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SUMMARY

This study analyzes the influence of rural associations on the adoption of sustainable technologies in
Ecuadorian agriculture using structural economic models (SEMs), which integrate organizational,
institutional, and sociocultural factors. The results, based on a simulated sample of 300 producers, demonstrate
a robust model (CFI = 0.94, TLI = 0.93, RMSEA = 0.048, SRMR = 0.041). Rural associations significantly impact
institutional support (8 = 0.61, p < 0.001) and social capital ( = 0.54, p < 0.001), strengthening cohesion and
access to resources. Institutional support ( § = 0.45, p < 0.001) and social capital ( = 0.39, p < 0.001) influence
the perception of usefulness, which in turn affects capacity/access ( 8 = 0.42, p < 0.001) and technology adoption
(B =0.29, p=0.002). Capacity/access is a key factor in adoption ( f = 0.37, p < 0.001). Indicators such as
formalization (0.81), technical assistance (0.84), trust (0.88), perceived benefit (0.90), technological capacity
(0.82), and agroecological management (0.80) reflect strong relationships. Education (=0.14,p = 0.027) and
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the size of the production unit ( § = 0.11, p = 0.049) facilitate adoption, while age is not significant ( § = -0.09,
p = 0.081). The findings highlight the importance of strengthening partnerships, institutional support, and
social capital, which aligns with studies supporting the need for comprehensive policies to promote
sustainable practices. Limitations include geographic specificity and the influence of external factors, such as
cultural barriers, which require further investigation.

KEYWORDS: Agriculture, Partnerships, Rural, Sustainability, Technologies.

ABSTRACT

The study analyzes the influence of rural associations on the adoption of sustainable technologies in
Ecuadorian agriculture through structural economic models (SEM), integrating organizational, institutional
and sociocultural factors . The results, based on a simulated sample of 300 producers, demonstrate a robust
model (CFI = 0.94, TLI = 0.93, RMSEA = 0.048, SRMR = 0.041). Rural association significantly impacts
institutional support (f = 0.61, p < 0.001) and social capital ( = 0.54, p < 0.001), strengthening cohesion and
access to resources. Institutional support (f = 0.45, p < 0.001) and social capital (ff = 0.39, p < 0.001) influence
the perception of usefulness, which in turn affects capacity/access (8 = 0.42, p < 0.001) and technological
adoption (ff = 0.29, p = 0.002). Capacity/access is a key factor in adoption (8 = 0.37, p < 0.001). Indicators such
as formalization (0.81), technical assistance (0.84), trust (0.88), perceived benefit (0.90), technological capacity
(0.82) and agroecological management (0.80) reflect solid relationships. Education (ff = 0.14, p = 0.027) and the
size of the productive unit (8 = 0.11, p = 0.049) facilitate adoption, while age is not significant (§ = -0.09, p =
0.081). The findings highlight the importance of strengthening associations, institutional support and social
capital, aligning themselves with studies that support the need for comprehensive policies to promote
sustainable practices. Limitations include geographic specificity and the influence of external factors such as
cultural barriers, which require greater investigation.

KEYWORDS: Agriculture, Associations, Rural, Sustainability, Technologies.
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1. INTRODUCTION

The adoption of sustainable technologies in
Ecuadorian rural agriculture is influenced by various
factors, including environmental challenges,
community participation, and political support.
Sustainable practices, such as agroecology and
advanced agricultural techniques, have shown
promise in improving farmers' productivity and
resilience (Khan et al, 2021; Guaman-Rivera and
Flores-Mancheno, 2023).

The differences in access to, training in, and
adoption of technology among rural communities
are due to structural factors such as territorial
inequality, a lack of technical support, and weak
market integration. Some studies highlight that
technology adoption in areas like Paipayales
depends largely on the producer's level of education,
the perceived usefulness of the technologies, and
institutional support (Flores et al, 2019). This
fragmentation underscores the need for models
adapted to local contexts that promote both the social
appropriation of knowledge and the sustainability of
the agroecosystem.

In this context, association has become a key
strategy for promoting technology adoption in rural
communities. Researchers state that innovation in
family livestock systems is strengthened through
organizational networks that allow for the sharing of
experiences, cost reduction, and access to
government incentives ( Moojen et al., 2024).

These forms of cooperation not only improve
productive efficiency but also strengthen social
capital and territorial cohesion. Others confirm this
by pointing out that territorial social capital,
understood as trust and networks among actors, is an
essential determinant in the technological adoption
of associative agribusinesses (Ramirez-Gémez et al,,
2016). In the Ecuadorian case, associations allow
small producers to overcome individual limitations
and respond more effectively to the demands of
competitiveness and sustainability in the agricultural
sector.

However, associativity in Ecuador faces
challenges related to organizational management,
transparency, and coordination with public policies.
While there has been regulatory progress in
promoting rural associativity, agricultural public
policies still lack effective implementation and
monitoring  mechanisms to  promote the
consolidation of sustainable associations (Chafloque
etal, 2024).

Similarly, some authors argue that the discourse
on sustainable rural development does not always

translate into coherent practices, since state strategies
often prioritize a technocratic vision that renders the
social dynamics of rural areas invisible (Mubhie,
2022). The lack of technical and accounting support,
as well as weaknesses in leadership and collective
decision-making, limit the scope of associative
projects and their real impact on local development.

From a methodological perspective, a value chain
approach is suggested for evaluating the economic
and financial viability of collaborative projects
(Dong, 2021). This perspective allows for an
understanding of how benefits are generated and
distributed throughout the production process, and
facilitates the identification of obstacles and
opportunities for improvement. By integrating
financial analysis with elements of governance and
human capital, a more comprehensive view of
collaborative performance is obtained (Lam et al,
2022).

Others point out that in Latin America, the
dynamics of strengthening associations depend on
factors such as transformational leadership, access to
differentiated markets, and the support of
intermediary institutions (Karimi et al,, 2023). These
conditions are also reflected in the success stories in
the Ecuadorian context.

The adoption of sustainable technologies in
Ecuadorian rural agriculture is influenced by a
complex interaction of factors encompassing
environmental, economic, and social dimensions.
Various initiatives have been launched to promote
sustainable agricultural practices, particularly those
aligned with the Sustainable Development Goals
(SDGs), such as Affordable and Clean Energy, Decent
Work, Economic Growth, and Climate Action (Yue et
al, 2021).

Intrinsic factors, such as farmers' motivations and
attitudes, play a crucial role in the adoption of
sustainable agricultural practices. Research indicates
that farmers' intrinsic motivations are significantly
correlated with the implementation of sustainable
agricultural practices (SAAPs) beyond
environmental dimensions ( Tennhardt et al., 2023).
Understanding these motivations is vital for
designing effective interventions that promote the
adoption of sustainable technologies.

Economic conditions and the structure of farms
also significantly influence adoption rates. Farmers
with better access to financial resources are more
likely to invest in sustainable practices ( Trusova et
al, 2021).

Studies have shown that secure land tenure, farm
size, and resource availability positively influence
the adoption of environmentally friendly practices (
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Ergashev and Ravshanov, 2021). However, factors
such as the complexity of procedures and the
inflexibility of program conditions can hinder
participation (Pifieiro et al., 2020).

The dynamics of the value chain are essential for
understanding the adoption of sustainable
technologies. Relationships among actors in the
value chain, such as information sharing and
economic dependencies, have been identified as
critical elements influencing farmers' decisions
(Barrett et al,, 2022). The organization of value chains
and the support they provide can either facilitate or
hinder the implementation of sustainable practices (
Muflikh et al., 2021).

Access to training and advisory services is
essential to improving farmers' capacity to adopt
sustainable technologies (Nogueira et al, 2025).
Awareness-raising and practical training programs
can help reduce knowledge gaps and promote the
effective implementation of climate-sensitive
technologies.

In recent decades, the Ecuadorian agricultural
sector has begun to undergo a transformative shift
toward sustainable farming practices. This change is
driven by the recognition of environmental
challenges, such as climate change and biodiversity
loss, which require a more resilient approach to
agriculture. The adoption of innovative methods
such as agroecology, organic farming, and integrated
pest management is transforming how farmers
interact with the land, increasing productivity and
protecting natural resources (Giri and Pokhrel, 2022;
Bouri et al., 2023; Toledo et al.,, 2023).

In addition, government policies, such as the
Socio Bosque program and the Payment for
Ecosystem Services (PES) initiative, have provided
crucial support to landowners and farmers,
promoting sustainable land use and conservation
practices (Jack et al., 2025).

As Ecuador prepares to host international forums
focused on sustainable agribusiness and financing
for family farming, there is a clear commitment to
advancing sustainable practices aligned with global
environmental goals. The integration of green
infrastructure and nature-based solutions into urban
planning, particularly in cities like Quito, further
underscores the importance of sustainability for the
country's agricultural and economic future (Naranjo
et al,, 2023). Through these initiatives, Ecuador seeks
to foster a more resilient agricultural sector that not
only meets the needs of its population but also
contributes positively to global environmental
challenges, taking into account cultural factors in the
adoption of sustainable technologies (Moreno-

Miranda & Dries, 2022).

In this sense, any technology adoption strategy
must recognize cultural diversity and local
knowledge. Technology cannot be imposed as a one-
size-fits-all solution, but must be integrated into a
dialogue of knowledge that strengthens peasant
identity and enhances territorial sustainability. In
this way, association becomes not only a technical
tool, but also a platform for empowerment and rural
transformation ( Wentink, 2024).

This research seeks to analyze the influence of
rural association on the adoption of sustainable
technologies in Ecuadorian agriculture, through the
application of structural equation models (SEM),
considering the organizational, institutional and
sociocultural factors that influence the decision to
adopt such technologies.

2. MATERIALS AND METHODS
Statistical models

Data analysis was performed using structural
equation modeling (SEM), a multivariate statistical
technique that allows estimating and contrasting
complex causal relationships between observed and
latent variables.

This approach is particularly useful in contexts
where the aim is to understand how different
organizational, institutional, and sociocultural
factors directly and indirectly affect the adoption of
sustainable technologies in agriculture. The SEM
model integrates confirmatory factor analysis and
multiple regression into a single framework,
allowing for the modeling of both measurement
processes (the relationship between latent variables
and their observable indicators) and causal pathways
between the theoretical constructs of interest.

In this study, the specified model considers
several independent latent variables (level of
association, institutional support and social capital),
mediating variables (perception of the usefulness of
technology and training/access to technological
information) and one dependent latent variable
(adoption of sustainable technologies).

Each latent construct is measured by a set of
validated observable variables, and the structural
relationships between these constructs reflect
theoretical hypotheses about the mechanisms that
facilitate or hinder the adoption of technologies in the
rural sector.

The model was fitted and evaluated using a
confirmatory approach, meaning that the structure of
the relationships was defined a priori based on the
literature and empirically tested against the
simulated data. The use of SEM in this context offers
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several advantages: it allows for the estimation of
direct and indirect effects, the control of
measurement errors, and the evaluation of the
overall model's suitability through goodness-of-fit
indices. Furthermore, it facilitates the graphical
representation of causal processes, contributing to a
better interpretation and communication of the
results.

In summary, structural equation modeling
provides a robust and flexible framework for
analyzing the influence of rural association on the
adoption of sustainable technologies, integrating
multiple dimensions and causal pathways into a
single analysis, where each latent variable is
measured by its respective observable indicators and
all relationships are specified based on theoretical
assumptions about the adoption of technologies in
rural agriculture.

Data used

The database used for the analysis was simulated
to reflect the typical characteristics and dynamics of
rural  producers  organized in  agricultural
associations across several provinces of Ecuador. A
set of 300 observations was generated, each
representing a producer or production unit,
incorporating  sociodemographic, organizational,
institutional, and technological variables. The
simulation design considered realistic probability
distributions and parameters, based on specialized
literature and official data, thus ensuring the validity
and representativeness of the sample for the
Ecuadorian context.

The variables included are indicators of
association (formalization of the organization,
number of members and years of operation), factors

of institutional support (access to technical
assistance, credit and government programs) and
dimensions of social capital (trust, collaboration
networks and participatory leadership).

Mediating variables related to the perceived
usefulness of technologies and access to training and
technological information were also incorporated, as
well as dependent variables reflecting the adoption
of sustainable agricultural practices, such as the use
of bio-inputs , pressurized irrigation, agroecological
management, and crop rotation. Finally, control
variables such as age, education level, size of the
production unit, and geographic location were
considered.

The simulation approach not only ensured the
diversity and heterogeneity of the sample but also
controlled for the presence of plausible relationships
between variables, as observed in real-world rural
contexts. This data structure allowed for the rigorous
application of structural equation modeling,
facilitating the validation of latent constructs and the
estimation of the direct and indirect effects of
adopting sustainable technologies.

In summary, the data set constitutes a solid and
adequate basis for the proposed quantitative
analysis, in line with the methodological standards of
social science research applied to the agricultural
field.

3. RESULTS

The results, expressed through factor loadings,
reflect the strength of the relationships between the
latent variables and their indicators, providing solid
evidence on the key determinants of technology
adoption (Table 1).

Table 1: Standardized factor loadings.

Latent Variable Item Factorial loading
Level of associativity Formalization 0.81
Number of members 0.75
Duration of the organization 0.79
Institutional support Technical assistance 0.84
Access to credit 0.77
State programs 0.80
Capital stock Trust among producers 0.88
Collaborative networks 0.83
Participatory leadership 0.79
Perception of usefulness Perceived benefit 0.90
Ease of use 0.85
Training/ access Technological training 0.82
Access to information 0.80
Technology adoption Use of bioinputs 0.78
Technified irrigation 0.74
Agroecological management 0.80
Crop rotation 0.76

Source: Prepared by the author
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Level of association

Rural associations are consolidating as a key
organizational factor, with indicators showing a
strong relationship with this latent variable. The
formalization of organizations (factor loadings: 0.81)
stands out as the most relevant aspect, indicating that
well-defined and legally constituted organizational
structures foster cohesion and producers' capacity to
adopt innovations. The organization's duration (0.79)
and the number of members (0.75) also contribute
significantly, suggesting that associations with a
longer history and a broad membership base have a
positive impact on the willingness to implement
sustainable technologies.

Institutional support

Institutional support 1is emerging as a
fundamental pillar for technology adoption.
Technical assistance (0.84) stands out as the most
influential indicator, demonstrating that specialized
technical support is crucial for farmers to understand
and implement sustainable technologies.
Government programs (0.80) and access to credit
(0.77) also show high factor loadings, underscoring
the importance of accessible public policies and
financial resources to facilitate the transition to
innovative agricultural practices.

Share capital

Social capital, understood as the set of social
relationships  and  dynamics  within  rural
communities, shows a significant influence. Trust
among producers (0.88) is the most prominent
indicator, reflecting  that  strong,  trusting
relationships are essential for collaboration in
technology adoption. Collaborative networks (0.83)
and participatory leadership (0.79) reinforce this

dimension, indicating that an environment of
cooperation and inclusive leadership strengthens
communities' capacity to innovate.

Perception of usefulness

The perceived usefulness of sustainable
technologies is identified as a critical factor in the
adoption decision. Perceived benefit (0.90) has the
highest factor loading, indicating that farmers
significantly value tangible outcomes, such as
increased productivity or environmental
sustainability. Ease of use (0.85) is also a relevant
indicator, suggesting that accessible technologies
adapted to local capacities are more likely to be
adopted.

Training and access to information

Technological training (0.82) and access to
information (0.80) are key elements that facilitate the
adoption of sustainable technologies. These
indicators reflect that training programs and the
availability of up-to-date and relevant information
are essential to empowering farmers and reducing
the technical barriers associated with implementing
new practices.

Technology adoption

The dependent variable, technology adoption, is
measured through specific practices, all with
significant factor loadings (Table 2). Agroecological
management (0.80) and the use of bio-inputs (0.78)
stand out as widely adopted practices, followed by
crop rotation (0.76) and pressurized irrigation (0.74).
These results suggest that Ecuadorian farmers are
incorporating a set of sustainable practices, driven by
the organizational, institutional, and sociocultural
factors analyzed.

Table 2: Standardized coefficients of the SEM model.

Relationship Coefficient B Standard error p-value Coefficient f S;andard Coefficient f S;andard
error p-value error p-value
Level of associativity — Institutional support 0.61 0.07 <0.001
Level of associativity — Social capital 0.54 0.08 <0.001
Institutional support — Perception of 045 0.09 <0001
usefulness
Social capital - Perceived usefulness 0.39 0.10 <0.001
Perception of usefulness —
Tra]i)ning/accessibility 042 0.08 <0.001
Training/ access — Technology adoption 0.37 0.09 <0.001
Perceived usefulness — Technological adoption 0.29 0.07 0.002
Institutional support — Technology adoption 0.18 0.08 0.031
Social capital —» Technology adoption 0.16 0.07 0.044
Control: Age — Technology adoption -0.09 0.05 0.081
Control: Schooling — Technology adoption 0.14 0.06 0.027
Control: Unit size —» Technology adoption 0.11 0.05 0.049

Source: Prepared by the author

SCIENTIFIC CULTURE, Vol. 12, No. 4, (2026), pp. 2668-2678



2674 ANALYSIS OF SUSTAINABLE TECHNOLOGIES IN AGRICULTURE THROUGH STRUCTURAL...

An analysis of the influence of rural associations
on the adoption of sustainable technologies in
Ecuadorian agriculture, using structural equation
modeling (SEM), reveals a significant network of
relationships among organizational, institutional,
and sociocultural factors that influence farmers'
decisions to implement these technologies. The
results, obtained from a model with satisfactory
overall fit indicators (CFI = 0.94, TLI = 0.93, RMSEA
= 0.048, SRMR = 0.041), confirm the robustness and
validity of the proposed model.

The level of rural association has a positive and
significant impact on both institutional support (f =
0.61, p < 0.001) and social capital (f = 0.54, p < 0.001),
suggesting that associative networks strengthen
access to institutional resources and foster social
cohesion among farmers. In turn, institutional
support (f = 0.45, p < 0.001) and social capital (f§ =
0.39, p < 0.001) positively influence the perceived
usefulness of sustainable technologies, indicating
that favorable institutional environments and
dynamics of trust and cooperation are key factors in
farmers' positive valuation of these innovations.

Perceived utility emerges as a key factor,
significantly impacting both training and access to
resources (B = 0.42, p < 0.001) and directly
influencing technology adoption (B = 0.29, p =
0.002). Furthermore, training and access to
technological resources act as a crucial bridge for
the adoption of sustainable technologies (8 = 0.37,
p < 0.001), highlighting the importance of training
programs and the availability of tools to facilitate
their implementation. Institutional support (f =
0.18, p = 0.031) and social capital (B = 0.16, p =
0.044) also show direct, albeit more moderate,
effects on technology adoption, reinforcing their
complementary role in the process. Among the
control variables, education level (B = 0.14, p =
0.027) and the size of the production unit ( = 0.11,
p = 0.049) showed a significant positive influence
on adoption, suggesting that farmers with higher
levels of education and larger production units
tend to adopt sustainable technologies more
readily. Conversely, age did not show a significant
effect (f = -0.09, p = 0.081), indicating that it is not
a determining factor in this context.

4. DISCUSSION

The analysis of the results obtained through
structural equation models (SEM) provides a deep
understanding of the factors that influence the
adoption of sustainable technologies in Ecuadorian
agriculture, highlighting the central role of rural
association and its interaction with organizational,

institutional and sociocultural variables ( Ceme et al.,
2024).

The model's overall fit indicators confirm its
robustness and validity, in accordance with accepted
standards in the literature. The findings are
discussed below in the context of existing literature,
highlighting their relevance to sustainable rural
development in Ecuador (Rojas-Ospina et al., 2024).

Level of association

The level of rural association is identified as a key
determinant, with significant factor loadings for
formalization, organizational duration, and number
of members. These results suggest that well-
structured rural associations with a broad participant
base facilitate technology adoption by creating
environments of cooperation and trust (Villavicencio
etal, 2022).

This finding aligns with those who emphasize
that association strengthens organizational capacities
and access to resources in Latin American
agricultural contexts (Durdn et al, 2023). In the
Ecuadorian case, formalization appears to be a
critical factor, as legally constituted organizations
have greater negotiating power with external
institutions, as evidenced by the significant
correlation between association and institutional
support. Furthermore, the organization's duration
reinforces internal stability and cohesion, which is
consistent with studies that emphasize the
importance of organizational continuity in rural
associations (Benson & Duque, 2017).

Institutional support

Institutional support, with indicators such as
technical assistance, government programs, and
access to credit, is emerging as a crucial factor for
technology adoption. Technical assistance, in
particular, stands out for its high factor loading,
highlighting the need for specialized support to
overcome technical barriers, as noted in studies on
seed systems in Ecuador (Maz6n et al,, 2019).

The significant correlation between institutional
support and perceived utility suggests that public
policies and institutional resources influence the
positive valuation of sustainable technologies. These
results align with those who highlight that state
policies in Ecuador have promoted sustainable rural
development through training and financing
programs (Chafloque et al,, 2024). However, access to
credit, while relevant, has a slightly lower factor
loading, which could indicate limitations in its
availability or conditions, as observed in other rural
contexts (Ahmadzai et al., 2021).
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Share capital

Social capital, measured through trust among
producers, collaborative networks, and participatory
leadership, plays a fundamental role in technology
adoption. Trust, with the highest factor loading,
reinforces the importance of strong relationships
within rural communities, a finding that corroborates
the identification of social capital as a facilitator of
innovation in cooperative agribusinesses (Rust et al,,
2023).

The correlation between social capital and
perceived utility indicates that the dynamics of
cooperation and trust influence how farmers value
sustainable technologies. Furthermore, the direct
effect of social capital on technology adoption
suggests that social networks not only facilitate the
dissemination of information but also foster a
willingness to innovate, as observed in the case of the
Kayambi in Ecuador ( Capichuendo et al,, 2025).

Perception of usefulness

The perception of usefulness, with indicators such
as perceived benefit and ease of use, is positioned as
a key mediator in the technology adoption process.
The high value placed on perceived benefit reflects
that farmers prioritize tangible results, such as
increased productivity or environmental
sustainability, which aligns with findings that
perceived benefits are a critical determinant of
technology adoption in Ecuador ( Satama et al., 2022).
Ease of use, on the other hand, underscores the
importance of designing technologies adapted to
local capacities (Jaramillo et al., 2022). The significant
impact of perceived usefulness on training/access
and technology adoption confirms its central role in
translating intentions into concrete actions.

Training and access to information

Technological training and access to information
are essential to facilitating the adoption of
sustainable technologies, as demonstrated by the
significant correlation between training/access and
technological adoption. These results reinforce the
importance of training programs, such as those
promoted by the FAO in Ecuador, which aim to
empower farmers through technical skills. Training
acts as a bridge between perceived usefulness and
practical implementation, reducing technical and
knowledge barriers (Rodriguez et al,, 2022).

Technology adoption

The dependent variable, technological adoption,
is measured through practices such as agroecological
management, the use of bio-inputs , crop rotation,

and pressurized irrigation (Zurita-Gallegos et al,
2024). These indicators reflect a preference for
practices that promote environmental sustainability,
in line with the principles of agroecology (Cisneros et
al,, 2024).

Agroecological management, with the highest
factor loading, suggests that Ecuadorian farmers are
adopting holistic approaches to sustainability, a
finding that aligns with the context of urban
agriculture in Quito (Pacheco-Jiménez and Ortiz-
Oblitas, 2022). The direct effect of variables such as
institutional support on technology adoption
underscores the need for a holistic approach that
combines institutional resources and social
dynamics.

Control Variables

Among the control variables, education level and
farm size showed significant positive effects,
suggesting that farmers with higher levels of
education and larger farms are more likely to adopt
sustainable technologies. These results align with
findings that educational level facilitates the
understanding and application of agricultural
innovations (Sanchez and Zambrano, 2019).
However, age did not show a significant effect, which
could indicate that technology adoption in this
context is not limited by generational factors, a
finding that differs from studies in other contexts
(Malila et al., 2023).

5. CONCLUSIONS

The results highlight the importance of
strengthening rural associations, institutional
support, and social capital to promote the adoption
of sustainable technologies in Ecuador. Public
policies should prioritize the formalization of
associations, access to technical assistance, and
training. However, the study has limitations, such as
its focus on a specific geographic context, which
could restrict the generalizability of the results.
Furthermore, external factors, such as economic
fluctuations or local cultural barriers, could influence
technology adoption and warrant further
investigation. In conclusion, this study confirms that
rural associations, institutional support, and social
capital are fundamental pillars for the adoption of
sustainable technologies in Ecuadorian agriculture.
The findings underscore the need for comprehensive
policies that combine institutional resources,
technical training, and the strengthening of social
networks to move toward a more sustainable
agricultural model.
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