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ABSTRACT

CONTEXT: Cacao production takes place in diverse environments and agricultural systems, with its performance
and income generation potential depending on multiple contextual factors. The crop has been promoted among
smallholders in South America as a driver for sustainable rural development, but a systematic comparison of the
economic performance of diverse cacao production systems in this region was missing, which led to a lack of
consistency and clarity on the conditions that enable the crops’ success in terms of profitability and income
generation for farmers.

OBJECTIVE: We aimed to understand the economic performance of different cacao production systems from
Colombia, Ecuador and Perd, and the factors that affect their profitability and income generation potential with
regards to poverty and living income benchmarks under varying contexts.

METHODS: We employed the ‘typical farm approach’ to perform a comparative analysis of fifteen different cacao
production systems from six distinct agroecological regions from Colombia, Ecuador and Pert.

RESULTS AND CONCLUSIONS: Eight out of the fifteen systems analyzed were found to be economically viable,
while the remaining systems generate considerable losses. Positive outcomes depend on a combination of factors

* Corresponding author at: International Center for Tropical Agriculture (CIAT), Km 17, Recta Cali-Palmira, Colombia.
E-mail address: mirjam.pulleman@wur.nl (M. Pulleman).

https://doi.org/10.1016/j.agsy.2024.104235

Received 6 June 2024; Received in revised form 19 November 2024; Accepted 2 December 2024

Available online 10 December 2024

0308-521X/© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://data.mendeley.com/datasets/rx6k9r7993/1
https://data.mendeley.com/datasets/rx6k9r7993/1
https://data.mendeley.com/datasets/rx6k9r7993/1
https://data.mendeley.com/datasets/rx6k9r7993/1
mailto:mirjam.pulleman@wur.nl
www.sciencedirect.com/science/journal/0308521X
https://www.elsevier.com/locate/agsy
https://doi.org/10.1016/j.agsy.2024.104235
https://doi.org/10.1016/j.agsy.2024.104235
https://doi.org/10.1016/j.agsy.2024.104235
http://creativecommons.org/licenses/by/4.0/

A. Charry et al.

Agricultural Systems 224 (2025) 104235

including sufficient prices, yields and land availability, adequate labor allocation, timely diversification, sub-
sidies and low costs of productive factors. Considering those factors, we identified minimum conditions for
achieving profitability and living incomes.

SIGNIFICANCE: Our findings provide essential information to decision makers on the limitations of cacao pro-
ductive systems for achieving a living income, as well as the type of diversification, minimum prices, area and
yields that could enhance their economic sustainability. Based on our findings, we discuss the relevance of
subsidies for improving the system’s performance. Finally, we suggest the use of different indicators and stan-
dardized assumptions to allow more reliable comparisons between cacao production systems.

1. Introduction

Over the last decades, numerous initiatives have been undertaken to
strengthen cacao supply chains and improve the livelihoods of small-
holder farmers around the world. These have focused on increasing
productivity, promoting good agricultural practices, diversifying pro-
duction, linking producers to higher-value markets, and more recently,
monetizing carbon offsets and other ecosystem services (Hiitz-Adams
et al., 2022). Yet, recent studies indicate that these strategies have not
sufficiently improved the production and living conditions of the
farmers (Fountain and Hiitz-Adams, 2022; Ingram et al., 2018). For
example, in Ivory Coast and Ghana, between 30 % to 58 % of the farmers
earn incomes below the extreme poverty line, and 73 % to 93 % do not
receive a living income (Van Vliet et al., 2021). Similarly, Andersen et al.
(2022) estimated the living income benchmark for cacao farmers in Peru
and compared it with the incomes reported in a study from Alianza
Cacao Peru, finding that most cacao smallholder farmers do not earn a
living income from cacao production. No such studies were found for
Colombia and Ecuador, but national statistics indicate a high prevalence
of rural poverty and extreme rural poverty in the three countries, with
45 % and 19 % respectively in Colombia (DANE, 2022); 49 % and 28 %
in Ecuador (INEC, 2021); and 41 % and 15 % in Peru (INEI, 2023). This
does not specifically reflect the poverty levels of the cacao farmers but
suggests that high poverty rates may also apply for the nearly 260
thousand families involved in cacao production in these countries.

In the long term, the situation for smallholder farmers is not likely to
become easier. While international cacao prices have more than tripled
during 2024, these spikes have been generally linked to supply changes
rather than increases in production costs (Fountain and Hiitz-Adams,
2022). For instance, the 2024 price increase has been attributed to major
supply deficits in West Africa due to increasing pests and diseases,
extreme weather events and chronic underinvestment in the plantations,
all exacerbated by investors’ speculation (J.P. Morgan, 2024; Kimball,
2024). Prices may descend with future supply changes, but farmers are
likely to continue facing increasing costs of labor, inputs, consumer
goods, and more climate-related challenges.

Several studies have analyzed the costs and benefits of cacao pro-
duction systems, but few have been carried out for the Latin American
context. Moreover, a systematic comparison of their results has proven
to be challenging due to differences in methodologies and insufficient
information about the assumptions employed. Caicedo-Vargas et al.
(2022) evaluated organic and conventional cacao agroforestry systems
(AFS) in the Ecuadorian Amazon region, finding that both systems had
an equally low profitability even though the costs of household labor
were not included. Pérez-Neira (2016) analyzed four production systems
in Guayas, Ecuador (traditional, semi-intensive, intensively managed
and organic), finding that all four systems were profitable with net
margins ranging from 484 to 2323 USD/ha/yr. Nevertheless, the authors
did not include the opportunity cost of land nor specify if it accounted
for household labor. Pérez-Zuniga et al. (2021), analyzed the profit-
ability of AFS with different cacao densities in southwestern Colombia,
finding net profits for systems with cacao tree densities between 625 and
800 trees/ha and yields above 700 kg/ha/yr. Yet the study does not
mention if opportunity costs of labor and land were included, nor pre-
sents the income from associated crops. Cerda et al. (2014), analyzed the

financial performance of 179 cacao AFS in five countries in Central
America, finding that all systems generated positive household incomes
(net income, plus in-kind income and household labor), but only 35 %
obtained positive net cash incomes. The study accounts for family labor
and provides extensive information on the parameters employed for
cacao and associated crops, but it does not include land costs nor the
depreciation costs of biological assets. Moreover, as the information was
collected from a single point in time, it fails to capture the dynamic
nature of the production system and thus the financial costs over time.
Lastly, Riar et al., 2024; Riiegg et al. (2024) and Armengot et al. (2018)
assessed the profitability of monocrops and AFS with conventional and
organic management in Bolivia, as part of a long-term system compar-
ison trial. They found comparable production costs and gross margins
between conventional and organic systems. Additionally, they found
that monocultures showed higher cacao yields, but the sale of plan-
tains/bananas in the AFS overcompensated for the lower cacao reve-
nues. These results offered key insights on the comparative performance
of cacao production systems but were limited to only one landscape and
did not include the opportunity cost of capital and land, which makes
comparison with other contexts more difficult. In conclusion, it’s still
unclear under which conditions cacao production could be profitable
and provide a living income in this region, especially considering the
large diversity of production systems, yields, prices, and agroecological
and macroeconomic conditions.

In this study, we evaluate the financial performance of fifteen
different production systems from Colombia, Ecuador and Peru. We
employ standardized assumptions and calculate multiple indicators to
facilitate comparing their performance vis-a-vis the interests of different
actors. We also include poverty lines, minimum wages and living income
benchmarks to assess the systems potential for poverty alleviation.

2. Methodology and data collection

The methodological framework used to analyze the production sys-
tems (Table 1) is based on the principles of the “typical farm” method-
ology (Feuz and Skold, 1992) and the Agri Benchmark Standard
Operating Procedures (Benchmark, 2005). This is a methodology that
analyzes the operations of empirically grounded “virtual” farms,

Table 1
Regions and cacao production system typologies studied.

Country / Region Typology name

Conventional - Low yield (CB-LOW)
Conventional - Average yield (CB-MID)
Conventional - High yield (CB-HIGH)
Conventional - Low yield (CP-LOW)
Conventional - Average yield (CP-MID)
Conventional - High yield (CP-HIGH)
Conventional (EG-CON)

Organic (EG-ORG)
Conventional (EN-CON)
Amazonian Organic Kichwa Chakra (EN-OKC)
Organic Blanco de Piura (PP-OB)
Organic Blanco de Piura + Mango (PP-OBM)
Conventional - No inputs (PU-MID)
Conventional - Intensive (PU-HIGH)
Organic (PU-ORG)

Colombia / Boyaca

Colombia / Putumayo

Ecuador / Guayas
Ecuador / Napo

Peru / Piura

Peru / Ucayali
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drawing from quantitative and qualitative data collection methods, such
as desk research, focus group discussions, and farm observations, among
others (Lasner et al., 2017).

Although this approach dates back to the 1920’s (Elliott, 1928), it
has become increasingly popular to establish benchmarks and analyze
the effects of policy and technological changes in production systems
(Chibanda et al., 2020). It is especially useful for analyzing systems with
multiple periods, input and output flows, nevertheless, it also has some
limitations to consider: i) The information required is usually not well
documented, therefore, the method relies heavily on expert knowledge
and in-depth discussions with farmers making the selection of data-
points non-random (Chibanda et al., 2020). While the goal of the
approach is not statistical representativeness, this must be considered
when interpreting the results. ii) The inherent subjectivity of the infor-
mation derived from expert interviews and focus group discussions
makes the outcomes difficult to replicate and potentially biased.

To strengthen the validity of the results, we followed the following
steps proposed in the Agri Benchmark Standard Operating Procedures
(Benchmark, 2005), which includes triangulation with experts and data
validation with secondary sources at various stages of the process.

2.1. First — Region definition

Because the data collection was part of two Research for Develop-
ment projects, the study regions were defined as the intervention areas
of the projects. The first project is called “Sustainable Amazon Busi-
nesses”, funded by the International Climate Initiative (IKI) and led by
the Alliance of Bioversity International and CIAT. It sought to curb
deforestation and reduce GHG emissions in the department of Ucayali,
Peru, by promoting sustainable business models in the cacao and oil
palm value chains. The second project is called “Clima-LoCa”, funded by
EU-DeSIRA and implemented by a consortium led by Bioversity-CIAT.
The project has the goal of fostering climate-smart innovations to miti-
gate the impacts of the EU food safety regulation for cadmium on the
cacao value chains of Colombia, Ecuador, and Peru. Clima-LoCa prior-
itized a few regions in each country, based on the effects of the regu-
lation, on contrasting agroecological conditions for conducting field
trials, and on synergies with existing initiatives. In Colombia, data was
collected in the departments of Boyacd and Putumayo; in Ecuador, in the
provinces of Guayas and Napo; and in Peru, in the department of Piura
(See Fig. 1).

2.2. Second - Define relevant and representative production systems

The research team defined the systems in collaboration with local
experts (cooperative representatives, producer representatives, exten-
sion service providers) based on site specific criteria. The main differ-
entiating factors within the Colombian regions were the yield levels,
plant densities and management practices, as other characteristics were
relatively homogeneous. In Ecuador and Peru, we found a larger di-
versity in terms of management practices, contrasting arrangements (e.
g. AFS, monocrops), cacao varieties and market segments (e.g. con-
ventional, organic) (Table 1).

2.3. Third - Data collection

For each typology, the research teams conducted workshops with
groups of four to eight producers with the relevant characteristics.
Participants were selected through snowball sampling with the support
of local producer organizations and project partners. For Piura, data was
collected only from local producers and experts using an in-depth
interviewing format.

The data collected included general farm characteristics, and all the
activities, inputs and outputs related to cacao and the associated crops.
Farm characteristics included household composition, total farm area,
area under cacao, ages of the cacao plots, other land uses, farm assets,
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Fig. 1. Map of the selected regions.

land tenure, share of income from cacao and access to support services
(e.g. credit, technical assistance, subsidies, government programs). We
did not collect specific information on income from crops outside of the
cacao production system or other non-agricultural activities. For the
cacao production system (with its accompanying crop species), in-depth
information was captured using one hectare as the unit of analysis. This
included previous land uses, activities, yearly input and output flows,
and prices, from the stages of land preparation and establishment, up to
harvest and post-harvest at the age of peak productivity for the cacao
trees. The information for each parameter was a result of consensus
between the workshop’s participants, which were later reviewed for
potential inconsistencies and validated with the help of local experts.

Prices of inputs, products and services for each production system
were set at the average values of the first semester of 2023 using sec-
ondary information from official data sources and consultation with
local experts.

2.4. Fourth — Data processing and validation

A tool in Microsoft Excel was developed to model diversified cacao
production systems. The tool generates a cash-flow model, a profit and
loss statement (P&L) for one hectare in a year of peak production, and
various performance indicators. As suggested by Chibanda et al. (2020),
the results of the models were reviewed, adjusted, and validated with
the support of local experts until these were realistic and consistent.

2.4.1. Assumptions and indicators

To allow for comparability between typologies and with other
farming enterprises, we used some consistent assumptions among ty-
pologies and calculated standard indicators. Mahrizal et al. (2012) used
a total life cycle of 25 years for cacao plantations in Ghana, with
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productivity peaking at year 12 and decreasing gradually until year 25.
We did not find reliable studies assessing the productivity curves of
cacao plantations in the regions of interest, but the experts interviewed
agreed that peak productivity is reached in years 7 to 9 (depending on
the variety and management) and that it could be sustained during the
life cycle of the production system. For simplification, we assumed that
peak productivity was sustained until year 20 followed by linear gradual
decreases until year 25, where labor and input costs were reduced
proportionally. We excluded the costs and revenues related to timber
trees for the AFS that included these species, as a high premature
removal of timber trees was reported for various typologies, and there
were no reports of timber sales from any of the farms in the studied
regions.

For the opportunity cost of land, we employed the rental cost of land
in the region for comparable and substitute uses. Similarly, for the op-
portunity cost of household labor, we employed the price paid for a day
of hired agricultural labor in each region. We also included a line for
administrative costs, corresponding to 5 % of the system’s direct costs
and accounted for them as household labor.

Farm assets were depreciated in straight-line using the lifespans re-
ported by farmers. The value of biological assets was calculated as the
total costs of establishing and maintaining the system until the 3rd year,
as it is not always possible to disaggregate the input and labor costs by
crop in these production systems, and most of the accompanying crops
were no longer present after this year. Biological assets were depreciated
in straight-line for 25 years and included as a fixed cost in the P&L
statement. Similarly, income generated from associated crops and cacao
in the maintenance phase was distributed evenly for 25 years. This was
included as a negative fixed cost in the P&L statement.

Most producers in the three countries reported receiving some inputs
and seedlings from development projects, nevertheless, we included all
input costs in the calculations as this represents the real cost of pro-
duction. As very few farmers declared using credit for the establishment
or management of their crops, all costs were assumed to be covered
using the producer’s own capital (i.e. no financing costs were included).
Costs for technical assistance were not included because the service is
usually not paid for by the farmer, is not accessible to all farmers, and its
effects on yields are unknown.

Using the cash-flow model, we calculated Net Present Value (NPV),
Internal Rate of Return (IRR), Land Expectation Value (LEV) and benefit-
cost ratio (BCR). For the discount rates, we employed the average in-
terest rates of agricultural loans for small-holder producers in 2023 in
each country.

Using the information of the P&L statements, we calculated the net
profit per hectare, breakeven cacao prices (BEP) and volumes, and the
household incomes per hectare and farm by adding net profits, and
opportunity costs of land and household labor. Labor productivity was
calculated using Kg of cacao produced per day of labor, and the
household income per day of labor. The latter allowed us to estimate the
value captured by the household after subtracting production costs.

To estimate the prices that could support farmers in the short and
long term, we calculated BEP at peak productivity and estimated the
cacao price for which the NPV = 0, which we called the Minimum
Feasible Price (MFP). BEP considers the total costs of production for a
given year, while MFP integrates the financial costs of capital and the
productivity curve of the plantation, reflecting better the long-term
dynamics of the system.

We also compared the household income generated by each system
with the countries’ poverty lines, minimum wages and living income
reference values reported in ALIGN (n.d.). While achieving living in-
comes can be considered the goal of the sector, poverty lines and min-
imum wages are closer to the reality of rural communities in Latin
America and can be used as reference values to determine the poverty
alleviation potential of these systems. As the share of hired labor differed
substantially among typologies, and this influences the total household
income, we included a scenario where all the activities were covered
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using household labor. This allowed us to compare the systems’ poten-
tial productivity per day of labor (household income per day of labor),
per hectare (household income per hectare), and the minimum area
necessary for generating a living income, regardless of the labor
composition.

Finally, we assessed the effect of subsidies on the financial perfor-
mance of the systems by evaluating scenarios including a payment of 30
% of the establishment and maintenance costs of the system, disbursed
in the first year of operations. This payment is aimed at reflecting some
of the development projects that supported the expansion of cacao in the
three countries, mostly in the form of inputs, seedlings and technical
assistance.

3. The cacao supply chains in the three countries

In the 2021/22 season, world cacao production was estimated at 4.8
million tons (ICCO, 2023), coming from 5 to 6 million farmers of which
nearly 90 % are smallholders with less than 5 ha (Bermudez et al., 2022).
Latin America and the Caribbean account for about 20 % of global
production, mostly concentrated in Ecuador, Brazil, Peru, Dominican
Republic and Colombia (ICCO, 2023).

In 2020, an estimated 260,000 farmers from the three Andean
countries (Colombia, Ecuador and Peru) produced over 584,000 tons of
cacao beans on 950,000 ha (Table 2) (Agronet., 2023; FEDECACAO,
2023; MAG, 2022; MIDAGRI, 2023). Cacao production in these coun-
tries has grown substantially during the last decade, yet due to different
historical, sociopolitical, environmental, and economic conditions, each
country has followed a different pathway and produced diverse farming
systems.

Ecuador has a cacao export tradition dating back to the late 1700s,
with varieties that would be later known as “Arriba” or “Nacional”
(Anecacao, n.d.). Today it is the largest player in the Americas with
nearly 330 thousand tons of cacao beans produced in 2022, and exports
surpassing USD 1 billion in the form of beans (around 90 % of the
exported value), semi-elaborated products and chocolates (Charry et al.,
2023). The country supports two contrasting models: the most promi-
nent is aimed at bulk markets and employs the CCN-51 variety due to its
high yield and resistance; the other one employs “Nacional” varieties,
considered Fine or Flavor (FoF), which are mostly oriented towards
specialty markets and have been promoted under more diverse AFS
(Sanchez et al., 2019; Hiitz-Adams et al., 2022).

Most of the production takes place in the coastal provinces, on
relatively larger and more intensively managed farms, usually as irri-
gated monocultures or with low shade levels. But production in the
Amazonian region has been growing, where both settlers and indigenous
groups have undertaken cacao production. The former have followed a
similar model to the coast, while the latter opted for a “Chakra” model,
which is more diversified, with fewer cacao trees per hectare, and

Table 2
Cacao sector indicators for Colombia, Ecuador and Peru in 2020.
Indicators Colombia Ecuador Peru
Sown area (ha) 189,000 590,579 177,000
Production (t) 63,416 327,393 158,944
Farmers 52,000 120,000 90,000
Average farm <5=52%
Sizi o 2.9 5,1-10 = 26 % 1.96
>10=22%
Cacao Fine or Flavor; CCN-51; Nacional/ Fine or Flavor;
varieties CCN-51 Fine or Flavor CCN-51
Average yield CCN-51 > 1000
(Kg/ha) 400 Nacional ~200 840
- . Conventional Conventional and
Prevailing Conventional R
. monocrops and organic
production agroforestry
agroforestry agroforestry
systems systems
systems. systems

Source: Charry et al., 2023; Hiitz-Adams et al., 2022.
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regularly under organic management (Zambrano et al., 2022).

Peru is the second largest producer in the Americas and the second
exporter of organic cacao in the world (MIDAGRI, 2021). While cacao
has been commercially promoted in the country since the 1930s, the
largest “boom” took place starting in the mid-2000s as part of the coca
substitution programs in the Amazonian regions (Hiitz-Adams et al.,
2022). Nowadays, most of the country’s cacao exports are in the form of
beans (around 54 % of the total exported value), but the exports of cocoa
butter and powder are growing at accelerated rates (Charry et al., 2023).

The country has a large share of its cacao area with the CCN-51
variety, aimed mostly at bulk and bulk-certified markets. Neverthe-
less, the country holds a great diversity of local genetic groups (Thomas
et al., 2023), some of which are globally recognized for their quality and
profile (e.g., “Blanco de Piura” and “Chuncho”). In the last decade,
native and other FoF varieties have been increasingly promoted through
programs such as Alianza Cacao Peru, which introduced a FoF techno-
logical package for the Amazonian region in the early 2010s (Charry
et al., 2023; Gomez et al., 2014; Hiitz-Adams et al., 2022).

In Colombia, two large processing companies of national origin have
consolidated the market since the beginning of the 20th century
(Londono Vélez, 2017), driven by a considerable local demand for hot
chocolate beverages and confectionery products. Commercial produc-
tion dates back as far as the 17th century and was concentrated mostly in
the central regions of the country (Barrios Nieves, 1981). However, over
the past 20 years the crop has undergone expansion in peripheric ter-
ritories as a part of illicit crop substitution and alternative development
programs (Abbott et al., 2018). Currently, Colombia produces over 60
thousand tons of cacao beans per year, and it is estimated that nearly 80
% is bought by the two national companies (Abbott et al., 2018). Around
11 thousand tons are exported as beans, while the rest is consumed
domestically or exported mainly as confectionery products (Charry
et al., 2023). The country’s production systems are relatively homoge-
neous, as most development initiatives have promoted similar techno-
logical packages. The variety CCN-51 is prevalent in many regions, but
trinitarian and other locally developed varieties have gained promi-
nence over the last decades, as the national federation of cacao growers
(FEDECACAO) works at positioning the country in the FoF segment.

4. Results - Description of regions and typologies
4.1. Boyacd, Colombia

This research area covers the western municipalities of the depart-
ment of Boyacd located in the Andean Region of Colombia. The area
presents a precipitation between 2000 and 3000 mm, and cacao is
produced between 500 and 1300 m.a.s.l. The predominant soil types are
Inceptisols and Entisols with an average slope of 42 % (IGAC (Instituto
Geografico Agustin Codazi)., 2004). With an estimated of 4500 ha, the
department supplies 2 % of the total national production (FEDECACAO,
2023; Agronet., 2023). Nevertheless, it shares similar agroclimatic
conditions and production systems with the department of Santander,
where most of the Colombian cacao is produced.

Most of the cacao was established as AFS in the mid and late 2000s,
including short cycle crops in the first year, plantain (as temporary
shade) and cacao trees planted at 3 m x 3 m, and various tree species
like avocado (Persea americana), abarco (Cariniana pyriformis), cedar
(Cedrus spp) and melina (Gmelina arborea) at densities of nearly 200
shade trees per hectare. Some of these trees have been removed over the
past decade. Death of cacao trees has also reduced the average cacao tree
densities to ~1000 per ha in all typologies. The dominant cacao variety
is CCN-51, but FoF varieties are also common.

4.1.1. Typologies in Boyaca

Conventional - Low yield (CB-LOW): Families with two hectares of
cacao and an average yield of 200 kg/ha. Management practices are
minimal, with no fertilization, and scarce pruning, pest and disease
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control. Includes a production of 300 kg of maize in the first year and 15
tons of plantain during the first two years.

Conventional — Average yield (CB-MID): Families with three hectares
of cacao and an average yield of 450 kg/ha. Management practices
include one fertilization every 2 to 3 years, occasional pruning, and
some weeding. Includes a production of 1750 kg maize and 1500 kg of
cassava in the first year, and 15 tons of plantain during the first two
years.

Conventional — High yield (CB-HIGH): Families with three hectares
of cacao and an average yield of 800 kg/ha. Management practices
include two fertilizations per year, weed controls, one pruning, chemical
pest management, and monthly manual pest and disease management.
Includes a production of 1875 kg of maize and 200 kg of beans in the
first year, and 15 tons of plantains during the first two years.

4.2. Putumayo, Colombia

This department is located in the Amazon region, and cacao pro-
duction is concentrated in the southern and central areas of the
department at altitudes between 320 and 680 m.a.s.l. Annual precipi-
tation ranges between 3000 and 4400 mm. The predominant soil types
in cacao production areas are Inceptisols and Andisols, with an average
slope of 28 % (IGAC (Instituto Geografico Agustin Codazi)., 2004).
Cacao production is relatively recent, mostly resulting from illicit crop
substitution programs. The department produces 3 % of the total na-
tional cacao production on nearly 5.400 ha (FEDECACAO, 2023; Agro-
net., 2023).

The crop has been promoted as AFS. Due to the climatic conditions,
the cacao trees are planted at a relatively low density (4 m x 4 m). The
system includes plantain for temporary shade and timber trees for per-
manent shade, yet a substantial share of these trees has been removed
progressively through the past years. The most common cacao varieties
are CCN-51, ICS-95, and more recently “Stiper Arbol”, introduced from
Ecuador.

4.2.1. Typologies in Putumayo

Conventional — Low yield (CP-LOW): Families with one hectare of
cacao and an average yield of 250 kg/ha. Management is very limited,
with no fertilization and scarce pruning, weeding and pest and disease
management. Includes a production of 300 kg of maize in the first year,
and of 1.25 tons of plantain in the first two years (60 plants per hectare).

Conventional — Average yield (CP-MID): Families with two hectares
of cacao and an average yield of 400 kg/ha. Management practices
include one soil amendment application, foliar fertilization, pruning,
weeding and monthly manual pest and disease management along with
harvest. Includes a production of 7 tons of plantain during the first two
years (625 plants per hectare).

Conventional - High yield (CP-HIGH): Families with three hectares of
cacao and an average yield of 800 kg/ha. Management practices include
two fertilizations and two prunings per year, continuous weed control
and integrated pest and disease management. Includes a production of
4.25 tons of maize during the first three years and of 3.6 tons of plantain
during the first six years (50 plants per hectare).

4.3. Guayas, Ecuador

Located in the coastal region with an altitude mostly below 5 m.a.s.1.,
this province has a temperature of 20 °C to 28 °C. The yearly precipi-
tation (900-1800 mm/yr) is concentrated in the first half of the year.
Soils have developed in sedimentary parent materials of alluvial and
volcanic origin (Prefectura de Guayas, 2021), and are mostly flat. This
province is the second largest cacao producer in the country, with nearly
68 thousand tons in 2022, representing 21 % of the national production
(MAG (Ministerio de Agricultura y Ganaderia)., 2023). It is estimated
that 98 % of the cacao varieties planted in Guayas consist of CCN-51 and
that the remaining 2 % are of the Cacao Nacional variety (Guilcapi,
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2018).

4.3.1. Typologies in Guayas

Conventional (EG-CON): Families with three hectares of cacao,
nearly 1200 trees per hectare and an average yield of 1587 kg/ha. Over
50 % of the labor is hired and due to its location, the opportunity cost of
the land and labor is high. Management practices include high fertilizer
application, chemical and manual weed controls, chemical pest and
disease control, pruning and irrigation. Includes a production of 12.5
tons of plantain during the first three years (600 plants per hectare).

Organic (EG-ORG): Families with five hectares of cacao, with 840
trees per hectare (640 Nacional and 200 CCN-51) and an average yield
of 680 kg/ha. Production of cacao Nacional reaches 363 kg/ha, which
receives a substantial organic and quality price premium. Management
practices are done mostly by the family and include foliar applications of
organic fertilizer, weeding, pruning, and manual pest and disease con-
trol. The system includes a production of 1 ton of papaya in the second
year, and 15.8 tons of banana and plantain combined (840 plants per
hectare) during the first four years.

4.4. Napo, Ecuador

Located in the northern Amazon region, this province has an average
temperature between 24 °C and 26 °C and monthly precipitations be-
tween 150 and 270 mm (Prefectura de Napo, 2020). Around 71 % of the
soils in the province are Andisols, and nearly 48 % of the terrain has
slopes greater than 70 % (GAD Napo, 2015). In 2022, production
reached 3713 tons, with average yields of 610 kg/ha (MAG (Ministerio
de Agricultura y Ganaderia)., 2023). The Nacional varieties represent
79 % of the cacao planted in the region. About 65 % of the province’s
inhabitants self-identify as indigenous and produce cacao in a tradi-
tional system called the Kichwa chakra (Guilcapi, 2018). This system is
managed mainly by women, applying ancestral knowledge and focusing
on the sustainable use of natural resources (MATE and GIZ, 2020).
Simultaneously, settlers migrating from the coastal and Andean regions
have introduced more intensive production systems (Sellers and Bils-
borrow, 2019). In general, the chakra system tends to be more diversi-
fied, with greater use of household labor and organic practices, while
settlers employ monocultures with the CCN-51 and “Siiper Arbol” vari-
eties. Due to the local climatic conditions, the typical planting density is
lower than in other regions, with 625 individuals per hectare.

4.4.1. Typologies in Napo

Conventional (EN-CON): Families with five hectares of cacao and an
average yield of 1360 kg/ha. Management practices include high fer-
tilizer application, pruning, multiple chemical and manual weed, pest
and disease control. Nearly 60 % of the labor is hired. The system in-
cludes 11.3 tons of maize production per year during the first two years.

Organic Kichwa chakra (EN-OKC): Families with two hectares
combining nearly 600 Nacional trees in AFS with production of maize in
the first year (2.2 tons), and annual production of cassava (900 kg),
plantain (1.1 ton) and guayusa (450 kg). Cacao yields are low, at 180
kg/ha, and is sold wet for a substantial premium for its quality and
organic certification. All labor is carried out by the families, and the
management practices for cacao are limited to weeding, pruning and
harvesting. In this system, nearly 32 % of the income (adding cash and in
kind) is derived from cacao.

4.5. Piura, Peru

This department is located in the north-western coastal region. The
region is characterized by low precipitation, with around 700 mm per
year and an average temperature of 23 to 26 °C. The farms are usually
located in flat or slightly inclined terrains (slopes of 10 to 20 %) and soils
are mostly of loam, clay loams and sandy loam texture. Around 2 % of
the country’s cacao is produced in this department on nearly 1500 ha.

Agricultural Systems 224 (2025) 104235

Cacao from Piura has positioned itself in specialty niches thanks to the
varieties “Blanco de Piura” and “Gran Blanco”, which are usually sold to
cooperatives with organic and fair-trade certifications at high price
premiums (Acero, 2020). It’s important to note that a considerable share
of farmers do not receive these premiums, since over 30 % of the farmers
do not belong to the cooperatives, and some farmers have ceased to sell
to niche markets due to the high cadmium contents in their beans (Villar
et al., 2022). Cacao plantations are always irrigated and managed as a
monocrop combined with banana for temporary shade during its
establishment phase, or as permanent AFS with fruit trees (often mango,
carambola or a mixture of trees). Due to the department’s low precipi-
tation, the incidence of pests and diseases is relatively low.

4.5.1. Typologies in Piura

Organic Blanco de Piura (PP-OB): Families have an average of 0.8 ha
with cacao and reach yields of 875 kg/ha. Farmers in this typology
belong to cooperatives to whom they sell wet cacao at high prices.
Management practices include one application of (organic) fertilizer per
year, one foliar application of bio protectors, one pruning, frequent
clearing, manual pest and disease control, flood irrigation and drainage
management. This typology includes yields and management practices
slightly above the regions’ average, but it represents an adequate yet
achievable and growing model according to the experts consulted. Un-
like other varieties, Blanco de Piura reaches its peak productivity in year
9 (instead of 7). This typology produces 1275 boxes of 100 plantains
during its first three years.

Organic Blanco de Piura + Mango (PP-OBM): Families with one
hectare combining 450 cacao trees in AFS with mango (50 trees per
hectare). Cacao production at its peak reaches 420 kg/ha and is sold to
cooperatives at high prices. Mango reaches its peak productivity of 8.75
t/hain year 15. From this year onwards, cacao production represents 40
% of the total revenues of the system, and mango becomes the main
source of revenues. Management practices for cacao include one yearly
fertilization (organic), one foliar application of “Bouillie Bordelaise”, one
pruning, weeding, manual pest and disease control, flood irrigation and
drainage management. The system produces 4 tons of maize in the first
year and 440 boxes of 100 bananas in the first three years.

4.6. Ucayali, Peru

The department is located in the Amazonian region. Production takes
place in various agroecological regions, but mostly in the hills and
flatland areas, with average temperatures of 26 °C and a yearly pre-
cipitation of 1200 to 3000 mm (CIMA, 2017). Ucayali has the third
largest production in the country, with over 22,000 tons, 25,000 ha and
5300 producers (MIDAGRI, 2023). Since the crop was promoted using
standard technological packages, most producers present very similar
arrangements i.e. AFS with short cycle crops during the first year,
plantain as temporary shade and cacao trees planted at 3 m x 3 m, some
fruit trees for household consumption (nearly 10 per hectare) and nearly
200 timber trees combining native species such as bolaina, (Guazuma
crinite), shihuahuaco (Dipteryx micrantha), and capirona (Calycophyllum
spruceanum), as well as mahogany (Swietenia mahagoni) and cedar
(Cedrus spp). Nevertheless, most producers have removed most or all of
these trees, leaving between 10 and 20 trees per hectare. The most
common cacao variety is CCN-51 but FoF varieties have also been
promoted.

4.6.1. Typologies in Ucayali

Conventional — No inputs (PU-MID): Families with five hectares of
cacao and an average yield of 600 kg/ha. There is no fertilization in
these systems, and management practices include three yearly weed
control, one pruning, and manual pest and disease management along
with harvesting. Includes a production of 2 tons of maize in the first year
and 17.5 tons of plantain in the first three years.

Conventional — Intensive (PU-HIGH): Families with ten hectares of
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cacao and an average yield of 1500 kg/ha. These farmers are more
business oriented and hire over 70 % of the farms’ labor. Management
practices include three fertilizer applications per year, regular weeding,
two prunings, and both chemical and manual pest and disease control.
Includes a production of 3 tons of maize in the first year and 31.3 tons of
plantain in the first four years.

Organic (PU-ORG): Families with three hectares of cacao and an
average yield of 800 kg/ha. Management practices include one yearly
application of fertilizer (organic) and soil amendments, pruning,
weeding, and regular manual pest and disease control. Includes a pro-
duction of 3 tons of maize in the first year and 17.5 tons of plantain in
the first three years. Organic price premiums are nearly 5 % above
conventional price.

4.7. Comparison of farm characteristics and financial performance

In this section we present a set of indicators of farm characteristics
and financial performance, together with selected indicators for two
scenarios; (i) assuming that all activities are carried out using household
labor and (ii) including a subsidy of 30 % of the establishment costs
(Table 3).

We found large variations in the prices of cacao and production
factors, leading to considerable differences in financial performance
even among similar typologies. Labor costs in 2023 varied between and
within countries, ranging from 12.6 USD/day in Piura to 20 USD in
Guayas. Similar variations can be observed for the land costs, with the
lowest values in Amazonian regions and the highest in the coastal re-
gions of Ecuador and Peru. Price differences in the production factors
are mainly related to accessibility, productive infrastructure, land and
labor markets.

Labor accounted for 45 % to 70 % of the total production costs
among the typologies, followed by land costs and in some cases, input
costs. Depreciation of biological assets accounted from 8 % to 29 % of
the total costs, nevertheless, most were compensated for by the
distributed revenues from associated crops accrued during the mainte-
nance phase.

On average, the opportunity cost of labor in the three countries was
USD 15.9 per day, and the opportunity cost of land was USD 312 per
hectare. The share of hired labor ranged from 0 % to 73 %, with a me-
dian of 35 %. Input expenditure per hectare ranged from USD 0 to USD
682 and USD 1141 for the most productive typologies in Ecuador and
Peru respectively. Both typologies reported yields near 1500 kg/ha
using the CCN-51 variety. The median annual input expenditure for all
systems was 127 USD/ha.

Considerable price differences were found for conventional cacao,
even within the same country. These were mostly related to ease of
access to the regions. The median farmgate price was 2.68 USD/kg, with
the lowest prices for conventional cacao in Ecuador, followed by Putu-
mayo and Boyacd, Colombia. Ucayali, Peru reported the highest farm-
gate prices for conventional cacao among the three countries. Price
premiums within the same regions for organic-FoF cacao ranged from 5
% to 67 %.

In Colombia, only one typology (CP-HIGH) was financially viable,
with a BCR > 1 and an IRR of 20.5 %. This can be attributed to lower
establishment costs (lower cacao density), lower cost of land, steady
revenues from associated crops in the initial years, and high yields (1.43
kg/tree). In Boyaca, the system with average yields showed a slightly
higher NPV than the higher yield system. This was due to lower accu-
mulated losses during the initial years, and a lower share of hired labor.
It’s important to note that Colombia presents the highest discount rate,
affecting NPV and BCR substantially. The lowest MFPs were 2.4 USD/kg
in Putumayo and 3.44 USD in Boyaca. The lowest BEP on a farm at its
peak productive age was 2.0 USD/kg.

In Ecuador, the two typologies from Guayas presented poor finan-
cial performance. Despite having high yields and labor productivity, EG-
CON presented the lowest NPV of all systems. This is explained by its
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high opportunity costs of land and labor, high establishment and
maintenance costs, and limited revenues from associated crops in the
initial years, leading to a large accumulation of financial losses during
this period. EG-ORG receives high prices for organic Nacional cacao, but
it’s also unprofitable due to low productivity per tree, and high labor
and land costs. Nevertheless, due to lower management costs and higher
income from associated crops in the initial years, it shows a better
financial performance over time than EG-CON.

On the contrary, the two systems from Napo present very positive
financial results. EN-CON has the highest productivity per tree, and the
second highest labor productivity and IRR among all typologies. EN-
OKC has very low yields but presents the highest cacao prices among
all typologies. This system is highly profitable with the highest NPV and
IRR among all typologies. Nevertheless, most of the income is derived
from the associated crops, not from the cacao. When separating activ-
ities by crop, the analysis reveals that cacao production generates losses,
indicating that other crops are subsidizing cacao. EN-CON had the
lowest BEP and MFL among all typologies, with 1.8 and 1.97 USD
respectively.

In Peru, all systems were financially viable with IRRs ranging from
10 % to 15 %, and profits ranging from 337 to 929 USD/ha/yr. Ucayali
had the typology with highest revenue, NPV and IRR (PU-HIGH) but
Piura had the typology with the highest net profits in a year of peak
production (PP-OBM). Nearly 60 % of the revenues of PP-OBM come
from mango sales, however, due to the long period for the mango trees
to reach peak productivity, PU-HIGH shows better financial indicators.
The lowest MFP among the Peruvian cacao systems is 2.63 USD/kg, and
the average is 2.81 USD. The average BEP in Peru is 2.45 USD.

Under the subsidy scenario, all typologies experienced large perfor-
mance improvements, nevertheless the low performing typologies in
Colombia and EC-CON remained with BCR below 1. The subsidies
ranged from 1017 to 3188 USD/ha depending on the systems’ early
capital needs.

When comparing systems by management type, the conventional
monoculture from Napo showed higher profits than the organic Kichwa
chakra, but considerably lower NPV and IRR. This was due to lower costs
and higher profits during the initial years for the organic Kichwa chakra,
which are less affected by the discount rate. Similarly, in Guayas, the
organic system showed a better performance mainly due to the non-
cacao component. In Piura, the AFS performed better than the mono-
culture, and in Ucayali the conventional high intensity system out-
performed the others, but the organic system showed a better
performance than the low intensity conventional system, as in this case,
the higher prices and yields overcompensated for the higher costs.

4.8. Household income

For the Colombian typologies, household incomes range from 180 to
1590 USD/ha/yr. These income variations are highly related to the
share of hired labor. None of the typologies achieve incomes above the
poverty line, except for CP-HIGH (Fig. 2). Assuming 100 % of household
labor, CP-HIGH is the only typology that could generate an income
above the minimum wage. Nevertheless, the household income per day
of labor for CB-MID, CB-HIGH and CP-HIGH are above the minimum
wage and close to the country’s living wage, revealing that these systems
have the potential of generating decent living conditions for household
members and hired labor, if they had more farmland available. To
obtain 100 % of a living income from cacao under these scenarios, the
best performing systems in Boyaca and Putumayo would require a
minimum area of 5.3 and 4.1 ha respectively.

In Ecuador, household incomes range between 1303 and 1818 USD/
ha/yr. EG-ORG and EN-CON have 5 ha and are close to reaching the
living income. For EN-OKC and EG-CON, this drops to below 45 % as
these typologies have considerably less land. Despite the good financial
performance of EN-OKC, land limitations suggest that farmers belonging
to this typology would be below the poverty line, unless they have
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Table 3
Farm characteristics, cost structure and performance indicators by producer typology.
Farm indicators CB- CB- CB- Cp- Cp- Cp- EG- EG- EN- EN- PP-  PP- PU- PU- PU-
LOW MID HIGH ~ LOW MDD  HIGH CON  ORG* CON OKC ' OBM  MD HIGH ORG
Yield (kg/ha - dry) 200 450 800 250 400 1000 1587 680 1360 180 700 420 600 1500 800
Price (USD/kg)° 2.68 2.68 2.68 2.5 2.5 2.5 2.2 2.79 2.2 331 309 3.01 2.97 2.97 3.11
Cacao production 2 3 3 1 2 3 3 5 5 2 0.8 1 5 10 3
area (ha)
Trees per ha ~1000 ~1000 ~1000 625 625 700 1200 840 625 625 850 450  ~1000 1111  ~1000
Labor (days/ha) 32 46 69 39 45 72.6 80 62 72 55 81 101 54 109 72
Sh;;; of hired labor 34 52 58 19 4 36 51 8 60 0 29 35 28 73 46
Coj;?)f labor (USD/ 15.9 15.9 15.9 159 159 159 20 20 15 15 122 122 162 16.2 16.2
Cost of land (USD/ha) 227 227 227 193 193 193 700 500 500 300 432 297 216 270 216
Expenditure on inputs
12 2 1 1 12 152 1141
(USD/ha) 0 7 428 0 57 30 683 3 498 0 0 5 50 4 456
Yield per tree (kg) 0.2 0.45 0.8 0.4 064 143 132 081 218 029 082  0.93 0.6 1.35 0.8
Cacao production per 6.3 9.8 116 6.4 8.9 138  19.8 11 189 6.4 8.6 4.2 11.1 13.8 111
day of labor (kg)
Revenues and cost structures (for 1 ha in year of peak productivity)
Revenue (USD/ha) 536 1207 2146 625 1000 2500 3492 1898 2993 1854 2162 3161 1784 4459 2487
Total costs (USD/ha) 943 1285 2090 1262 1307 1955 3775 2112 2392 1265 1784 2232 1382 3629 2150
Net profit (USD/ha) —407 -78 56 637 -307 545  -283 -214 601 589 378 929 402 830 337
Variable costs (as % of total costs)
Labor 60 61 57 58 57 61 42 68 45 70 58 56 66 51 55
Inputs 0 10 21 0 4 15 18 2 21 0 7 7 4 32 21
Transport 1 2 2 7 5 5 2 0 2 0 0 12 2 4 4
Other variable costs 6 4 2 3 5 2 4 1 3 0 1 1 1 1 1
Fixed costs (as % of total costs)
Depreciation of 33 29 18 11 15 8 11 18 17 14 14 10 21 12 13
biological assets
Distributed income of _ 5 ~30 ~17 -3 “11 9 -6 18 -15  -13 -10 -6 ~17 ~11 _12
associated Crops
Depreciation of 6 3 4 5 6 4 4 2 3 2 2 2 4 1 4
equipment
Land costs 24 18 11 15 15 10 19 24 21 24 24 13 16 7 10
Administrative costs
and management 3 4 4 3 4 4 6 5 4 4 5 4 4 4 4
services
Performance CB- CB- CB- CPp- Cp- CPp- EG-CON EG- EN- EN- PP- PP PU- PU- PU-
indicators LOW MID HIGH  LOW MID HIGH ORG* CON  OKC o OBM  MID  HIGH  ORG
Breakeven price 47 2.86 2.61 5.05 3.3 2 2.38 N/A 18 N/A 257 229 23 2.42 2.69
(USD/kg)
Minimum feasible 7.2 3.76 3.44 8.18 4.77 24 2.88 N/A 197 N/A  3.08 263 278 265 2.9
price (USD/kg)
Breakeven
production (kg/ 352 479 779 505 523 782 1716 757 1087 N/A 578 335 465 1221 692
ha)
Household Income
222 567 861 180 481 1590 1303 1670 1618 1818 1900 2126 1294 1745 1268
(USD/ha)
Household income
from cacao 444 1702 2583 180 963 4770 3908 8351 8089 3636 1606 2126 6469 17,447 3805
(USD/farm)
Share of living
income from 5.4 20.6 31.2 2.2 116 57.6 45 96.1 93 42 20 265 806  217.4 474
cacao (%)
Net Present Value ~ —2606  —1404  —1749  —4094 —2612 283 ~8771  -1336 2554 5148 53 1120 874 3684 1285
Lasglfguwale“t _2648  -1427 -1777 -4160 -2654 287  -10,680 1626 3110 6269 63 1324 1034 4359 1522
Internal Rate of
N/A N/A N/A N/A N/A 20.5 N/A N/A 15 304  N/A 10 10.2 15.2 12.9
Return (%)
Benefit Cost Ratio  0.75 0.89 0.88 0.37 0.68 1.03 0.79 0.95 1.09  1.36 1 1.06  1.05 11 1.06
Scenario - 100 % Household labor
Household Income ¢ 976 1552 328 684 2016 2134 1788 2263 1818 1900 2577 1580 3091 1812

(USD/ha)

(continued on next page)
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Table 3 (continued)
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Performance CB- CB- CB- CP- CP- CP- EG- CON EG- EN- EN- PP- PP- PU- PU- PU-
indicators LOW MID HIGH LOW MID HIGH ORG? CON OKC OB® OBM MID HIGH ORG
Household income
per day of labor 13 21.5 21.86 8.41 15.33 27.77 26.8 28.6 31.5 33 23.3 25.47 29.5 28.3 25.3
(usD)¢
# of hectares to
reach living 19.9 8.5 5.3 25.2 12.1 4.1 4.1 4.9 3.8 4.8 3.4 3.1 5.1 2.6 4.4
income
Scenario - Subsidy
Total subsi
0(3S]s)u/hsa1;iy 2347 2839 2743 1017 1421 1218 3189 2818 3115 1333 1803 1702 217 3343 2.082
Net Present Value —617 1000 575 —3232 —1408 2346 —5795 1295 5462 7708 1730 2700 2888 6787 3218
Internal Rate of N/A N/A N/A N/A N/A 741 N/A N/A 679 1099 N/A 155 215 339 33
Return (%)
Benefit Cost Ratio 0.94 1.08 1.04 0.51 0.83 1.14 0.86 1.05 1.19 1.45 1.1 1.13 1.17 1.18 1.15

2The yield of Nacional cacao is 363 kg/ha and was sold at a price of 3.1 USD/kg. The yield of CCN-51 cacao is 317 kg/ha and was sold at 2.2 USD/kg. The price

displayed corresponds to the weighted average.

bThe values for this typology correspond to 0.8 ha, except for the indicator of household income per hectare, where it was adjusted to 1 ha for comparison purposes.
Prices for cacao, inputs, land and labor correspond to average local prices between January and July 2023.
9Household income per day of labor = Household income per hectare / labor days per hectare.

*Discount rates: Colombia = 18.05 %, Ecuador = 7.13 %, Peru = 7.75 %.
**Exchange rates: Colombia COP/USD = 4400; Peru PEN/USD = 3.7.

***Daily living wage equivalent (240 working days per year) in USD: Colombia = 24.3, Ecuador = 24.5, Peru = 26.5.

additional income sources. Assuming 100 % household labor, EG-ORG
and EN-CON would stand above the minimum and living wages,
which are very similar for Ecuador in 2023. In this scenario, all the ty-
pologies could generate daily revenues per day of labor substantially
higher than the country’s living wage. Between 3.8 and 4.9 ha of land
would be needed to generate 100 % of the living income.

In Peru, household incomes range between 1268 and 2126 USD/ha/
yr. PU-MID stands above the minimum wage, while PU-HIGH greatly
surpasses the living income due to the large area employed (10 ha).
Assuming 100 % of household labor, all typologies in Ucayali would
obtain household incomes above the minimum wage and PU-MID would
approach the living income. Typologies in Piura were profitable, but
since they have one hectare or less, their total household income would
remain below the poverty line. All the typologies can generate a
household income per day of labor close to or greater than the living
wage, indicating that land is the main constraint to provide decent
livelihoods for farmers and workers.

5. Discussion
5.1. Fair prices and land access are critical for achieving a living income

It has been widely advocated that if the cacao sector is serious in its
commitment of improving the farmers livelihoods and long-term sus-
tainability, it must establish cacao prices that reflect production and
living costs (Fountain and Hiitz-Adams, 2022). Our results reconfirm
that price premiums from specialty markets can have a substantial effect
on profitability (Gockowski et al., 2013; Gockowski et al., 2011).
Certified cacao farms may also enjoy additional competitive advantages,
as these have more robust monitoring systems which would facilitate
compliance with the most recent European legislations on deforestation
and due diligence in supply chains. But premium segments are small
(Gaia Cacao, 2021), thus highlighting the relevance of minimum fair
prices for conventional cacao.

Fairtrade (2022) estimated Living Income Reference Prices for cacao
in Ghana and Cote d’Ivoire in 2022 at 2.12 and 2.39 USD/kg respec-
tively. This was done by using virtual model farms with “sustainable
yields” (800 kg/ha), representative farming areas (3.3 and 4.4 ha),
household sizes (6 to 8 people), and production costs according to good
management practices. In this study we suggest using the average BEP

*For all typologies, the available household labor days were set at 384 (1.6 full time workers per household).

and MFP for the systems that generated net profits or that reported
yields above 800 kg/ha, as these could serve as additional benchmarks.
As shown in Table 4, conventional prices at the time of the study were
below the MFP in Colombia and Ecuador.

Seven of the fifteen typologies generated less than 40 % of the living
income, including two profitable typologies. Only the typologies with
five or more hectares achieved 80 % or more of the living income, and
only five typologies with yields above 600 kg/ha and large areas
approached or surpassed the minimum wage. Assuming 100 % of
household labor, the profitable typologies from the three countries
required an area of 3 to 5 ha to achieve a living income. With a more
realistic share of 30 % hired labor, these values rise to 3.5 to 6 ha.

The possibility of expanding the farms is limited for many farmers
and may imply considerable environmental risks, as land costs tend to be
lower in remote areas with forest cover. Moreover, the results from
Ecuador indicate that profitability is greatly affected by land opportu-
nity costs, putting the sector in a situation with complex trade-offs be-
tween livelihood and environmental goals. These findings reconfirm
that land availability is critical for poverty alleviation and highlights the
need for including living income and farm size indicators, as financial
performance alone fails to capture the producer’s economic condition.

5.2. What is the right mix for success?

We found that different cacao systems have the potential to generate
revenues and improve living conditions. These systems shared different
combinations of favorable conditions such as: good yielding trees (>0.8
kg/tree on average), high cocoa prices (> 3 USD/kg), land access (3.5 to
6 ha), high labor productivity, high income from associated crops during
the first years or during the productive lifespan of the system, low
proportion of hired labor, and low costs of land, labor and capital.

Overall, we found that the systems’ economic performance was
highly sensitive to the results in the initial years. We suggest four
complementary strategies with considerable potential to improve the
financial sustainability of cacao farming: i) maximize revenues during
the initial years through association of short cycle crops, ii) subsidize
establishment costs, iii) introduce precocious varieties and management
practices that allow for faster productivity curves, iv) emphasize crop
rehabilitation and renovation to reduce establishment costs and speed
up production times. Here we discuss the first two strategies.
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Fig. 2. Yearly household incomes per farm and country income benchmarks (poverty line, minimum wage and living income).
*Colombia and Peru report a rural poverty line, while Ecuador reports only a national poverty line.

**Minimum wage calculated for a household with 1.6 working persons.
***Yearly living incomes for a rural household per country in USD: Colombia

Table 4

Cacao reference prices in the three countries (in USD/kg).
Indicator Colombia Ecuador Peru
Breakeven price (BEP) 2.31 2.1 2.46
Minimum feasible price (MFP) 2.92 2.43 2.81
Conventional cacao price (CCP) 2.5-2.68 2.2 2.97
Premium cacao price (PCP) 2.79-3.31 3.01-3.11

Given the high establishment costs and the time required for
reaching sufficient cacao yields, intercropping with short cycle crops
during the first 3 to 6 years appears critical. We observed a good per-
formance of contrasting systems, such as the permanent AFS (cacao-
mango in Peru and the Kichwa chakra in Ecuador) and the more
intensive monocultures (with some diversification during the first
years). Nevertheless, our study does not allow identification of the most

= 8276, Ecuador = 8688, Peru = 8027 (ALIGN, n.d.).

profitable crop mixes, as we lacked robust information on prices, yields,
and behaviors of the associated crops throughout the lifecycle of the
different cacao production systems in their respective contexts.

Our findings are in line with the current literature, which shows that
profitability depends on minimum yield and prices levels, but there is
also considerable diversity of successful strategies. Some studies found
that diversified, shaded systems were profitable (Ramirez-Argueta et al.,
2022) and could surpass monocultures when accounting for total output
(Pérez-Neira et al., 2020; Armengot et al., 2018; Jezeer et al., 2017;
Cerda et al., 2014). Others reported that management intensity is more
relevant, regardless of species diversity (Blare and Useche, 2013; Pérez-
Neira, 2016). Pérez-Neira (2016) found that organic systems were more
profitable than semi-intensive systems but less than intensively
managed monocrops (i.e. improved varieties, high fertilization doses,
moder irrigation systems). In Bolivia, cacao yields and return on labor in
conventional and organically managed AFS were similar, while lower
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yields were reported for organic monocultures than conventional
monocultures albeit with similar return on labor due to higher costs of
conventional management (Armengot et al., 2016).

We recommend further research on different species arrangements
and plant densities that allow the introduction of more short cycle crops
and/or other commercially interesting perennial species. The sector
would also benefit from developing functional timber value chains in the
production regions. Previous studies that analyzed cacao systems with
diverse timber associations found that a major share of the revenues may
come from the forestry component (Ramirez-Argueta et al., 2022), but
we had considerable difficulties identifying functional timber markets in
the study areas where farmers could sell these products at competitive
prices. In that sense, we believe that attributing too much weight to the
revenues from the timber or fruit components to cacao AFS could be
risky if it does not consider the full market system in the cacao pro-
duction regions. Moreover, as discussed by Fountain and Hiitz-Adams
(2022), diversification brings other challenges in the form of additional
investments, technical and labor constraints, and as in the Kichwa
chakra model, it may mask economic losses due to poorly managed or
aged cacao. Innovative arrangements should be explored for different
contexts, where cacao does not need to be the main crop, but at least
covers its own production costs.

We observed that partial subsidies could substantially improve the
financial performance of the systems. Combining subsidies and well-
planned diversification would be particularly helpful for new planta-
tions, as it would reduce risks and improve the cashflow during the
initial years. Soft credits have been broadly recommended for address-
ing farmer’s needs (Bonnieux, 2019; Effendy et al., 2019). Nevertheless,
thin margins, increasing climate and market risks, low IRR, and high
sensitivity of the cacao systems to early revenues suggest that, without
sufficient protections (such as subsidies, insurances and/or adequate
diversification), farmers would be in considerable risk of failing to repay
loans even under low interest rates.

Governments and international cooperation may be persuaded to
continue subsidizing the sector, driven by the environmental and social
benefits of some cacao production systems (Andres et al., 2016; Franzen
and Borgerhoff Mulder, 2007; Lohr et al., 2021; Obeng and Aguilar,
2015). Nevertheless, there might be other crops providing similar ben-
efits at equal or lower costs (Pokorny et al., 2021). Considering that
thousands of farmers remain in poverty after decades of support, the
main beneficiaries of these subsidies may well be the cacao traders,
grinders, chocolate manufacturers and consumers. These actors benefit
from artificially lower prices due to subsidies, and at the expense of
farmers that perceive land and labor revenues below the market value.
We recommend that decision makers carefully analyze the impacts of
the different cacao systems before deciding which production systems to
support, where and how, prioritizing those with greater social and
environmental benefits. Consequently, a larger share of support may
come from the industry, as they benefit considerably from development
programs, many of them funded by the national budgets of the producer
countries.

Our results further highlight the importance of integrating multiple
performance indicators, as the objectives of different actors do not
necessarily converge. NPV, IRR, BCR, repayment periods and net profits
are usually of higher interest for entrepreneurs, investors and other
financial sector actors; yields, production costs and minimum prices may
be more relevant for traders and the chocolate industry; LEV, minimum
farm size and labor productivity are particularly useful for informing
land policies and rural development programs, while household income
may be of especial interest for farmers, workers and poverty alleviation
programs. We also suggest incorporating risk assessments and environ-
mental indicators, which were out of the scope of this study.

5.3. Who is losing?

Various typologies were unprofitable, raising the question why
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farmers in similar situations continue growing cacao. Seven out of
fifteen typologies produced a negative NPV, indicating that they incur
net losses (including the financial cost of the invested capital) over a
period of 25. Six of them presented net losses in the year of peak pro-
duction, meaning that the families under these conditions are obtaining
labor revenues and land rents below the regional minimums. While
these farmers might be better off allocating their labor and land to more
profitable enterprises, their permanence as cacao growers may be
explained by a mix of individual and contextual factors. Among the
individual factors are the advanced age of the farmers and low education
levels (Hiitz-Adams et al., 2022; Pabén et al., 2016; Sanchez et al.,
2019), which limit their capacity to manage more strenuous crops,
adopt better practices or engage in other productive activities. Other
factors could include the farmer’s accrued knowledge of the crop,
holding on to past investments (i.e. sunk cost fallacy), a sense of tradi-
tion and identification with the cacao culture, and a lack of resources for
transitioning to other crops. They may also have additional sources of
income and use their farm production only as a complement. On the
other hand, it’s important to note that cacao has various advantages for
farmers, such as a low perishability, relatively less strenuous labor,
consistent buyers, and some production throughout the year even with
minimum investment in crop management.

Among the contextual factors, the promotion of the crop by the
private sector, and a considerable support among public institutions,
international cooperation and NGO’s are likely to play an important
role. This translates into high visibility and a positive perception of the
crop, subsidized inputs (e.g. seeds, fertilizers, tools), greater participa-
tion in development programs, and greater access to markets, extension
services, information, and other support services. The production re-
gions may also have a low demand for agricultural labor, few job op-
portunities in other sectors, or lack of more profitable crops suitable for
the region. Similarly, the land market may not be dynamic enough to
allow farmers to rent out or sell their land at high enough prices. All
these factors make it unlikely that farmers switch crops or leave agri-
culture (in the short term), even if their cacao farm is not profitable.

The share of farmers working under conditions similar to the un-
profitable typologies included in our study is not known, but considering
that average yields in Colombia, Ecuador and Peru are 450
(FEDECACAO, 2023), 610 (European Forest Insititute, 2021) and 966
kg/ha/yr (MIDAGRI, 2023) respectively, a considerable segment of
cacao farmers likely experience a similar situation, especially in the first
two countries.

5.4. Limitations

The models used were highly sensitive to labor parameters, as labor
costs represent around 60 % of the production costs. Since labor in-
tensity came from recalled values reported by farmers, the results could
be biased. Moreover, the reported labor intensity varied substantially
among typologies, even when discussing similar practices and technifi-
cation levels. These variations may indicate subjectivity, but could also
be explained by differences in topography, varieties, agroecological
conditions, or the farmer’s skills, age and farm equipment. As mentioned
by Fountain and Hiitz-Adams (2022), reliable public data on labor input
is still absent. However, he found that labor in systems with low pro-
ductivity ranged between 25 and 85 days/ha/yr. It ranged from 65 to
130 days in plantations with good agricultural practices, and up to 287
days in highly intensive systems. Similarly, Fairtrade (2019) estimated
125 days/ha to produce 800 kg in West Africa. The typologies in our
study included between 32 and 110 labor days per hectare, which falls
within the previous values.

It is possible that the opportunity costs of labor and land employed in
this study are overestimated due to the factors discussed above, resulting
in lower net losses and higher NPVs. Nevertheless, changes in these
parameters would have a relatively minor effect on the household in-
comes presented, since these include the opportunity costs.
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Additionally, other approaches discount the local wage using employ-
ment rates or other relevant variables to have an adjusted opportunity
cost of labor. We decided to employ the local values for the opportunity
costs as they reflect the rates used in the respective regions and facilitate
a straightforward comparison of the crop’s performance against other
agricultural activities. We observed that some of these opportunity costs
are omitted in other studies, as they may not be easily perceived by the
farmers. Nevertheless, these are the farmers’ most valuable assets. Their
inclusion is fundamental for calculating the true cost of production, and
in consequence, a fairer price for the sector.

Our models used prices from the first semester of 2023, therefore, the
production costs and financial performance presented in this study do
not accurately reflect the situation in the previous decades, when most
of the plantations were established. Yet, they provide valuable insights
into the general conditions of the sector during the most recent years, as
international prices had remained at levels near 2500 USD/t in the
period 2017-2022. At the price levels observed in the first quarter of
2024, all the analyzed typologies would be profitable, yet there is great
uncertainty about the future of the sector, and while analyst predict that
cacao prices may stabilize at relatively high levels (Blas, 2024; J.P.
Morgan, 2024), a continuous increase in labor costs is also expected. The
current crisis should warn chocolate manufacturers that fair prices that
allow for a decent living and continuous reinvestments in the produc-
tivity and resilience of the plantations are necessary to mitigate similar
shocks in the future.

6. Conclusions

Our results indicate that different production systems have the po-
tential to be profitable enterprises and provide a living income. Never-
theless, seven out of the fifteen typologies presented considerable losses,
effectively subsidizing cacao prices through land and labor revenues
below the market prices. Several contextual and individual factors limit
their implementation of better practices or the transition to more prof-
itable enterprises.

Profitability depends on minimum yields, areas and price levels, but
there is also considerable diversity of successful strategies. The well
performing typologies had yields >800 kg/ha/yr, >3.5 ha of cacao,
received considerable income from associated crops in the initial years
of establishment, received premium prices for cacao, or perceived low
prices for their production factors (mainly land and labor). Highly mixed
systems like the Kichwa chakra also showed a good financial perfor-
mance, but losses due to low cacao yields were masked by the revenues
from other crops. Overall, we found that the systems’ financial perfor-
mance was highly sensitive to the results in the initial years, therefore
we discussed two strategies that could derive in substantial improve-
ments: exploring different associations with short cycle crops during the
initial years and subsidizing establishment costs.

We recommend the use of a broad set of indicators in similar studies,
as they offer information relevant for different interest groups. Their
inclusion in large regional initiatives as CacaoFIT (Orozco-Aguilar et al.,
2024) would provide key insights for the cacao sector in Latin America.
Coupling these indicators with measurements of risk and environmental
impacts will be especially useful for informing land use policies in the
region.
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