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A key strategy of chocolate manufacturers is the promotion of sustainable
farming practices amongst their supplying cocoa producers. A growing body
of micro-economic literature has analysed factors influencing the adoption of
such practices, yet broadly disregarded value chain factors. Information on how
factors within single value chains increase the adoption of sustainable farming
practices can help direct chocolate companies’ investments and increase return
of investments in sustainability. The objective of this study was to understand:
(@) how important value chain factors are, relative to farmer and farm factors, for
cocoa farmers’ implementation of sustainable farming practices and (b) through
which mechanisms value chain factors influence sustainable farming practices
implementation. By integrating the practice adoption with sustainable supply
chain management literature, we contribute to closing an important research
gap. We collected data from 394 cocoa farmers in Ecuador and Uganda and
analysed the determinants of implementation sustainable farming practices,
testing quantitatively whether value chain factors with variation within single value
chains are significantly associated with practice implementation. These factors
included information factors (farmers’ access to training; advisory service through
the value chain) and structural factors (value chain organisation and persistence;
farmers’ dependency on this value chain). We selected 11 sustainable farming
practices or indicators across three sustainability dimensions, i.e., environmental,
social, and economic. We found that value chain factors are comparable to
farmer and farm factors in explaining the implementation of sustainable farming
practices across dimensions. Both capacity building and stable relationships
were significantly related with the implementation of certain sustainable farming
practices. Yet these results were weaker than expected, indicating that their
potential was not fully exploited within our case study value chains. Through their
value chain sustainability initiatives, chocolate companies should disseminate
knowledge, address inhibitors to sustainable farming practices implementation
beyond knowledge, and align sustainability goals with all value chain actors.

cocoa, value chain, sustainability, practice adoption, sustainable supply chain
management, capacity building, Ecuador, Uganda
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1. Introduction

Global demand for sustainable chocolate is rising and with it, the
pressure on chocolate companies to source sustainably produced
cocoa. This has motivated several sustainability initiatives in the cocoa
sector. Companies are increasingly sourcing certified cocoa or
implementing their own in-house sustainability schemes (Thorlakson,
2018; Fountain and Huetz-Adams, 2020; Perez et al., 2020). A key
strategy of both certification and corporate schemes is the promotion
of sustainable farming practices or indicators (SFPI) amongst their
upstream producers. We define SFPI to cover production practices
that contribute to the performance in all three dimensions of
sustainability (i.e., environmental, social, and economic).

A growing body of micro-economic literature has looked into
factors that influence the adoption of such practices, which is
summarised in several recent review studies (e.g., Meijer et al., 2015;
Mozzato et al., 2018; Foguesatto et al., 2020; Takahashi et al., 2020).
These conclude that the SFPI adoption literature has largely focussed
on basic and extrinsic characteristics of the farmer and the farm, such
as structure and resource endowments. Additionally, value chain
factors, such as relationships between actors, are largely disregarded
in existing frameworks (Mozzato et al., 2018). In contrast, the
literature on value chain sustainability indicates that desirable
(environmental) outcomes can be influenced by value chain partners
(Hansson et al., 2019); through information sharing and economic
dependencies (Grimm et al., 2014); and through strong and persistent
relationships between actors — referred to as “stickiness” (Reis et al.,
2020). There is thus a research gap in evaluating the influence of value
chain related factors on farmers’ adoption of SFPI (Mozzato et al.,
2018; Candemir et al., 2021) and on how value chain partners can best
increase knowledge and adoption of SFPI amongst small-scale farmers
(Liverpool-Tasie et al., 2020). Furthermore, research on adoption of
SEPI in cocoa has looked into environmental practices (e.g., Aneani
etal, 2012; Djokoto et al., 2016; Ali et al., 2018), with less attention
paid to the social and economic dimensions of sustainability (e.g.,
Nkamleu and Kielland, 2006; Amfo and Ali, 2020). These questions
are important in the cocoa sector as the role of voluntary sustainability
standards in transforming the food system towards more sustainability
is ever more questioned (Meemken et al., 2021) and as influential
downstream value chain actors are increasingly involved and invest in
value chain sustainability. Particularly, knowing how factors within
single value chains might increase the adoption of sustainable cocoa
production practices can help direct investments and improve the
cost-effectiveness of investments in sustainable value chains.

The objective of this study was to better understand the
relationship between value chain factors and SFPI implementation,
specifically aiming to identify if and how value chains influence
farming practice adoption. In this study, we define value chain factors
as those that describe information flow towards farmers as well as the
organisation between and dependency of farmers and other value
chain actors and thus contribute to the adoption literature. We posed
two main research questions: (1) Relative to farmer- and farm-level
factors, how important are value chain factors for cocoa farmers’
implementation of sustainable farming practices?; and (2) Through
influence SFPI
implementation? Using our existing data set from two samples of

which mechanisms do value chain factors

cocoa farmers in Ecuador and Uganda, we analyse the determinants
of implementation of 11 practices across three sustainability
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dimensions, testing quantitatively whether value chain factors within
single value chains are significantly associated with practice
implementation. We do this whilst controlling for farmer and farm
factors known to influence practice implementation. By testing the
role of value chain factors beyond the environmental dimension of
sustainability in two very different cases, we aim to gain an indication
of their broader significance and thus global value. This manuscript
first provides an overview of relevant literature and the theoretical
framework developed for this study, followed by a description of the
case studies and selected analytical approaches. We then present the
results and discuss them in light of our research questions and existing
literature before providing concluding remarks.

2. Conceptual framework

Our conceptual framework combines selected SFPI, i.e., outcome
variables, with covariates that might explain their implementation on
farms. It is informed by underlying theory and literature on the
adoption of SFPI amongst farmers. The conceptual framework for this
study is based on the technology adoption and the sustainable value
chain literature that links downstream actors with upstream
sustainability outcomes. We chose the term practice “implementation”
over “adoption,” as many SFPI in cocoa production are traditional
production practices and partly a legacy of past management instead
of new practices that farmers actively decided to adopt on their farms.

2.1. Sustainable farming practices

Based on our existing identical data set from two producer groups,
we identified practices from the environmental, social, and economic
sustainability dimensions considered important for sustainable cocoa
production (Table 1). We are aware that we do not cover all aspects of
sustainability, like gender equality, phytosanitary measures, or living
incomes. This was largely due to data limitations, as this study was
conceptualised after primary data collection, and maintaining
comparability across farms. For example, indicators such as gender
equality could only be compared on a sub-sample of farms where both
male and female employees were present, and thus was excluded from
the analysis. Similarly, we did not identify the practice of “appropriate
work for children” as an issue in the Ecuadorian case study, as children
on sampled farms were hardly engaged in hazardous work.
We recognise potential trade-offs between selected SFPI, such as
potential negative effects of pesticide-free production on cocoa yields.

2.2. Theoretical considerations

Our conceptual framework is informed by the expected utility
theory (Schoemalker, 1982) and the theory of planned behaviour
(Ajzen, 1991). The expected utility theory adopts an economic
rationale in which decision-making is based on greatest expected
utility. It is considered relevant in the context of economically-
constrained farmers who need to manage risk to secure their
livelihoods (Meijer et al., 2015). Farmers’ participation in sustainability
initiatives and the compliance with respective codes of conduct might
be a way to access better prices and thus maximise utility. Yet

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1167683
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Tennhardt et al.

TABLE 1 Overview of selected practices and indicators for sustainable cocoa production.

Rationale for inclusion

10.3389/fsufs.2023.1167683

Analysed practice

Operationalisation

A wide variety of pesticides are used by farmers for pest and
disease management in cocoa. Highly disputed Glyphosate and
Paraquat are common herbicides, and Neonicotinoids and
Pesticide-free Takes 1 if farmers produced their cocoa without using any
Pyrethroid common insecticides. Abstaining from using pesticides
production (1/0) synthetic pesticides.
reduces the health risk for farmers and consumers, and reduces
the environmental impact of cocoa production (Fountain and
Huetz-Adams, 2020)
Agroforestry systems can reduce the environmental impact of
Cocoa plots were observed during farm visits. Takes 1 if at least
cocoa production through carbon sequestration, biodiversity
part of the cocoa was produced in an agroforestry system,
conservation, soil fertility and moisture conservation, amongst
Agroforestry (1/0) defined here as the integration of cocoa with other shade trees in
others. Additionally, agroforestry systems have the potential to
Environment a minimum of three strata and with 5 non-cocoa tree species per
reduce deforestation associated with cocoa production (Kuyah b
ectare.
et al., 2019; Fountain and Huetz-Adams, 2020)
Farmers were asked about the number of permanent shade trees
Shade tree per Shade tree density can have beneficial environmental and on their cocoa plots, which was then divided by the size of cocoa
hectare >12 (1/0) agronomic properties. (U7, 2017; Blaser et al., 2018) plots. Takes 1 if the threshold of 12 shade trees per hectare was
met, adopted from UTZ certification requirements.
Farmers were asked if they had planted or nursed self-growing
Shade tree Planting shade trees on cocoa plantations can help reclaim forest
shade trees in their cocoa plots in the past year. Takes 1 if this
planting (1/0) environmental functions (Fountain and Huetz-Adams, 2020)
was the case.
Organic fertiliser Nutrient limitation in cocoa fields is a major limiting factor to
) Takes 1 if farmers applied organic fertilisers.
use (1/0) improve productivity (van Vliet and Giller, 2017).
Cocoa farmers are exposed to numerous health and occupational
risks, for example during farm activities like spraying of chemicals,
Use of personal Farmers were asked about what they wear during potentially
cutting, weeding and harvesting. The use of personal protective
protective harmful tasks. Takes 1 if the equipment worn was sufficient to
equipment like gloves, safety glasses, and boots can avoid physical
equipment (1/0) provide protection.
harm during these activities (de Bon et al., 2014; Boadi-Kusi et al,,
2016)
More than one million children work on cocoa plantations
globally, mainly in West Africa (Fountain and Huetz-Adams,
2020). Whilst the mere involvement of children in farm work is
not per se regarded as negative, it becomes an issue when their
physical and/or mental development is harmed (ILO, n.d.).
Social Hazardous tasks performed by children in cocoa production Farmers were asked about the tasks performed by their children
Appropriate work
by children (1/0) include carrying heavy loads or working with pesticides and sharp | or hired workers <16 years of age. Takes 1 if these tasks did not
y children (1/0
tools. Our indicator does not consider the length of working hours | pose any risk for children.
and time of day when the work is carried out. Additionally,
country-specific minimum employee ages were not applied.
Instead, we used 16 years as a generic cut-off for this indicator.
Thus, it does not fully assess hazardous child labour as qualified by
ILO.
Hiring seasonal workers is common in cocoa production. Workers | In case farms hire workers, farmers were asked about the lowest
Workers’ daily in rural areas in cocoa producing countries often face precarious daily wage they paid. In Uganda, wages were mostly paid per task
wage (USD/day) working conditions, without contracts, and low wages (Meemken instead of per day. Here, the wage for a typical task was divided
etal,, 2019; Fountain and Huetz-Adams, 2020) by the average number of days required for their completion.
Numerous reports suggest that a large share of cocoa farming
household live below the poverty line (Waarts et al., 2019; van
Vliet et al., 2021) and the call for living incomes for cocoa farmers
Farm revenues Farmers were asked about the quantities of each product sold
Economic become louder (Fountain and Huetz-Adams, 2020; Fountain and
(USD/year) and the respective average price per unit sold.
Huetz-Adams, 2022). Whilst not able to measure incomes, farm
revenues represent an indication of the economic benefits that
farmers generate on farm.
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TABLE 1 (Continued)

10.3389/fsufs.2023.1167683

Analysed practice Rationale for inclusion

Cocoa yields
(tons/ha)

Low yields are often reported from cocoa production systems,
with economic implications for farming households. Increasing
cocoa yields is regarded as one step towards achieving living

incomes for cocoa farming households (van Vliet et al., 2021).

Operationalisation

Farmers were asked about the sizes of all cocoa plots as well as
the cocoa harvest from each plot in the reference year. Farm
yields represent the plot size-weighted average yield per farm.
Fresh cocoa bean weight was converted to dry bean weight using

the conversion factor 0.38.

Secure farm

succession (1/0)

investment in productive farms.

Youth migration to the cities creates labour shortage, leaving
behind an ageing population of cocoa farmers that is unable to
afford hiring labour and keep up proper crop management
(Dormon et al., 2004; Mithofer et al., 2017; Abdulai et al., 2020). A

defined successor of cocoa farms can ensure continuous

Farmers above the age of 55 years were asked about a successor.

Takes 1 if a clear candidate has been identified.

decision-making is not always purely rational and often influenced
through social-psychological pathways, which is what the theory of
planned behaviour aims to understand. According to this theory,
attitude, subjective norms, and perceived behavioural control shape
an individual’s behavioural intentions, which again is considered the
closest determinant of behaviour. Participation in sustainability
initiatives and the training sessions offered to farmers within these
initiatives, and gaining first-hand experiences with SFPI might
influence farmers’ attitude towards them and ultimately shape farmers’
intention to implement them. With these theories as a basis, our
conceptual framework builds on the agricultural technology adoption
literature and the sustainable supply chain literature that links
downstream actors with upstream sustainability outcomes.

2.2.1. Agricultural technology adoption literature

A growing body of micro-economic literature has looked into
factors that influence farmers’ adoption of sustainable farming
practices, mainly regarding agro-environmental practices. The large
number of recent review studies is evidence of this trend, each
proposing different frameworks based on reviewed studies (Meijer
etal., 2015; Liu et al., 2018; Mozzato et al., 2018; Arslan et al., 2020; de
Oca Munguia and Llewellyn, 2020; Foguesatto et al., 2020; Pifieiro
etal, 2020). Most frameworks distinguish between factors within and
factors beyond the farm.

Factors within the farm most commonly include farmers’ socio-
demographic factors like age and education level. Past studies have
shown a mixed influence of farmer factors on practice adoption. In
line with the theory of planned behaviour, farmers with higher
education levels or higher awareness about environmental threats, for
example, might be more informed about sustainability issues and thus
more likely to implement SFPI across all sustainability dimensions
(Nkamleu and Kielland, 2006; Boadi-Kusi et al., 2016; Amfo and Ali,
2020). Contrarily, female farm managers might be less likely to
implement or adopt a new technology as they might face structural
inequalities, such as lower access to education or production factors
(Djokoto et al., 2016).

Additionally, farm factors are included in most SFPI adoption
frameworks, including farm structure and management. Past studies
found that farms economic situation positively influences the
adoption of environmental, social, and economic practices as a result
of greater access to resources and necessary inputs. For example, more
resource endowed farmers have shown to be more likely to hire labour
and thus involve less children in hazardous tasks (Berlan, 2013;
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Busquet et al., 2021). Furthermore, a lack of labour can reduce the
implementation of labour-intensive environmental practices (Andres
etal, 2016). Secure land tenure can furthermore have a positive effect
on SFPI adoption and investments in green practices (Useche and
Blare, 2013; Yang et al., 2022). Finally, the cocoa variety has been
shown to strongly influence environmental practices, as hybrid
varieties, such as the Ecuadorian CCN-51, require higher inputs and
tolerate less shade (Rueda et al., 2018).

Factors beyond the farm-level include the biophysical, spatial,
socio-economic, and policy environment in which farms operate.
Proximity to urban centres and markets might increase farmers’ access
to information and inputs and thus increase SFP implementation
(Foguesatto et al., 2020). Furthermore, social norms and networks can
influence SFPI adoption (Liu et al, 2018). Finally, the practice
characteristics themselves are important influencing factors. For
example, cost-intensive practices might obstruct their adoption (de
Oca Munguia and Llewellyn, 2020) especially on low-income
smallholder farms. Labour-constrained households might be more
willing to adopt labour-saving technologies (Arslan et al., 2020).

2.2.2. Sustainable supply chain literature

Commercial partners within value chains can influence practice
adoption amongst farmers (Hansson et al., 2019), for example through
incentives or regulatory measures (Pifciro et al., 2020). Examples
include performance-based price premiums and sustainability
certification. Cocoa value chains are characterised by a highly diffuse
producer base of many small-scale producers and a concentrated
downstream actor level, with increasing power (Thorlakson, 2018).

Past research in the value chain literature has focused on
compliance of upstream partners with sustainability requirements of
downstream companies. Grimm et al. (2014) identified critical factors
for achieving supplier compliance, grouping them into factors within
and beyond downstream companies. The former includes top
management support, which positively influences companies’
commitment and available resources for value chain sustainability
mechanisms. The latter includes information sharing and commitment
between value chain partners. A large body of literature has shown the
importance of information sharing through training and extension for
practice adoption in cocoa production systems (e.g., Andres et al,
20165 Denkyirah et al., 2016; Okoffo et al., 2016), often provided by
downstream value chain actors.

A recent study linked persistent relationships in value chains with
sustainability outcomes under the concept of “stickiness” and showed
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that more persistent soy value chains in Brazil are more effective in
creating change in sustainability performance amongst upstream
producers (Reis et al., 2020). Furthermore, upstream actors’ economic
dependence might increase compliance with downstream companies’
sustainability codes of conduct (Grimm et al., 2014). As such, farmers
with a higher economic dependency on cocoa for their livelihoods, a
greater dependency on one buyer with certain sustainability codes of
conduct, and generally fewer cocoa buyers might implement
more SEFPL

2.3. Selected covariates

As the literature review displays, a great range of factors have been
shown to influence practice implementation or adoption. The
selection of groups of factors and specific factors to include in our
analysis was restricted by our existing data set. To assess the
importance of value chain factors for the adoption and implementation
of sustainable cocoa production practices, we controlled for other
factors known to influence their implementation. We organised
factors influencing SFPI into two groups of internal and external
factors (Figure 1). An overview of factors and rationale for their
inclusion can be found in the supplementary materials.

2.3.1. Internal farmer factors

The set of farmer factors controlled for included farmers’ age,
gender, and formal education years. We additionally incorporated
farmers’ expressed commitment to sustainability (dummy) and
knowledge about climate change (dummy). Given the literature shown
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above, we hypothesise that farmer factors, specifically farmers’
knowledge and conviction, are highly important for the decision to
implement SFPI in our case studies (Hypothesis 1).

2.3.2. Internal farm factors

Incorporated farm factors comprised multiple indicators for
farms’ economic endowment, including farm and cocoa plot size
(hectares), land ownership (dummy), and livestock units owned
(number). Labour availability on farm was covered by the number of
family workers. In the Ecuadorian case study, we added the hybrid
cocoa variety CCN-51 as a predictor (dummy). Given the mixed
picture presented in past studies, we assume that farm factors are less
important for SFPI implementation (Hypothesis 2).

2.3.3. Value chain factors

We considered both information sharing and organisation as
important value chain variables. Within information factors,
we included the number of training days farmers participated in
(days/year) and farmers’ perceived access to extension services
(dummy). These two variables account for farmers’ access to
private training and advisory service organised by downstream
value chain actors. Additionally, we considered factors that
describe the value chain organisation and persistence, adapting the
stickiness definition by Reis et al. (2020) to our cross-sectional
data. We included farmers’ economic dependency on cocoa (share
of gross farm revenue from cocoa) and their main customer (share
of gross farm revenue from main buyer). Furthermore, we included
the number of cocoa buyers per farmer and the years of relationship
with the main cocoa buyer. Based on first evidence reviewed above,
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we hypothesise that downstream value chain actors have several
mechanisms available with which they can generate a change in
SFPI implementation at farm level, thus value chain factors are
important for SFPI implementation (Hypothesis 3). We specifically
tested two mechanisms: (a) Information factors, covering farmers’
access to capacity building through the value chain, which
we presume to be a suitable mechanism for downstream value
chain actors to increase SFPI implementation amongst their
suppliers (Hypothesis 4); and (b) Structural factors, including
value chain organisation and persistence as well as farmers’
dependency on this value chain. Our final hypothesis follows the
assumption that the mechanism of establishing long-term and
stable relationships along value chains create trust and thus
increase SFPI implementation (Hypothesis 5).

3. Materials and methods
3.1. Case study description

We addressed our research questions and related hypotheses with
a comparative case study approach. In order to get comprehensive
insights into the cocoa sector, we selected two diverse value chains.
They connect cocoa farmers in Ecuador and Uganda to downstream
Swiss chocolate companies.

3.1.1. Ecuador

Ecuador is the world’s fifth largest producer of cocoa, with almost
330,000 tonnes produced in 2020 (FAO, 2022a), and is the largest
producer of fine flavour cocoa, known in Ecuador as Cacao Nacional
(Anecacao, n.d.). The majority of the 527,347 ha of land used for cocoa
cultivation in Ecuador in 2020 (FAO, 2022b) was located in the coastal
area (INEC, 2020), which is also the location of the sampled farmers
in this case study.

The Swiss chocolate company at the downstream end of this
cocoa value chain is a large multinational chocolate manufacturer,
which sources cocoa from Ecuador through an in-house
sustainability programme. This programme was introduced in the
country in 2014 and has gradually increased in size, including
almost 6,000 independent farmers in 2019. Farmers are grouped
around intermediaries in the closest town, which also form part of
the sustainability programme. Finally, a large multinational trading
company buys cocoa from intermediaries and exports it to Europe.
The exporter is also in charge of implementing the sustainability
programme, mainly focussing on cocoa traceability, farmer
training, in-kind premium distribution, and community
development. Farmers receive “normal” market prices for their
cocoa, dependent on its quality and humidity content. They
additionally receive in-kind premiums, which included mineral
fertilisers, fungicides, or tools. Programme farmers are not
contractually obliged to sell their cocoa to programme
intermediaries, yet no longer receive premiums if they frequently
sell elsewhere. Farmers in the programme undergo several training
modules with a strong focus on good agricultural practices and
environmental protection. Each intermediary group, ranging in
size from 100 up to 600 farmers, generally has one farmer trainer.
Most trainings sessions are held at the intermediary shop in town
and farmers are motivated to participate in these sessions as they
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are combined with the distribution of premiums. Farmer trainers
rarely pay additional visits on individual farms given the high
number of farmers.

3.1.2. Uganda

In comparison to Ecuador, Uganda had a much smaller cocoa
production in 2020 of 35,000 tonnes, harvested from 70,809 ha (FAO,
2022b). National production quantities and export values, however,
have been increasing steadily (FAO, 2022b). Major cocoa producing
areas in Uganda are Bundibugyo in the Western and Mukono in the
Central Region, the latter being the location of the cocoa producers in
our second case study value chain.

In this case study, around 500 independent farmers in Mukono
District have been converting to certified organic production for
three years at the time of data collection. In 2017, a national export
company searching to increase its supplier base in Mukono District
recruited farmers based on a door-to-door method asking for their
willingness to comply with organic regulation in exchange for
higher cocoa prices. This export company started the certification
process with the promise to buy farmers’ cocoa and vanilla with a
price premium once certified. For organic certification, the export
company established an internal control system, which includes
yearly controls on farms to ensure their compliance with the
organic standard. In order to provide knowledge about certification
and organic production practices, a training programme with four
modules was initiated. Farmers were invited to participate in
trainings. The export company hired two farmer trainers to cater
to the group of farmers in Mukono District, who are in charge of
the trainings and compliance control. The downstream Swiss
chocolate brand is relatively young and small, and caters to a niche
market of sustainable chocolate consumers. The owners personally
know the lead farmer and the conditions in which farmers in
Mukono District live and operate.

3.2. Farmer sampling and data collection

Farmer sampling followed a randomised approach in both case
studies, targeting sample sizes of around 200 farmers, which was
feasible within the project framework. We selected a random
sample of farmers within each case study. In Ecuador, we selected
eight intermediary groups in four provinces of north-western
Ecuador and then randomly selected a subsample of 25 farmers per
group, totalling 190 farmers. In Uganda, we made a random
selection of 204 farmers across the entire farmer group of around
450 farmers.

Trained enumerators and the lead author visited the selected
farms between July and September 2019 in Ecuador and February and
March 2020 in Uganda to undertake face-to-face interviews with farm
managers [more details in Tennhardt et al. (2022)]. At each farm,
we applied the SMART-Farm Tool (Schader et al., 2016, 2019) as
described in Tennhardt et al. (2022), to derive a large indicator pool
on farm management and sustainability indicators. In addition,
we collected contextual data on the farmer, farm, and the cocoa supply
chain. We collected all information for the reference years of 2018 in
Ecuador and 2019 in Uganda. Data collection was performed in
accordance with all relevant institutional and national ethical
guidelines. It followed free and informed consent by farmers, which
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was obtained orally from respondents and documented with a
signature in a participation list.

3.3. Data analysis

We ran multivariate mixed regression models for each case study,
using individual practices as dependent variables and the set of
predictors including value chain factors as explanatory variables.
Dependent variables were binary and continuous (Table 1) and thus
required different types of regression models. In each model,
we checked for multicollinearity using variance inflation factors and
deleted predictors with values >3. We z-normalised all predictors to
facilitate comparison between predictors with differing scales (Bruce
et al., 2020).

We approached the estimation of value chain factors’ importance
for SFPI implementation being aware that certain predictors might
be endogenous to dependent variables and reverse causality might
exist, potentially leading to biased estimates. Thus, we refrained from
interpreting any result as impacts and any mention of an effect refers
to a change in probability, not to a causal effect. Additionally, we do
data to
current implementation.

not use predict adoption but rather explain

We controlled for a potential “village bias” i.e., a potential
correlation amongst close-by farms due to information exchange
amongst neighbours, locally-specific training offers, or local conditions
such as topography or road infrastructure. Due to the uneven
distribution of farms per village, especially in the Ugandan case, not all
mixed models converged when adding the village as a random effect.
Therefore, we developed a standard procedure, which was applied to all
models: First, we fit each model with only village as a random effect and
without other covariates. If the simple model converged, we added all
covariates as fixed effects and kept village as a random effect. If the full
model converged, we kept it and interpreted the results. If the full model
did not converge after the second step, we introduced the village as a
fixed effect instead of as a random effect and checked if the village had
a significant effect. If the village showed a significant effect, we kept it
and interpreted the results. If the village did not show a significant
effect, we removed it as a fixed effect and interpreted the estimates of
the model without village. If the simple model did not converge after
the first step, we introduced the village as a fixed effect instead of as a
random effect and checked if the village had a significant effect. If the
village was significant, we kept it and interpreted the results. If the
village was not significant, we removed it as a fixed effect and interpreted
the estimates of the model without village. This approach was
considered the best middle ground between accounting for a potential
village bias where possible and simplifying the models where necessary.

All statistical analyses were performed in R (vers. 4.1.0, R Project
for Statistical Computing, RRID:SCR_001905), via RStudio (vers.
2022.02.01 +461, RStudio, Q19 RRID:SCR_000432). The analysis was
implemented in RStudio’s RMarkdown script format, which integrates
analysis, reporting, and export functions for highly reproducible
research reports (Baumer and Udwin, 2015). Data and code are
available here.!

1 https://figshare.com/s/d25ecd539209287d7ble
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3.3.1. Binary dependent variables

Most of the SFPI in our database had binary response options, i.e.,
were applied (=1) or not applied on a farm (=0). This dichotomous
division is typical in studies that aim at modelling the adoption of
agricultural practices (Foguesatto et al., 2020) and allows for a clear
differentiation between farms that implemented and farms that did
not implement a certain practice. We modelled the effects of predictors
on binary SFPI using generalised linear mixed models (GLMM) in
case the model converged with the village variable introduced as a
random effect, and generalised linear model (GLM) otherwise, after
confirming the insignificance of the fixed variable “village” (see
supporting information). We used glmmTMB() function of the R
package glmmTMB for GLMM including village as random effect,
glm() function of the R package stats for GLM, and Anova() from the
R package car to test for significance of “village” as fixed effect.

3.3.2. Continuous dependent variables

We employed linear mixed regression models (LMM) for
continuous dependent variables and log-transformed dependent
variables due to skewed data. In those cases where the mixed models
did not converged with the village variable as a random effect,
we applied Ordinary Least Square (OLS) regression. We used the
Imer() function of the R package Ime4 for LMM including “village” as
random effect and the Im() function of the R package stats for
OLS models.

3.3.3. Simultaneous models

Some SFPI selected in this study are related and not entirely
independent of other selected SFPI. As an example, the dependent
variable cocoa yields might influence the dependent variable farm
revenues. Not accounting for these interdependencies generates a
potential bias (Grovermann et al., 2023). In order to test for this bias
and verify the robustness of the results of the isolated models, we ran
simultaneous models. We estimated multivariate probit models for
binary dependent variables with interdependency (i.e., agroforestry
systems, shade tree planting, and shade tree density). Furthermore,
we estimated seemingly unrelated models for continuous dependent
variables with interdependency (i.e., gross farm revenues and cocoa
yields). The results of these models are presented in the
supplementary materials.

4. Results
4.1. Descriptive statistics results

Table 2 shows the descriptive results of the dependent variables
analysed in the environmental, social, and economic dimensions of
sustainability as well as the independent farmer, farm, and value chain
variables. Most dependent and independent variables show a
distribution suitable for further analyses with regression models, with
some exceptions: organic fertiliser use in Ecuador and engagement of
children in hazardous work was low and further regression analyses
were not carried out. Similarly, the use of protective equipment was
low and growing cocoa in agroforestry systems was high in Uganda.
All farms in the Ecuadorian sample owned some sort of livestock and
we excluded this predictor from the regression models for this
case study.
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4.2. Relative importance of value chain
factors (hypotheses 1, 2, and 3)

The results of the different regression models testing the
influence of value chain variables on SFPI implementation in the
environmental dimension for the Ecuadorian and Ugandan case
studies are presented in Tables 3, 4. The results for the social and
economic dimensions for the Ecuadorian and Ugandan case
studies are shown in Tables 5, 6. Furthermore, the strongest
coeflicient (f3) of significant predictors per factor group and SFPI

are shown in Figure 2.

4.2.1. Practices within the environmental
dimension

Within the Ecuadorian case study, factors from all three groups of
predictors showed significant relationships with environmental SFPI
(Table 3). We found strong predictors amongst the group of farm
factors (Figure 2). Farm size showed a significant and positive
relationship with growing cocoa in agroforests (GLMM, f=2.53,
n=175, p<0.05), yet larger cocoa plots were significantly and
negatively associated with shade tree density (GLMM, f=-1.48,
n=173, p<0.01). Growing the hybrid cocoa variety CCN-51 was
significantly and negatively related to growing cocoa in agroforestry
systems (GLMM, f=-1.12, n=175, p<0.01) and pesticide-free
production (GLMM, f=-1.07, n=175, p<0.001). Holding all other
variables constant, the odds for farms growing hybrid cocoa to
practice pesticide-free cocoa production were 66% lower than for
farmers not growing hybrid cocoa. The farmer factor farmers’
commitment to sustainability also showed a significant and positive
association with pesticide-free production (GLMM, f=0.81, n=175,
p<0.01) and shade tree density (GLMM, f=0.89, n=175, p<0.01).
The strongest value chain factor with a coefficient of —0.99 was
farmers’ dependency on cocoa revenues, which showed a significant
negative relationship with agroforestry systems (GLMM, n=173,
p<0.05).

Also in the Ugandan case study, all three groups of predictors
showed significant relationships with environmental SFPI (Table 4).
The number of training days represented the strongest value chain
factor, which was significantly and positively associated with pesticide-
free production (GLM, f=0.94, n=182, p<0.01). This indicates that
with an increase of 4.3 training days and holding all other variables
constant, the odds of producing pesticide-free cocoa increased by
156%. The farmer factor commitment to sustainability showed a
significant and positive relationship with pesticide-free production
(GLM, p=0.77, n=182, p<0.001) and shade tree planting (GLM,
p=0.57, n=182, p<0.01), yet a negative relationship with shade tree
density (GLM, #=—0.84, n=182, p<0.05).

4.2.2. Practices within the social dimension

Our covariates showed rather weak predicting power for the
implementation of social SFPI amongst sampled Ecuadorian farmers
(Table 5). Farmers reported that they had received some personal
protective equipment, such as rubber boots, through the sustainability
programme. Training participation was significantly and positively
associated with the use of protective equipment (GLMM, £=0.63,
n=146, p<0.05). The average daily wage for a farm worker in this case
study was 14 USD. As reported by farmers, wages partly depend on
the tasks (e.g., manual weeding receives a lower wage than using an
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TABLE 2 Mean values (standard deviation) and percentages of dependent
variables and predicting factors for sustainable practice implementation
in cocoa.

Ecuador Uganda
(n=190) (n=204)
Pesticide-free
production = Yes 34.2% 60.8%
Agroforestry system = Yes 57.4% 98.0%
Environmental
Shade trees >12/ha=Yes 70.2% 81.4%
Shade tree planting = Yes 18.9% 49.0%
Organic fertiliser use = Yes 14.2% 65.7%
Use protective
equipment = Yes 32.1% 7.9%
Worker daily wage (USD/
Social
day) 14.08 (3.08) 1.80 (1.07)
Appropriate work by
children = Yes 96.8% 78.9%
Gross farm revenues (USD/
5,754 (6517) 1,641 (2276)
year)
Economic
Cocoa yields (ton/ha) 0.30 (0.34) 0.36 (0.45)
Secure farm succession = Yes 56.8% 53.9%

Age (years) 51.56 (13.70) 52.81(12.84)
Female = Yes 23.7% 31.9%
Formal education (years) 7.74 (4.03) 5.58 (4.59)
Farmer factors | vierhal commitment to
36.3% 77.0%
sustainability = Yes
Climate change
48.4% 57.4%
knowledge = Yes
Farm size (hectares) 12.56 (16.31) 2.82(2.97)
Cocoa area (hectares) 5.00 (3.79) 1.30 (1.30)
Secure land tenure = Yes 90.5% 87.3%
Farm factors
Livestock units (number) 6.96 (14.99) 1.13 (1.73)
Family workers (number) 2.16 (1.13) 3.81(2.39)
Hybrid cocoa variety = Yes 55.8% NA
Access to extension
50.5% 70.1%
service = Yes
Training days (days/year) 2.32(2.90) 2.76 (4.27)
Dependency cocoa revenue
0.58 (0.34) 0.42 (0.31)
Value chain (% farm revenue)
factors Dependency main customer
0.67 (0.27) 0.59 (0.23)
(% farm revenue)
Cocoa buyers (number) 1.17 (0.47) 1.34 (0.84)
Relationship with cocoa 1.1
8.08 (7.31)
buyers (years) (4.03)

NA, not applicable.

electric grass cutter due to the higher risk involved), the gender of the
worker with women often receiving lower daily wages, and farmers’
ability to pay. Farmers' commitment to sustainability showed a
significant and positive relationship with wages (LMM, £=0.05,
n=127, p<0.05).
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TABLE 3 Multivariate mixed regression models for sustainable farming practices and indicators in cocoa production systems in Ecuador — results for
practices in the environmental dimension.

Ecuador Pesticide-free Agroforestry system Shade trees >12/ Shade tree
production (1/0) (1/0) ha (1/0) planting (1/0)
Environmental practices GLMM? GLMM? GLMM? GLMM?
z-normalised predictors p (SE) p (SE) p (SE) P (SE)

Farmer age (years) —0.42 (0.27) 0.42 (0.27) 0.38 (0.25) —0.32 (0.26)

Female = Yes —0.28 (0.25) 0.11 (0.26) —0.25 (0.23) —0.3(0.25)

Formal education (years) —0.53. (0.32) 0.43 (0.28) 0.43. (0.25) —0.22 (0.28)
Farmer factors Verbal commitment to

sustainability = Yes 0.81%% (0.26) 0.04 (0.28) 0.89%% (0.29) 0.27 (0.23)

Climate change

knowledge = Yes 0.02 (0.25) —0.56* (0.27) —0.34 (0.24) 0.59% (0.25)

Farm size (hectares) 0.06 (0.45) 2.53% (1.13) 2.75(1.7) —0.01 (0.43)

Cocoa area (hectares) —0.34 (0.33) —0.06 (0.38) —1.48%%* (0.55) 0.28 (0.29)

Land ownership = Yes —0.24 (0.25) 0.22 (0.28) 0.05 (0.25) 0.14 (0.24)
Farm factors

Livestock units (#) —0.2 (0.41) —2.74% (1.11) 0.87 (1.35) 0.54 (0.41)

Family workers (#) 0.13 (0.24) —0.17 (0.27) —0.1(0.24) 0.39. (0.23)

Hybrid cocoa variety = Yes —1.07%%% (0.3) —1.12%% (0.37) —0.4 (0.31) —0.34 (0.28)

Access to extension = Yes —0.47 (0.27) —0.07 (0.31) —0.62% (0.3) 0.57* (0.29)

Training days (#/year) 0.13 (0.28) 0.71 (0.48) 0.58 (0.41) —0.38 (0.28)

Dependency cocoa revenue

(% farm revenue) —0.48 (0.38) —0.99% (0.42) —0.98% (0.41) 0.27 (0.35)
Value chain factors Dependency main customer

(% farm revenue) —0.09 (0.34) 0.39 (0.41) 0.33 (0.4) —0.3(0.32)

Cocoa buyers (#) —0.41 (0.31) 0.58* (0.27) 0.1 (0.25) 0.03 (0.23)

Relationship cocoa buyers

(years) —0.57%(0.27) 0.04 (0.31) 0.51.(0.31) —0.09 (0.25)
Constant —1.26%* (0.41) 0.64 (0.64) 2.58%%% (0.67) —1.75%%% (0.29)
Observations 175 175 173 175
Marginal N&S R* - GLMM 0.492 0.477 0.789 0.273
Conditional N&M R* - GLMM 0.578 0.708 0.827 0.300

Marginal Nakagawa & Schielzeth’s R2 GLMM, proportion of variance by fixed factors alone; Conditional Nakagawa & Schielzeth’s R2 GLMM, proportion of variance by fixed and random
factors. f3, estimated coefficient; SE, standard error. *Generalised linear mixed models (with village as random effect). **¥p <0.001, **p <0.01, *p <0.05, p<0.1.

Workers on farms in the Ugandan sample received on
average 1.8 USD per day. Ugandan farmers mostly pay
workers per task, requiring an estimation of the associated
workload. Training days were significantly and positively
associated with paid wages (LMM, f=0.11, n=114, p<0.1).
Furthermore, most farms in this case study included children up
to 16 years of age in farming activities. For the vast majority of
children, farm work did not impair their school assistance or
performance as they engaged during school holidays or the
weekend. However, on 21% of sampled farms, children were
involved in hazardous work like using sharp tools or spraying
pesticides. The number of family workers as farm factor showed
the strongest relationship with this outcome variable (GLM,
p=-0.95n=181, p<0.001). Farmers’ dependency on their main
customer, contrarily, showed significant and positive
relationships with appropriate work by children (GLM, f=0.41,
n=181,p<0.1).

Frontiers in Sustainable Food Systems

4.2.3. Practices within the economic dimension

All factor groups showed significant relationships with
economic SFPI within our Ecuadorian sample (Table 5;
Figure 2). Female farmers had significantly lower gross
farm revenues and cocoa yields (LMM, f=-0.17 and —0.16,
n=173, p<0.05). Whilst the number of livestock units and
cocoa plot size showed a significant and positive relationship
with gross farm revenues (LMM, f=0.29 and 0.35, n=175,
p<0.1), cocoa plot size showed a significant and negative
relationship with yields (LMM, p=-0.3, n=175, p<0.05).
Finally, farmers’ dependency on cocoa revenues showed a
significant and negative relationship with gross farm revenues
(LMM, p=-0.29, n=175, p<0.01), yet a significant and positive
relationship with cocoa yields (LMM, f=0.47, n=173, p<0.001).
This indicates that, holding all other variables constant, with a
34% increase in the share of farm revenues from cocoa, cocoa
yields increase by 60%.
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TABLE 4 Multivariate mixed regression models for sustainable farming practices and indicators in cocoa production systems in Uganda — results for
practices in the environmental dimension.

Uganda Pesticide-free Organic Shade trees>12/ Shade tree
production (1/0) fertiliser (1/0) ha (1/0) planting (1/0)
Environmental practices GLMP GLMM? GLMP GLMP
z-normalised predictors p (SE) P (SE) p (SE) p (SE)

Farmer age (years) 0.15 (0.19) —0.25(0.19) 0.24 (0.27) —0.38* (0.19)

Female = Yes 0.21(0.2) 0.61°** (0.21) —0.26 (0.27) —0.32.(0.19)

Formal education (years) —0.1(0.2) 0.62%* (0.21) 0.02 (0.26) 0.21 (0.19)
Farmer factors Verbal commitment to

sustainability = Yes 0.77%%% (0.19) 0.24 (0.19) —0.84* (0.35) 0.57%% (0.2)

Climate change

knowledge = Yes —0.06 (0.19) —0.11 (0.2) 0.68* (0.27) —0.11 (0.19)

Farm size (hectares) —0.43* (0.2) 0.26 (0.42) —0.9% (0.37) —0.15(0.31)

Cocoa area (hectares) —0.13 (0.35) 0.23 (0.31)
Farm factors Land ownership = Yes 0.02 (0.17) 0.07 (0.18) 0.09 (0.25) 0.19 (0.17)

Livestock units (#) —0.19 (0.18) 0.22 (0.22) 1.09* (0.46) 0.08 (0.18)

Family workers (#) 0.02 (0.19) 0.09 (0.18) —0.27 (0.24) 0.37%% (0.18)

Access to extension = Yes 0.19 (0.19) 0.24 (0.19) 0.24 (0.24) 0.32.(0.18)

Training days (#/year) 0.94%% (0.36) 0.3(0.22) —0.02 (0.22) —0.09 (0.17)

Dependency cocoa revenue

(% farm revenue) —0.51* (0.22) 0.05 (0.22) —0.16 (0.29) —0.09 (0.21)
Value chain factors Dependency main customer

(% farm revenue) 0.27 (0.21) —0.19 (0.2) 0.44 (0.27) —0.34. (0.19)

Cocoa buyers (#) 0.16 (0.2) 0.03 (0.2) —0.11 (0.25) —0.15 (0.19)

Relationship cocoa buyers

(years) —0.09 (0.17) —0.07 (0.18) 0.46 (0.4) —0.08 (0.19)
Constant 0.59%% (0.19) 0.74%* (0.25) 2.38%%% (0.35) —0.24 (0.17)
Observations 181 181 181 181
Nagelkerke pseudo R 0.298 0.335 0.278
Marginal N&S R* - GLMM 0.217
Conditional N&M R* - GLMM 0.270

Marginal Nakagawa & Schielzeth’s R2 GLMM, proportion of variance by fixed factors alone; Conditional Nakagawa & Schielzeth’s R2 GLMM, proportion of variance by fixed and random
factors; f3, estimated coefficient; SE, standard error. *Generalised linear mixed models (with village as random effect), "Generalised linear model. ##kp <0.001, *#p<0.01, ¥p<0.05, p<0.1. Bold

values where p<0.05.

The results of the Ugandan case study mirror several
findings from the Ecuadorian data (Table 6). As such, the share of
revenues generated by cocoa showed a significant and
positive relationship with cocoa yields (LMM, $=0.74, n=164,
p<0.001), female farmers generated lower gross farm revenues (LMM,
p=-0.16, n=164, p<0.1), and farm size and the number of livestock
units were significantly and positively related to gross farm revenues
(LMM, #=0.47 and 0.15, n=164, p<0.1).

In summary, we found the largest number of significant
relationships within our models estimating SFPI implementation
in the environmental dimension, with lowest explanatory power
of our models estimating SFPI implementation in the social
dimension (Figure 2). The relative importance of value chain
factors to explain SFPI implementation was similar to the
importance of intrinsic farmer and farm factors within all
sustainability dimensions.
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4.3. Value chain mechanisms that influence
SFPI implementation (hypotheses 4 and 5)

We tested the relationship of two value chain factor subgroups,
i.e., mechanisms of value chain influence, and SFPI implementation
at farm level. These were information and organisational factors.

4.3.1. Information factors

Within both samples, few information factors were significantly
associated with the implementation of SFPI. Amongst Ecuadorian
farmers, training days showed a significant and positive relationship
with the use of protective equipment (GLMM, $=0.63, n=173,
p<0.05, Table 5) and access to advisory service was negatively
associated with pesticide-free cocoa production (GLMM, f=—0.47,
n=173, p<0.1, Table 3). Amongst Ugandan farmers, training days
were significantly and positively associated with pesticide-free
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TABLE 5 Multivariate mixed regression models for sustainable farming practices and indicators in cocoa production systems in Ecuador — results for
practices in the social and economic dimensions.

Ecuador Use of Worker daily Gross farm Cocoa yields Secure farm
protective wage revenue [In(ton/ha)l | succession (1/0)
equipment (1/0) [In(USD/day)] [In(USD/year)]
Social and Economic practices GLMM? LMMP LMMP LMMP GLMM?
z-normalised predictors P (SE) p (SE) p (SE) p (SE) p (SE)
Farmer age (years) 0.25 (0.26) 0.01 (0.02) —0.06 (0.07) —0.06 (0.08) 0.05 (0.29)
Female = Yes 0.00 (0.24) —0.01 (0.02) —0.17* (0.07) —0.16* (0.07) —0.19 (0.25)
Formal education (years) 0.21 (0.26) 0.02 (0.02) 0.08 (0.07) 0.02 (0.08) —0.27 (0.28)
Farmer factors Verbal commitment to
sustainability = Yes 0.36 (0.24) 0.05%* (0.02) 0.1 (0.07) 0.09 (0.08) 0.41 (0.3)
Climate change
knowledge = Yes 0.09 (0.24) —0.04* (0.02) 0.02 (0.07) 0.07 (0.07) 0.19 (0.27)
Farm size (hectares) 0.72 (0.57) —0.06 (0.04) 0.15 (0.15) 0.02 (0.17) 1.25 (1.52)
Cocoa area (hectares) —0.27 (0.3) —0.01 (0.02) 0.35%%* (0.09) —0.27%%* (0.1) —0.27 (0.47)
Land ownership = Yes —0.12 (0.28) —0.01 (0.02) —0.06 (0.07) —0.06 (0.07) 0.15 (0.28)
Farm factors
Livestock units (#) —0.55 (0.56) 0.03 (0.03) 0.29% (0.14) 0.19 (0.16) —0.54 (0.94)
Family workers (#) ~0.25 (0.26) —0.05* (0.02) ~0.07 (0.07) —0.09 (0.07) 0.62. (0.32)
Hybrid cocoa variety = Yes 0.4 (0.32) 0.06%* (0.02) 0.02 (0.09) —0.03 (0.1) 0.08 (0.31)
Access to extension = Yes 0.3 (0.3) —0.01 (0.02) —0.05 (0.08) —0.07 (0.09) —0.15 (0.29)
Training days (#/year) 0.63* (0.32) 0.02 (0.02) 0.09 (0.08) 0.14 (0.09) 0.05 (0.35)
Dependency cocoa
revenue (% farm revenue) —0.68. (0.36) —0.04 (0.03) —0.29* (0.1) 0.47%%*% (0.11) —0.16 (0.37)
Value chain Dependency main
factors customer (% farm
revenue) 0.19 (0.34) 0.04. (0.02) —0.03 (0.09) —0.04 (0.1) 0.59. (0.35)
Cocoa buyers (#) —0.11 (0.28) 0.02 (0.02) 0.01 (0.07) 0.04 (0.07) 0.13 (0.26)
Relationship cocoa buyers
(years) 0.2 (0.24) 0(0.02) 0.02 (0.07) —0.1 (0.08) 0.27 (0.33)
Constant —1.15%* (0.38) 2.61%%% (0.03) 8.1%%% (0.21) —1.77%%% (0.21) 1.71%%% (0.4)
Observations 146 127 175 173 123
Marginal N&S R* - GLMM 0.258 0.194 0.387 0.224 0.369
Conditional N&M R* - GLMM 0.383 0.283 0.589 0.447 0.396

Marginal Nakagawa & Schielzeth’s R2 GLMM, proportion of variance by fixed factors alone; Conditional Nakagawa & Schielzeth’'s R2 GLMM, proportion of variance by fixed and random
factors. f3, estimated coefficient; SE, standard error. *Generalised linear mixed models (with village as random effect), *Linear mixed model (with village as random effect). **¥p <0.001,

##p<0.01, ¥p<0.05, p<0.1. Bold values where p<0.05.

production (GLM, f=0.94, n=182, p<0.01, Table 4). In Ecuador
(GLMM, p=0.57, n=173, p<0.05, Table 3) and Uganda (GLM,
$=0.32, n=181, p<0.1, Table 4), farmers with access to extension
were more likely to plant shade trees in their cocoa plots. In
conclusion, we found limited evidence for hypothesis 4 that
information sharing and capacity building along value chains
increases the implementation of a large number of SFPI at farm level.

4.3.2. Organisation factors

Organisation factors showed some important significant
relationships with SFPI implementation. The most significant
predictor was farmers’ dependency on cocoa revenues, which showed
several significant relationships. In the Ecuadorian case, farms with
greater dependency on cocoa were less likely to have a shade tree
density of above 12 trees per hectare (GLMM, f#=—0.98, n=173,
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p<0.05, Table 3), grow cocoa in agroforestry (GLMM, f=-0.99,
n=173, p<0.05), use personal protective equipment (GLMM,
p=-0.68, n=146, p<0.1, Table 5), and had lower gross farm revenues
(LMM, p=-0.29, n=175, p<0.01), yet higher cocoa yields (LMM,
p=0.47, n=173, p<0.001). This trend was partly mirrored in the
Ugandan case, where dependency on cocoa revenues was significantly
and positively associated with cocoa yields (OLS, f=0.74, n=168,
p<0.001, Table 6) and showed a significant negative relationship with
pesticide-free production (GLM, f=-0.51, n=182, p<0.05), whilst
dependency on the main customer was significantly and negatively
associated with shade tree planting (GLM, =—-0.34, n=181, p<0.1,
Table 4). Long-term relationships with cocoa buyers were significantly
and negatively associated with pesticide-free production in Ecuador
(GLMM, p=-0.57, n=175, p<0.05, Table 3) but showed a significant
positive relationship with cocoa yields in the Ugandan case (OLS,

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1167683
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Tennhardt et al. 10.3389/fsufs.2023.1167683

TABLE 6 Multivariate mixed regression models for sustainable farming practices and indicators in cocoa production systems in Uganda — results for
practices in the social and economic dimensions.

Appropriate work = Worker daily Gross farm Cocoa yields Secure farm
by children (1/0) wage revenue [In(ton/ha)]l  succession (1/0)
[In(USD/day)] [ln(USD/
year)]
Social and Economic practices LMMP LMMP GLM¢
z-normalised predictors p (SE) p (SE) p (SE)
Farmer age (years) 0.05 (0.24) 0.08 (0.06) —0.11 (0.08) —0.11 (0.08) 0.29 (0.51)
Female = Yes —0.07 (0.24) —0.04 (0.07) —0.16. (0.08) —0.1 (0.08) 0.12 (0.52)
Formal education (years) —0.08 (0.23) 0.07 (0.07) 0.04 (0.08) 0.03 (0.08) —0.37 (0.46)
Farmer factors Verbal commitment to
sustainability = Yes —0.14 (0.24) 0.02 (0.06) 0.00 (0.08) 0.11 (0.08) 0.1 (0.41)
Climate change
knowledge = Yes —0.49* (0.25) —0.03 (0.06) 0.07 (0.08) —0.11 (0.08) 0.36 (0.48)
Farm size (hectares) 0.76 (0.58) —0.01 (0.1) 0.47%% (0.14) 0.84 (0.8)
Cocoa area (hectares) 0.04 (0.45) 0.02 (0.09) 0.05 (0.13) —0.17% (0.07)
Farm factors Land ownership = Yes 0.25(0.19) —0.03 (0.06) 0.04 (0.07) —0.05 (0.07) 0.17 (0.42)
Livestock units (#) —0.19 (0.21) 0.01 (0.05) 0.15. (0.08) 0.17* (0.08)
Family workers (#) —0.95%%%* (0.23) —0.02 (0.06) 0.09 (0.08) —0.08 (0.08) 4.62%* (1.94)
Access to extension = Yes —0.14 (0.23) —0.03 (0.06) 0.05 (0.08) 0.08 (0.08) —0.67 (0.6)
Training days (#/year) 0.4 (0.27) 0.11 (0.06) 0.07 (0.08) —0.07 (0.07) 0.05 (0.66)
Dependency cocoa
revenue (% farm revenue) 0.01 (0.25) 0.01 (0.07) 0.1 (0.09) 0.74%** (0.09) —0.44 (0.54)
Value chain Dependency main
factors customer (% farm
revenue) 0.41. (0.22) 0 (0.06) —0.19* (0.08) —0.18* (0.08) 0.14 (0.46)
Cocoa buyers (#) —0.19 (0.22) 0 (0.06) 0.1 (0.08) 0.1 (0.09) 1.03 (0.71)
Relationship cocoa buyers
(years) 0.13 (0.26) —0.04 (0.05) 0.04 (0.08) 0.16* (0.08) —0.51(0.32)
Constant 1.71°%%% (0.25) 0.447%%* (0.06) 6.79%%% (0.09) —1.63%%% (0.07) 6.2%% (2.02)
Observations 181 114 181 168 109
Adapted R? 0.334
Nagelkerke pseudo R 0.285 0.592
Marginal N&S R* - GLMM 0.071 0.341
Conditional N&M R* - GLMM 0.085 0.351

Marginal Nakagawa & Schielzeth’s R2 GLMM, proportion of variance by fixed factors alone; Conditional Nakagawa & Schielzeth’'s R2 GLMM, proportion of variance by fixed and random
factors. f3, estimated coefficient; SE, standard error. *Generalised linear model, *Linear mixed model (with village as random effect), ‘Ordinary least square model, dGeneralised linear mixed
model (with village as random effect). **¥p <0.001, **p <0.01, *p <0.05, p<0.1. Bold values where p<0.05.

$=0.16, n=168, p<0.05, Table 6). These results indicate that value
chain organisation and stability can influence SFPI implementation at
farm level providing evidence for hypothesis 5.

5. Discussion

Our study tested the relative importance of external value
chain factors compared to internal farmer and farm factors in
explaining SFPI implementation on cocoa farms across the
environmental, social, and economic dimensions of sustainability.
It furthermore examined two specific mechanisms within value
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chains for their relationships with SFPI implementation, namely
information provision through and organisation of the value
chain. We observed strong differences across practices and
sustainability dimensions in terms of which factors influenced
SFPI implementation. Despite some differences between case
studies, we also identified a few reoccurring important factors.
This suggests that the factors influencing adoption of SFPI are
partly context dependent and cannot be generalised across the
board. As a result, the supporting evidence for the various
hypotheses was more nuanced and contextual. All three groups
with  the
implementation of SFPI across sustainability dimensions, yet

of factors showed significant relationships
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FIGURE 2

Conceptual framework of factors influencing sustainable practice implementation on cocoa farms.

were strongest for environmental SFPI. We discuss these results
in detail in relation to our original hypotheses below.

5.1. Relative importance of value chain
factors

5.1.1. Intrinsic farmer factors are important for
SFPI implementation (Hypothesis 1)

From the farmer factor group, significantly associated predictors
mainly cover farmers’ intrinsic motivation and go beyond SFPI
implementation in the environmental dimension. These results
confirm the importance of intrinsic and attitudinal factors for SFPI
implementation (Meijer et al., 2015; Bijani et al., 2017; Dessart et al.,
2019; Bazrafkan et al., 2022).

5.1.2. Farm factors show mixed results for SFPI
implementation (Hypothesis 2)

Our models included multiple factors that represent farmers’
economic endowment, which have been shown to be positively
associated with practices that require financial investments (Arslan
etal., 2020). We observed some important relationships in our results,
such as farm and cocoa plot size and the number of livestock units,
which were positively related to gross farm revenue generation in both
case studies. Remarkably, no significant relationship was identified
between farm economics and the use of personal protective
equipment, as previously found by Boadi-Kusi et al. (2016), Okoffo
etal. (2016), and Owombo et al. (2014). This indicates that farmers’
economic situation is not solely responsible for SFPI implementation.
Our results for Uganda furthermore support the notion that the
relationship between farms’ economic endowment and hazardous
child labour is not unidirectional and more complex (Berlan, 2013;
Busquet et al., 2021). In our case, larger households with more
members involved in farm work were more likely to involve children
in hazardous tasks, which is contrary to past findings from Cote
d'Ivoire (Nkamleu and Kielland, 2006). Finally, cocoa yields decreased
with increasing cocoa plot sizes in both case studies, in line with past
findings (Bymolt et al., 2018).

Current demographic changes are affecting cocoa farming
systems, as farmers report ageing managers and labour shortage
(Mithofer et al., 2017). This especially affects SFPI that are considered
labour intensive, such as good cocoa management practices
(Armengot et al., 2019) or agroforestry systems (Armengot et al.,
2016). Farms with more family workers in our samples were more
likely to implement the laborious task of shade tree planting and have
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a secure farm succession. This is in line with studies from Atube et al.
(2021), who found that larger household sizes were positively
associated with the adoption of labour intensive farming practices in
Uganda. More generally, however, and in light of recent demographic
changes in cocoa growing communities, the relationship between
labour availability and SFPI implementation should receive
additional attention.

Finally, our results mirror prior research on the role of the hybrid
cocoa variety CCN-51, which is becoming more common amongst
Ecuadorian cocoa farmers due to its relative disease resistance and
higher productivity (Boza et al., 2014). Farmers with the hybrid cocoa
variety CCN-51 were more likely to apply synthetic pesticides and
grow cocoa in full-sun systems compared to the fine flavour cocoa
variety, in line with past findings (Bentley et al., 2004; Blare and
Useche, 2013; Middendorp et al., 2018; Rueda et al., 2018). Contrasting
these past findings, growing hybrid cocoa was not accompanied by
economic co-benefits in our case study.

5.1.3. Value chain factors are comparatively
important for SFPl implementation (Hypothesis 3)

Our results highlight the importance of all predictor groups for
SFPI implementation in the environmental dimension, supporting
past research on the importance of value chains for environmental
decision-making at farm level (Hansson et al., 2019; Liverpool-Tasie
etal., 2020). Our results also highlight a similar importance of value
chain factors and intrinsic farm and farmer factors in the social and
economic dimensions, which was not known before.

5.2. Value chain mechanisms that influence
SFPI implementation

5.2.1. Information can be a relevant factor for
SFPIl implementation (Hypothesis 4)

In general, value chain factors regarding information flow showed
few relationships with SFPI implementation, and these could
be explained based on existing farmer training programmes. In the
Ecuadorian case, the sustainability programme promoted the use of
personal protective equipment and these were handed to farmers
during trainings. Past studies also found clear relationships between
access to extension service and the use of protective equipment
amongst cocoa farmers in Ghana, Nigeria, and Cameroon (Owombo
et al., 2014; Boadi-Kusi et al., 2016; Okoffo et al., 2016). In this value
chain, the Swiss chocolate company’s in-house sustainability
programme is the only source of advisory service or training on cocoa
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production for most of the sampled farmers. Governmental advisory
services were scarce and farmers level of organisation for joint
commercialisation was low, as is the case amongst Ecuadorian cocoa
farmers in general (Huetz-Adams et al., 2016). This highlights the
important role of corporate capacity building in delivering services to
farmers that are underprovided by the state.

In the Ugandan case, farmers who had participated in more
training days were more likely to produce pesticide-free cocoa
despite our observations that all farmers had access to agro-shops
and thus pesticides. This is in line with farmers’ conversion to
organic certification at the time of data collection as the restriction
of synthetic pesticides was an important topic in the export
company’s trainings to prepare farmers for the upcoming audit.
However, since training participation is voluntary, causality could
be reversed due to positive selection bias, with farmers who used
no or few pesticides more eager to take part in trainings. Voluntary
training participation and the delay in payment of price premiums
might also explain that almost 40% of sampled farmers were not
complying with organic regulation. Low compliance rates have
been reported from certified cocoa producers in Ghana, pointing
to the need to further invest in capacity building and compliance
verification (Ansah et al., 2020; Schader et al., 2021). Regardless,
our results suggest that farmer training can be an important aspect
for SFPI adoption, in line with past studies that identified positive
effects of training or cooperative membership on practice
implementation (e.g., Effendy et al., 2019; Pifeiro et al., 2020;
Adebayo et al., 2021; Musafiri et al., 2022).

Our results did not show a relationship between training and
advisory service and other SFPI, despite Ecuadorian farmers receiving
training on topics such as cocoa management practices to increase
productivity and growing cocoa in agroforestry systems for product
diversification. This indicates implementation constraints beyond
knowledge. For example, Useche and Blare (2013) found that
Ecuadorian farmers who prioritised a fast economic return rather
grew cocoa in monoculture systems.

5.2.2. The value chain organisation can be an
important factor for SFPI implementation
(Hypothesis 5)

The relationships between value chain organisation factors and
SFPI implementation observed in our samples were weaker than
expected and sometimes even negative. In the Ecuadorian case, long-
term relationships with intermediaries reduced the likelihood of
pesticide-free cocoa production. This could in part be due to the
double agency role of intermediaries, as both buyers of cocoa and
sellers of inputs. Reports from farmers suggest that long-standing
relationships with local intermediaries facilitated the receipt of loans
or inputs, which farmers repay with the next cocoa harvest. For pest
or disease management, many Ecuadorian cocoa farmers seek advice
from input providers (Blare and Useche, 2014), highlighting their
importance for reducing synthetic pesticide use in cocoa. Reis et al.
(2020) demonstrated that stable relationships between value chain
partners can improve the sustainability performance by comparing
between value chains. Our results indicate that long-term relationships
within single value chains can also influence SFPI implementation, yet
only when all actors involved share the same sustainability goals. In
our two cases, downstream chocolate manufacturers aimed to reduce
pesticide residues in cocoa and thus their use on farms, whilst
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input-supplying intermediaries distributed synthetic pesticides and
provided loans for them.

Our results also highlighted significant relationships regarding
farmers’ economic dependency. In the Ecuadorian case, farms
dependency on cocoa revenues was negatively associated with gross farm
revenues. At the time of data collection, cocoa prices in Ecuador were
relatively low and some farmers had already or planned to switch to more
attractive commodities, such as passion fruit. In Uganda, however, cocoa
prices were higher than those for traditional commodities, such as coffee.
A higher dependence on cocoa revenues and thus specialisation, however,
increased farms’ cocoa yields across cases, yet at the expense of shade tree
density and planting. These results support the notion that income
diversification strategies, especially when cocoa prices are low, are
important for smallholder livelihoods and resilience (Aneani et al., 2011;
Cerda et al,, 2014), despite potentially reducing downstream companies’
power to enforce rules for sustainable cocoa production (Grimm et al,,
2014). Ecuadorian farmers in our sample who diversify their cocoa buyers
too much are sanctioned by no longer receiving in-kind premiums, a
threat commonly associated with sustainability initiatives (Grabs and
Carodenuto, 2021). Thus, promoting diverse agroforestry systems and
income diversification might require a balancing act from downstream
companies to ensure living incomes and resilient systems for supplying
farmers whilst not losing too much leverage to generate change in cocoa
farming practices.

Farm workers' wages have recently received attention with potential
implications for value chains. Farmers in our case studies paid their
workers 70% of the national minimum wage (Ecuador) and 18% of the
estimated living wage (Uganda) (Global Living Wage Coalition, 2021;
Wage Indicator, 2022). Low wages are generally perceived as a result of
commercial value chain practices with uneven value distribution and low
prices paid by buyers (Lebaron, 2021), following which farmers are not
able to pay adequate wages. Meemken et al. (2019) assessed the effect of
Fairtrade certification on cocoa farm workers’ annual wages in Cote
dIvoire and concluded that given current payment modalities,
smallholder farmers were not incentivised to pay higher wages without
clear rules and their monitoring.

5.3. Limitations and future research
directions

In this study, we show several significant relationships between
value chain factors and SFPI, whilst controlling for numerous
confounding factors. This illustrates the importance of value chain
factors despite the lack of attention paid to them in the literature thus
far. However, some caveats are required in the interpretation of results
due to several limitations in our study design. First, the results are
largely exploratory and causal inference between value chain factors
and sustainability outcomes should be avoided due to potential
endogeneity issues. Future studies on the adoption of SFPI should
therefore consider an experimental approach that controls for
endogeneity, potentially with instrumental variables. Second, our
farmer sample might not represent a sample of “typical” Ecuadorian
and Ugandan cocoa farmers but rather farmers from the “sustainable
cocoa” segment and part of specific value chains with sustainability
orientation. Thus, our results are generalisable only to a certain extent.
Third, we were limited to the data set available and several potentially
important groups of factors were thus not included in our analysis,
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such as the broader economic or climatic situation. The importance
of attitudinal and social aspects for practice adoption is increasingly
recognised (Meijer et al., 2015; Dessart et al., 2019; Arslan et al., 2020),
which we were only partly able to cover. Our study furthermore did
not cover the role of (financial) incentives, which can be a strong
element in farmers’ decision making (Pineiro et al., 2020). Also the
role of additional contextual factors like the broader economic
situation or climatic conditions. In the future, different value chain
characteristics including incentives could be combined with an
in-depth analysis of farmers’ social setting and motivation to
implement or adopt certain practices to determine their importance.

6. Conclusion

Chocolate companies are increasingly investing in value chain
sustainability initiatives, highly focusing on sustainable practice uptake
amongst upstream producers. Yet little is known about if and how value
chain factors influence practice implementation, especially within the
social and economic dimension of sustainability. Our results from two
cocoa value chains connecting cocoa producers in Ecuador and Uganda
with Swiss chocolate brands revealed the most important conclusion:
value chain factors can have a substantial influence on the implementation
of SFPI amongst cocoa producers. Whilst observed relationships were
weaker than hypothesised, our results indicate that value chain factors are
just as important as farmer and farm factors for SFPI across sustainability
dimension. Whilst this study was rather exploratory in nature, it provides
evidence that future studies on farmers’ adoption of sustainable practices
should their
conceptual frameworks.

integrate  value chain  characteristics  into

Our results highlight that chocolate brands have various levers within
their own value chains to improve the sustainability performance of their
supplying farmers and assure the long-term supply of sustainably
produced cocoa. However, their potential was underexploited in both case
studies. Capacity building is an important mechanism for downstream
actors to increase SFPI implementation at farm level, especially when
training and extension target specific practices. Training and extension
service organised by downstream companies should therefore address
specific practices beyond agro-environmental practices. In addition,
resource transfer might provide farmers with the necessary resources to
enact change. In our case studies, this is currently done through in-kind
premium distribution and promised price premiums, yet could
be extended to address inhibiting factors for practice implementation
beyond knowledge. Our results furthermore suggest that stable and long-
term relationships between value chain actors can influence SFPI
implementation on farms, yet require a common definition of
sustainability goals. Chocolate manufacturers should clearly define and
communicate their sustainability goals along the entire value chain and
align all actors in order to avoid contradictory agendas from single parties.
In order to fully exploit the potential to generate change, chocolate
companies need to continuously invest and establish strong collaborations

along their entire value chain.
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