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Abstract Indonesia is the world’s third largest cocoa
producer, but production is decreasing since 2011. We
revisited cocoa farmers for an environmental assessment in
Luwu Timur, Sulawesi, 7 months after a socio-economic
survey on cocoa certification outcomes and observed many
cocoa plantations being converted into oil palm and maize.
Including our field data as well as secondary data on
commodity prices and yields, we outline reasons for cocoa
conversion, potential consequences for biodiversity, and
assess the future outlook for the Indonesian cocoa sector.
Low cocoa productivity, volatile cocoa prices and higher
revenue for oil palm, among others, drive land-use change.
If shade trees are cut during cocoa conversion, it may have
negative implications for biodiversity. Solutions to low soil
fertility, —omnipresent pests and diseases, and
stable producer prices are needed to increase profitability
of cocoa and prevent conversion of cocoa agroforests to oil
palm monocultures.
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INTRODUCTION

Indonesia is the third largest cocoa producer in the
world, producing 13% of global cocoa supply (FAO-
STAT 2023). Most of the Indonesian cocoa is produced
on Sulawesi (60%) and the sector is dominated by
smallholders (99.7%) farming between 0.5 and 2 ha of
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cocoa (Ruf and Yoddang 2004; USAID 2006; Badan
Pusat Statistik 2021). The cocoa tree (Theobroma cacao)
was introduced to Indonesia in the sixteenth century but
production initially remained low: in 1980, cocoa plan-
tations covered only around 19 000 ha producing 10 000
tons of cocoa (Fig. 2a, c) (Smiley and Kroschel 2010;
FAOSTAT 2023). Triggered by a spike in the global
cocoa price, cocoa production increased exponentially to
around 844 000 tons in 2010 and the area planted with
cocoa peaked in 2012 with 1.85 million hectares (FAO-
STAT 2023). In the last decade, however, cocoa pro-
duction decreased by 13% and was around 728 000 tons
in 2021 (FAOSTAT 2023).

While cocoa production has been decreasing, palm
oil production in Indonesia has been steadily increasing
and maize production stagnating: Within 10 years, palm
oil production doubled from 21.95 million tons in 2010
to 44.75 million tons in 2020, making Indonesia the
world’s largest palm oil producer and palm oil one of
the country’s most valuable export commodities
(FAOSTAT 2023). Oil palm plantations now cover
more than 15 million hectares (8.3 million in 2010) and
the sector contributes to about 4.5% of the GDP
(Gardner and Rylander 2022; FAOSTAT 2023). The
area planted with maize fluctuated around 4.2 million
hectares in the last decade (SD 0.7 million ha). Maize is
produced for the domestic market, for food and live-
stock, and only limited quantities are exported (< 1%
production quantity) (Kementerian Pertanian 2017).

During an environmental assessment of cocoa planta-
tions in Sulawesi, Indonesia, between July and October
2023, we observed many cocoa plantations being converted
into oil palm and maize. Using our field observations and
including data from a socio-economic survey, stakeholder
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interviews and farmer focus group discussions on cocoa
certification conducted in the same study area in 2022 as
well as secondary data on commodity yields, global com-
modity prices and local producer prices, we outline reasons
for farmers to convert cocoa, explore potential conse-
quences for biodiversity arising from the land-use change,
and assess the future outlook for the Indonesian cocoa
sector.

METHODS

We conducted our study in the district of Luwu Timur in
the province Sulawesi Selatan in Indonesia. In Sulawesi
Selatan, the area under cocoa in 2021 was 182 000 ha,
producing around 93 000 tons (13% of national production;
4% of land area in Sulawesi Selatan) (Badan Pusat Statistik
2021). The climate in the area is tropical humid, temper-
atures ranging from 23 to 32 degrees and rainfall from
107.1 to 283.8 mm per month (Weather Spark 2023).
December to June are months with higher rainfall
(> 200 mm) while July to November are drier (< 200 mm)
(Weather Spark 2023). Around 33% of the land in Luwu
Timur is considered moderately suitable for cocoa culti-
vation with limitations arising from nutrient availability,
58% is marginally suitable with additional limitations from
terrain (slope), erosion and poor drainage, and 9% of the
land is unsuitable for cocoa cultivation (Neswati et al.
2019). In the visited villages, cocoa cultivation takes place
on moderately as well as marginally suitable land.

Only little remnant forest remains, mainly on steep
slopes and in the mountainous areas in the north of Luwu
Timur, as much forest was lost and degraded during the
cocoa boom in the 1980s and 1990s with cocoa plantations
replacing forests as well as cocoa being planted in thinned
forests (Rice and Greenberg 2000). The area at lower
elevation towards the coast is dominated by smallholder
agriculture, primarily oil palm, paddy rice and cocoa, as
well as large (state owned) oil palm plantations. Further-
more, there is nickel mining by foreign investors in the
area.

Between October and December 2022, 600 cocoa
farming households located in 30 villages in the three
districts Luwu, Luwu Timur and Luwu Utara, Sulawesi,
Indonesia, participated in a socio-economic survey on
cocoa certification outcomes (Bemelmans 2022, unpub-
lished data). Among others, the purpose of the survey was
to assess if and how certification of cocoa farmers influ-
ences cocoa production and household income. For the
selection of the 600 farmers, all known villages where
cocoa certification was present were mapped. Then, in each
district, ten villages were randomly selected; and, in each
village, ten certified and ten non-certified farmers were
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randomly selected and surveyed. The survey data were
complemented with 40 key-informant interviews and four
focus group discussions with certified producers to get
insights into how certification schemes are implemented
(Depoorter 2022, unpublished data).

Between July and October 2023, we revisited the ten
villages located in the district Luwu Timur and purposely
selected 62 cocoa plantations in six villages with a minimum
size of 0.2 ha and a slope below 20 degrees to conduct an
environmental assessment. The purpose of the environ-
mental assessment was to compare vegetation structure, soil
fertility and bird species richness between certified and non-
certified cocoa plantations. We selected 31 plantations cer-
tified under Rainforest Alliance and 31 non-certified plan-
tations (Fig. S1, Supplementary Information). Rainforest
Alliance (RA) certification aims to enhance sustainability in
agricultural production requiring cocoa farmers, for exam-
ple, to refrain from deforestation, keeping a minimum native
vegetation cover on plantations and limit agrochemical use
(Iddrisu et al. 2020; Rainforest Alliance 2020a, Rainforest
Alliance 2020b). In return, certified cocoa farmers (in the-
ory) receive a premium as well as training. However, in
practice, we observed that only 64% of certified farmers
received a premium (Bemelmans 2022, unpublished data). A
non-systematic distribution of price premiums has also been
observed in other studies on certification outcomes (Amuzu
et al. 2022; Sadeu et al. 2023).

During the environmental assessment, we found that
many cocoa plantations were converted or are about to be
converted to other production systems, particularly to
maize and oil palm (Fig. 1). To explore the trend of cocoa
conversion and its implications for biodiversity, we use our
observations from both the socio-economic survey and the
environmental assessment, as well as the key-informant
interviews and the focus group discussions conducted in
2022 and 2023 on cocoa certification in Sulawesi. Fur-
thermore, during the environmental assessment, we had
informal conversation with farmers, village representatives
and local authorities to understand the problems farmers
face in cocoa cultivation and what drives them to convert
their cocoa. We include FAO data on area harvested,
production quantity, and yield for cocoa, oil palm and
maize for Indonesia (FAOSTAT 2023). To include com-
modity prices and price variability in the analysis, we use
primary commodity prices from the International Monetary
Fund (IMF) (IMF 2023). Additionally, we use producer
prices from the Indonesian Palm Oil Farmers Association
(Asosiasi Petani Kelapa Sawit Indonesi, APKASINDO)
and the Commodity Futures Trading Regulatory Agency,
Ministry of Trade of the Republic of Indonesia (Badan
Pengawas Perdagangan Berjangka Komoditi, Kementerian
Perdagangan, BAPPEBIT) (APKASINDO 2024; BAP-
PEBTI 2024). IMF takes data for cocoa from the
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Fig. 1 Cocoa, oil palm and maize cultivation in Luwu Timur, Sulawesi, Indonesia: a cocoa plantation intercropped with gliricidia (Gliricidia
sepium) and pepper (Piper nigrum), b conversion of cocoa plantation to oil palm with shade trees already cut and cocoa trees being cut once oil
palms reach certain height, ¢ smallholder oil palm plantation adjacent to cocoa plantation, d young oil palms intercropped with maize. Photos

were taken by Saskia Droge

International Cocoa Organisation (ICCO 2023b), for palm
oil from the Malaysia Palm Oil Futures (Bursa Malaysia
2023) and for maize from the US Department of Agricul-
ture (USDA 2023). We use the data on average annual
yields and the producer prices to calculate gross revenue
per hectare for the three commodities. We then use the data
given in Nasution et al. (2019) for input costs (e.g. plan-
tation establishment, fertiliser, labour) for cocoa and oil
palm to calculate and compare the net revenue per hectare.
Data on maize input costs were not available.

RESULTS

During the environmental assessment between July and
October 2023, about 7 months after the first socio-eco-
nomic survey, we observed that some cocoa plantations
were already converted to other land uses while other
farmers were planning conversion. In Lauwo, for
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example, four cocoa plantations were converted to other
land uses, representing 14% of plantations included in the
socio-economic survey in the village. Of the 62 cocoa
plantations eventually selected for the environmental
assessment, seven plantations (11%) had young oil palms
interplanted, with the aim to cut cocoa trees and
remaining shade trees once the oil palms overgrow cocoa
trees (Fig. 1b). This trend was corroborated by observa-
tions we made along the road during the environmental
assessment when passing villages and plantations not
included in the socio-economic survey. This trend was
confirmed by farmers, village representatives and local
authorities in informal conversations during the environ-
mental assessment. At national level, FAO data show a
decline in cocoa production area and quantity since 2010
(Fig. 2a, c), while for oil palm and maize, the area har-
vested and the production quantity has been steadily
increasing (Fig. S2). During the informal conversation
with farmers, we asked for the reasons to convert cocoa to
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Fig. 2 FAO data on a cocoa area, ¢ cocoa production quantity and e cocoa yields for Indonesia as well as b International Monetary Fund (IMF)
global primary commodity prices, d APKAINDO and BAPPEBTI producer prices for Indonesia, and f gross revenue for cocoa, oil palm and
maize for farmers in Indonesia (FAOSTAT 2023; IMF 2023; APKASINDO 2024; BAPPEBTI 2024). Data from APKASINDO were only
available for 2018-2023. Gross revenue is calculated based on producer prices (APKASINDO; BAPPEBTI) and average yields (FAO) without
deducting expenses for inputs (e.g. seeds, fertiliser, labour). Dots represent data points while lines represent smoothing to analyse data trends.
Triangles represent producer prices in the study area in Luwu Timur, Sulawesi, Indonesia, during the environmental assessment in August 2023.
Commodity prices are for palm oil while producer prices and gross revenue are for oil palm fresh fruit bunches (FFB)

other land uses and farmers referred to the low produc-
tivity of cocoa and low income, mostly due to low soil
fertility, pests and diseases. The average cocoa yield
reported by farmers in the socio-economic survey was
447 kg per hectare in line with the national average of
400-500 kg per hectare (FAOSTAT 2023). The current
yields are low compared to, for example, what intensified
cocoa plantations in Ghana achieve (1000 kg/ha) and low
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compared to yields achieved during the first phase of the
cocoa boom in the early 1990s with about 800 to 900 kg
per hectare (Fig. 2e) (Gockowski et al. 2013; FAOSTAT
2023). All cocoa plantations visited during the environ-
mental survey were affected by diseases, such as black
pod (Phytophthora spp.), vascular streak dieback
(Oncobasidium theobromae), mirid bug (Helopeltis sp.),
cocoa pod borer (Conopomorpha cramerella), as well as
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rats, squirrels and monkeys attacking cocoa pods. All
farmers included in the environmental assessment,
regardless of certification, stated that they use (chemical)
fertilisers and pesticides in their plantations. Yet, during
the informal conversations, they reported cheap, sub-
sidised fertiliser to be limited, unsubsidised fertiliser to be
costly, and oil palm requiring less work and input (e.g.
fertiliser) than cocoa. Compost production and use among
farmers in Luwu Timur were low and many farmers stated
that they do not know how to produce compost and that it
is labour intensive.

Further reasons for conversion mentioned by farmers in
the informal conversations include low and volatile cocoa
prices. This observation is corroborated by ICCO data on
monthly averaged cocoa prices (Fig. 2b). During the socio-
economic survey in December 2022, the global cocoa price
was about 2456 USD per ton and farmers in Sulawesi
received around 762 USD per ton wet beans and 1829 USD
per ton dry beans (ICCO 2023b; IMF 2023). At the time of
the environmental assessment in August 2023, global
cocoa prices were at an all-time high of around 3444 USD
per ton (ICCO 2023b; IMF 2023). Cocoa farmers in Luwu
Timur confirmed cocoa prices to be high in August 2023,
around 1158 USD per ton wet beans (19 Mio. IDR) and
3109 USD per ton dry beans (51 Mio. IDR). Cocoa prices
further skyrocketed after the environmental assessment,
surpassing 7000 USD per ton in March 2024 (Fig. 2b, d).
Reasons for the price spike were lower cocoa production
quantities in Indonesia and other cocoa growing countries,
such as Ghana and Ivory Coast, due to extreme weather
(drought; excessive rainfall) and cocoa pests and diseases
(ICCO 2023a). The high price, however, can be an incen-
tive for the remaining cocoa farmers to refrain from con-
verting their cocoa plantations (Zakiah and Frastica 2022):
one farmer who had already planted oil palms in his cocoa
plantation stated that he regretted planting the oil palms
seeing the recent price spike. The price volatility, however,
also holds for palm oil and maize, and producer prices in
Indonesia follow trends in global commodity prices
(Fig. 2d) (Nabhani et al. 2015). The palm oil price, for
example, rose sharply after sunflower oil shortages due to
the Russian invasion in Ukraine in 2021 and 2022 and
plummeted again in 2023 (Fig. 2b).

During the environmental assessment in August 2023,
gross revenue for oil palm was still higher for oil palm and
maize than for cocoa (Fig. 2d, f, Table S1, supplementary
material) (APKASINDO 2024; BAPPEBTI 2024). Farmers
oftentimes use paid labour in oil palm increasing its costs
compared to cocoa (Nasution et al. 2019). Using input
costs for plantation establishment, fertiliser, pesticides and
labour given in Nasution et al. (2019), the net revenue
calculated based on producer prices in Luwu Timur in
August 2023 is higher for oil palm (1496 USD/ha) than for
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cocoa (1272 USD/ha) (Table S1, supplementary material).
The picture, however, changed: updating the calculation
with producer prices given by APKASINDO and BAP-
PEBTI in March 2024, cocoa achieves a higher net revenue
than oil palm (3398 USD/ha and 2073 USD/ha, respec-
tively) (Table S2).

In addition to low productivity and volatile prices,
government interventions play a role in the decline and
conversion to other crops. National agricultural policies are
promoting on the one hand staple foods such as maize and
rice production to improve self-sufficiency in line with the
Indonesian Food Law No. 18/2012, and on the other hand
oil palm as priority export commodity and domestic bio-
diesel provider. In practice, the government tries to achieve
self-sufficiency in staple crops by, for example, actively
supporting maize production by providing free fertiliser,
seeds and training. Table 1 summarises strength and
weaknesses of cultivation of each crop.

DISCUSSION

The FAO data show a decline of cocoa and increase of oil
palm cultivation in Indonesia (Fig.2, Fig S2) and our
observations in Luwu Timur, Sulawesi, Indonesia, confirm
the conversion of cocoa to oil palm and maize. The con-
version of cocoa to oil palm is also happening in other cocoa
growing areas in Indonesia, such as in the districts Bohorok
(personal observation) and Asahan in North Sumatra
(Nasution et al. 2019). We identified low cocoa productivity
through ageing cocoa trees, pests, diseases and decreasing
soil fertility as well as a higher revenue for oil palm and
maize as reasons for this land-use change, which were also
reported to drive cocoa conversion in previous studies
(Nurmedika and Damayanti 2015; Nasution et al. 2019;
Supriana et al. 2020; Baja et al. 2021).

This dynamic land-use change is worrying as it can lead
to a loss of diversity in the agricultural landscape if shade
trees are cut during conversion. While oil palm is usually
produced in monocultures (Fig. 1c) and maize produced in
both monoculture and intercropped (Fig. 1d) (Grass et al.
2020; Zemp et al. 2023), cocoa is often produced in agro-
forests intercropped with remnant forest and fruit trees, such
as durian (Durio zibethinus) and banana (Musa spp.) (Juhr-
bandt et al. 2010). These fruit trees provide food and habitat,
for example, for frugivorous and nectarivorous birds and
increase bird diversity (Clough et al. 2009b). In a study by
Yahya et al. (2022) in Malaysia, such agroforests showed
higher bird diversity than oil palm monocultures. In oil palm
plantations in Sumatra, Indonesia, Prabowo et al. (2016)
found 12 bird species in total and, on average, two bird
species during each point count. Ramlah et al. (2021, 2024)
conducted two studies in oil palm plantations in Sulawesi,
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Table 1 Strength and weaknesses of cocoa, oil palm and maize cultivation for the study region in Sulawesi, Indonesia. Bullet points without
reference are observations or information given by farmers during the field work in the study region in Luwu Timur, Sulawesi, Indonesia. Cash
crop = crop mainly produced to generate income; subsistence crop = crop mainly produced for own consumption (Barbier 1998)

Maize

Higher revenue per hectare (Nasution et al. 2019)

Cocoa Oil palm
Strength Usually planted in agroforest, benefitting Less labour
income and biodiversity (Juhrbandt et al.
2010)
Perennial crop, soil stabilisation .
Domestic an
Can be rejuvenated by side grafting
Farmed typically with family labour (Supriana  2023)
et al. 2020)
Weaknesses Volatiles prices and lower revenue than for oil Volatile prices

palm (Nasution et al. 2019)

Most cocoa and cocoa-derived products
exported, small domestic market

Cash crop (Barbier 1998; Murray Li 2002;
Cramb et al. 2009)

Low productivity and high prevalence of pests
and diseases

production
High impact
et al. 2016
Takes 3 years to produce cocoa pods

Cocoa plants require more maintenance than
oil palm (pruning, pesticide application)
(Supriana et al. 2020)

2020)

Perennial crop, soil stabilisation

predicted to further increase due to biofuels (Jong

Possible to plant in more diverse system/agroforest
but practice in Luwu Timur is monoculture

Cash crop (Barbier 1998; Koh and Wilcove 2007)
Takes 3 years for first harvest and 5 years for full

and less fertiliser input Annual crop, more
flexibility for land-use

change

Support from government
with fertiliser, seeds and
training

d international market, domestic market

Subsistence crop

Can be intercropped with
other crops (e.g. oil palm,
cocoa)

Volatile prices

Bare soil prone to soil
erosion

Higher input of pesticides
and fertiliser if planted in
monoculture

on local hydrological cycle (Merten

)

Minimum size of land to produce sufficient amount
worth transporting to oil mill more than 1.5 ha
(Supriana et al. 2020)

Farmed rather with paid labour (Supriana et al.

Indonesia. In North Mamuju, the authors found 28 bird
species in total while in Central Sulawesi 20 bird species
were found (Ramlah et al. 2021, 2024). Conducting point
counts during our environmental assessment, we found 71
bird species in total and, on average, six bird species within
25 m radius and 12 bird species within 50 m radius in cocoa
plantations in Luwu Timur. Although the study design might
differ slightly, it indicates that oil palm plantations are likely
to support fewer bird species than cocoa.

Yet, the species richness of cocoa and potential loss
during conversion may highly depend on the structure and
shade cover of the cocoa. In a meta-analysis, Bennett et al.
(2022) found that it is the cocoa agroforests with > 30%
canopy cover and a diverse shade tree layer that maintain a
similar number of bird species as primary and secondary
forests, though, showing a shift in species communities. In
Luwu Timur, shade tree diversity and density in cocoa
plantations is low as farmers reduce shade to increase
cocoa yields (own observation, see also Steffan-Dewenter
et al. 2007). Hence, cocoa plantations might have only one
or two shade tree species per plantation (Siebert 2002;
Steffan-Dewenter et al. 2007) and impacts of conversion on
biodiversity in plantations where no or few shade trees
remain might be less substantial. Moreover, Zemp et al.
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(2023) show that oil palm can be more biodiversity friendly
by planting trees in oil palm plantations in Sumatra while
related yield losses are limited (see also Teuscher et al.
2015). We, however, did not observe such biodiversity
friendly oil palm plantations in Luwu Timur and would like
to draw attention to the potential negative implications of
cocoa conversion for biodiversity, although shade cover is
low. If shade trees are cut during conversion (see Fig. 1b),
resulting oil palm monocultures are likely to support less
biodiversity (Yahya et al. 2017, 2022) and priority should
be maintaining and enhancing tree cover in both, oil palm
and cocoa plantations.

OUTLOOK

Several regulatory developments on both international and
national level might further drive producers to convert
cocoa gardens in the future. At the international level, trade
policy developments aimed at making global value chains
more sustainable might have implications for the cocoa
sector in Indonesia. The European Union Deforestation-
free products Regulation (EUDR), which entered into force
in June 2023 and will be fully applicable as of December
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2024, will prevent companies from importing a range of
commodities, including cocoa beans as well as derived
products like cocoa powder, cocoa butter and chocolate, to
the EU market if they were produced on land deforested
after 31 December 2020 and if they were not produced in
compliance with national laws. Around 21% of Indonesian
cocoa exports are shipped to European countries (Badan
Pusat Statistik 2021). The cocoa plantations studied during
the environmental assessment were at mean distance of
5.45 km (SD 1.59 km) to primary forest, but some planta-
tions are in areas delineated as forest in the European
Commission (EC) Joint Research Centre (JRC) global map
of forest cover published for the year 2020 (Bourgoin et al.
2024). The map is based on available global datasets,
among others, the WRI Tropical Tree Cover 2020 and
UMD Global Land Cover (Bourgoin et al. 2024). Though
not legally binding, it points out to the difficulty to dis-
tinguish plantations like cocoa from forest and companies
may precautionary refrain from sourcing cocoa from such
plantations. As chocolate consumption is on the rise in
Indonesia, it may give the opportunity to develop domestic
cocoa processing as only 10% of the chocolate consumed
in Indonesia is domestically produced by artisanal choco-
latiers (Nur et al. 2023). The EUDR also includes palm oil,
hence, affecting oil palm farmers the same way, including
the difficulty with the reliability of forest maps. The EU
has, however, a lower market share for Indonesian palm oil
(14.35%) than for cocoa (21%) (Rifin et al. 2020; Badan
Pusat Statistik 2021). Domestic demand for oil palm is
expected to increase as the Indonesian government aims to
increase the plant-based share in biofuel from 35 to 50% by
2050 (Jong 2023) and a domestic market obligation was
imposed to ensure sufficient domestic palm oil supply.
Thus, oil palm farmers might be less effected by the EUDR
than cocoa farmers through a stronger domestic market and
cocoa farmers might convert to oil palm to meet domestic
demands in future.

With this outlook, the future of cocoa production in
Indonesia will critically depend on technical and financial
support to cocoa farmers to increase profitability of cocoa.
To meet the steadily increasing global demand for cocoa
(Beg et al. 2017), supporting existing cocoa plantations and
farmers might be more sustainable than establishing new
plantations elsewhere (e.g. Ivory Coast) (Clough et al.
2009a). On the one hand, it requires producer prices that
are high enough for cocoa to be profitable, for example,
guaranteeing a minimum price and paying price premiums
using certification schemes like Rainforest Alliance. Oil
palm and maize both generated a higher gross revenue
before cocoa prices started skyrocketing in 2023, with oil
palm generating a 20% higher income per hectare than
cocoa. Based on producer prices in March 2024, cocoa
would generate a 60% higher income than oil palm, but our
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analysis did not incorporate potential yield losses which
might have occurred in 2023. For our calculation, we used
average cocoa yields reported by farmers in the socio-
economic survey in 2022 (447 kg/ha), but it needs further
research if these yields were sustained or if cocoa yields
further declined (e.g. effects of drought and excessive
rainfall during the El Nifio event observed between July
2023 and April 2024). Certification has the potential to
buffer this price volatility, but it needs to be ensured that all
certified farmers receive benefits such as the price
premium.

Cocoa profitability, in the long run, also needs high
yields, hence, solutions to low soil fertility, omnipresent
pests and diseases, and rejuvenation or replacement of old
trees that are beyond productive age (Kozicka et al. 2018).
Farmers in Luwu Timur complained about the low avail-
ability of subsidised fertiliser, as well as the low quality of
cocoa seedlings provided by the government. Training
programmes on cocoa production are primarily organised
by private, multinational processors and traders such as
Mars and Cargill, offering these trainings to their supplying
cocoa farmers. Hence, farmers selling to independent tra-
ders are excluded from these training programmes.
Through public—private partnerships, a stronger involve-
ment of the Indonesian government and a higher uptake of
certification more cocoa farmers can be reached, extending
the cocoa fertiliser and seedling programmes, creating
demonstration plots and cocoa-specific extension services.
Wartenberg et al. (2020) showed that common shade trees,
such as gliricidia (Gliricidia sepium), rambutan (Nephe-
lium lappaceum), langsat (Lansium domesticum), and dur-
ian (Durio zibethinus), increase soil fertility in cocoa
agroforests, while providing fodder for livestock, timber
and fire wood, and an additional source of income con-
tributing to income security (Clough et al. 2011;
Tscharntke et al. 2011; Wartenberg et al. 2020). On aver-
age, shade trees and intercrops contribute to 7% of the total
revenue farmers generate from a cocoa plantation in Cen-
tral Sulawesi (Juhrbandt 2010). This is low compared to,
for example, coffee farmers in Peru where shade trees
contribute to 28% of the farmers’ income (Rice 2008).
Hence, extension services can provide tree seedlings to
farmers for generating income and shade. Toledo-Her-
nandez et al. (2021) found higher shade to increase ants
and Diptera in cocoa plantations in Sulawesi, the main
cocoa flower visitors in the study. Therefore, higher shade
cover and diversity also enhance ecosystem services, such
as pollination and predation on cocoa pests (Toledo-Her-
nandez et al. 2021; Ocampo-Ariza et al. 2023). This even
becomes more important as another study found pollination
to strongly limit cocoa yields and income, but not fertiliser
and pesticides (Toledo-Hernandez et al. 2020). These
observations are in line with the study of Cruz et al. (2019),
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showing that organic cocoa plantations maintain the same
productivity levels as conventional plantations in Sulawesi
although agrochemical input was lower. In addition to
shade tree diversification, extension services can include
hands-on training on topics like compost production,
integrating existing knowledge in trainings. This also
reduces the dependency on agrochemicals for which
farmers reported availability to be low and costs to be high,
and enhancing organic farming benefiting biodiversity and
yields (Fahmid 2013; Cruz et al. 2019). Fungenzi et al.
(2021) studied outcomes of different fertilisers in cocoa in
Sulawesi and highest cocoa yields were achieved by
applying compost or a combination of compost and mineral
fertiliser. Compost production also offers the opportunity
to transform unused biomass (e.g. cocoa pod husks), con-
tributing to circular farming (Hoof et al. 2024).

Lastly, as oil palm potentially remains economically
more profitable in future, oil palm plantations can be made
more biodiversity friendly either through keeping shade
trees when converting cocoa or through subsequently
planting trees (Zemp et al. 2023). More research is needed
on the effectiveness of current measures supporting cocoa
farmers to improve cocoa yields and to sustain existing
cocoa plantations in Indonesia. Supporting existing cocoa
plantations may also be more sustainable than the estab-
lishment of new plantations in other countries such as Ivory
Coast to meet global demand for cocoa.
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