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ABSTRACT

Agricultural sustainability represents a central challenge for small-scale production systems, particularly in
rural territories where pressure for immediate profitability conditions the adoption of environmentally
responsible practices. In this context, this article analyzes the influence of perceived economic benefits on the
environmental sustainability of farmers in the canton of Patate, Ecuador, using an empirical approach based
on Structural Equation Modeling (SEM). The study is grounded in the triple sustainability framework and in
the literature that highlights the role of economic incentives as a key driver of change in agricultural systems.
Accordingly, a quantitative research design with a correlational-causal scope was employed, using primary
data collected through surveys administered to agricultural producers. Model fit was assessed using absolute,
incremental, and parsimony indices, which demonstrated adequate consistency and validity of the proposed
model. The structural results showed that agricultural practices exerted a positive and significant direct effect;
however, the effect of perceived benefits on environmental sustainability was considerably stronger,
confirming their role as a key mediating mechanism in the adoption and persistence of sustainable practices.
These findings indicate that environmental sustainability in Patate is strongly conditioned by perceptions of
profitability, which helps explain the coexistence of conventional and conservation-oriented practices within
hybrid production systems. Accordingly, this study provides empirical evidence reinforcing the need for public
policy and agricultural extension strategies aimed at demonstrating the economic benefits of sustainable
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practices as a necessary condition for strengthening environmental resilience and long-term agricultural
production in similar rural contexts.

KEYWORDS: Sustainability, economic, social, environmental, agricultural practices, perceived benefits,
Structural Equation Modeling (SEM).
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1. INTRODUCTION

Currently, agriculture faces a systemic challenge
of global scope: ensuring food security for a
population projected to exceed 10 billion people by
2050, which implies an estimated 70% increase in
food production (Kumar et al., 2024). However, this
productive imperative unfolds in a context of
increasing degradation of mnatural resources,
particularly soil, a key element for agricultural
productivity, agroecosystem stability, and carbon
sequestration. It is estimated that nearly half of the
world’s arable land exhibits some degree of
degradation, mainly attributable to intensive and
inappropriate agricultural practices, such as
conventional tillage, which exposes soil to solar
radiation and oxygen, accelerating the loss of organic
matter and increasing susceptibility to erosion (Feng
et al., 2025).

From an environmental perspective, the
agricultural sector constitutes one of the primary
drivers of pressure on natural systems. At the global
level, agriculture accounts for approximately 90% of
freshwater consumption and represents a significant
share of anthropogenic nitrogen and phosphorus
flows within the Earth’s biogeochemical cycles
(Zhang et al., 2021). Moreover, the increasing
dependence on synthetic pesticides has given rise to
the so-called pesticide treadmill, a phenomenon in
which increases in gross domestic product (GDP) are
associated with higher use of chemical inputs,
thereby intensifying environmental contamination
and risks to human health. This situation is
particularly critical in agrarian economies, where
production intensification tends to prioritize
immediate yields, often at the expense of
environmental externalities and the ecological
resilience of productive systems (Wyckhuys et al.,
2022).

Against this backdrop, the scientific literature has
emphasized the need to transition toward models of
sustainable intensification, based on practices such as
crop rotation, the use of organic fertilizers, vegetative
cover, and minimum tillage. These strategies have
been shown to significantly reduce water stress,
erosion, and soil degradation across a large share of
crops exposed to extreme climatic events (Feng et al.,
2025; Sardo et al., 2024). Likewise, the emergence of
Agriculture 4.0, which integrates technologies such
as the Internet of Things (IoT) and artificial
intelligence, offers opportunities to optimize input
use, improve productive efficiency, and reduce
environmental impacts; however, its adoption
remains uneven, particularly in small-scale farming
systems (Kumar et al., 2024; Mana et al., 2024).

Another  relevant axis of agricultural
sustainability is the management of organic waste
under circular economy approaches. In various
contexts, both European and Latin American, the
valorization of agricultural by-products—such as
straw, pruning residues, or fruit peels —has enabled
the development of bioproducts that reduce the
sector’'s environmental burden. However, the
implementation of these solutions is often
constrained by the high initial energy demand of
transformation processes, highlighting the need to
integrate renewable energy sources to ensure the
environmental coherence of the transition (Amato et
al., 2021; Mana et al., 2024).

Beyond technological and technical advances, the
effective adoption of sustainable agricultural
practices constitutes a fundamentally economic and
cognitive challenge. From the perspective of the
producer’s rational behavior theory, farmers are
conceived as optimizing agents who prioritize
financial viability and the stability of their
livelihoods before committing to long-term
environmental objectives (Valcourt et al, 2024;
Wyckhuys et al., 2022). In this context, perceived
benefits (PB)—such as cost reduction, production
stability, and improved soil fertility —emerge as a
decisive factor conditioning the environmental
sustainability = (ES) of agricultural systems,
particularly in family farming and small-scale
agricultural contexts (Touch et al., 2024; Valcourt et
al., 2024).

Empirical evidence suggests the existence of an
implementation gap between available
agroecological knowledge and its effective
application in the field. While scientific research on
agricultural sustainability continues to expand, the
adoption of sustainable practices tends to stagnate
when producers fail to identify clear economic
incentives or perceive high levels of financial risk.
Structural factors such as market access, land tenure
security, and the availability of technical assistance
play a decisive role in production decision-making,
frequently tipping the balance toward conventional
strategies oriented to short-term income (Seipel et al.,
2019; Wyckhuys et al., 2022).

Despite the proliferation of global conceptual
frameworks, such as the Triple Bottom Line
approach, a significant gap in quantitative evidence
persists in rural contexts of Latin America,
particularly in Andean regions characterized by high
climatic variability and small-scale production
systems. In Ecuador, extreme events such as the 2017
Coastal El Nifio highlighted the high vulnerability of
rural infrastructure and producers to floods and
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landslides, further exacerbating
sustainability gaps (Rollenbeck et al., 2022).

In this context, studies employing advanced
multivariate methods to analyze the structural
relationships between economic perceptions,
agricultural practices, and environmental outcomes
at the farm level remain limited. Most existing
research relies on descriptive analyses or aggregated
climatic information, which hinders the ability to
capture the microclimatic and socioeconomic
dynamics specific to highly productive agricultural
territories, such as the canton of Patate in the Andean
region of Ecuador.

In response to this gap, the objective of the present
study is to determine the influence of perceived
economic and technical benefits on the
environmental sustainability of farmers in Patate,
Ecuador, assessing whether the economic dimension
acts as the articulating axis that supports the social
and environmental dimensions, in line with the
Triple Bottom Line approach. To this end, a
Structural Equation Modeling (SEM) framework is
employed, a multivariate statistical technique that
allows the simultaneous testing of causal
relationships between observable variables and
latent constructs, while incorporating measurement
errors as well as direct and indirect effects (Manzano
Patifio, 2017; Ruiz et al.,, 2010). This approach is
particularly suitable for analyzing how the subjective
perception of benefits conditions the adoption of
agricultural  practices and, ultimately, the
achievement of environmental sustainability,
providing a robust empirical basis for the design of
agricultural extension policies tailored to the realities
of Ecuadorian producers (Lepera, 2021).

Consistent with the theoretical framework and the
rational producer behavior theory, this study is
based on the assumption that environmental
sustainability in small-scale agricultural systems
does not depend solely on the isolated adoption of
agricultural practices, but rather on producers’
perceptions of the economic and technical benefits
associated with such practices. Accordingly, the
study hypothesizes that higher perceived benefits
(PB) exert a positive and significant effect on both the
adoption of sustainable agricultural practices (AP)
and the level of environmental sustainability (ES).
Moreover, it is posited that agricultural practices act
as a partial mediating mechanism in the relationship
between perceived benefits and environmental
sustainability, thereby configuring a causal
framework consistent with the proposed structural
equation modeling approach.

existing

2. METHODOLOGY

The present study adopts a quantitative approach
with an explanatory scope and is conducted under a
non-experimental, cross-sectional research design.
Accordingly, data collection was carried out at a
single point in time, allowing for the analysis of
interrelationships  among  variables  without
deliberate manipulation, which is appropriate for the
study of socio-environmental phenomena in real
agricultural contexts.

The dataset comprises 2,900 observations
collected from rural farmers in the canton of Patate,
Ecuador. Accordingly, the inclusion criteria required
participants to be landowners or directly responsible
for agricultural holdings, with a minimum of two
years of experience in local productive activities.
Data collection was conducted using a structured
questionnaire validated through expert judgment,
which enabled the operationalization of the study’s
core variables: Agricultural Practices (AP), Perceived
Benefits (PB), and Environmental Sustainability (ES).
The items were predominantly measured using a
five-point Likert-type scale, suitable for capturing
perceptions, attitudes, and behaviors in social and
productive contexts. Surveys were administered in
person to farmers affiliated with agricultural
associations in the canton.

Statistical analyses were conducted using IBM
SPSS Statistics for descriptive analysis and reliability
assessment, and JASP for the estimation of the
structural equation model and the testing of the
proposed hypotheses.

The analysis is grounded in a mediated
correlational-causal approach, using Structural
Equation Modeling (SEM) as the primary analytical
technique. SEM is particularly suitable for testing
theoretical models that posit direct and indirect
relationships between latent and observed variables,
allowing the evaluation of complex causal structures
on an empirical basis (Ruiz et al, 2010). This
approach is especially appropriate for studies in
social sciences applied to agriculture, where
constructs such as agricultural practices, perceived
benefits, and environmental sustainability are not
directly observable and must be operationalized
through multiple indicators (Doral Fabregas et al.,
2018; Hair et al., 2019). Accordingly, the model
provides the foundation for the empirical analysis by
simultaneously integrating a measurement model
and a structural model, thereby enabling the
assessment of causal relationships among latent
variables that are not directly observable (Bollen,
1989; Kline, 2016).

In the structural model, consistent with the
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theoretical framework and the objectives of the
study, a mediated causal model is proposed in which
Agricultural Practices (AP) exert both direct and
indirect effects —through Perceived Benefits (PB)—
on Environmental Sustainability (ES). Formally, the
structural model is expressed through the following
system of equations:

BP=y1PA+C1

SA=p1BP+y2PA+(2

where:

AP represents the exogenous latent variable
Agricultural Practices.

PB corresponds to the mediating latent
variable Perceived Benefits.

ES is the endogenous
Environmental Sustainability.

v_1y y_2 are the structural coefficients that
capture the direct effects of AP on PB and ES,
respectively.

B_1 represents the direct effect of PB on ES.

C1 y C_2 are the structural error terms,
which capture the variance not explained by the
model.

This specification allows for the estimation of the
total effect of agricultural practices on environmental
sustainability by decomposing it into a direct effect
(y2) and an indirect effect mediated by perceived
benefits (y1x{1), Moreover, for the measurement
model, each latent variable was operationalized
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The proposed Structural Equation Model (SEM)
shown in Figure 1 provides an integrated
representation of the causal and mediating
relationships among agricultural practices (AP),
perceived benefits (PB), and environmental
sustainability (ES) among farmers in the canton of
Patate. In this framework, agricultural practices
constitute an  exogenous latent  variable,
operationalized through observable indicators
related to soil management, input use, conservation
techniques, and productive practices. Perceived
benefits act as a mediating latent variable, reflecting
producers” subjective evaluation of the economic,
productive, and operational returns derived from the
adoption of specific agricultural practices. In turn,

through a set of observable indicators collected via
the structured questionnaire. The measurement
model is expressed as follows:

For Agricultural Practices (AP):

X_(PA_i)=A_(PA_i) "PA"+e_(PA_i)

For Perceived Benefits (PB):

X_(BP_j)=A_(BP_j) "BP"+e_(BP_j)

For Environmental Sustainability (ES):

X_(SA_k)=A_(SA_k ) "SA"+e_(SA_k)

Where:

X_(PA_i), X_(BP_j)y X_(SA_k) represent
the observed indicators of each construct.

\ are the factor loadings, which reflect the
extent to which each item explains its respective
latent variable.

e corresponds to the measurement error
associated with each indicator.

The mathematical specification of the SEM model
allows for the empirical evaluation of the central
hypothesis of the study, according to which
perceived benefits act as a key mediating mechanism
in the relationship between agricultural practices and
environmental sustainability (Chou et al., 2015). This
approach is consistent with the literature, which
argues that the adoption and persistence of
sustainable practices depend largely on producers’
perceptions of profitability and utility, particularly in
family farming and small-scale agricultural contexts.

N R

environmental sustainability is modeled as an
endogenous latent variable, measured through
indicators associated with soil conservation,
reduction of environmental impacts, efficient use of
natural resources, and the resilience of the
production system.

The model explicitly distinguishes between the
measurement model, which links latent variables to
their respective observed indicators, and the
structural model, which captures the direct and
indirect effects among AP, PB, and ES. This
distinction allows for the assessment of both the
direct influence of agricultural practices on
environmental sustainability and the mediating role
of perceived benefits. This approach is
methodologically appropriate for analyzing complex
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agricultural systems, where production decisions are
shaped by both technical and perceptual factors, and
it is grounded in the capacity of SEM to
simultaneously test causal relationships between
latent and observed variables (Lepera, 2021; Ruiz et
al., 2010).

To validate the SEM framework, model fit indices
were considered and required to exceed theoretically
established thresholds in order to demonstrate that
the model provides relevant and statistically
meaningful information. Accordingly, Table I
presents the fit indices and their corresponding
values used for model adjustment and validation.

Table 1: SEM Model Fit Indices.
Statistic Ratio Detail

2 p > = ,05. Model Chi-square
x.df.p Good fit statistic
x? <203 Normed chi-square
df Acceptable fit statistic (x2/df).
Steiger-Lind Root
<,06 Acceptable Mean Squa_re EI.‘I‘OI’
of Approximation
RMSEA (RMSEA).
<,05 Excellent
2,90 Acceptable Bentler's

CFI Comparative Fit
> 95 Excellent Index (CFI).
<10 Acceptable | Standardized Root

SRMR Mean Square
<,08 Excellent Residual (SRMR).
2,90 Acceptable | Tycker-Lewis Index
TLI (NNFI) (Non-Normed Fit
> 95 Excellent Index, TLI).
2,90 Acceptable Joreskog-Sérbom
GFI Goodness-of-Fit
> 95 Excellent Index (GFI).
PNFI Parsimonious
> ,50 Acceptable Normed Fit Index
(PNFI).
PRATIO > ,50 Acceptable Parsimony ratio.

These indices must meet theoretically established
thresholds in order to ensure that the model provides
statistically meaningful and conceptually consistent
information. In this regard, Table 1 presents the main
fit indices, their acceptance criteria, and their
methodological interpretation. These include the chi-
square statistic and its normalized ratio (x2/df),
which assess the overall discrepancy between the
model and the observed data; the RMSEA, which
measures the model’s approximation error; and the
incremental fit indices CFI and TLI, which compare
the fit of the proposed model against a null model. In
addition, the SRMR is included as an indicator of the
standardized mean residual. Furthermore,
parsimony indices such as the PNFI and the

parsimony ratio (PRATIO) are incorporated to
evaluate the balance between model complexity and
explanatory power. The joint consideration of these
indices enables a comprehensive assessment of the
model’s overall fit, ensuring the statistical robustness
and scientific validity of the conclusions regarding
the influence of perceived benefits on the
environmental sustainability of farmers in Patate.

3. RESULTS

This section presents the results derived from the
descriptive analysis of the variables considered in the
study. This analysis allows for the identification of
general patterns, frequencies, trends, and
predominant behaviors within the studied
population, constituting an essential empirical basis
for the subsequent interpretation of the relationships
among the variables included in the model. Likewise,
the descriptive results facilitate an initial
understanding of the local productive context and
the socioeconomic and technical conditions under
which agricultural activities are carried out,
providing an interpretative framework for the
subsequent structural analysis.

Table I. Frequencies of the Adoption of
Agricultural Practices.

. Cumulative
Frequency| Percent Valid percentage
percent
No 71 71,0 71,0 71,0
mf:fiﬂn Si 29 290 | 29,0 100,0
Total 100 100,0 | 100,0
Organic NO 5 5,0 5,0 5,0
Pyt T 95 95,0 95,0 100,0
Total 100 100,0 | 100,0
hetic—NO 8 8,0 8,0 8,0
fe):lthze:i; SI 92 20 | 920 100,0
Total 100 100,0 | 100,0
NO 77 77,0 77,0 77,0
R;ﬁ:;zd S 23 23,0 23,0 100,0
Total 100 100,0 | 100,0
] NO 84 84,0 84,0 84,0
s]e)elg;;tg SI 16 160 | 160 100,0
Total 100 100,0 | 100,0

Table 1 reveals a markedly uneven adoption of
agricultural practices in the canton of Patate. While
92% of producers use chemical fertilizers, only 16%
apply direct seeding and merely 23% employ
minimum tillage. Although the use of organic
fertilizers reaches a high 95%, this practice does not
replace but rather coexists with a strong dependence
on external inputs. This pattern indicates the
presence of hybrid production systems in which
sustainable practices are incorporated only partially,
without a comprehensive transition toward
conservation-oriented management models. In a

SCIENTIFIC CULTURE, Vol. 12, No 2.1, (2026), pp. 6271-6282



6277

AGRICULTURAL PRACTICES AND ENVIRONMENTAL SUSTAINABILITY

territory where agriculture —particularly fruit
production and certain tubers — constitutes the main
economic activity, this combination of practices
reflects a fragile and unstable form of sustainability,
conditioned by the priority given to immediate
productivity over long-term resource conservation.
Structural Equation Modeling (SEM) is a
confirmatory multivariate statistical technique that

allows complex theoretical models to be tested
against the empirical reality observed in a given
sample (Manzano Patifio, 2017). In this study, the
overall fit of the environmental model for farmers in
the canton of Patate was evaluated using several
goodness-of-fit statistics, which determine whether
the proposed causal structure is consistent with the
empirical data collected.

Table II. Model Fit.

n(Parameters) Baseline test
AIC BIC n(Observations) Total Free | x> | df | p
Model 1 100 65 65 192.08|74.00|.076

Table 2 confirms the validity of the model, as the
p-value of 0.076 indicates a good model fit by
exceeding the 0.05 threshold. This result suggests
that there is no significant discrepancy between the
covariance matrix observed in the sample and the

matrix reproduced by the model, thereby allowing
the null hypothesis—that the theoretical model is
adequate—to be retained. Furthermore, the
normalized chi-square value of 1.244 supports the
continuation of the structural equation modeling
analysis for the environmental dimension.

Table 3: Model Fit Indices.

Index Value

Comparative Fit Index (CFI) 0.970

Tucker-Lewis Index (TLI) 0.964

Bentler-Bonett Non-normed Fit Index (NNFI) 0.964

Bentler-Bonett Normed Fit Index (NFI) 0.869
Parsimony Normed Fit Index (PNFI)

Bollen's Relative Fit Index (RFI) 0.839
Bollen's Incremental Fit Index (IFI) 0.971
Relative Noncentrality Index (RNI) 0.970

Root mean square error of approximation (RMSEA) 0.050

RMSEA 90% CI lower bound 0.000

RMSEA 90% CI upper bound 0.080

RMSEA p-value 0.485

Standardized root mean square residual (SRMR) 0.114
Hoelter's critical N (a = .05) 122.450
Hoelter's critical N (a = .01) 135.377

Goodness of fit index (GFI) 0.971

McDonald fit index (MFI) 0.982

Expected cross validation index (ECVI)

Regarding the incremental fit indices, the CFI
(0.970) and TLI (0.964) clearly exceed the
recommended threshold of 0.95, demonstrating a
substantial improvement of the proposed model
relative to the null independence model. Likewise,
the Root Mean Square Error of Approximation
(RMSEA = 0.050) lies at the threshold of excellent fit,
indicating a minimal approximation error relative to

the degrees of freedom. Although the SRMR (0.114)
is slightly above the optimal benchmark of 0.08, the
high values of the GFI (0.971) and MFI (0.982)
confirm that the proportion of variance and
covariance explained by the model is remarkably
high, collectively validating the integrity and
robustness of the proposed theoretical structure.

Table 4: Structural Relationships Among Variables.

95% Confidence interval
Estimate|Std. Error|z-value| p Lower Upper
PA—SA| 0.290 0.118 | 2.455| .014 0.059 0.521
BP —SA| 0.720 0.087 | 8319] <.001] 0.550 0.889
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Figure 1. Structural path diagram for the
environmental dimension.

The analysis of the model paths reveals the
differential importance of the factors driving
environmental sustainability in the rural context of
Patate. The relationship between Agricultural
Practices (AP) and Environmental Sustainability (ES)
showed a positive and statistically significant
standardized coefficient (p = 0.290, p = 0.014). This
finding confirms that the technical implementation of
methods such as direct seeding, crop rotation, and
the wuse of organic fertilizers constitutes an
indispensable material means for the conservation of
productive resources. However, the magnitude of
the coefficient indicates that the direct impact of
technical practices on environmental sustainability is
moderate when compared to perceptual factors.

By contrast, the relationship between Perceived
Benefits (PB) and Environmental Sustainability (ES)
emerged as the dominant and highly significant
factor in the model (B = 0.720, p < 0.001). The
magnitude of this relationship is more than twice that
of technical practices, establishing that perceptions of
economic viability, cost reduction, and improved soil
quality act as the primary catalyst for achieving
environmental goals. This result is critical for
sustainable planning, as it suggests that the adoption
of environmentally responsible practices in Patate is
driven predominantly by expectations of economic
stability and profitability.

5. DISCUSSION

The results of this study confirm that the
environmental sustainability of farmers in the canton
of Patate does not depend exclusively on the

technical implementation of sustainable agricultural
practices, but is instead strongly conditioned by
perceptions of the economic and productive benefits
associated with such practices. The Structural
Equation Modeling (SEM) results reveal a relational
structure in which agricultural practices exert a
positive influence on environmental sustainability;
however, this effect is considerably smaller than the
impact driven by perceived benefits. This pattern is
consistent with recent literature highlighting the
central role of subjectively perceived economic
incentives in shaping sustainable agricultural
decision-making in small-scale contexts (Getahun et
al.,, 2024; Nguyen et al., 2024; Sardo et al., 2024).

The direct effect of agricultural practices on
environmental sustainability (3 = 0.290; p = 0.014)
confirms that the adoption of conservation-oriented
techniques—such as soil management, the
incorporation of organic fertilizers, and the partial
reduction in  agrochemical = use— generates
measurable environmental improvements.
Nevertheless, the moderate magnitude of this effect
suggests that a fragmented adoption of sustainable
practices is insufficient to consolidate a stable
environmental transition. Similar findings have been
reported by Viana et al. (2021) and Hinz et al. (2020),
who show that the coexistence of conventional and
sustainable practices leads to partial improvements,
particularly when economic, institutional, and
technological constraints persist.

By contrast, the effect of perceived benefits on
environmental sustainability is  substantially
stronger (B = 0.720; p < 0.001), indicating that
perceptions of profitability, risk reduction, and
productive stability act as the primary catalysts of
sustainable agricultural behavior. This finding
provides empirical support for previous studies
showing that farmers prioritize practices that
maximize  expected  benefits, even above
environmental or regulatory motivations (Autio et
al., 2021; Candemir et al., 2021; Higgins et al., 2017;
Razanakoto et al., 2021). In this sense, environmental
sustainability emerges as an indirect outcome of
rational economic decision-making rather than as an
autonomous conservation objective.

However, the realization of these perceived
benefits is frequently constrained by institutional and
governance barriers that condition the effective
adoption of sustainable technologies. Even in
contexts where reforms in water property rights or
other resources have been implemented, the absence
of extension services, technical support, and
adequate economic incentives generates reluctance
among farmers to modify their production systems

SCIENTIFIC CULTURE, Vol. 12, No 2.1, (2026), pp. 6271-6282



6279 AGRICULTURAL PRACTICES AND ENVIRONMENTAL SUSTAINABILITY

(Chen et al, 2024). This interaction between
economic rationality and structural constraints helps
explain why the adoption of sustainable practices
remains partial or fragmented across many rural
contexts.

From a theoretical perspective, this behavior
aligns with Producer Theory, which posits that
farmers act as rational agents seeking to optimize
their utility under conditions of uncertainty,
prioritizing income stability and the reduction of
production risks (Valcourt et al., 2024; Varian, 2019).
In Patate, farmers tend to adopt sustainable practices
to the extent that these generate tangible benefits,
such as reduced input costs, improved soil fertility,
or greater yield stability. This behavior confirms that
the environmental dimension is functionally
subordinated to the economic dimension, as has been
documented in rural contexts across Latin America,
Africa, and Asia (Malapane et al., 2024; Touch et al.,
2024).

These results also support the Triple Bottom Line
approach, according to which sustainability is only
viable when there is an operational balance among
the economic, social, and environmental dimensions.
Recent studies show that the economic dimension
acts as a prerequisite for the adoption of
environmentally responsible practices, particularly
in family farming systems (Pefiuelas et al., 2023;
Zhang et al., 2021). In the present study, perceived
benefits function as the articulating axis that enables
environmental sustainability, thereby providing
empirical reinforcement for this conceptual
framework.

The evidence found in Patate is consistent with
studies describing the persistence of the so-called
“chemical input trap,” in which farmers continue to
rely on fertilizers and pesticides to secure immediate
yields, even while recognizing their negative
environmental impacts (Krél-Badziak et al., 2021;
Wyckhuys et al., 2022). The high use of chemical
fertilizers (92%), combined with a high adoption of
organic fertilizers (95%), reflects the existence of
hybrid systems oriented toward mitigating
production risks rather than maximizing long-term
environmental benefits.

In comparison with highly technologized
agricultural systems in Europe, where technological
innovation enables the reduction of environmental
impacts without compromising productivity, Latin
American farmers face structural barriers that limit a
full transition toward sustainability (Caicedo-Vargas
et al, 2022; Pérgola et al, 2024). In Patate,
sustainability is configured as a subsistence strategy
rather than as an explicit pursuit of environmental
neutrality, which explains the selective adoption of
low-cost sustainable practices.

Likewise, demographic factors such as the aging
of the rural population and youth migration
constrain the adoption of labor-intensive practices,
such as minimum tillage—a phenomenon widely
documented in studies of producers in developing
economies (Devkota et al., 2020; Valcourt et al., 2024).
These constraints reinforce the preference for
chemical inputs as mechanisms of productive
simplification. Another relevant contribution of this
study is the indirect evidence of the mediating role of
perceived benefits between agricultural practices and
environmental sustainability. Although the model
did not include an explicit mediation test, the
substantial difference between the estimated
coefficients suggests that agricultural practices
generate more robust environmental impacts when
farmers identify clear economic benefits, a result
consistent with studies based on SEM applied to
agricultural sustainability (Autio et al., 2021; Ruiz et
al., 2010).

Finally, this study contributes to the Latin
American literature on agricultural sustainability, a
field that remains largely dominated by research
conducted in Asia and Africa (Viana et al., 2021). The
application of an SEM approach in Patate provides
localized and policy-relevant evidence for the design
of public policies aimed at promoting sustainable
practices through explicit economic incentives.
Despite the methodological limitations associated
with the cross-sectional design and the use of self-
reported data, the consistency of the findings with
the international literature reinforces their validity
and scientific relevance.

Author Contributions: Conceptualization, M.R.G. and T.M.M.; methodology, C.M.A_; software, P.C.A ;
validation, M.R.G., T.M.M. and C.M.A ; formal analysis, C.M.A_; investigation, M.R.G.; resources, T.M.M.; data
curation, F.P.R.; writing — original draft preparation, P.C.A.; writing — review and editing, F.P.R.; visualization,
P.C.A,; supervision, M.R.G.; project administration, C.M.A; funding acquisition, T.M.M. All authors have read

and agreed to the published version of the manuscript.

Acknowledgements: The authors wish to thank the Directorate of Research and Development (DIDE),
Technical University of Ambato, and the Indoamerica Technological University for their support in the

SCIENTIFIC CULTURE, Vol. 12, No 2.1, (2026), pp. 6271-6282



6280 TANIA MORALES-MOLINA et al.

development of this article as a product of the research project entitled “Sustainable Agriculture with Gender
Equity: A Behavioral Economics”, with the code approved by Resolution No. UTA-CONIN-2024-0196-R.
REFERENCES

Amato, A., Mastrovito, M., Becci, A., & Beolchini, F. (2021). Environmental sustainability analysis of case studies
of agriculture residue exploitation. Sustainability (Switzerland), 13(7), 3990.
https:/ /doi.org/10.3390/SU13073990/S1

Autio, A., Johansson, T., Motaroki, L., Minoia, P., & Pellikka, P. (2021). Constraints for adopting climate-smart
agricultural practices among smallholder farmers in Southeast Kenya. Agricultural Systems, 194, 1-13.
https:/ /doi.org/10.1016/].AGSY.2021.103284

Bollen, K. A. (1989). Structural equations with latent variables. In Structural Equations with Latent Variables.
wiley. https:/ /doi.org/10.1002/9781118619179

Caicedo-Vargas, C., Pérez-Neira, D., Abad-Gonzalez, J., & Gallar, D. (2022). Assessment of the environmental
impact and economic performance of cacao agroforestry systems in the Ecuadorian Amazon region:
An LCA approach. Science of The Total Environment, 849, 157795.
https:/ /doi.org/10.1016/].SCITOTENV.2022.157795

Candemir, A., Duvaleix, S., & Latruffe, L. (2021). Agricultural cooperatives and farm sustainability: a literature
review. Journal of Economic Surveys, 35(4), 1-27. https:/ /doi.org/10.1111/JOES.12417

Chen, T., Chai, B., & Zhou, J. (2024). Green technology innovation in yunnan’s plateau agriculture: solutions for
heavy metal pollution control and rural revitalization. Scientific Culture, 10(3), 135-146.
https:/ /doi.org/10.5281/zenodo.17428900

Chou, J. S., Kim, C, Ung, T. K., Yutami, I. G. A. N,, Lin, G. T., & Son, H. (2015). Cross-country review of smart
grid adoption in residential buildings. Renewable and Sustainable Energy Reviews, 48, 192-213.
https://doi.org/10.1016/j.rser.2015.03.055

Devkota, K. P., Sudhir-Yadav, Khanda, C. M., Beebout, S. ]., Mohapatra, B. K., Singleton, G. R., & Puskur, R.
(2020). Assessing alternative crop establishment methods with a sustainability lens in rice production
systems of Eastern India. Journal of Cleaner Production, 244.
https:/ /doi.org/10.1016/].JCLEPRO.2019.118835

Doral Fabregas, F., Rodriguez Ardura, 1., & Meseguer Artola, A. (2018). Modelos de ecuaciones estructurales en
investigaciones de ciencias sociales: Experiencia de uso en Facebook. Revista de Ciencias Sociales, 24,
1-17. https:/ /www .redalyc.org/journal /280/28059578003 / html/

Feng, L., Wang, Y., Fensholt, R., Tong, X., Tagesson, T., Zhang, X., Ardd, J., Zhou, ]J., Shao, W., Dou, Y., Sang,
Y., & Tian, F. (2025). Globally increased cropland soil exposure to climate extremes in recent decades.
Nature Communications , 16(1). https://doi.org/10.1038 /541467-025-59544-1

Getahun, S., Kefale, H., & Gelaye, Y. (2024). Application of Precision Agriculture Technologies for Sustainable
Crop Production and Environmental Sustainability: A Systematic Review. Scientific World Journal,
2024, 1-12. https:/ /doi.org/10.1155/2024 /2126734

Hair, J. F.,, Black, W. C., Babin, B. J., & Anderson, R. E. (2019). Multivariate data analysis (8th ed.). Cengage
Learning, EMEA . www.cengage.com/highered

Higgins, V., Bryant, M., Howell, A., & Battersby, J. (2017). Ordering adoption: Materiality, knowledge and
farmer engagement with precision agriculture technologies. Journal of Rural Studies, 55, 193-202.
https://doi.org/10.1016/]. JRURSTUD.2017.08.011

Hinz, R., Sulser, T., Huefner, R., Mason, D., Dunston, S., Nautiyal, S., Ringler, C., Schuengel, J., Tikhile, P.,
Wimmer, F., & Schaldach, R. (2020). Agricultural Development and Land Use Change in India: A
Scenario Analysis of Trade-Offs Between UN Sustainable Development Goals (SDGs). Earth’s Future,
8(2), 1-19. https:/ /doi.org/10.1029/2019EF001287

Kline, R. B. (2016). Principles and Practice of Structural Equation Modeling (D. A. Kenny & T. D. Little, Eds.;
4th ed.). The Guilford Press. https://dl.icdst.org/pdfs/files4/befc0f8521c770249dd18726a917cf90.pdf

Krél-Badziak, A., Pishgar-Komleh, S. H., Rozakis, S., & Ksiezak, J. (2021). Environmental and socio-economic
performance of different tillage systems in maize grain production: Application of Life Cycle
Assessment and Multi-Criteria Decision Making. Journal of Cleaner Production, 278.
https:/ /doi.org/10.1016/].JCLEPRO.2020.123792

Kumar, V., Sharma, K. V., Kedam, N., Patel, A., Kate, T. R., & Rathnayake, U. (2024). A comprehensive review
on smart and sustainable agriculture using IoT technologies. Smart Agricultural Technology, 8.
https://doi.org/10.1016/]. ATECH.2024.100487

SCIENTIFIC CULTURE, Vol. 12, No 2.1, (2026), pp. 6271-6282



6281 AGRICULTURAL PRACTICES AND ENVIRONMENTAL SUSTAINABILITY

Lepera, A. (2021). Introduction to structural equation models and its implementation with R language through
an example. Revista de Investigaciéon En Modelos Mateméticos Aplicados a La Gestién y La Economia,
8, 1-23. https:/ /www.economicas.uba.ar/ wp-content/uploads/2016/04/Lepera-Andrea-1.pdf

Malapane, O., Musakwa, W., & Chanza, N. (2024). Indigenous agricultural practices employed by the Vhavenda
community in the Musina local municipality to promote sustainable environmental management.
Heliyon, 10(13), 1-12. https:/ /doi.org/10.1016/]. HELIYON.2024.E33713

Mana, A. A., Allouhi, A., Hamrani, A., Rahman, S., el Jamaoui, I., & Jayachandran, K. (2024). Sustainable Al-
based production agriculture: Exploring Al applications and implications in agricultural practices.
Smart Agricultural Technology, 7, 100416. https://doi.org/10.1016/].ATECH.2024.100416

Manzano Patifio, A. P. (2017). Introduccién a los modelos de ecuaciones estructurales. Investigacién En
Educaciéon Médica, 7(25), 67-72. https:/ /doi.org/10.1016/j.riem.2017.11.002

Nguyen, N., To-The, N., Nguyen-Anh, T., Nguyen-The, P., Nguyen-Phuong, T., Lai-Minh, H., & Pham-Anh, T.
(2024). Adoption of sustainable farming practices in Vietnam: A discourse of the determining factors.
Heliyon, 10(11), 1-13. https:/ /doi.org/10.1016/].HELIYON.2024.E31792

Penwuelas, J., Coello, F., & Sardans, J. (2023). A better use of fertilizers is needed for global food security and
environmental sustainability. Agriculture and Food Security, 12(1), 1-9.
https:/ /doi.org/10.1186/540066-023-00409-5

Pérgola, M., Maffia, A., Picone, A., Palestina, A., Altieri, G., & Celano, G. (2024). Hazelnut Cultivation in the
Campania Region: Environmental Sustainability of the Recovery of Pruning Residues and Shells
through the Life Cycle Assessment Methodology. Scopus, 16, 1-26. https://www-scopus-
com.uta.lookproxy.com/record/display.uri?eid=2-s2.0-85204141996 &origin=resultslist&sort=plf-
f&src=s&sot=b&sdt=b&s=TITLE %28Hazelnut+Cultivation+in+the+Campania+Region%3A+Environ
mental+Sustainability+of+the+Recovery+of+Pruning+Residues+and+Shells+through+the+Life+Cycl
e+Assessment+Methodology %29&sessionSearchld=6ffd7a49cdaa765151d{88727304d744

Razanakoto, O., Raharimalala, S., Sarobidy, E., Rakotondravelo, J., Autfray, P., & Razafimahatratra, H. (2021).
Why smallholder farms” practices are already agroecological despite conventional agriculture applied
on market-gardening. Outlook on Agriculture, 50(1), 80-89.
https:/ /doi.org/10.1177/0030727020972120

Rollenbeck, R., Orellana-Alvear, J., Bendix, J., Rodriguez, R., Pucha-Cofrep, F., Guallpa, M., Fries, A., & Célleri,
R. (2022). The Coastal El Nifio Event of 2017 in Ecuador and Peru: A Weather Radar Analysis. Remote
Sensing, 14(4), 824. https:/ /doi.org/10.3390/R514040824 /S1

Ruiz, M. A, Pardo, A., & San Martin, R. (2010). Modelos de ecuaciones estructurales. Papeles Del Psicélogo, 31,
34-45. https:/ / www.papelesdelpsicologo.es/pdf/1794.pdf

Sardo, M., Chiarelli, D. D., Ceragioli, F., & Rulli, M. C. (2024). Optimized crop distributions in Egypt increase
crop productivity and nutritional standards, reducing the irrigation water requirement. Science of The
Total Environment, 951, 175202. https:/ /doi.org/10.1016/].SCITOTENV.2024.175202

Seipel, T., Ishaq, S., & Menalled, F. (2019). Agroecosystem resilience is modified by management system via
plant-soil feedbacks. Basic and Applied Ecology, 39, 1-9. https://doi.org/10.1016/j.baae.2019.06.006

Touch, V., Tan, D. K. Y., Cook, B. R,, Liu, D. L., Cross, R., Tran, T. A., Utomo, A., Yous, S., Grunbuhel, C., &
Cowie, A. (2024). Smallholder farmers’ challenges and opportunities: Implications for agricultural
production, environment and food security. Journal of Environmental Management, 370, 122536.
https://doi.org/10.1016/].JENVMAN.2024.122536))

Valcourt, N., Walters, J., Carlson, S., Safford, K., Hansen, L., Russell, D., Tabaj, K., & Golden Kroner, R. (2024).
Mapping drivers of land conversion among smallholders: A global systems perspective. Agricultural
Systems, 218. https:/ /doi.org/10.1016/].AGSY.2024.103986

Varian, H. R. (2019). Intermediate Microeconomics With Calculus (J. Repcheck, Ed.; Primera). W. W. Norton &
Company. https:/ /zalamsyah.staff.unja.ac.id / wp-content/uploads/sites/286,/2019/11/1-
Intermediate-Microeconomics-with-Calculus-A-Modern-Approach-Varian.pdf

Viana, C., Freire, D., Abrantes, P., Rocha, J., & Pereira, P. (2021). Agricultural land systems importance for
supporting food security and sustainable development goals: A systematic review. Science of the Total
Environment, 806, 1-13. https:/ /doi.org/10.1016/].SCITOTENV.2021.150718

Wyckhuys, K. A. G, Zou, Y., Wanger, T. C.,, Zhou, W., Gc, Y. D., & Lu, Y. (2022). Agro-ecology science relates
to economic development but not global pesticide pollution. Journal of Environmental Management,
307. https:/ /doi.org/10.1016/j.jenvman.2022.114529

SCIENTIFIC CULTURE, Vol. 12, No 2.1, (2026), pp. 6271-6282



6282

TANIA MORALES-MOLINA et al.

Zhang, X., Yao, G., Vishwakarma, S., Dalin, C., Komarek, A. M., Kanter, D. R, Davis, K. F., Pfeifer, K., Zhao, J.,

Zou, T., D'Odorico, P., Folberth, C., Rodriguez, F. G., Fanzo, J., Rosa, L., Dennison, W., Musumba, M.,
Heyman, A., & Davidson, E. A. (2021). Quantitative assessment of agricultural sustainability reveals
divergent priorities among nations. One Earth, 4(9), 1262-1277.
https://doi.org/10.1016/].ONEEAR.2021.08.015/ ATTACHMENT/3E38C865-5ADE-447 A-B9BE-
EE26271F9436/ MMC2.PDF

SCIENTIFIC CULTURE, Vol. 12, No 2.1, (2026), pp. 6271-6282



