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Abstract: Smallholder cocoa sustainability depends
on farmers' adaptive capacity and on whether that
capacity is translated into coordinated agribusiness
functions. This study examined the mediating role of
agribusiness system management in the relationship
between farmer adaptation and cocoa agribusiness
sustainability in North Kolaka Regency, Southeast
Sulawesi, Indonesia. A cross-sectional survey of 100
cocoa farmers in Ngapa, Porehu, and Tolala was
analyzed using partial least squares structural
equation modeling with a two-stage hierarchical
component  approach and 5,000  bootstrap
subsamples.  Farmer  adaptation  significantly
improved agribusiness system management (f =
0.816, t = 33.656, p < 0.001), and agribusiness
system management  significantly improved
sustainability (f = 0.729, t = 5.233, p < 0.001). The
direct adaptation-sustainability path was not
significant (f = 0.039, p = 0.705), whereas the
indirect effect was significant (f = 0.595, t = 5.092,
95% CI [0.349, 0.811]). The model explained 66.6%
of agribusiness system management and 57.9% of
sustainability variance. The findings demonstrate
indirect-only mediation, indicating that adaptive
capacity generates sustainable outcomes when
institutionalized ~ through  functioning  input,
production-processing, marketing, and support
arrangements.

I INTRODUCTION

Cocoa is a globally important perennial commodity whose production is concentrated in tropical smallholder
systems. The sector links rural livelihoods, export earnings, food manufacturing, and increasingly demanding
sustainability standards. Yet cocoa production is exposed to climatic stress, ageing trees, pests and diseases,
volatile input costs, uneven market power, and persistent gaps between farm-level interventions and downstream
value capture. Recent reviews emphasize that climate change and production constraints can no longer be treated
as purely agronomic problems because their effects propagate through farmer livelihoods and cocoa value chains

[1-4].
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Indonesia remains an important cocoa-producing country, and national statistics show that cultivation is
overwhelmingly based on smallholder agriculture [5]. North Kolaka Regency in Southeast Sulawesi is one of the
country’s established cocoa landscapes. Official regional statistics reported approximately 78,969 ha of cocoa and
64,889 tonnes of production in 2024, equivalent to an aggregate yield of about 0.82 t ha—1 [6]. These figures
underscore the economic importance of cocoa while also indicating scope for productivity, quality, and value-
chain improvements.

The sustainability challenge is multidimensional. At the farm level, cocoa growers need to adapt to rainfall
variability, heat stress, pest pressure, soil degradation, labour constraints, and changing input requirements.
Adaptation also has social and economic dimensions: farmers need access to information, producer organizations,
finance, quality incentives, and market channels that reduce exposure to risk. Evidence from cocoa-producing
countries shows that adaptation choices are shaped by both farmer characteristics and enabling conditions,
including access to extension, organizations, climate information, and financial resources [7, 8].

However, adaptive capacity does not necessarily translate directly into sustainable outcomes. A farmer may
know how to conserve soil but lack affordable inputs or labour; may aim to improve bean quality but lack
fermentation facilities or differentiated buyers; or may participate in a farmer group that has little commercial
function. Research in cocoa value chains increasingly shows that value-chain relationships, institutional
arrangements, training quality, market incentives, and producer organization affect the implementation and
benefits of sustainable practices [9, 10]. Recent evidence from Indonesia similarly indicates that sustainability
interventions generate stronger farm-level outcomes when monitoring, market-based incentives, and capacity-
building are implemented in a complementary manner [11].

This suggests a missing meso-level mechanism between individual adaptation and system-level
sustainability. Agribusiness system management provides such a mechanism because it connects input provision,
primary production, post-harvest handling, marketing, and supporting services. The systems perspective proposed
in agribusiness theory views agricultural performance as the result of coordination across interdependent
subsystems rather than as the outcome of farm production alone [12]. In cocoa, this perspective is particularly
relevant because quality, price formation, market access, and ecological practices depend on interactions among
farmers, groups, traders, processors, extension services, financial institutions, and public agencies.

Sustainability itself should be assessed as a balance among economic viability, social inclusion, and
environmental integrity. This logic is consistent with the triple bottom line framework, which treats profit, people,
and planet as interdependent dimensions rather than substitutable outcomes [13, 14]. Studies of Indonesian cocoa
have shown that sustainability performance may vary substantially across dimensions, reinforcing the need for
integrated assessment rather than a single production indicator [15].

This study examines the effect of farmer adaptation on cocoa agribusiness sustainability and tests whether
agribusiness system management mediates that relationship. Farmer adaptation is modeled as a multidimensional
higher-order capability comprising environmental, social, and economic adaptation; agribusiness system
management as an intermediate higher-order mechanism comprising input, production-processing, marketing, and
support subsystems; and sustainability as a higher-order outcome comprising economic, social, and environmental
dimensions. This architecture permits an explicit assessment of whether adaptation produces sustainability
directly or primarily through the functioning of the agribusiness system.

II. THEORETICAL FRAMEWORK AND HYPOTHESIS DEVELOPMENT

2.1 Farmer adaptation as a multidimensional capability

Adaptation is commonly understood as the capacity to adjust practices, decisions, and resource use in response to
changing conditions. In cultural ecology, adaptation emerges from interactions among environmental pressures,
technology, and social organization [16, 17]. Applied to smallholder cocoa, this concept extends beyond climate
response. Environmental adaptation includes farm management responses such as shade regulation, pruning,
integrated pest management, soil fertility management, and rehabilitation. Social adaptation includes
participation, collective learning, information exchange, and partnerships; substantive participation also involves
engagement in decision-making, implementation, benefit sharing, and evaluation [18]. Economic adaptation
includes cost management, access to finance, quality upgrading, income-risk management, and strategic responses
to price conditions.

The three dimensions are complementary. Environmental practices often require investment and labour;
economic flexibility is strengthened by access to social networks and institutions; and social learning is more
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effective when farmers have viable opportunities to implement what they learn. Research on cocoa adaptation
supports this multidimensional interpretation. Studies in Ghana show that farmer adaptation is affected by access
to information, organizational membership, financial resources, and perceived climate risks, while climate-
oriented practices frequently coexist with diversification and livelihood strategies [7, 8]. Therefore, adaptation
can be conceptualized as an integrated capability rather than a list of isolated farm practices.

2.2 Agribusiness system management as a transformation mechanism

Agribusiness systems theory emphasizes interdependence among input supply, farm production, processing,
marketing, and supporting services [12]. In smallholder cocoa, these functions are often fragmented across
farmers, informal traders, farmer organizations, extension agencies, input suppliers, financial institutions, and
processors. Fragmentation may reduce transaction transparency, weaken quality incentives, and limit the ability
of farmers to capture value from improved practices.

This system perspective helps explain why farm-level capacity may fail to produce sustainable outcomes. In
Indonesia, institutional voids in market access, finance, technology, and information can constrain smallholder
inclusion even when farmers remain active producers [9]. Cross-country cocoa evidence also indicates that value-
chain factors can influence sustainable practice implementation beyond farmer and farm characteristics [10].
Similarly, stronger combinations of training, incentives, and implementation mechanisms have been associated
with improved production and income outcomes in Indonesian cocoa certification schemes [11]. These findings
imply that agribusiness system management can convert adaptive capacity into operational access to inputs,
quality management, coordinated marketing, and institutional support.

2.3 Sustainability as an integrated economic-social-environmental outcome

The triple bottom line framework defines sustainability through the joint performance of economic, social, and
environmental dimensions [13]. Economic sustainability in cocoa concerns farm viability, income stability,
efficiency, quality premiums, and the ability to reinvest. Social sustainability concerns participation, equitable
access to benefits, trust, organizational capacity, and the inclusion of farmers in programs and decisions.
Environmental sustainability concerns soil fertility, shade and biodiversity management, reduced ecological risks
from chemical inputs, and the resilience of farms to climatic stress.

The three dimensions are interdependent. Agroforestry and organic soil management can provide
biodiversity, microclimate, and soil-quality benefits, but their long-term adoption depends on labour, yield, and
income incentives [19-21]. Likewise, cooperative participation and sustainability certification are more effective
when market and organizational arrangements generate tangible benefits for farmers [22]. Therefore,
sustainability is treated here as a higher-order construct whose economic, social, and environmental components
jointly describe the durability of the cocoa agribusiness system.

2.4 Hypotheses

The theoretical model proposes that adaptive farmers are better able to engage with and improve the agribusiness
system because they can adjust production practices, use information and networks, and manage economic risks.
Accordingly, H1 states that farmer adaptation has a positive effect on agribusiness system management.

A better-managed agribusiness system should, in turn, improve economic viability, social inclusion, and
environmental practice by coordinating inputs, production-processing, marketing, and support services.
Accordingly, H2 states that agribusiness system management has a positive effect on cocoa agribusiness
sustainability.

Farmer adaptation may also be associated directly with sustainability because adaptive practices can improve
resilience and livelihoods. Accordingly, H3 states that farmer adaptation has a positive direct effect on cocoa
agribusiness sustainability.

Nevertheless, the central proposition is that a substantial portion of the adaptation-sustainability relationship
is transmitted through agribusiness system management. Accordingly, H4 states that agribusiness system
management mediates the effect of farmer adaptation on cocoa agribusiness sustainability.
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III. MATERIALS AND METHODS

3.1 Study area and research design

The study used a cross-sectional quantitative design. Fieldwork was conducted from November 2025 to February
2026 in North Kolaka Regency, Southeast Sulawesi, Indonesia. Three cocoa-producing districts-Ngapa, Porehu,
and Tolala-were selected to represent variation in cocoa area, production performance, and local agribusiness
conditions. The choice of the study area is relevant because cocoa remains an important smallholder crop in the
regency and because production performance differs across local production zones [6].

3.2 Population and sample

The target population comprised households actively managing cocoa farms in the three study districts. Eligible
respondents were at least 18 years old, directly involved in cocoa-farm decision-making, had managed cocoa for
at least two years, and voluntarily agreed to participate. Farm locations were selected purposively, while
respondents were drawn from available village and farmer-group sampling frames with attention to geographic
spread and farm-size variation. A total of 100 farmer questionnaires contained complete responses for the 50 scale
items and were included in the analysis.

The sample size was considered appropriate for a prediction-oriented PLS-SEM model with a limited number
of structural predictors and a hierarchical component specification. PLS-SEM was selected because the study
aimed to estimate a predictive mediation model involving higher-order latent constructs and because the sample
size was modest relative to covariance-based SEM requirements [23-25].

3.3 Measurement of constructs

All substantive indicators were measured on a five-point Likert scale ranging from 1 (strongly disagree) to 5
(strongly agree). Farmer adaptation (X) was specified as a higher-order construct formed by environmental
adaptation (X1), social adaptation (X2), and economic adaptation (X3). Agribusiness system management (M)
was specified through four dimensions: input system (M1), production and processing (M2), marketing (M3), and
support system (M4). Cocoa agribusiness sustainability (Y) was specified through economic sustainability (Y1),
social sustainability (Y2), and environmental sustainability (Y3).

The original instrument contained five items for each lower-order dimension. The final measurement model
retained indicators based on outer loadings, construct reliability, average variance extracted (AVE), and
conceptual relevance. Some indicators with loadings slightly below the conventional 0.708 guideline were
retained when composite reliability and AVE remained satisfactory and the indicator represented substantively
important content, following PLS-SEM reporting guidance [23, 24].

3.4 PLS-SEM procedure

The analysis used a two-stage hierarchical component model. In the first stage, the lower-order components were
estimated and evaluated. In the second stage, latent variable scores from the lower-order components were used
to estimate farmer adaptation, agribusiness system management, and sustainability as higher-order constructs.
This procedure is suitable for higher-order models because it separates lower-order measurement from higher-
order structural estimation and reduces the complexity associated with repeated indicators [26].

Measurement quality was assessed using outer loadings, Cronbach’s alpha, composite reliability (CR), and
AVE. As general guidelines, CR values of 0.70-0.95 and AVE values of at least 0.50 were considered satisfactory;
indicator loadings near or above 0.708 were preferred, while lower loadings were judged jointly with reliability
and content validity [23, 24]. Collinearity in the structural model was assessed using variance inflation factors
(VIF). Structural paths were evaluated using standardized path coefficients, 5,000 bootstrap subsamples, t
statistics, p values, and 95% bootstrap confidence intervals. Explanatory power was evaluated using R?, effect
size using f?, and predictive relevance using Q.

Mediation was evaluated from the specific indirect effect and its bootstrap confidence interval. Following
contemporary mediation guidance, a significant indirect effect combined with a non-significant direct effect was
interpreted as indirect-only mediation rather than requiring a significant total or direct effect as a precondition
[27, 28].
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3.5 Ethical considerations

Participation was voluntary. Respondents were informed about the purpose of the study, their identities were kept
confidential, and results were reported only in aggregate form.

Table 1. Operationalization of the hierarchical constructs

Higher-order construct | Lower-order dimensions Conceptual content Retained indicators
Ecological adjustment;
Environmental (X1); Social|participation and networks;

Farmer adaptation (X) X1:4;X2:5;X3:3

(X2); Economic (X3) financial/market risk
management
Input (M1); Production & | Input access; production
Agribusiness system processing (M2); and post-harvest; market | M1: 4; M2: 4; M3: 5; M4:
management (M) Marketing (M3); Support | coordination; institutional 3
(M4) and service support
Farm viability; inclusion

Economic (Y1); Social

Sustainability (Y) (Y2); Environmental (Y3)

and welfare; ecological Y1:5;Y2:5;Y3:5
integrity and resilience

IV. RESULTS AND DISCUSSION

4.1 Respondent profile and descriptive patterns

The 100 respondents had a mean age of 46.82 years and an average cocoa-farming experience of 20.28 years.
Mean farm size was 1.12 ha, with a median of 1.00 ha, confirming the smallholder character of the sample.
Secondary education was the most common formal education level: 51% had completed senior high school, while
17% had primary education, 11% junior high school, 17% an undergraduate degree, and 2% a master’s degree;
education status was not recorded for two respondents. Eighty-nine percent reported previous participation in a
cocoa revitalization program, 7% reported no participation, and 4% did not report this status.

At the lower-order construct level, social adaptation had the highest adaptation mean (3.708), followed by
environmental adaptation (3.672) and economic adaptation (3.588). Agribusiness system management averaged
3.730; the support system had the highest mean (3.950), whereas marketing was the lowest (3.494). Sustainability
means were 3.850 for economic sustainability, 3.988 for social sustainability, and 3.856 for environmental
sustainability. The pattern is noteworthy because the structurally important economic and marketing dimensions
were not the highest-performing dimensions descriptively.

Table 2. Respondent characteristics and construct means (n = 100)

Variable Mean / n SD/ % Range / note

Age (years) 46.82 11.04 20-71

Cocoa-farming experience 20.28 11.16 2-46; two missing values

(years)

Farm size (ha) 1.12 0.52 0.40-2.50

Senior high school 51 51.0% Most common education
level

Participated in cocoa 89 89.0% 4% not reported

revitalization

F}r{l;/;ronmental adaptation 3672 0.792 High

Social adaptation (X2) 3.708 0.747 High

Economic adaptation (X3) 3.588 0.532 High

Input system (M1) 3.764 0.609 High

Production & processing .

(M2) 3.712 0.616 High

Marketing (M3) 3.494 0.771 Lowest system dimension

Support system (M4) 3.950 0.524 Highest system dimension
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Variable Mean / n SD/ % Range / note

Economic sustainability 3850 0.640 High

YD

Social sustainability (Y2) 3.988 0.648 Highest sustainability
dimension

Environmental .

sustainability (Y3) 3.856 0.636 High

4.2 Measurement model

The lower-order measurement model showed acceptable reliability and convergent validity after indicator
evaluation. Cronbach’s alpha ranged from 0.658 to 0.808, composite reliability from 0.815 to 0.873, and AVE
from 0.513 to 0.624. The two alpha values below 0.70 (economic adaptation and the support system) were retained
because their composite reliability exceeded 0.80 and their AVE exceeded 0.50, while the retained indicators
represented necessary conceptual content.

The higher-order model also met reliability and convergent validity criteria. Farmer adaptation had CR =
0.871 and AVE = 0.693; agribusiness system management had CR = 0.886 and AVE = 0.663; and sustainability
had CR = 0.945 and AVE = 0.851. Economic adaptation had the highest loading on farmer adaptation (0.908).
Marketing had the highest loading on agribusiness system management (0.908), followed by production-
processing (0.841), input (0.781), and support (0.713). Sustainability was strongly represented by all three
dimensions: environmental (0.933), economic (0.924), and social (0.909).

Table 3. Measurement quality of lower- and higher-order constructs

Loading range /
Construct Alpha CR AVE dimension Assessment
loading
X1
Environmental 0.783 0.868 0.624 0.689-0.837 Acceptable
adaptation
X2 Social 0.789 0.862 0.558 0.615-0.800 Acceptable
adaptation
X3 Economic 0.658 0.815 0.595 0.745-0812 | Acceptable
adaptation
M1 Input system 0.755 0.848 0.583 0.695-0.838 Acceptable
M2 Production & | 715 0.826 0.543 0.666-0.779 |  Acceptable
rocessing
M3 Marketing 0.807 0.873 0.580 0.692-0.831 Acceptable
M4 Support 0.684 0.829 0.619 0.757-0.801 Acceptable
system
Y1 Economic 0.808 0.867 0.568 0.684-0.830 | Acceptable
sustainability
Y2 Social 0.752 0.840 0.515 0.610-0.784 | Acceptable
sustainability
Y3
Environmental 0.760 0.840 0.513 0.628-0.792 Acceptable
sustainability
X Farmer X1=800;
adaptation 0.776 0.871 0.693 X2=.784; Acceptable
X3=.908
M Agribusiness ﬁ;;;i}’
System 0.825 0.886 0.663 ane. Acceptable
management M3=908;
M4=.713

K
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Loading range /
Construct Alpha CR AVE dimension Assessment
loading
Y1=.924;
Y Sustainability 0.912 0.945 0.851 Y2=.909; Acceptable
Y3=.933

4.3 Structural model and mediation

Collinearity did not reach a critical level in the sustainability equation: the VIF values for farmer adaptation and
agribusiness system management were both 2.993. The path from farmer adaptation to agribusiness system
management was positive and highly significant (§ = 0.816, t = 33.656, p < 0.001, 95% CI [0.769, 0.865]),
supporting H1. The model explained 66.6% of the variance in agribusiness system management (R? = 0.666). The
corresponding effect size was large (f2 = 1.993), and Q? = 0.658 indicated substantial predictive relevance.

Agribusiness system management had a positive and significant effect on sustainability (p = 0.729, t = 5.233,
p <0.001, 95% CI [0.424, 0.973]), supporting H2. In the sustainability equation, R* was 0.579, indicating that
farmer adaptation and agribusiness system management jointly explained 57.9% of sustainability variance. The >
effect of agribusiness system management was 0.422, while Q? for sustainability was 0.520.

The direct effect of farmer adaptation on sustainability was small and non-significant after the mediator was
included (B = 0.039, t = 0.320, p = 0.705, 95% CI [-0.175, 0.307]), so H3 was not supported. By contrast, the
specific indirect effect of farmer adaptation on sustainability through agribusiness system management was
positive and significant (f = 0.595, t = 5.092, p < 0.001, 95% CI [0.349, 0.811]), supporting H4. The total effect
of farmer adaptation on sustainability was § = 0.634 (t = 13.058, p < 0.001). Because the indirect effect was
significant while the direct effect was not, the mediation pattern was classified as indirect-only mediation.

Table 4. Structural paths and mediation results

Hypothesis / o -
offect B t p 95% CI f2 Decision
HI X—>M 0.816 33.656 <0.001 [0.769, 0.865] 1.993 Supported
H2M - Y 0.729 5.233 <0.001 [0.424, 0.973] 0.422 Supported
H3X—>Y
(direct) 0.039 0.320 0.705 [-0.175, 0.307] 0.001 Not supported
34 X—>M-— 0.595 5.092 <0.001  |[0.349,0.811] — Supported
E‘ft;l effect X 0.634 13.058 <0.001  |[0.541,0.729] — Significant
Table 5. Explanatory and predictive performance
Endogenous construct R? Q? Interpretation
Agribusiness system Moderate-to-strong
& Y 0.666 0.658 explanatory power; high
management ..
predictive relevance
Moderate explanatory
Sustainability 0.579 0.520 power; high predictive
relevance
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Figure 1. Empirical Structural Model of Sustainable Cocoa Agribusiness
North Kolaka Regency, Indonesia (n = 100)

Environmental adaptation

Economic sustainability
loading = 0.800

0.924

B = 0.816++* B = 0.729%*
Social adaptation t = 33.656 M t=5.233 Y Social sustainability
boading:=0-184 — A’; ol AGRIBUSINESS SYSTEM COCOA AGRIBUSINESS i
MANAGEMENT SUSTAINABILITY
R? = 0.666 R? = 0.579

Economic adaptation
loading = 0.908

Environmental sustainability
0.933

Marketing

0.781 0.908

» ~ .
Nig e Input Productn?n &
S processing

0.841

7
Support ,//
0713 |-~

Direct effect: § = 0.039; t = 0.320; p = 0.705 (ns)

‘ Indirect effect X » M - Y: B = 0.595***; t = 5.092; 95% Cl [0.349, 0.811] ’

{ *** p < 0.001; ns = not significant }

Fig. 1. Empirical hierarchical structural model. *** p < 0.001, ns = not significant. Dimension loadings are
shown around the three higher-order constructs.

4.4 Farmer adaptation strongly shapes agribusiness system management

The first major finding is the strong effect of farmer adaptation on agribusiness system management (f = 0.816).
This result moves the discussion of adaptation beyond the farm plot. Adaptation changes the way farmers seek
inputs, schedule farm operations, learn from peers and extension agents, manage costs, invest in post-harvest
quality, and respond to market signals. In other words, adaptation is not only a response to environmental stress;
it is also an organizational capability that influences how farmers participate in the wider agribusiness system.

The result is consistent with cocoa adaptation studies showing that farmers’ responses to climate and
production risks depend on combinations of knowledge, social networks, livelihood resources, and institutional
access [7, 8]. It also supports the value-chain evidence of Tennhardt et al. [10], who found that sustainable farming
practice implementation is shaped by value-chain factors in addition to farm and farmer characteristics. The
present study extends that argument by showing that adaptation, when modeled as an integrated environmental-
social-economic capability, explains a large share of variation in the management of the agribusiness system.

A particularly important result is that economic adaptation had the highest higher-order loading (0.908) on
farmer adaptation even though it had the lowest descriptive mean (3.588). This asymmetry identifies an
intervention priority. Farmers were relatively strong in social participation and environmental response, but their
overall adaptive capability was especially dependent on financial and market-related adjustment. Limited finance
can delay replanting, constrain the purchase of quality inputs, restrict the ability to hold beans for better prices,
and reduce participation in collective post-harvest systems. Evidence from smallholder cocoa systems supports
the importance of credit and cooperative services for productive investment and farm performance [29].

This finding also has implications for extension design. Extension that focuses only on technical
recommendations may improve knowledge but fail to change system performance when farmers cannot finance
or market the recommended practices. Recent Indonesian evidence from corporate-driven cocoa certification
illustrates the complementarity of capacity-building, market incentives, and implementation mechanisms:
stronger intervention packages were associated with better cocoa production and income outcomes [11]. Thus,
adaptation should be understood as a co-produced capability, created jointly by farmer agency and enabling
institutions.
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4.5 Agribusiness system management is the immediate driver of sustainability

The second major finding is that agribusiness system management strongly affects sustainability ( = 0.729). This
relationship confirms the central proposition of systems agribusiness theory: sustainable outcomes emerge from
coordinated flows of inputs, production decisions, post-harvest practices, market exchange, and supporting
services rather than from production alone [12]. The finding is especially relevant for smallholders because
fragmented access to these functions increases transaction costs and can disconnect improved practices from
economic rewards.

Marketing had the highest loading (0.908) on the agribusiness system construct while recording the lowest
descriptive mean (3.494). This combination makes marketing both a bottleneck and a leverage point. Farmers can
improve production and bean quality, but without collective aggregation, transparent weighing, price information,
differentiated quality incentives, and credible buyers, the additional value may not return to the farm household.
Research on Indonesia’s cocoa value chain has long identified institutional voids and weak smallholder linkages
as barriers to inclusion [9]. The present results indicate that such market arrangements are not peripheral; they are
central to the system mechanism through which sustainability is generated.

The finding also converges with recent international evidence on producer organizations. Krumbiegel and
Tillie [22], using data from more than 1,700 cocoa producers in Cote d’Ivoire and Ghana, found that cooperative
participation and certification can complement one another in promoting sustainable agricultural practices. This
does not imply that cooperatives are automatically effective. Their contribution depends on whether they perform
genuine economic functions-aggregating volume, managing quality, negotiating contracts, coordinating logistics,
and distributing benefits transparently. In North Kolaka, the very low score of collective marketing in this study
indicates that strengthening the commercial role of producer organizations should be a priority.

Post-harvest management is another crucial connection between system management and sustainability.
Fermentation and drying determine whether farmers can meet quality standards and access differentiated markets.
Field research in Ecuador has demonstrated substantial variation in small-farm post-harvest practices and the
importance of monitoring fermentation and drying processes for cocoa quality [30]. Consequently, quality
improvement programs should link training with shared fermentation facilities, drying infrastructure, grading
protocols, traceability, and buyer agreements. Quality without a market premium is difficult to sustain; a premium
without reliable quality is equally unstable.

The environmental dimension further illustrates why system coordination matters. Practices such as
agroforestry, organic amendments, shade regulation, and integrated pest management require knowledge, labour,
material inputs, and often delayed returns. Research shows that cocoa agroforestry can provide climate and
biodiversity benefits, while organic management can improve soil quality and microbial diversity [19-21]. Yet
these practices will be maintained only when the agribusiness system aligns ecological goals with economic
incentives and service delivery. Sustainability therefore depends on managing trade-offs across the economic,
social, and environmental dimensions rather than optimizing a single outcome.

4.6 Indirect-only mediation explains the adaptation-sustainability relationship

The most important theoretical result is the mediation pattern. Farmer adaptation did not have a significant direct
effect on sustainability after agribusiness system management was included ( = 0.039, p = 0.705), whereas the
indirect effect through system management was substantial and significant (B = 0.595, 95% CI [0.349, 0.811]).
According to contemporary mediation logic, this is an indirect-only mediation pattern [27, 28]. The finding
indicates that adaptation is a necessary capability but not a sufficient mechanism for producing sustainability.

This result provides a coherent explanation for a common development paradox. Farmers may attend training,
understand recommended practices, and express strong motivation to improve productivity and quality, yet
sustainable outcomes remain limited because the surrounding system does not convert knowledge into inputs,
finance, facilities, market access, and incentives. In the North Kolaka data, this pattern was visible in the contrast
between strong perceived government support and weak collective marketing, between strong quality orientation
and weak standardized fermentation and drying, and between long farming experience and limited access to
finance. These are not isolated shortcomings; they are breaks in the transmission mechanism from adaptation to
sustainability.

The mediation finding extends previous work on cocoa sustainability in two directions. First, it provides an
explicit meso-level mechanism connecting farm-level capability to triple-bottom-line outcomes. Studies such as
Tennhardt et al. [10] show that value-chain factors influence the implementation of sustainable practices, while
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Bemelmans and Maertens [11] show that the strength and combination of institutional interventions shape
socioeconomic outcomes. The present model integrates these insights by treating agribusiness system
management as the transformation mechanism itself. Second, the result adds structural evidence to
multidimensional sustainability studies in Indonesia, which have shown that sustainability performance can differ
substantially across economic, social, technological, institutional, and ecological dimensions [15].

The finding also changes how responsibility for sustainability should be allocated. If adaptation translated
directly into sustainability, policy could focus primarily on changing farmer behavior. Indirect-only mediation
shows that such an approach is incomplete. Farmers remain central actors, but public agencies, cooperatives,
traders, processors, financial institutions, extension services, and research organizations share responsibility for
creating a system in which adaptive behavior can generate durable outcomes.

4.7 Theoretical contribution

The study contributes to theory by linking three analytical levels. At the micro level, farmer adaptation represents
the capability of producers to respond to ecological, social, and economic pressures. At the meso level,
agribusiness system management represents the coordination architecture that organizes resources and
relationships. At the outcome level, sustainability represents the integrated economic, social, and environmental
performance of the cocoa system. The significant indirect pathway demonstrates that sustainability is an emergent
property of the interaction between actor capability and system organization.

This contribution is relevant to adaptation theory because it emphasizes institutional translation. Classical
adaptation perspectives explain how people modify technology and social organization in response to
environmental change [16, 17]. In contemporary commodity systems, however, the necessary organizational
structures extend beyond the community to include markets, finance, quality standards, logistics, processing, and
formal support institutions. Agribusiness system management is therefore not merely a control variable; it is the
organizational space in which adaptation becomes economically, socially, and environmentally consequential.

The model also contributes to the triple bottom line literature by showing why economic, social, and
environmental sustainability should not be treated as independent checklists. All three dimensions loaded strongly
on the higher-order sustainability construct. This supports the conceptual argument that sustainability is weakened
when one dimension is pursued at the expense of others [13, 14]. For smallholder cocoa, the practical implication
is clear: ecological practice adoption is more durable when farmer income and institutional participation are
simultaneously strengthened.

4.8 Policy and managerial implications

The findings suggest five priorities for cocoa development in North Kolaka and comparable smallholder regions.
First, collective marketing should be strengthened through producer organizations that perform business functions
rather than only administrative or project functions. Key services include volume aggregation, transparent
weighing, quality grading, price information, sales contracts, and traceable transaction records.

Second, post-harvest quality systems should be organized at group or cluster level. Shared fermentation units,
drying facilities, standard operating procedures, quality testing, and differentiated purchasing arrangements can
connect farmers’ quality orientation with actual price rewards. This is important because post-harvest quality is a
system function: individual adoption is difficult when market volumes and infrastructure need coordination.

Third, finance should be aligned with the cocoa production cycle. Seasonal credit, group-based guarantees,
input financing, and cash-flow-oriented lending can help farmers invest in rehabilitation, soil fertility, pruning,
pest management, and post-harvest improvement. Financial inclusion should be combined with financial literacy
and transparent repayment arrangements so that credit increases adaptive capacity without increasing
vulnerability.

Fourth, extension should integrate technical, organizational, and market learning. Field schools can combine
climate-adaptive farm management with cost recording, quality management, cooperative governance, and market
negotiation. This recommendation is consistent with the finding that effective capacity-building has stronger
impacts when combined with incentives and implementation mechanisms [11].

Fifth, sustainability governance should be multi-stakeholder. A district-level cocoa platform could coordinate
government agencies, extension services, producer organizations, banks, research institutions, traders, and
processors around measurable indicators for farm resilience, quality, collective sales, income, participation, and
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environmental management. Such coordination would reduce fragmented projects and help ensure that
interventions strengthen the mediation pathway identified by the model.

4.9 Limitations and future research

The study has several limitations. First, the cross-sectional design supports predictive and associational
interpretation but cannot establish temporal causality. Panel data would be valuable for testing whether changes
in farmer adaptation precede changes in agribusiness system management and sustainability. Second, most
indicators are based on farmer perceptions and self-reported practices. Future studies should integrate objective
farm measures such as yield, net income, bean quality, soil indicators, shade-tree diversity, and verified marketing
records.

Third, the study covers three districts in one regency. The structural mechanism is theoretically transferable,
but coefficient magnitudes may differ across cocoa regions with different market structures, infrastructure,
certification coverage, and ecological conditions. Multi-region studies could test measurement invariance and
compare the strength of the mediation pathway. Fourth, future models may examine moderators such as farm size,
age of cocoa trees, participation in cooperatives, access to credit, extension intensity, certification, or buyer
relationships. These variables could explain when and for whom agribusiness system management most
effectively converts adaptation into sustainability.

V. CONCLUSION

This study shows that sustainable cocoa agribusiness is not produced by farmer adaptation alone. Farmer
adaptation strongly improved agribusiness system management, and agribusiness system management strongly
improved sustainability. Once the system mechanism was included, the direct adaptation-sustainability
relationship disappeared, while the indirect effect remained strong and significant. The result therefore supports
an indirect-only mediation model.

The substantive implication is that farmer capability must be translated into coordinated agribusiness
functions. Environmental, social, and economic adaptation become sustainable outcomes when farmers can access
suitable inputs, apply production and post-harvest practices, participate in effective marketing, and receive
institutional, financial, and extension support. For North Kolaka, the most strategic leverage points are collective
marketing, inclusive finance, standardized fermentation and drying, stronger producer organizations, climate-
adaptive farm management, and coordinated multi-stakeholder governance.

More broadly, the study offers an adaptive-systemic perspective for smallholder commodity development.
Sustainability should be treated as a property of the system linking capable farmers with functioning institutions
and markets. Policies that strengthen only one side of this relationship are likely to generate incomplete results;
durable cocoa sustainability requires both adaptive farmers and an agribusiness system capable of converting
adaptation into economic, social, and environmental value.
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