the
sustainable management of the local environment. For
agriculture to be considered sustainable, it must meet several
criteria, including being economically viable, socially and
technologically acceptable, and safe environmentally. PC
technology meets these criteria; for instance, it has been
proven to generate income for farmers. PC has been proven to
produce food for the family and sustainable use of natural
resources [1].

PC has been proven to be a food producer for families, such
as corn, groundnut, and cassava. Karst areas with PC practices
have the potential to be agricultural areas and a source of food
reserves for families. According to the study [33], food
availability prevents families from experiencing food
insecurity. The key to eradicating hunger, food insecurity, and
malnutrition is to increase productivity and sustainable food
production. The results of the study [7] on cassava
productivity in PC on karst hills are 11.24 tons ha’,
functioning as a source of food and nutrition for families.
Furthermore, nutrition is a key factor in food security and is
essential in reducing hunger. Agricultural practices, local
food, and food diversity are solutions to reduce food scarcity
and achieve food security in rural communities [34]. PC as a
food source supports the production of food diversity and local
food sources, which can also prevent food scarcity. PC
supports the family's food sufficiency and food security. PC
has the potential to support SDG 2 (zero hunger).

Agricultural environmental knowledge includes awareness
of sustainable agricultural practices and the development of
pro-environmental attitudes, so that behavior towards the
environment is more responsible [35]. The ecological
approach is effective in balancing food production and
environmental sustainability. Food security and environmental
sustainability —require integration between traditional
agriculture and scientific progress. Transformation of
agricultural practices is useful for maintaining production and
the sustainability of natural resources [36]. One of the clusters
within the SDGs is environmental sustainability [37], which
depends on land management [38], as found in PC. PC has
proven to be long-lasting, more than five years, increasing
agricultural production and achieving environmental
sustainability. PC technology is an adaptation developed by
farmers in response to natural resource conditions. PC is based
on agroecology. Besides production, PC prioritizes the SWC
principles, with the main goal of agricultural sustainability. PC
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produces food and farmers’ income, while maintaining the
karst hill sustainability. PC generates food and income for
farmers while maintaining the sustainability of the karst hills.
PC is a form of responsible production, so it has the potential
to support SDG 12, responsible production and consumption,
specifically target 2, which ensures sustainable management
and efficient use of natural resources.

4. CONCLUSION

This research investigated farmer motivation and behavior
in PC as a SWC strategy in the Gunungsewu karst hills,
Gunungkidul, D.I. Yogyakarta, Indonesia, and its potential to
support the selected SDGs. The economic factors (costs,
income, food sources) and farmer perceptions (soil
sustainability, rainfall adequacy, government support)
directly, significantly, and positively influenced motivation,
which strongly determined farmer behavior in practicing PC.
However, environmental and labor factors had no influence.
Motivation, as a mediating factor between environmental,
economic, labor, and perception factors, indirectly has a
positive and significant influence on farmer behavior in
practicing PC. Farmer motivation must be managed or
enhanced through extension services, capacity building, and
farmer empowerment. Motivation as a mediator is a novelty in
this research.

The PC has proven to be a source of family food and a
contributor to agricultural production (corn, groundnut, and
cassava), while also maintaining the karst hill sustainability.
This implies that PC has the potential to support the SDGs 2
(zero hunger) and the SDG 12 (responsible production and
consumption), particularly target 2 (ensures sustainable
management and efficient use of natural resources).

The constraints of this study include a limited sample size
and the absence of field measurements (soil loss, moisture
retention, and fertility). Future research should employ larger
random samples, incorporate biophysical measurements
(erosion pins, soil moisture sensors, and fertility analysis),
implement longitudinal or quasi-experimental designs,
perform comparative studies across karst regions, and utilize
mixed-methods approaches to enhance the understanding of
farmer decision-making.
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