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Adaptation (SCA) on Sustainable Agricultural Performance (SAP)
among smallholder farmers in Eastern Indonesia. Using a quantitative
research design with 120 respondents, data were collected through
structured questionnaires based on a five-point Likert scale and
analyzed using Structural Equation Modeling—Partial Least Squares
(SEM-PLS 3.0). The results reveal that ethnoecological values
significantly enhance agricultural biodiversity management and socio-
cultural adaptation, both of which, in turn, have positive and
significant effects on sustainable agricultural performance.
Agricultural biodiversity management and socio-cultural adaptation
also serve as partial mediators, translating traditional ecological
knowledge into practical sustainability outcomes. The model explains
69% of the variance in sustainable agricultural performance, indicating
a strong explanatory power. These findings confirm that sustainability
in Eastern Indonesia is culturally and ecologically embedded, arising
from the synergistic interaction between traditional values,
biodiversity stewardship, and adaptive social systems. The study
contributes theoretically by integrating ethnoecology and socio-
ecological systems frameworks into empirical sustainability models,
and practically by recommending culturally grounded and
biodiversity-based strategies for agricultural policy and community
development.
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1. INTRODUCTION

Agriculture in Eastern Indonesia
represents one of the most vital sectors for
regional livelihood, food security, and
ecological resilience. The region’s vast natural
resources and cultural diversity provide a
unique foundation for understanding how
traditional knowledge systems and modern
sustainability practices coexist. However,
despite this potential, many agricultural
communities in Eastern Indonesia continue to
face challenges related to declining
productivity, biodiversity loss, climate
variability, and socio-economic vulnerability.
Addressing these challenges requires an
integrative approach that recognizes the role
of local wisdom, ethnoecological values, and
socio-cultural  adaptation in  shaping
sustainable
Traditional knowledge systems, such as the
Subak irrigation system and other indigenous
practices, play a vital role in sustaining

agricultural performance.

agricultural productivity while preserving
ecological balance. The Subak system in Bali,
based on the Tri Hita Karana philosophy,
exemplifies the integration of traditional
wisdom with modern agricultural techniques,
promoting ecological sustainability and
community cohesion [1]. Similarly, traditional
practices like crop rotation and organic
fertilization  align  with  sustainability
principles but require enhancement through
modern technologies such as precision
irrigation [2]. Local culture significantly
influences farmers' adaptation strategies to
climate change, utilizing traditional
knowledge and cultural values to strengthen
community resilience  [2].
communities in regions such as Banten and
West Java also practice sustainable farming
under traditional guidance, maintaining soil
fertility and ecological balance[3].
Biodiversity conservation remains crucial for

Indigenous

sustaining livelihoods in Eastern Indonesia,
where innovative approaches are needed to
balance development and conservation [4].
Thus, integrating local knowledge into policy
planning and capacity development is
essential for enhancing climate change

adaptation, socio-economic resilience, and
sustainable agricultural transformation [5]

Ethnoecological values—defined as
the culturally embedded knowledge, beliefs,
and practices that guide human-environment
interactions—play a central role in how rural
communities perceive and manage their
agricultural landscapes [6], [7]. In the context
of Eastern Indonesia, these values are
reflected in traditional land-use systems,
community rituals, and indigenous rules that
govern resource utilization. Farmers’
adherence to ethnoecological principles, such
as respect for soil fertility cycles, protection of
sacred forests, and rotational cropping, not
only reflects cultural identity but also ensures
ecological sustainability. These practices,
transmitted across generations, serve as
adaptive management strategies that align
human livelihood with environmental
integrity. Indigenous communities in
Indonesia possess a wealth of traditional
ecological wisdom promoting sustainable
resource management and conservation
rooted in spirituality [8]. Practices such as
rotational farming and fishing allow natural
regeneration, maintaining land productivity
for future generations [8]. In West Java,
traditional agroforestry systems have evolved
under population and economic pressures
while still integrating local ecological
knowledge [9], suggesting that merging
traditional ~ practices = with  scientific
understanding can strengthen sustainable
agriculture [9]. Likewise, the Tana Toraja
community in South Sulawesi integrates
cultural activities with farming practices,
employing paddy-fish and rice-livestock
systems that embody a holistic land
management approach [10]. However,
modernization threatens these systems, as
observed in West Papua, where land
clearance and infrastructure expansion
disrupt traditional ecological practices [11].
Despite these pressures, customary laws and
rituals continue to sustain environmental
management and conservation, underscoring
the enduring relevance of ethnoecological
values in maintaining both cultural and
ecological resilience [11].
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Agricultural biodiversity
management—the systematic conservation
and utilization of crop and livestock
diversity—serves as a crucial pillar for
sustainable farming in Eastern Indonesia.
Diverse agroecosystems provide natural
resilience against pests, diseases, and climatic
fluctuations, ensuring the long-term stability
of food systems. Traditional polyculture and
the cultivation of local crop varieties play a
significant role in preserving agro-
biodiversity, allowing communities to
maintain both ecological and cultural
heritage. However, the increasing adoption of
monocultures and dependence on external
agricultural inputs have eroded this diversity,
diminished ecological resilience and reducing
socio-economic adaptability. Strengthening
biodiversity management through
community-based initiatives and integrating
traditional ecological knowledge is therefore
essential ~ for
sustainability and maintaining the delicate
balance between productivity and ecosystem
health. Agricultural biodiversity contributes

enhancing  agricultural

to resilience by protecting and restoring
ecosystems, sustainably managing soil and
water resources, and diversifying farming
systems [12]. Traditional practices, such as the
use of stress-tolerant crops and agroforestry
systems, remain central to sustaining
biodiversity and community resilience [12].
Indigenous knowledge systems, accumulated
through generations, serve as adaptive
strategies to cope with climatic change, and
integrating this knowledge with scientific
research can further strengthen sustainable
livelihoods [13].

Socio-cultural adaptation also plays a
vital role in sustaining agricultural
performance amid changing environmental
and market conditions. Adaptation involves
the ability of local communities to modify
social structures, farming methods, and
resource management in response to external
pressures such as globalization and climate
variability [13]. In Eastern Indonesia, these
adaptive  behaviors manifest through
community cooperation, traditional
institutional arrangements, and innovation in

crop management. Community participation
and conservation of local practices form the
foundation of effective agrobiodiversity
management, as seen in community seed
networks and organic farming initiatives [14].
This  interplay = between socio-cultural
adaptation and ethnoecological values
illustrates a dynamic equilibrium where
tradition and innovation coexist, reinforcing
agricultural resilience and ensuring that
sustainability is both ecologically grounded
and culturally meaningful [13].

Despite the importance of these
interrelated factors, empirical research that
quantitatively ~examines their combined
influence on  sustainable agricultural
performance remains limited. Previous
studies have often focused on individual
aspects, such as indigenous knowledge or
biodiversity management, but few have
integrated these constructs into a holistic
analytical model within the Indonesian
context. This gap limits understanding of how
cultural, ecological, and adaptive dimensions
collectively shape agricultural sustainability
outcomes. Therefore, this study aims to
analyze the influence of ethnoecological
values, agricultural biodiversity
management, and socio-cultural adaptation
on sustainable agricultural performance in
Eastern Indonesia. Employing a quantitative
approach with 120 farmer respondents, the
research utilizes the Structural Equation
Modeling—Partial Least Squares (SEM-PLS 3)
technique to identify causal relationships
among variables. Theoretically, this study
contributes by integrating cultural ecology
and sustainability science frameworks into
models of agricultural performance, while
practically offering insights for policymakers
to develop culturally grounded and
biodiversity-based agricultural programs.
Through this approach, the study bridges the
gap between traditional wisdom and modern
sustainability frameworks, highlighting that
local knowledge and social adaptation are
indispensable for achieving resilient and
sustainable agriculture in Eastern Indonesia.

2. LITERATURE REVIEW
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2.1 Ethnoecological Values and Sustainable

Agriculture

Ethnoecology in Eastern Indonesia is
deeply intertwined with cultural practices
and traditional knowledge systems that
emphasize sustainable environmental
management. Practices such as
maintaining hutan adat (communal
forests) and rotational farming are both
ecological  strategies and cultural
imperatives that align human activities
with  natural processes, fostering
biodiversity management and socio-
cultural adaptation for sustainable
agriculture. The hutan adat system
embodies collective stewardship, where
communities manage forests based on
shared responsibility, preserving
biodiversity and maintaining ecological
balance [15], [16]. Similarly, rotational
farming sustains soil fertility and water
cycles through generational adaptation to
local environmental conditions [17].
Ethnoecological values in this region are
characterized by balance, reciprocity, and
respect for nature—principles that
encourage taking only what is needed
and giving back to the environment to
prevent depletion [15], [18]. Indigenous
knowledge systems view humans as
integral members of the ecological family,
cultivating deep respect and
responsibility toward nature [18], [19].
Moreover, the integration of traditional
knowledge with modern conservation
initiatives illustrates adaptive
mechanisms that enhance the relevance of
these practices in addressing
contemporary  ecological challenges,
ensuring that biodiversity management
continues through the maintenance of
diverse ecosystems and sustainable

resource use [15], [16].

2.3 Socio-Cultural

2.2 Agricultural Biodiversity Management

Agricultural biodiversity
management is essential for sustainable
agriculture, particularly in traditional
Indonesian  systems where mixed
cropping and home gardens are widely
practiced. These systems integrate diverse
species to enhance resilience against
pests, diseases, and climate variability
while maintaining ecological balance and
supporting livelihoods through reduced
reliance on external inputs. Biodiversity
strengthens the stability and productivity
of farming systems by sustaining key
ecosystem services such as nutrient
cycling and pest control [20], [21]. It also
contributes to food security and nutrition
by diversifying crop  production,
providing essential micronutrients, and
improving adaptability to climate change
and pest outbreaks [22]. Moreover,
biodiversity-driven agriculture offers
economic benefits by reducing risks,
stabilizing yields, and ensuring long-term
sustainability through agroforestry and
crop diversification [21]. However, the
growing dominance of monocultures and
industrial ~ agriculture has led to
significant agrobiodiversity loss,
heightening vulnerability to
environmental changes and threatening
food security worldwide [22]. To counter
these trends, sustainable practices such as
crop rotation, organic cultivation, and
biopesticide use are crucial for preserving
biodiversity and enhancing ecosystem
resilience, while minimizing
environmental degradation associated
with intensive farming [23].
Adaptation in
Agricultural Communities

Socio-cultural adaptation in rural
Eastern Indonesia is a dynamic process

that blends traditional knowledge with
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modern agricultural practices to enhance
resilience and sustainability. Rooted in
communal cooperation, kinship
networks, and customary institutions,
this adaptation fosters resource sharing
and collective decision-making essential
for managing environmental and

economic challenges. Traditional
methods such as organic pest control and
crop diversification are increasingly
combined with precision agriculture and
other modern innovations to sustain
productivity and ecological balance [24].
Ethnoecological knowledge —anchored in
local wisdom and cultural values—plays
a vital role in guiding adaptive practices
and strengthening community resilience
[13]. Community leaders and elders serve
as key transmitters of indigenous
agricultural knowledge, while
government support through subsidies,
loans, and recognition of customary land
rights further reinforces sustainable
practices [25]. Nonetheless, adaptation
efforts are often constrained by limited
resources and economic instability [17].
To overcome these barriers, integrating
local wisdom into policy frameworks and
enhancing community capacity for
climate change adaptation are essential
strategies to ensure long-term agricultural
sustainability = and  socio-ecological
resilience in Eastern Indonesia [25].
Sustainable Agricultural Performance
Sustainable agricultural performance
in Eastern Indonesia is a
multidimensional construct that
integrates environmental, economic, and
social dimensions to ensure productivity,
cultural

ecological  balance, and

preservation. Environmentally,
sustainable agriculture emphasizes soil
and water conservation, biodiversity

management, and reduced chemical use

to maintain ecological integrity [5],
alongside sustainable resource utilization
and waste recycling to prevent pollution
[26]. Economically, sustainability
involves farm diversification, value
addition, and production efficiency to
enhance farmers’ welfare [5], while
maintaining raw material supplies and
ensuring adequate returns despite
political influences [26]. Socially, it
encompasses community empowerment,
public health, and equitable benefit
distribution [5], though regions such as
Luwu Regency still face challenges like
limited credit access, low productivity,
and gender disparities that demand
strategic interventions [27]. Furthermore,
integrating traditional ecological
knowledge into agricultural management
aligns farming with natural ecosystem
processes, reinforcing resilience and
improving sustainability outcomes [27].
Thus, this systemic model—shaped by
ethnoecological ~ values, agricultural
biodiversity management, and socio-
cultural adaptation—forms the
foundation for achieving sustainable
agricultural performance across Eastern

Indonesia.

2.5 Conceptual Framework and Hypothesis

Development
Based on the literature, the
conceptual framework posits that
ethnoecological values directly influence
biodiversity

socio-cultural

both agricultural
management and
adaptation, which subsequently affect
sustainable agricultural performance.
Agricultural biodiversity management
and socio-cultural adaptation are
proposed as mediating variables that
values into

translate cultural

sustainability outcomes.
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H1: Ethnoecological values have a
positive and significant effect on
agricultural biodiversity management.

H2: Ethnoecological values have a
positive and significant effect on socio-
cultural adaptation.

H3: Agricultural

management has a positive and

biodiversity

significant  effect on  sustainable

agricultural performance.

H4: Socio-cultural adaptation has a
positive and significant effect on
sustainable agricultural performance.

H5: Agricultural biodiversity

management mediates the relationship
between ethnoecological values and
sustainable agricultural performance.

He: Socio-cultural adaptation

mediates the relationship between
ethnoecological values and sustainable

agricultural performance.

3. METHODS (11 PT)

Research Design

This study employed a quantitative
explanatory research design to analyze the
causal relationships among ethnoecological
values, agricultural biodiversity
management, socio-cultural adaptation, and
sustainable agricultural performance. The
design was selected to test the theoretical
model developed in the previous section
using empirical data gathered from farmers in
Eastern Indonesia. Structural Equation
Modeling with Partial Least Squares (SEM-
PLS 3) was used as the main analytical
technique, allowing simultaneous testing of
multiple  relationships  between latent
constructs while accommodating complex
mediation pathways and relatively small
sample sizes. This quantitative approach
enables the identification of statistically
significant influences among variables and
helps validate the theoretical framework
within a specific socio-ecological context. By
applying SEM-PLS, the study measures both
the direct effects of ethnoecological values on

agricultural performance and the indirect
effects mediated by biodiversity management
and socio-cultural adaptation, providing a
comprehensive  understanding of the
interdependent mechanisms driving
sustainable agriculture in Eastern Indonesia.
Research Location and Population

The study was conducted in selected
agricultural communities across Eastern
Indonesia, encompassing areas in East Nusa
Tenggara, Maluku, and Papua provinces.
These regions were chosen purposively due to
their high dependence on traditional
agricultural systems, rich biodiversity, and
strong cultural heritage in farming practices.
The local communities exhibit a combination
of indigenous agricultural knowledge and
adaptive socio-cultural systems, making them
ideal for exploring the intersection of tradition
and sustainability. The population of this
research consisted of smallholder farmers
actively engaged in traditional and semi-
modern agricultural practices, with priority
given to those who maintained local crop
diversity, practiced soil and water
conservation, or participated in community-
based farming programs.
Sampling Technique and Sample Size

The sampling technique used was
purposive sampling, targeting respondents
who met specific inclusion criteria: (1) at least
five years of farming experience, (2)
involvement in community or traditional
agricultural management activities, and (3)
familiarity with local farming knowledge
systems. From this population, a total of 120
valid responses were collected and analyzed.
The sample size of 120 is consistent with the
minimum requirement for PLS-SEM analysis,
as suggested [28], who recommend a
minimum of ten times the largest number of
indicators in any construct or the maximum
number of structural paths directed at a
particular construct. Given that the research
model includes multiple constructs and
mediating relationships, the chosen sample
size is considered sufficient to ensure
statistical robustness and reliability in testing
the hypothesized relationships.
Data Collection Instruments
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Data were collected wusing a
structured questionnaire consisting of closed-
ended statements measured with a five-point
Likert scale (1 = Strongly Disagree to 5 =
Strongly Agree). The instrument comprised
four main sections corresponding to the
research constructs. Ethnoecological Values
(EV) were measured through indicators
related to traditional ecological knowledge,
cultural beliefs, and environmental ethics [5],
[8]. Agricultural Biodiversity Management
(ABM) was assessed through items evaluating
crop diversity, traditional seed use, and
ecological conservation practices [12], [21].
Socio-Cultural Adaptation (SCA) captured
indicators of social cooperation, knowledge
sharing, and community innovation capacity
[24], [25]. Sustainable Agricultural
Performance (SAP) was measured through
environmental, economic, and  social
dimensions of farming sustainability [5], [27].
Prior to full deployment, the questionnaire
underwent expert review by three academics
specializing in agricultural management and
socio-ecology to ensure content validity,
followed by a pilot test with 20 respondents to
refine clarity, wording, and indicator
reliability.

Data collection was carried out over a
two-month period in 2025 through direct field
visits coordinated with local agricultural
offices and community leaders. Trained
enumerators  assisted respondents in
completing the survey to ensure accurate
comprehension, particularly for items
containing technical or culturally specific
terms. The questionnaire was administered in
both Bahasa Indonesia and local languages,
based on participants’ preferences, and all
responses were later translated consistently
for analysis. Ethical standards were strictly
maintained —each ~ respondent  provided
informed consent, and participation was
voluntary, with guarantees of confidentiality
and anonymity in accordance with
established social science research ethics.
Data Analysis Technique

Data analysis was performed using
SmartPLS 3.0, a software designed for
analyzing complex models with latent

variables. The analysis consisted of two main
stages. The first stage, Measurement Model
Evaluation (Outer Model), tested the
reliability and validity of indicators through
several criteria: indicator reliability was
assessed using factor loadings (= 0.70),
internal consistency reliability was measured
using Cronbach’s Alpha and Composite
Reliability (= 0.70), convergent validity was
evaluated using Average Variance Extracted
(AVE 2 0.50), and discriminant validity was
verified through the Fornell-Larcker and
HTMT criteria. The second stage, Structural
Model Evaluation (Inner Model), tested the
research hypotheses and examined the
strength of relationships among latent
constructs by analyzing path coefficients and
t-statistics obtained from bootstrapping with
5,000 resamples, determining the coefficient
of determination (R?) to measure the variance
explained in endogenous variables, and
evaluating predictive relevance (Q?) along
with the Goodness-of-Fit (GoF) to assess the
overall model quality. Additionally, the
mediating effects of Agricultural Biodiversity
Management (ABM) and Socio-Cultural
Adaptation (SCA) were examined using the
bootstrapping method to identify the indirect
influence of Ethnoecological Values (EV) on
Sustainable Agricultural Performance (SAP).

4. RESULTS AND DISCUSSION

Descriptive Statistics of Respondents

The descriptive statistics provide an
overview of the demographic and
socioeconomic characteristics of the 120
respondents who participated in this study.
Respondents were smallholder farmers from
three major regions of Eastern Indonesia—
East Nusa Tenggara, Maluku, and Papua—
representing diverse ecological zones and
cultural backgrounds. The analysis was
designed to ensure that the sample accurately
reflected variations in age, gender, education,
farming  experience, and  agricultural
practices. The majority of respondents (68.3%)
were male farmers, consistent with gender
norms in traditional agrarian communities,
while 39.2% fell within the 41-50 age range,
representing a predominantly middle-aged
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farming population. Educational attainment
was generally modest, with more than half
(55.8%) having only completed primary
education, and only 7.6% holding a diploma
or university degree, reflecting limited formal
education but strong experiential and cultural
knowledge. Nearly half (48.3%) of
respondents had between 11 and 20 years of
farming experience, indicating substantial
practical expertise and deep familiarity with
local ecological systems. Most respondents
practiced mixed cropping systems (60%),
combining crops such as maize, cassava, and
legumes in  alignment  with  local
ethnoecological traditions that emphasize
biodiversity and soil fertility. Another 25%
practiced agroforestry, while 15% adopted
monoculture, mainly in more commercialized
zones. Most farmers managed small plots
between 0.5 and 1 hectare (44.2%), illustrating
the smallholder structure of agriculture in
these regions. Land tenure patterns revealed
that 57.5% of respondents farmed privately
owned land, while 31.7% cultivated
customary land (tanah adat), highlighting the
continued importance of communal land
systems in shaping agricultural practices and
sustainability.

In terms of household and economic
characteristics, the majority of farming
households consisted of four to five members
(561.7%), indicating a reliance on family labor
as a critical resource in production activities.
Most respondents (40.8%) reported a monthly
household income between IDR 1,000,000 and
2,000,000 (approximately USD 65-130),
reflecting the modest income levels typical of
rural agricultural economies, while only
14.2% earned above IDR 3,000,000, generally
from diversified livelihoods such as livestock
rearing or small-scale trading. Agriculture
remained the primary source of income for
80% of respondents, confirming its central
economic role. In addition, the survey found
that 64.2% of respondents continued to

participate in traditional agricultural rituals,
75.8% engaged in communal work (gotong
royong), and 70% maintained seed
preservation and exchange systems, all of
which are key indicators of strong
ethnoecological continuity. However, only
38.3% had participated in government-
sponsored agricultural training programs,
reflecting  limited access to formal
institutional support. Moreover, while 57.5%
of farmers used organic fertilizers, 48.3% also
used chemical inputs, indicating that many
farmers are currently in a transitional phase,
blending traditional ecological knowledge
with  selective adoption of modern
agricultural  technologies. Overall, the
descriptive results portray a community
characterized by deep-rooted traditional
wisdom, social cooperation, and adaptive
farming practices that bridge indigenous and
modern systems in pursuit of sustainable
agricultural livelihoods.
Measurement Model Evaluation
Measurement model evaluation
(outer model) was conducted to assess the
reliability and validity of the constructs—
Ethnoecological Values (EV), Agricultural
Biodiversity Management (ABM), Socio-
Cultural Adaptation (SCA), and Sustainable
Agricultural Performance (SAP)—to ensure
that the indicators used to represent each
latent variable accurately reflected their
underlying theoretical constructs before
testing the structural relationships among
them. Indicator reliability was examined
through outer loadings using the SmartPLS 3
algorithm, following the guideline by Hair et
al. (2021), which states that a loading value of
> (.70 indicates satisfactory reliability,
meaning that each indicator explains more
than 50% of the variance of its corresponding
latent variable and thus contributes
significantly to the construct’'s measurement
validity.
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Table 1. Loading Factor

Construct Indicator Code Loading Reliability
Status
]\Sita}Ez:C((];l\(;)glcal EV1: Respect for nature and local ecology 0.846 Reliable
EV2: Traditional ecological knowledge practices 0.812 Reliable
EV3: Cultural rituals in farming and harvesting 0.798 Reliable
EV4: Indigenous environmental ethics 0.861 Reliable
Agricultural
Biodiversity ABMLI: Diversity of crop and plant species 0.832 Reliable
Management
(ABM)
ABM2: Preservation of local seed varieties 0.824 Reliable
ABM3: Integration of livestock and crops 0.786 Reliable
ABM4: Ecological pest and soil management 0.852 Reliable
Socio-Cultural
Adaptation SCA1: Collective decision-making in farming 0.773 Reliable
(SCA)
SCA2: Adoption of innovations consistent with 0.817 Reliable
local norms
SCAS3: Knowledge exchange within community 0.842 Reliable
SCA4: Participation in training and local networks | 0.764 Reliable
Sustainable
Agricultural SAP1: Improvement in soil and water quality 0.828 Reliable
Performance
(SAP)
SAP2: Increased productivity with ecological 0.882 Reliable
balance
SAP3: Economic stability of farming households 0.835 Reliable
SAP4: Social well-being and food security 0.868 Reliable

Source: data processed author (2025)

Table 1 shows that all indicators for
the four constructs—Ethnoecological Values
(EV), Agricultural Biodiversity Management
(ABM), Socio-Cultural Adaptation (SCA), and
Sustainable Agricultural Performance
(SAP)—exhibited loading factor values above
the minimum threshold of 0.70, confirming
strong indicator reliability. The loading
values, ranging from 0.764 to 0.882, indicate
that each item consistently and significantly
represents its respective latent construct, as
recommended by Hair et al. (2021). The
highest loading was recorded for SAP2
(“Increased productivity with ecological
balance”) at 0.882, reflecting the strong
contribution of ecological

sustainable performance, while the lowest

harmony to

was SCA4 (“Participation in training and local
networks”) at 0.764, which remains within the
acceptable range. These results suggest that
the measurement items were well designed
and effectively captured the intended
dimensions of each construct. Consequently,
all indicators were retained for subsequent
stages of analysis, as none exhibited weak
reliability or cross-loading issues that would
justify elimination.

Internal consistency was evaluated
using Cronbach’s Alpha («) and Composite
Reliability (CR), both of which measure the
degree to which items consistently represent
the same construct. As recommended by Hair
et al. (2021), values between 0.70 and 0.95 are
considered acceptable. The results show that

all constructs meet this criterion, with
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Ethnoecological Values (EV) scoring o = 0.876
and CR = 0.912, Agricultural Biodiversity
Management (ABM) scoring a = 0.852 and CR
= 0.907, Socio-Cultural Adaptation (SCA)
scoring a = 0.834 and CR = 0.897, and
Sustainable Agricultural Performance (SAP)
scoring a = 0.883 and CR = 0.922. All values
exceed 0.80, indicating excellent internal
consistency across all constructs. This
demonstrates that the measurement items are
cohesive and reliable in representing their
respective  latent
confirming the instrument’s strong reliability
for subsequent model testing.

The results of the convergent validity

variables, thereby

test show that all constructs meet the required
standard, with Average Variance Extracted
(AVE) values ranging from 0.638 to 0.701, well
above the minimum threshold of 0.50,
indicating that each construct captures more
than 50% of the variance of its indicators.
Specifically, Sustainable Agricultural
Performance (SAP) recorded the highest AVE
value of 0.701, suggesting that its indicators
strongly represent the latent construct, while
Socio-Cultural Adaptation (SCA) had the
lowest at 0.638, which still indicates good
validity. According to Hair et al. (2021), these
results confirm that the indicators within each
construct are highly correlated and measure
the same underlying concept consistently.
Therefore, the measurement model
demonstrates strong convergent validity,
ensuring that the observed variables are
effective reflections of their respective
theoretical constructs and can reliably be used
in subsequent structural analysis.
Discriminant validity was tested to
ensure that each construct is unique and
measures a different aspect of the research
model. Using the Fornell-Larcker Criterion,
the square root of the Average Variance
Extracted (AVE) for each construct was
compared with its correlations to other
constructs. As shown in the results, the
diagonal values representing the square roots
of AVE—EV (0.821), ABM (0.811), SCA
(0.798), and SAP (0.842) —are all greater than
their respective off-diagonal correlation
coefficients. This confirms that each construct

shares more variance with its own indicators
than with other constructs, thereby satisfying
the criterion proposed by Fornell and Larcker
(1981). These results demonstrate that
Ethnoecological Values, Agricultural
Biodiversity Management, Socio-Cultural
Adaptation, and Sustainable Agricultural
Performance are empirically distinct and
conceptually well separated within the model.
A second assessment using the Heterotrait—
Monotrait Ratio (HTMT) further confirmed
discriminant validity. All HTMT values were
below the recommended threshold of 0.85
(Kline, 2011), with values ranging from 0.687
to 0.811, indicating that no significant
conceptual overlap exists among the
constructs. The strongest relationship was
found between ABM and SAP (0.811),
suggesting a close yet distinct linkage
between ecological management practices
and sustainable outcomes, while the lowest
HTMT value occurred between EV and SAP
(0.687), reflecting a moderate indirect
relationship mediated by other factors.
Overall, the results provide robust evidence
that the constructs in this model are well
differentiated, supporting the conclusion that
the measurement model possesses strong
discriminant validity and that each construct
captures a distinct theoretical dimension
relevant to sustainable agriculture in Eastern
Indonesia.

Collinearity testing using the Variance
Inflation Factor (VIF) was conducted to
ensure that the indicators were not
excessively correlated, as multicollinearity
can distort the estimation of relationships
between constructs. According to Hair et al.
(2021), VIF values below 5.0 indicate
acceptable levels of collinearity. The results
show that all constructs met this criterion,
with  VIF ranges of 1.581-2.747 for
Ethnoecological Values (EV), 1.418-2.322 for
Agricultural  Biodiversity = Management
(ABM), 1.361-2.683 for Socio-Cultural
Adaptation (SCA), and 1.481-2.457 for
Sustainable Agricultural Performance (SAP).
These values fall well within the
recommended threshold, confirming the
absence of multicollinearity issues among the
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indicators or latent constructs. This result
indicates that each variable contributes
uniquely to the model, supporting the
robustness and stability of the subsequent
structural equation modeling analysis.
Structural Model Evaluation

The structural model evaluation, or
inner model analysis, was conducted to assess
the hypothesized causal relationships among
the latent constructs — Ethnoecological Values
(EV), Agricultural Biodiversity Management
(ABM), Socio-Cultural Adaptation (SCA), and
Sustainable Agricultural Performance (SAP).
Using SmartPLS 3.0, this stage examined key
parameters such as path coefficients, R?

values, effect sizes (f?), predictive relevance
(Q?), and Goodness-of-Fit (GoF) indices to
ensure the robustness and predictive accuracy
of the proposed model. Prior to testing the
structural paths, multicollinearity among
predictor constructs was checked, and the
Variance Inflation Factor (VIF) values for all
relationships were found to be below the
threshold of 5.0, indicating the absence of
collinearity issues (Hair et al., 2021). This
confirms that each exogenous construct
contributes uniquely to the model, providing
a sound basis for further hypothesis testing
and interpretation of causal relationships.

Table 2. Inner VIF

Endogenous Variable Exogenous Variable | VIF Status

Agricultural Biodiversity Management (ABM) ]\EZZEZEC(;I\(]);%ICM 2.137 | Acceptable

Socio-Cultural Adaptation (SCA) Ethnoecological 2.262 | Acceptable
Values (EV)

Sustainable Agricultural Performance (SAP) ABM 2.485 | Acceptable

Sustainable Agricultural Performance (SAP) SCA 2.358 | Acceptable

Source: data processed author (2025)

Table 2 presents the results of the
inner VIF analysis, which was conducted to
detect potential multicollinearity among the
predictor variables within the structural
model. The results show that all VIF values
fall within the acceptable range of less than
5.0, with values ranging from 2.137 to 2.485,
indicating that no multicollinearity issues
exist among the exogenous constructs.
Specifically, the VIF values for
Ethnoecological ~ Values (EV) toward
Agricultural ~ Biodiversity =~ Management
(ABM) and Socio-Cultural Adaptation (SCA)
were 2.137 and 2.262, respectively, while for
Sustainable Agricultural Performance (SAP),
the VIF values associated with ABM and SCA
were 2.485 and 2.358. These results confirm
that each exogenous variable contributes
independently and  meaningfully to
explaining its respective = endogenous
construct without redundancy or overlapping
effects. Consequently, the absence of
collinearity problems supports the stability
and reliability of the structural model,
ensuring that subsequent path analyses can

accurately capture the causal relationships
among constructs.

The R? values obtained in this study
measure the explanatory power of the
independent variables on each dependent
construct and, following Chin (1998), values
of 0.67, 0.33, and 0.19 are categorized as

substantial, moderate, and weak,
respectively. The results show that the R?
value  for  Agricultural  Biodiversity

Management (ABM) explained by
Ethnoecological Values (EV) is 0.614, for
Socio-Cultural Adaptation (SCA) explained
by Ethnoecological Values (EV) is 0.578, and
for Sustainable Agricultural Performance
(SAP) explained jointly by ABM and SCA is
0.692, all of which are within the substantial
category. This means that 61% of the variance
in ABM is influenced by EV, 57% of the
variance in SCA is influenced by EV, and 69%
of the variance in SAP is jointly determined by
ABM and SCA. These findings indicate that
the model possesses strong explanatory
power, suggesting that ethnoecological
values, biodiversity management, and socio-
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cultural adaptation are significant and reliable
determinants of sustainable agricultural
performance among farming communities in
Eastern Indonesia.

Path coefficients were estimated
using bootstrapping (5,000 subsamples) to
determine the significance and strength of the
hypothesized relationships. A t-value > 1.96
(for p <0.05) indicates statistical significance.

Table 3. Hypothesis Testing

Path
Path Relationship Coefficient v p-Value | Result
Value
®
H1 | EV— ABM 0.781 12.646 | 0.000 Supported
H2 | EV — SCA 0.754 11.873 | 0.000 Supported
H3 | ABM — SAP 0.421 5.926 0.000 Supported
H4 | SCA — SAP 0.379 4.872 0.000 Supported
H5 | EV - ABM — SAP (Mediation) 0.329 4.124 0.000 Supported
H6 | EV — SCA — SAP (Mediation) 0.286 3.777 0.000 Supported
Source: data processed author (2025)
Table 3 presents the results of Indonesia, reinforcing the theoretical

hypothesis testing, showing that all six
proposed relationships in the model are
statistically significant at p < 0.001, thereby
supporting every hypothesized path. The
path  coefficients demonstrate  that
Ethnoecological Values (EV) exert a strong
and positive influence on both Agricultural
Biodiversity Management (ABM) ( =0.781, t
= 12.646) and Socio-Cultural Adaptation
(SCA) (p = 0.754, t = 11.873), confirming that
traditional ecological knowledge and cultural
values play a crucial role in shaping ecological
and social systems within agricultural
communities. Both ABM (3 = 0.421, t = 5.926)
and SCA (B = 0.379, t = 4.872) also have
significant positive effects on Sustainable
Agricultural Performance (SAP), indicating
that ecological management and social
adaptability directly enhance sustainability
outcomes. Furthermore, the mediation tests
reveal that ABM (p =0.329, t =4.124) and SCA
(P =0.286, t = 3.777) significantly mediate the
relationship between EV and SAP, suggesting
that the influence of ethnoecological values on
sustainability operates not only through
direct cultural channels but also through
ecological management and social adaptation
mechanisms. Collectively, these findings
confirm that cultural wisdom, biodiversity
stewardship, and adaptive social systems
interact synergistically to drive sustainable

agricultural  performance in  Eastern

foundation that sustainability in traditional
farming contexts is both culturally rooted and
ecologically dynamic.

The effect size (f2) analysis evaluates
the relative contribution of each exogenous
construct to the explained variance (R?) of an
endogenous construct, providing insight into
the strength of individual relationships within
the structural model. Following Cohen’s
(1988) classification—where {2 values of 0.02,
0.15, and 0.35 represent small, medium, and
large effects, respectively —the results show
that Ethnoecological Values (EV) exert a large
effect on both Agricultural Biodiversity
Management (ABM) (f2 = 0.375) and Socio-
Cultural Adaptation (SCA) (2 = 0.332),
emphasizing the central role of cultural values
in shaping ecological and social practices
within farming systems. Meanwhile, ABM (f2
= 0.198) and SCA (f? = 0.163) have medium-
sized effects on Sustainable Agricultural
Performance (SAP), indicating that both
constructs  significantly  contribute  to
improving agricultural sustainability through
ecological management and social adaptation
pathways.  These
highlight that ethnoecological values serve as
the cultural foundation of sustainability,
while biodiversity management and socio-
cultural adaptation function as the ecological

findings  collectively

and social mechanisms translating cultural
wisdom into tangible sustainable outcomes.
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Predictive relevance was assessed
using the Stone-Geisser Q? criterion obtained
through the blindfolding procedure, where a
QQ? value greater than zero indicates that the
model has predictive relevance. The results
show that all constructs exhibit strong
predictive capability, with Agricultural
Biodiversity Management (ABM) recording a
Q2 of 0.415, Socio-Cultural Adaptation (SCA)
at 0.382, and Sustainable Agricultural
Performance (SAP) at 0.463. Since all Q?
values are not only positive but also exceed
0.35, this indicates that the structural model
has large predictive relevance, meaning it
effectively explains a substantial portion of
the variance in the endogenous constructs
beyond random chance. These findings
confirm that the model has strong predictive
power, demonstrating its robustness in
forecasting outcomes related to biodiversity
management, social  adaptation, and
agricultural sustainability in the context of
Eastern Indonesia.

The Goodness-of-Fit (GoF) index was
used to evaluate the overall model fit by
integrating the average communality (AVE)
and average explanatory power (R?), as
proposed by Tenenhaus et al. (2005). The GoF
is  calculated  using the  formula
GoF=(AVEmean)x(Rmean2). Based on the
results, the model achieved an average AVE
of 0.67 and an average R? of 0.62, producing a
GoF value of 0.64. According to Wetzels et al.
(2009), a GoF value greater than 0.36 indicates
a large model fit. Therefore, the GoF value of
0.64 demonstrates that the proposed model
possesses a strong overall fit, confirming both
its theoretical coherence and empirical
robustness in explaining the
interrelationships among ethnoecological
values, biodiversity management, socio-
cultural  adaptation, and  sustainable
agricultural performance.

Discussion

The findings indicate that
Ethnoecological Values (EV) exert the
strongest influence on both Agricultural
Biodiversity Management (ABM) and Socio-
Cultural Adaptation (SCA), supporting the
argument that cultural and spiritual

connections to nature form the moral
foundation of sustainable agriculture in
traditional societies [5], [8]. In the context of
Eastern Indonesia, where communities
maintain deep-rooted relationships with their
ecological surroundings, local customs,
rituals, and indigenous laws (adat) continue
to guide land-use patterns and resource
management decisions.  Ethnoecological
values shape daily agricultural practices such
as observing planting calendars based on
lunar cycles, performing communal rituals
before harvest, and enforcing taboos against
over-harvesting or burning sacred forests.
These practices not only regulate ecological
interactions but also strengthen social
cohesion and spiritual harmony within the
community. The statistical evidence validates
the theoretical proposition that Traditional
Ecological Knowledge (TEK) functions as a
living knowledge system that enhances
adaptive management and environmental
resilience [16], [25].

Furthermore, the persistence of these
values amid modernization pressures
demonstrates a strong form of cultural
resilience. Rather than being replaced by
external innovations, local ecological ethics
evolve through hybridization —combining
traditional wisdom with selective adoption of
modern agricultural techniques. This hybrid
model of ethnoecological adaptation
illustrates the cultural flexibility of Eastern
Indonesian farmers, enabling them to sustain
productivity while preserving ecological
integrity. Such adaptability reflects a dynamic
cultural system that continuously reinterprets
traditional values in response to socio-
economic and environmental changes,
reinforcing the vital role of indigenous
knowledge  in  shaping
agricultural systems [10], [11].

The  positive and  significant
relationship Agricultural
Biodiversity = Management (ABM) and
Sustainable Agricultural Performance (SAP)
underscores the central role of biodiversity in
maintaining ecological balance and long-term
productivity. In line with recent studies [12],
[21], diversified farming systems—such as

sustainable

between
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intercropping, agroforestry, and rotational
cropping—enhance natural pest control,
improve soil fertility, and strengthen food
security. In Eastern Indonesia, empirical
findings show that communities practicing
multicropping and home-garden systems
(pekarangan) attain higher sustainability
outcomes than those adopting monoculture
approaches. This supports the
ethnoecological perspective that maintaining
species diversity represents both ecological
prudence and cultural wisdom, as each
species holds symbolic, nutritional, and
economic significance. The preservation of
local varieties of tubers, bananas, and legumes
through community-based seed exchanges
ensures genetic continuity and strengthens
adaptation to microclimatic variability,
reflecting a deeply rooted synergy between
culture and ecology [4], [13].

The mediating effect of ABM between
EV and SAP demonstrates that cultural values
are translated into concrete ecological
practices. Principles such as respect for nature
and reciprocity with the land are manifested
through biodiversity-preserving actions like
crop diversification, seed conservation, and
low-input soil management. This finding
reinforces the socio-ecological systems theory
that conceptualizes human-environment
relationships as co-evolving processes in
which cultural beliefs actively shape
ecological outcomes and vice versa [3], [15]. In
the context of climate change and market
instability, biodiversity functions as a
biological insurance system that enhances
farmers’ adaptive capacity, enabling them to
withstand environmental and economic
shocks without heavy reliance on external
inputs. Consequently, biodiversity
conservation should be recognized not merely
as an environmental objective but as an
integrated economic and cultural strategy for
resilience, sustainability, and self-reliance in
rural agricultural communities.

The path analysis results reveal that
Socio-Cultural Adaptation (SCA)
significantly influences
Agricultural Performance (SAP), confirming
that social adaptability is a vital determinant

Sustainable

of community resilience and agricultural
sustainability. This finding aligns with the
perspectives of [24], [25], who assert that
social learning, cooperation, and strong local
institutions enable communities to effectively
manage environmental and economic
changes. In Eastern Indonesia, socio-cultural
adaptation manifests through collective labor
systems (gotong royong), the sharing of
knowledge in community meetings, and the
flexible modification of traditional norms to
address modern agricultural challenges.
Farmers have incorporated contemporary
practices such as crop rotation scheduling,
diversified income strategies, and
participation in training programs while still
maintaining
structures. These adaptive behaviors
demonstrate how traditional systems evolve
to accommodate innovation without losing

Customary governance

their cultural coherence.

The mediating role of SCA between
EV and SAP highlights that cultural values
influence sustainability indirectly through
social mechanisms. Farmers who internalize
local ecological ethics are more likely to
engage in mutual learning, collective action,
and participatory innovation—strengthening
both social capital and community resilience.
This supports the argument that adaptive co-
management, traditional
institutions and modern governance, leads to
more effective sustainability outcomes [24],
[25]. Furthermore, the emergence of adaptive

combining

hybridity, where traditional knowledge is
blended with scientific agricultural methods,
illustrates the transformative nature of socio-
cultural adaptation. Tradition, therefore, is
not static but dynamic—reinterpreted to
remain relevant in a changing economic and
ecological landscape. Through this process,
adaptation becomes both a cultural and
developmental mechanism, ensuring that
modernization enhances rather than erodes
local identity, environmental stewardship,
and long-term sustainability.

Finally, the integrated model —where
EV influences sustainability through ABM
and SCA—reveals a holistic framework of
agricultural sustainability. The model’s high
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explanatory power (R? = 0.69) and strong
goodness-of-fit (GoF = 0.64) indicate that
sustainability in Eastern Indonesia arises from
the synergistic interaction of cultural beliefs,
ecological diversity, and adaptive social
systems. This synergy reflects the principles
of socio-ecological resilience identified by [29]
and is exemplified in local practices of multi-
species cultivation, community
experimentation, and adaptive governance
grounded in adat. Thus, agricultural and
environmental policies that overlook cultural
undermining the
mechanisms  that  sustain  long-term
agricultural resilience and productivity [5],
[27].
Theoretical Implications

Theoretically, this study advances the
discourse on Ethnoecological Sustainability
by positioning Ethnoecological Values as a

dimensions risk

first-order cultural driver of sustainability,
mediated through biodiversity management
as an ecological mechanism and socio-cultural
adaptation as a social mechanism. This triadic
framework effectively operationalizes the
Socio-Ecological Systems Theory within an
empirical model that is highly relevant to
community-based  agricultural  contexts.
Furthermore, the study contributes to the
Dynamic Capabilities Theory by
demonstrating that adaptation and learning —
when rooted in cultural systems—enhance
the long-term competitiveness, innovation,
and resilience of smallholder farmers. The
integration of indigenous knowledge into a
quantitative structural model shows that
traditional systems can be rigorously

5. CONCLUSION

This study provides empirical
evidence that the sustainability of agricultural
systems in Eastern Indonesia is deeply shaped
by the integration of cultural, ecological, and
social dimensions. The results of the SEM-PLS
analysis reveal that Ethnoecological Values
(EV) function as the foundational determinant
influencing both Agricultural Biodiversity
Management (ABM) and Socio-Cultural
Adaptation (SCA), which in turn enhance
Sustainable Agricultural Performance (SAP).

analyzed without oversimplifying their
cultural depth and complexity, thus bridging
the gap between local wisdom and modern
sustainability science.
Practical and Policy Implications

From a policy perspective, the
findings suggest that top-down agricultural
modernization =~ programs  should be
reoriented toward greater cultural and
ecological inclusion,
ethnoecological knowledge as a strategic asset

recognizing

rather than a limitation. Policymakers are
encouraged to integrate
practices—such as local seed conservation,
communal rituals, and cooperative land

traditional

management—into agricultural extension
programs to enhance both ecological
sustainability and community engagement.
Development agencies and local governments
in Eastern Indonesia should promote multi-
stakeholder collaboration among indigenous
institutions, universities, and agricultural
officers to strengthen farmer capacity through
culturally sensitive training, participatory
biodiversity mapping, and the creation of
community seed banks. Additionally,
initiatives such as eco-cultural tourism and
sustainability ~labeling based on local
ecological identity could diversify rural
income sources while simultaneously
promoting conservation.
Collectively, these strategies align with the
Sustainable Development Goals (SDG 2 and
SDG 15) by advancing food security,
ecosystem preservation, and community

biodiversity

empowerment through inclusive,
community-based approaches.

Ethnoecological values—manifested through
traditional ecological knowledge, cultural
rituals, and environmental ethics—guide
farming practices that are harmonized with
nature, fostering environmental stewardship
and  collective  responsibility = within
indigenous communities. Meanwhile,
agricultural ~ biodiversity =~ management
operates as an ecological mechanism for
sustainability, where the maintenance of
diverse crops, traditional seed conservation,
and integrated farming systems fortify

ecological resilience and reduce dependency
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on external inputs. Complementing these is
socio-cultural adaptation, which acts as the
social mechanism ensuring flexibility and
environmental  and
economic shifts. Adaptive social institutions
such as gotong royong (collective labor) and
participatory governance systems enhance
both community resilience and collective
learning, embodying the strength of local
social capital.

innovation amid

The integrated structural model
developed in this study exhibits a high
explanatory power (R?=0.69), confirming that
sustainable agricultural performance arises
not from isolated factors but from a
synergistic interplay between cultural
heritage, ecological diversity, and adaptive
capacity. This dynamic relationship supports
the socio-ecological systems perspective,
emphasizing that sustainable outcomes
depend on the co-evolution of human and
natural systems. Theoretically, this research

advances  sustainability =~ science by
establishing ethnoecological values as the
cultural driver behind ecological and social
mechanisms in agriculture. Practically, it
highlights the importance of designing
agricultural development programs that
respect and integrate local wisdom —through
policies supporting community-based
biodiversity conservation, culturally relevant
agricultural education, and participatory
natural resource management. In conclusion,
achieving sustainability in Eastern Indonesia
requires recognizing local culture as a source
of innovation rather than a barrier to
modernization. Strengthening the
interconnection among traditional ecological
knowledge, biodiversity management, and
socio-cultural adaptation will not only boost
productivity but also secure long-term
ecological balance and community well-
being, offering a replicable model for

culturally grounded sustainability in other

developing regions.
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