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This study examines Arabica coffee farming in Gayo, Aceh, focusing on the roles
of green entrepreneurial orientation and green entrepreneurial competence as key
antecedents of sustainability performance. These relationships are analyzed both
directly and indirectly through two mediating variables: environmentally oriented
innovation and farmer organization participation. The study is based on data
collected from 305 Arabica coffee farmers in Central Aceh Regency, selected using
purposive sampling. Partial least squares structural equation modelling (PLS-SEM)
was employed as the analytical method. The results indicate that green
entrepreneurial orientation and green entrepreneurial competence have positive
relationships with sustainability performance. These effects become stronger when
mediated by green innovation activities and active participation in farmer
organizations. The findings also highlight that sustainability in smallholder coffee
farming is influenced not only by individual farmer characteristics but also by
collective and institutional engagement, as well as the alignment of ecological
innovations with production practices. Therefore, fostering an adaptive context for
green entrepreneurship that recognizes system-specific characteristics is essential
to achieving sustainable Arabica coffee production.
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1. Introduction

Sustainable entrepreneurship has come of age as an important approach that integrates economic activity with
social responsibility and ecological awareness. The core idea behind this perspective is that profits and social
impact are not separate outcomes but are closely linked through the creation of value for society.
Environmentally oriented entrepreneurial ventures not only generate economic benefits but also address what
are often described as “market imperfections” or environmental externalities through innovation and
productivity improvements over time [1]. Empirical evidence further suggests that the adoption of sustainable
practices can generate multiple benefits across social and economic dimensions.

This work is licensed under a Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/) that allows others @ @
to share and adapt the material for any purpose (even commercially), in any medium with an acknowledgement of the work's authorship
and initial publication in this journal.
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These developments are particularly relevant in the agricultural sector, where sustainability-oriented practices
have been associated with employment generation, environmental conservation, and the expansion of local
markets. At the same time, increasing integration into global production systems, especially in energy use, raw
materials, and transportation, creates new challenges that require more responsible and adaptive approaches.
While some of these benefits emerge gradually through individual initiatives and entrepreneurial activities, they
collectively point to the growing importance of sustainability-based capabilities. In this regard, such capabilities
should not be viewed merely as aspirations, but as strategic instruments that can enhance both financial
resilience and socio-environmental performance [2].

In many developing countries, coffee farming remains a high-value agricultural activity. However, coffee
production systems in many developing countries are still characterized by several unsustainable farming
practices, including the expansion of cultivation into environmentally sensitive areas, inadequate soil and water
conservation measures, and limited adoption of environmentally friendly production technologies. These
practices contribute to land degradation, biodiversity loss, increased vulnerability to climate variability, and
declining long-term productivity, while farmers often continue to face constraints in accessing productive
resources and sustainability-related knowledge [3], [4]. Addressing these challenges requires a transition toward
more sustainable management practices that can simultaneously maintain natural capital and improve the long-
term stability of farmers’ income [5], [6]. In addition, growing demand from domestic markets and the
processing industry has led to the expansion of agricultural land, intensifying land-use change and increasing
competition among farming communities over limited productive areas [3]. Under these conditions, responsible
farming practices become increasingly important, not only for improving farmers’ livelihoods but also for
strengthening community development and supporting broader public welfare outcomes [5].

Within this context, green entrepreneurial competence (GEC) plays an important role in shaping farmers’
capacity to respond to sustainability challenges. GEC reflects a set of knowledge, skills, and attitudes that enable
farmers to identify opportunities related to sustainability, adopt environmentally friendly practices, and engage
in innovation despite existing risks. These competencies are often reflected in the ability to integrate ecological
considerations into production decisions. In parallel, green innovation can be understood as an outcome of such
competencies, encompassing the development and adoption of environmentally friendly products, processes,
and management practices that minimize negative ecological impacts. The effectiveness of these capabilities is
often strengthened by institutional support, including training programs, public policies, and the dissemination
of sustainable agricultural systems [4].

Increasing competition and growing sustainability requirements have also encouraged coffee producers to
strengthen innovation capacity, improve market linkages, and optimize the use of productive resources [7]. This
is particularly relevant in high-value specialty markets such as Gayo Arabica coffee, where sustainability has
become an important market criterion. While GEC and green entrepreneurial orientation (GEO) have been
widely studied in the context of firms and small and medium enterprises, empirical evidence at the level of
smallholder farming systems remains limited.

More specifically, limited attention has been given to sustainable or green entrepreneurship in smallholder
coffee farming systems, particularly in the context of Gayo Arabica coffee production. Existing studies on coffee
farming have predominantly focused on farm performance, market access, certification, and institutional
support mechanisms [8], [9], while the entrepreneurial dimensions that enable farmers to respond proactively
to sustainability challenges remain underexplored [10]. As a result, there is still insufficient empirical evidence
regarding how green entrepreneurial orientation (GEO) and green entrepreneurial competence (GEC) influence
sustainability outcomes among Gayo coffee farmers. Furthermore, although previous studies have demonstrated
the importance of green innovation as a mechanism linking entrepreneurial orientation to performance [11] and
have highlighted the role of farmer organizations in improving access to resources, knowledge exchange, and
sustainable development [12], these relationships have not been adequately examined in an integrated
framework within smallholder coffee farming systems. Addressing this gap is important because coffee
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producers operate in an increasingly competitive market environment where environmental standards,
certification requirements, and long-term resource sustainability have become critical determinants of
competitiveness and sustainable performance [4]. Existing studies in environmental entrepreneurship within
agriculture have largely focused on performance outcomes at the farm or agribusiness level. Research adopting
the GEC perspective highlights the importance of entrepreneurial competencies as key determinants of
agricultural performance [13]. Similarly, studies on GEO consistently report a positive relationship between
entrepreneurial orientation and performance in agribusiness contexts [14]. In addition to individual-level
characteristics, collective mechanisms such as farmer organizations and sustainability certification have been
recognized as important institutional factors that support access to resources, knowledge exchange, and market
participation [8].

However, despite these developments, the literature still provides limited empirical insight into how
entrepreneurial orientation and competence interact with innovation processes and collective institutional
engagement in shaping sustainability performance, particularly in smallholder agricultural settings. This gap is
especially relevant in the context of Gayo Arabica coffee production, where sustainability pressures from global
markets require not only individual capability but also coordinated collective action. Understanding these
relationships is important for designing policies and institutional arrangements that support sustainable
agricultural development and enhance competitiveness in global value chains.

In this regard, the role of mediating mechanisms becomes critical. Innovation-oriented practices and farmer
organization participation may serve as key channels through which entrepreneurial capabilities are translated
into sustainability outcomes. These mechanisms facilitate knowledge exchange, improve access to markets, and
support the adoption of environmentally adaptive production systems. Collective action among farmers,
combined with appropriate technological adaptation and long-term partnerships with market actors, can
strengthen the resilience of smallholder farming systems in responding to environmental and economic
challenges [15].

Conceptually, this study contributes to a better understanding of how entrepreneurial competence and strategic
orientation are linked to sustainability performance through these mediating processes. By emphasizing the
roles of green innovation and farmer participation in collective institutions, this research seeks to clarify how
environmental entrepreneurship operates in smallholder agricultural contexts.

Therefore, this study examines the relationship between green entrepreneurial orientation, green entrepreneurial
competence, and sustainability performance in Gayo Arabica coffee farming. It also investigates the mediating
roles of green innovation and farmer organization participation. In doing so, this research aims to provide both
theoretical and practical insights into how sustainability-oriented entrepreneurship can be effectively developed
in agricultural systems.

2. Literature review

The academic discussion around sustainable entrepreneurship has primarily focused on manufacturing and small
and medium-sized enterprises, while primary production systems have been relatively neglected. Agricultural
contexts are different in many ways because they are highly dependent on natural cycles, the limited availability
of local resources, and uncertain environmental conditions; all these factors influence how sustainability-
oriented entreprencurial actions emerge and persist. Within agricultural systems, sustainability-driven
entrepreneurship arises mainly from production decisions aimed at balancing economic continuity with
ecological conservation and social welfare. Empirical evidence from Aliabadi et al. emphasizes the significance
of environmental, economic, and institutional dimensions in the development of a sustainable entrepreneurial
ecosystem [10]. Through cross-impact analysis, their research demonstrates a mutually reinforcing network of
factors contributing to system-level sustainability, including job creation; ownership structure and business
scale; income security; flexibility in adapting administrative rules and regulations; access to information; the
involvement of civil society organizations (CSOs); and perceptions of operational risk.
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Business development is often necessary because persistent structural conditions and uneven factor endowments
act as barriers to scaling entrepreneurial efforts in smallholder agriculture. Insecure land tenure, limited access
to land and inputs, and restricted access to credit are usually the primary issues involved [16]. On the other
hand, the degree of entrepreneurial behavior varies across individuals. Ntow et al. found that exposure to
pesticidal water was associated with an instance (degree TBD) [17]. For example, rice farmers were found to
exhibit moderate to high levels of risk propensity, openness to innovation, future orientation, self-efficacy, and
decision-making ability. All of these have a bearing on market channel decisions. Addressing these factors is
potentially important. The above issues highlight the need to broaden our understanding of entrepreneurship in
rural areas, especially where individual agency is intertwined with institutional and physical infrastructure.

In most of the references reviewed in this article, green entrepreneurial orientation is defined as an
environmentally oriented strategic outlook. In other words, it refers to the stage at which opportunities to go
green are recognized and systematically pursued over time, while foreseeable threats are rationally assessed
[11]. From a conceptual perspective, this active behavior can be considered a dynamic capability embedded in
a set of interrelated processes that encompass environmental fitness, innovation, future anticipation, and risk
aversion [18]. By integrating environmental targets into strategic choices, such an orientation can lead to
persistent adaptive behavior and sustainable outcomes [19]. In this way, GEO positions green entrepreneurship
as an integral part of a company’s strategy, in which improvements in environmental quality are associated with
economic sustainability and broader social responsibility [14].

Green innovation (GI), which is directly linked to GEO, has also received considerable attention as a strategy
for responding to increasing global sustainability pressures. In corporate management, GI can be observed in
practices such as modifying production processes to reduce energy consumption and generate additional
environmental benefits, investing in end-of-pipe pollution-control equipment, recycling, and adopting
production processes that minimize waste. These practices can simultaneously increase system efficiency,
product performance, and organizational capabilities while reducing environmental costs and resource inputs
[20]. This form of innovation is often operationally classified into product innovation and process innovation.
Empirical evidence also indicates that environmental concern and perceived technical and economic feasibility
are key factors determining the adoption of such practices [21]. Behavioral intention is an important pathway
that mediates between awareness and practice. Other research has also shown that environmentally oriented
innovation strategies might strengthen the relationship between environmental performance and economic
returns [22]. Moreover, past research also shows that green innovation is a significant mediating variable that
connects entrepreneurial self-efficacy for environmental goals with GEO. Thus, it accelerates the translation of
strategic commitments to sustainable business activities into specific environmental benefits [23].

Building on the work of previous scholars, this study emphasizes the mediating role of farmer organizations in
translating farmers’ green entrepreneurial orientation (GEQO) into sustainability outcomes in Gayo Arabica
coffee production. Farmer organizations, particularly cooperatives, have played a vital role in the overall
development of agriculture as supportive institutional actors. Ortmann [24] emphasizes the ability of
cooperatives to minimize transaction-related inefficiencies and facilitate the integration of small-scale farmers
into broader market channels. Consistent with this perspective, Zhong et al. [25] describe cooperatives as central
information providers that offer support during the production and marketing stages, generate higher returns for
members, and improve access to input suppliers and output markets. These functions indicate that farmer
organizations not only reduce costs but also stabilize income and enhance farmers’ adaptive capacity, thereby
strengthening the sustainability effects of environmentally focused entrepreneurial strategies at the farm level.

Previous studies have increasingly recognized the relevance of green entrepreneurship in agricultural systems.
Sher et al. [7] argue that environmentally oriented entrepreneurial behavior can support the transition toward
more sustainable farming practices by encouraging resource efficiency, ecological stewardship, and innovation
adoption. Empirical evidence from the agribusiness sector further demonstrates that green entrepreneurial
orientation (GEO) positively influences sustainable performance, both directly and indirectly through green
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innovation mechanisms [14]. Likewise, studies on entrepreneurial competence emphasize that farmers’
knowledge, skills, and opportunity-recognition capabilities are important determinants of farm performance and
business development [26], [27]. However, existing research has largely examined these factors separately and
has predominantly focused on agribusiness firms, agricultural enterprises, or general farming systems. Limited
attention has been given to understanding how green entrepreneurial competence (GEC) and GEO jointly
influence sustainability performance through green innovation and farmer organization participation in
smallholder coffee farming. Furthermore, empirical evidence from specialty coffee production systems, such as
Gayo Arabica coffee, remains scarce. Therefore, this study contributes to literature by integrating
entrepreneurial orientation, entrepreneurial competence, green innovation, and farmer organization
participation into a single analytical framework to explain sustainability performance in a smallholder coffee-
farming context.

3. Research method

This research was conducted in the Jagong Jeget and Pegasing subdistricts of Central Aceh Regency, which are
major centers of Gayo Arabica coffee production, a flagship agricultural commodity of the region. These areas
were selected based on their strategic importance to coffee production and their representation of the local
agricultural environment. The field survey ensured that empirical data was collected through face-to-face
interviews. This data collection approach was intended to ensure that the information and insights were reliable
and contextually relevant, reflecting the socioeconomic and production characteristics of the target farming
population.

The study targeted small-scale Gayo Arabica coffee producers who were affiliated with cooperatives in the
study area and operated farms of less than two hectares. Field data were collected over a period of two months,
in April and May 2025.

This sampling technique was adopted to identify eligible respondents, as only a portion of the farming
community met the study’s inclusion criteria. Participation was limited to coffee farmers who practiced natural
farming methods and could provide information based on firsthand experience. Strict adherence to these criteria
ensured that the information provided was relevant and grounded in firsthand experience, thereby supporting
the quality of the research data. The study’s research model incorporates green entreprencurial orientation
(GEO), green entrepreneurial competence (GEC), farmer organization participation, green innovation, and
sustainability performance. The relationships among these constructs were tested using partial least squares
structural equation modeling (PLS-SEM). The analytical framework is presented in Figure 1.
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Figure 1. Research framework

Based on the model presented above, this study develops the following research hypotheses:

H1: Green entrepreneurial orientation positively and significantly affects farmer organization participation
and farmer performance.
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Farmers with a stronger green entrepreneurial orientation are more likely to take the initiative in adopting
sustainable practices and participating in collective institutional arrangements [9]. In the context of this study,
green entrepreneurial orientation (GEO) is positioned as a strategic driver that promotes cooperation,
innovation, and shared learning within farmer organizations. These processes help build farmers’ adaptive
capacity, thereby improving outcomes at both the individual and collective levels [30]. Therefore, GEO is
expected to play a significant role in improving farmer organization participation and farmer performance,
thereby strengthening the long-term resilience of smallholder agricultural systems.

H2: Green entrepreneurial competence positively and significantly affects farmer organization participation
and green innovation.

Farmers with higher levels of entrepreneurial competence possess not only broader knowledge but also the
practical skills and environmental awareness needed to adopt more sustainable farming practices [31]. These
capabilities facilitate effective teamwork within farmer organizations and encourage the implementation of
more sustainable production methods [12]. Therefore, green entrepreneurial competence (GEC) is considered a
key factor in improving organizational capacity and supporting farmers’ continued adoption of environmentally
friendly products, technologies, and practices.

H3: Green innovation positively and significantly affects farmer performance.

In addition, such technologies can be introduced to farmers in village communities to help control costs. In this
way, integrating green technology into agricultural systems used to produce agricultural products, such as fruits
and vegetables, makes this type of advanced equipment necessary. The fruit market relies primarily on low-
capacity refrigerated transportation powered by diesel to distribute fresh products to cities at premium prices.
By eliminating middlemen in long-distance sales, farmers can establish direct contact with customers who
would otherwise be reached only through intermediaries, thereby improving their economic position. The
machinery has already been fully developed and requires only further effort from farmers to popularize it.
Bringing environmentally friendly technology together with sustainable production systems has changed the
way farmers carry out their work and has given them not only better products that are more suited to market
preferences but also a stronger bargaining position on both the demand and supply sides [32]. The introduction
of modern techniques into farming can help farmers manage costs more effectively and offset any negative
environmental impacts that may be caused by their activities. It is also a way of ensuring stability in production
over time [33]. In this context, green innovation is expected to be a major facilitator of both economic
development and environmental rehabilitation for communities that rely on agriculture.

H4: Farmer organization participation mediates the relationships between GEO, GEC, and farmer
performance.

Functional farmer organizations provide an institutional setting for knowledge sharing, collective action, and
access to productive resources, potentially strengthening the effects of green entrepreneurial orientation (GEO)
and green entrepreneurial competence (GEC) on performance-related outcomes. Continuous interaction and
collaboration within these organizational structures help farmers internalize and implement sustainable and
innovative practices more consistently [34]. Therefore, farmer organization participation is expected to act as a
mediating mechanism through which green entrepreneurial orientation and green entrepreneurial competence
influence farmer performance and broader sustainability outcomes.

Data analysis in this study was conducted using Microsoft Excel and partial least squares structural equation
modeling (PLS-SEM). The advantage of this approach is that both measurement components and structural
relationships can be estimated simultaneously, making it possible to examine both direct and mediated
relationships among the constructs. A more comprehensive analytical approach is provided by structural
equation modeling (SEM), which integrates regression, factor analysis, and path analysis within a single
modeling framework [28]. This integrated framework is therefore well suited to examining the complex
relationships proposed in this study.
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The selection of PLS-based structural equation modeling in this study was based on its methodological
advantages. According to Abdillah and Hartono [29], this method has been widely adopted for studying complex
conceptual domains because it can partially address potential multicollinearity and maintain model robustness
in the presence of extreme values or missing data. Furthermore, its ability to accommodate different
measurement scales and relatively small sample sizes makes it appropriate for empirical applications in
agricultural and social sciences.

The hypothesized relationships were tested using a bootstrap resampling procedure, a nonparametric technique
that produces empirical t-statistics to test the significance of the estimated paths. The analytical model was
validated in two stages. In the first stage, the adequacy of the measurement model and the validity of each
construct were examined by focusing on convergent and discriminant validity. Convergent validity was assessed
using the average variance extracted (AVE), with a value of 0.50 or higher considered acceptable. The structural
model was then assessed by examining the coefficient of determination (R?) as a measure of explanatory power.
R? values of 0.75, 0.50, and 0.25 were interpreted as indicating substantial, moderate, and weak explanatory
power, respectively.

4. Results and discussion

This section discusses the empirical findings from PLS-based structural analysis and explains how
entrepreneurial capacity is converted into better performance at the farm level. The findings provide evidence
that individual skills and strategic outlook produce performance benefits when supported by innovation-based
practices and collective farmer participation. Attention is focused on the processes through which individual
entrepreneurial characteristics are transformed into sustainability-oriented outcomes in coffee farming systems,
thus identifying the underlying mechanisms linking entrepreneurship and long-term performance improvement.

Table 1 presents the results of the discriminant validity assessment based on the Fornell-Larcker criterion. The
purpose of this assessment is to ascertain whether the individual latent constructs in the structural model are
empirically distinct from one another, thereby providing evidence that the variables reflect unique and non-
overlapping conceptual dimensions.

Table 1. Discriminant validity results

Variable GEC GEO GI FP FO
GEC 0.853
GEO 0.702 0.763
GI 0.722 0.753 0.790
FP 0.616 0.672 0.735 0.805
FO 0.640 0.748 0.650 0.515 0.786

The results indicate that the square roots of the AVEs for GEC (0.853), GEO (0.763), GI (0.790), FP (0.805),
and FO (0.786) are consistently higher than the correlations between these latent variables and the other
constructs. This finding shows that the empirical distinctiveness of each latent construct is sufficiently strong to
establish discriminant validity. Accordingly, the constructs represent different conceptual dimensions and can
be included in further structural model testing. It is also evident from the results presented in Table 2 that all
five constructs including GEC, GEO, GI, FP, and FO have composite reliability values above the threshold of
0.70. This finding indicates a high level of internal consistency among the measurement items. The indicators
used in this study can therefore be considered reliable measures of their intended conceptual dimensions,
supporting their use in further analysis.

Table 2. Reliability analysis

Variable Composite reliability
GEC 0.842
GEO 0.874
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Variable Composite reliability
GI 0.869
FP 1.000
FO 0.867

The results of the direct antecedent assessment using a PLS-SEM-based structural model are reported in Table
3. The findings indicate that green entrepreneurial competence (GEC) has a statistically significant positive
effect on both green innovation (GI) (B = 0.519; t = 10.776; p < 0.001) and farmer organization (FO)
participation (B = 0.223; t = 3.926; p < 0.001). These results suggest that higher levels of environmentally
oriented competence among farmers are associated with a greater tendency to adopt innovations and become
more involved in collective organizational settings, such as cooperatives.

In line with the previous findings, green entrepreneurial orientation (GEO) has a positive and significant
influence on farmer organization participation (f = 0.591; t = 11.293; p < 0.001), indicating that a forward-
looking and sustainability-oriented entrepreneurial orientation contributes to greater farmer participation in
collective arrangements and institutional cooperation. In contrast, the direct association between GEO and
farmer performance (FP) is not empirically supported (B = 0.024; t = 0.246; p = 0.806). This result implies that
GEO does not directly affect performance outcomes; rather, its effect is more likely to be indirect and operate
through other pathways, such as innovation activities and engagement in organizational structures.

Consistent with the findings, neither green innovation (GI) (B = —0.047; t = 0.582; p = 0.561) nor farmer
organization (FO) participation (B =—0.067; t = 0.780; p = 0.436) is directly and significantly related to farmer
performance. This finding suggests that the relationships between innovation-oriented activities, organizational
participation, and performance are unlikely to be linear. Rather, these factors may operate within more complex
processes that influence performance indirectly instead of through first-order direct effects.

In particular, the results support a positive and highly significant relationship between farmer performance and
innovation-based behavior (= 0.316; t =6.263; p <0.001). This result suggests a cumulative process in which
improvements at the farm level enhance farmers’ capacity and motivation to invest in environmentally friendly
innovations. Rather than being an end in itself, performance and productivity appear to act as enabling
conditions that support further innovative behavior. Taken together, the empirical evidence suggests that
entrepreneurial capabilities and orientations are critical drivers that trigger innovation processes and increase
collective institutional involvement. At the same time, improvements in performance are not achieved through
linear progression. Instead, through a combination of indirect mechanisms and recursive interactions, higher
performance levels feed back into and improve the conditions that enable sustained innovation and
organizational learning in smallholder coffee systems.

Table 3. Results of direct hypothesis testing

Hypothesis Path coefficient () Standard deviation t-value P-Values
testing (STDEV)

GEC > GI 0.519%%** 0.048 10.813 0.000
GEC ->FO 0.223%** 0.057 3.912 0.000
GEO ->FP 0.024 0.097 0.247 0.806
GEO ->FO 0.5971*** 0.052 11.365 0.000
GI > FP -0.047 0.081 0.580 0.561
FP -> GI 0.316 0.050 6.320 0.000
FO -> FP -0.067 0.087 0.770 0.436

Notes: Statictical significance is denoted as *** p <0.001, ** p <0.01, and * p < 0.05

Table 4 reports the results of the indirect effects tested using a PLS-based structural model and indicates the
pathways through which individual-level entreprencurial antecedents are translated into performance-related
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outcomes. As is evident from the results, organizational engagement serves as a key mechanism for converting
entrepreneurial capabilities into environmentally oriented innovation practices. This is consistent with the
empirical evidence, which suggests that both competence- and orientation-based entrepreneurial attributes have
significant indirect effects on innovation outcomes through collective institutional engagement. In particular,
organizational involvement has a significant and positive mediating effect on the relationship between
entrepreneurial competence and innovativeness (B = 0.071; p = 0.001). The indirect effect is stronger in the
orientation-driven pathway, indicating that a proactive and sustainability-oriented mindset facilitates innovation
outcomes by increasing involvement in farmer organizations (f = 0.187; p < 0.001). These results underscore
the role of organizational embeddedness as a facilitating process through which individual-level entrepreneurial
potential is translated into actual innovative behavior.

This suggests that group institutions act as a significant mediating factor through which individuals’
entrepreneurial potential is translated into responsive innovation. Entrepreneurial competencies and orientations
do not directly produce innovative outcomes; rather, their effects are more significant when farmers are
embedded in formalized group structures. Involvement in such institutions facilitates coordination and the
exchange of tacit knowledge while reducing experimentation costs at the farm level, thereby accelerating the
adoption of green innovations.

Table 4. Results of indirect hypothesis testing

Hypothesis testing Indirect path coefficient (3)  Standard deviation t-value P Values
(STDEV)
EC > FO > GI 0.071%*** 0.020 3.550 0.001
GEO > FO ->GI 0.187*** 0.038 4921 0.000
GEC -> GI -> FP -0.025 0.043 0.581 0.563
GEC ->FO -> GI -> FP -0.003 0.006 0.500 0.577
FO -> GI > FP -0.015 0.027 0.556 0.573
GEO ->FO -> GI -> FP -0.009 0.016 0.563 0.582
GEC ->FO -> FP -0.015 0.020 0.750 0.442
GEO -> FO -> FP -0.040 0.052 0.769 0.445

Notes: Statistical significance is denoted as *** p <0.001, ** p <0.01, and * p <0.05.

Farmer collectives are generally effective channels for translating individual entrepreneurial efforts into
innovative farming activities; however, the indirect pathways through which these effects are transmitted to
farmer performance are not statistically significant. In particular, the mediating pathways from entrepreneurial
competence through innovation to performance, as well as the longer chains involving farmer organization
participation and innovation, are not statistically significant. The same applies to indirect effects operating only
through farmer organization participation, which produce non-zero but statistically insignificant effects on
performance. These results indicate that collective structures and environment-related innovation can contribute
to farmers’ adaptation and learning, but this does not necessarily lead to direct performance gains. Instead,
participation in farmer organizations, organizational engagement, and innovation activities appear to operate
indirectly by enabling innovation-oriented processes and strengthening long-term capabilities for sustainable
development rather than directly improving current performance.

The revised estimates provide clear empirical evidence of the importance of entrepreneurial push and pull
factors and an orientation towards a green paradigm in channeling collective action and innovation processes in
smallholder farming. The results show that competence-related factors affect both the extent of institutional
engagement and the adoption of green practices. This suggests that, among farmers who are better equipped
with ecological knowledge and entrepreneurial skills, the potential to activate innovation processes and
consolidate collective approaches is greater. Similarly, a forward-looking and sustainability-oriented
entrepreneurial mindset increases levels of engagement, as more proactive farmers are more willing to
participate in joint-action platforms and invest in collaborative business models, governance, and organizational
processes. Such orientations are conducive to the coordination and mutual accountability required to build
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institutions in fragmented farming landscapes. Overall, these results are consistent with previous empirical
observations regarding the importance of environmentally embedded entrepreneurial characteristics as
determinants of innovation diffusion and institutional transformation in rural contexts, particularly those shaped
by sustainability constraints and market pressures [14], [35].

In contrast, the empirical analysis does not reveal a direct causal link between particular entrepreneurial
attributes and farm-level performance indicators. Neither competence-based nor orientation-based
entrepreneurial characteristics show a statistically significant direct association with the performance variables.
In addition, neither collective institutional engagement nor environmentally oriented innovation alone produces
short-term performance outcomes. This configuration implies that improved performance in smallholder
agriculture does not automatically result from either engagement or innovation adoption but instead emerges
from repeated processes that accumulate learning, enhance capabilities, and support the realignment of
production systems [36]. Further insights into these relationships are provided by mediation analysis. Only the
indirect effects of entrepreneurial attributes on environmentally oriented innovation, mediated through
collective organizational engagement, are statistically significant, which is consistent with the role of farmer
organizations as key intermediaries. These organizations appear to provide a mechanism for converting
individual-level potential into collective strength that can support innovation processes. In contrast, all pathways
ending in performance outcomes, whether operating only through collective organizational engagement or
through multistep sequences linking organization and innovation, are statistically non-significant. This finding
suggests that collective arrangements primarily influence the likelihood of developing innovations but do not
generate changes in performance in the short term.

Taken together, these results suggest that environmentally related entrepreneurial system characteristics are
primarily translated into positive on-farm outcomes through innovation-led institutional capacity building rather
than through direct or linear performance effects [33]. In this context, performance improvements appear to be
a downstream effect of reorganizing actors to facilitate learning, coordination, and the diffusion of new
practices. From a policy and development perspective, these findings suggest that strategies aimed at promoting
sustainability in smallholder coffee systems should focus on strengthening farmer organizations as key
intermediaries of innovation. Solutions that focus solely on developing individual capabilities are likely to fail
without supportive market and collective institutions. Developing policy, institutional, and market settings that
support the maturation of innovative activities and their economic adoption at the farm level is therefore
important for creating meaningful and sustained change.

5. Conclusion

This research shows that the impact of entrepreneurial orientation on the sustainability performance of Gayo
Arabica coffee farming does not occur through direct effects. In other words, entrepreneurial traits, particularly
environmental orientation and entrepreneurial competence, primarily support the development of collective
institutions and environmentally driven innovations, which act as important intermediaries in transforming
smallholder coffee farming into more sustainable production systems. Environmental orientation and
entrepreneurial competence are associated with greater participation in collective activities and greater openness
to adopting new practices, both of which help balance production goals with environmental considerations.

However, the direct effects of environmental orientation and entrepreneurial competence on short-term
performance are not significant, suggesting that these capabilities do not immediately translate into measurable
outcomes. Instead, their influence tends to emerge over time as farmers’ skills and capacities develop through
experience, organizational learning, and evolving institutional arrangements. These findings indicate that
sustainability-driven entrepreneurship in agriculture is more likely to generate long-term impacts through
gradual structural changes, in which innovation and collective action precede observable improvements in
performance.
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The mediation analysis further highlights the role of farmer organizations as key institutional intermediaries
through which entrepreneurial orientation and competence are translated into green innovation practices. At the
same time, the results suggest that strong innovation capacity and organizational involvement alone do not
automatically lead to immediate performance gains. Rather, improvements at the farm level tend to materialize
with a time lag, reflecting the cumulative effects of incremental innovation, shared learning, and broader system
transformation.

From a practical perspective, these findings emphasize the importance of farmer organizations as strategic
platforms for facilitating collective learning, promoting the adoption of environmentally friendly technologies,
and improving access to markets. Accordingly, development programs and public policies should focus on
strengthening green entrepreneurship ecosystems that enable individual competencies to be translated into
sustained performance outcomes. Such efforts require integrated support, including organizational
development, innovation facilitation, and improved market access.

Future research may benefit from adopting longitudinal and mixed-method approaches to better capture the
dynamic processes through which green entrepreneurial orientation (GEO) and green entreprencurial
competence (GEC) influence sustainability performance over time. The findings of this study indicate that,
while GEO and GEC are associated with green innovation and farmer organization participation, several direct
and indirect relationships with sustainability performance were not statistically significant. This suggests that
additional contextual and institutional factors may shape the effectiveness of green entrepreneurial initiatives in
smallholder farming systems. Future studies could therefore examine the moderating or mediating roles of
variables such as institutional support, sustainability certification, market access, value chain collaboration,
environmental awareness, and farmers’ adaptive capacity. Furthermore, comparative studies across different
coffee-producing regions and agricultural commodities would provide deeper insights into how green
entrepreneurship contributes to sustainable development under varying socioeconomic and ecological
conditions.
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