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EXECUTIVE SUMMARY 
 
WWF Vietnam developed this research project in order to understand and address the social and 
environmental implications of expanding cocoa production in Vietnam as part of the “From Trade 
Negotiations to Global Adjustment” project. The intent of this research is to develop guidelines 
for best practices of sustainable cocoa production via data on cultivation models and their impacts 
on natural resources and farming communities. A focus of the research is to identify elements of 
cocoa cultivation that have positive impacts for the conservation of biodiversity.  
 
Cocoa ranks number three in global export commodities following coffee and sugar. Sixty 
percent of the world’s cocoa is grown in West Africa, with Côte d’Ivoire and Ghana leading the 
production. Eighty percent of cocoa is grown on smallholdings of less than ten hectares (ha) and 
occurs in the biodiversity-rich humid tropics (www.cabi-commodities.org). Cocoa has 
traditionally been a destroyer of tropical forests as farmers clear forest trees to establish cocoa 
farms. Recently research and extension work has focused on the potential of cocoa to be a 
sustainable land use practice to conserve tropical biodiversity, both as refuges of on-farm fauna 
and flora as well as semi-forested buffer zones for protected areas.  The success of this strategy 
for cocoa and other tropical tree crops is essential as legal protection of forests alone is 
insufficient to conserve biological diversity and ecosystem functioning (Asare 2006-1).   
 
‘Sustainable Cocoa’ is a general term, the parameters of which remain unclear. What is being 
sustained? For whose benefit? And for how long? What indices are used to measure it? While 
varying definitions of sustainable cocoa exist and more research is needed, there is general 
agreement that the best model for sustainable cocoa that protects biodiversity is multi-strata cocoa 
agroforests characterized by a diverse population of flora and faunal species along with a mix of 
economically valuable crops.  The abundance and diversity of flora and fauna should be rich 
enough to maintain ecosystem integrity and species viability on a landscape level. These 
agroforests must be appropriate for the local social context, meet farmers’ economic and 
household needs in terms of short term cash crops and long term diversified stability. Although 
cocoa agroforests should not replace natural ecosystems, as many species require intact forests, 
they can be important habitat links in a rapidly fragmenting landscape and are preferable to other 
agricultural activities in tropical forest regions. Cocoa has its greatest biodiversity value when 
grown in a diverse manner in the buffer zones of protected forest to enhance forest species 
survival and functional habitats (Parrish et al. 1998). 
 
This paper describes the attributes of diverse cocoa agroforests, selectively shaded cocoa 
agroforests and cocoa grown without shade in a monoculture model. It then catalogues cocoa’s 
environmental and socio-economic impacts with a particular focus on biodiversity. The final 
section summarizes the best practices recommendations found in the literature for the 
development and maintenance of sustainable cocoa farms.  
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1 OVERVIEW OF SUSTAINABLE COCOA MODELS 
 
This section categorizes cocoa cultivation models on a continuum from dense shade to full sun. 
The models of cocoa cultivation are grouped under the following three categories of diverse 
cocoa agroforests, selective shade cocoa, and full sun cocoa.  
 
Cocoa cultivation proves somewhat difficult to classify, as it is primarily a smallholder crop 
farmed by approximately 5-6 million small-scale farmers around the world. Small farmers rarely 
make uniform management decisions so there can be considerable variety in farm type within the 
same region.  In regions where there are diverse cocoa agroforests there will be those farmers 
who thin their shade and are approaching the selective shade model; likewise in areas of highly 
technified cocoa farming there will be those farmers who maintain traditional densely shaded 
farms.  The categories used in this paper are intended to be tools for grouping strategies of cocoa 
cultivation rather than strict, normative definitions.  
 
The difficulty in classifying “sustainable models” of cocoa production is compounded when we 
examine cocoa’s biodiversity impacts.  Biological diversity refers not only to the number of 
species occurring in a region but the overall health of an ecosystem. Cocoa must be considered as 
a crop in the context of the surrounding ecosystems.  Regional land uses must be surveyed and/or 
planned to understand the impacts of any particular cultivation model’s overall ecological impact. 
Smallholder cocoa has the potential to be both an agent of ecosystem fragmentation and 
protection.  Some landscapes, such as Côte d’Ivoire’s lowland tropics, have been fragmented to 
such an extent that very little natural forest canopy and thus ecosystem-level biodiversity remains.  
However in neighboring Ghana, the cocoa farms bordering Kakum National Park are being 
collectively managed to form a critical buffer zone to maintain the integrity of the park’s forest 
ecosystem.  
 
Global cocoa production is classified as either extensive or intensive.  Extensive cocoa cultivation 
expands the acreage under cultivation to increase productivity while intensive farms focus on 
yield/ha to maximize productivity.  Extensive cocoa farms have been established where there is 
ample forest for expansion and farmers have typically opted to thin forest for new planting.  
Intensive cocoa farming occurs typically where land for new planting is scarce and/or there are 
incentives such as government or NGO-funded assistance programs for intensification.  While 
used on both types of farms, intensive cocoa farming is more apt to use techniques such as shade 
management, inputs, pest and disease control measures, and replanting with productive varieties 
to increase productivity.  
 
This section documents models of cocoa cultivation worldwide and examines their relative 
sustainability. The parameters of what constitutes sustainability in cocoa farming are still unclear.  
What is being sustained? What indices are used to measure sustainability? For whose benefit? 
And for how long? Varying definitions of sustainable cocoa are found in the literature however 
there is general agreement that cocoa grown in an agroforestry model is the most compatible with 
the conservation and enhancement of biological diversity. The term ‘agroforestry’ is used in this 
paper as an ecologically based management practice that integrates trees and other tall woody 
plants on farms, thus diversifying the production for increased social, economic and 
environmental benefits (Schroth et al. 2004).  
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1.1 Diverse Cocoa Agroforests 
 
The cocoa cultivation models described in this section are grouped as diverse cocoa agroforests 
based on the following characteristics: 
 

 multi-strata vegetation including primary and secondary forest species 
 upwards of 50 tree species forming a closed canopy between 20 and 40m high  
 complex vegetation structure 
 large leaf biomass 
 high floristic diversity (Ruf and Zadi 1998, Beer et al. 1998, Siebert 2002) 

 
Cocoa grown in this model is intercropped with forest remnant species and a relatively high 
number of native timber trees, introduced agroforestry trees and food crops. This cultivation 
model most closely resembles the ecological functioning of a secondary forest, particularly 
important in areas of widespread deforestation (Asare 2006-1). This cultivation model is referred 
to by some as ‘rustic cocoa’ (Rice and Greenberg 2000, Somarriba and Harvey 2003). 
Documented examples of these types of cocoa farms are found in West Africa 
(Cameroon/Nigeria), South America (Brazil) and Central America (Costa Rica/Panama). 
Although not a replacement for primary forest, diverse cocoa agroforests are thought to be more 
environmentally preferable to other cocoa cultivation models as well as other agricultural 
activities in tropical forest regions (Asare 2006-1, Parrish et al. 1998). 
 
Somarriba (2006) presents the following diagram demonstrating a multi-strata cocoa agroforest. 
 

 
 
Diverse cocoa agroforests provide a diverse suite of services to the farmer – a mix of short and 
long-term harvestable crops - while maintaining critical ecological functions. The benefit to 
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cocoa cultivation of shade or “neighbor” (Boa et al. 2000, Asare 2006-2) trees include shade to 
cocoa, soil fertility maintenance through nutrient recycling, protection against drought, fire 
damage, and insect and disease attacks. The environmental benefits include biodiversity 
conservation, habitat links with forest patches, temperature and rainfall regulation and carbon 
sequestration.  The benefits to the farmer in addition to cocoa sales are gained through sales and 
home use of non-cocoa products such as timber, fruit, food crops, medicinal plants, and non-
wood forest products (Asare 2005). Diverse shaded systems are found more often among small-
scale, low resource farmers on sub-optimal sites (Beer et al. 1997). 
 
1.1.1 Cameroon / Nigeria 
 
Cocoa cultivation in West Africa covers between five and six million hectares of land 
(Gockowski et al. n.d.).  Much of this region is a patchwork of agroforests, degraded forestlands 
and short fallow agricultural uses. There are remaining stands of mature canopy forests however 
these are increasingly found only in protected areas. Cocoa cultivation in southern Cameroon and 
southwest Nigeria tends to be of a more diverse nature than the cocoa cultivation strategies used 
in the major producer countries of Ghana and Côte d’Ivoire. All four countries share similar 
climatic parameters of average rainfall from 1200-4000mm with dry seasons lasting one to four 
months. Soil types vary with shallow and poorly drained soils being the only type unsuitable for 
cocoa.   
 
Studies done by the International Institute of Tropical Agriculture (IITA) and the Institut de 
Recherche Agricole pour le Développement (IRAD) in 2001-2002 found that over half of farms 
surveyed in Cameroon and Nigeria had medium or dense shade levels1 of canopy coverage. 
Average productivity for Cameroonian cocoa farms is estimated at 300 kg/ha (Gockowski et al., 
n.d., Ruf and Schroth 2004).  Over 90% of cocoa farmers surveyed in the Sustainable Tree Crops 
Program (STCP) in Cameroon have planted fruit trees on their farms (14 different fruit tree 
species were cited). The most commonly planted are the African plum and orange trees 
(Gockowski et al., n.d.).   
 
The southwest and central regions of Cameroon are characterized by intensive cocoa farming; 
whereas the South and East provinces tend to have more extensive cocoa systems.  Many farms 
were abandoned or neglected in the early 1990s due to the price collapse and government 
liberalization. Some farmers converted their cocoa farms into full sun annual crop cultivation 
however much of the integrity of the southern Cameroonian cocoa agroforests remains.  
 
West African cocoa farmers have traditionally established cocoa farms by clearing forests 
although this is becoming untenable as mature forests have largely disappeared. A majority of 
farmers in the IITA/IRAD study established their cocoa farms by planting under a thinned forest 
canopy.  This process involves selectively clearing a plot of forested land and leaving certain 
trees deemed economically valuable or for shading cocoa seedlings. The clearing is done by hand 
without tillage to retain soil fertility. Food crops and fruit trees are then interplanted with cocoa 
for cyclical harvesting. Almost all of the Cameroonian farmers surveyed in the IITA/IRAD study 
had planted fruit trees and maintained timber species with cocoa in the years prior to the survey 
(1998-2001) as had two-thirds of Nigerian farmers.  Cameroonian farmers tended to plant cocoa 
by transplanting seedlings in polybags, while Nigerian farmers transplanted bareroot seedlings 
(Gockowski et al., n.d.).  
 

                                                 
1 “medium” level shade = 30-60% canopy coverage; “high” or dense level shade = >60% canopy coverage 
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In Cameroon, trees that are saved when forests are cleared include the cola nut (Cola nitida), 
groundnut (Ricinodendron heudelotii) and Alstonia boonei (medicinal species). Timber trees are 
often maintained in densities exceeding those of secondary forests, examples include Lovoa 
trichilioides, Terminalia superba, Milicia excelsa, Triplochiton scleroxylon. Food crops planted 
include cocoyams (Xanthosoma sagittifolium), maize (Zea mays), shade tolerant plantain (Mussa 
spp AAA), cassava (Manihot utilissima) and egussi melon (Cucumeropsis mannii).  Cameroonian 
farmers plant the climbing egussi melon for food and to help decompose felled logs and retain 
moisture and humidity. The fruit trees that farmers intercrop include mango (Mangifera indica), 
African plum (Dacryodes edulis), avocado (Persea americanum), guava (Psidium guajava), cola 
(Cola nitida), orange (Citrus sinensis), and mandarin (Citrus reticula), coconut (Cocos nucifera), 
wild oil palm (Elaeis guineensis), and rubber (Hevea brasiliensis). Over time the cleared forest 
becomes increasingly diverse with planted species complementing the retained forests species 
(Duguma et al. 1998; Gockowski et al. n.d.).  The IITA/IRAD study showed average densities of 
timber species at 6-7 trees in the mid to upper canopy (>10m) per hectare (Gockowski et al., 
n.d.). 
 
Duguma et al. (1998) characterizes the following three systems within Cameroon’s diverse cocoa 
agroforests: 
 

1. Low inputs with commercial fruit tree production 
Extensive small farms using locally available cocoa varieties (Forastero types) 
Inputs limited to a metalaxyl copper fungicide applied 4X/yr 
Yields:  9-26 yrs at 264 kg/ha 
Fruit trees: mandarin, avocado, African plum, mango planted at densities of 4 
trees/ha 
Access to urban markets for non-cocoa fruits 

 
2. Low inputs with no commercial fruit tree production 

  Similar to above but in remote areas without access to fruit markets 
 

3. Medium input intensity with commercial fruit tree production 
   Intensive systems 

Hybrid cocoa varieties 
Metalaxyl copper fungicide applied 8X/yr 

  Capsid control spraying 2X/yr 
Yields:  9-26 yrs at 500 kg/ha 

  Under high rural population pressure 
  
Duguma et al. (1998) conclude that cocoa as grown in the traditional manner in Cameroon with 
cocoa intercropped with food crops, fruit trees and forest remnants is sustainable for up to 50 
years. They found that all three of the above models are economically profitable although the low 
input system without fruit tree revenue is only marginally so. The profit margins of all systems 
vary with government policies and currency devaluation. A significant conclusion of the 
economic analysis of these systems is the critical roles that fruit trees and access to markets for 
secondary crops play in the farms’ overall profitability (Duguma et al. 1998, Ruf and Schroth 
2004).  
 
Cameroon and Nigeria have seen cocoa yields decline over time however have not had as 
extensive deforestation as Ghana and Côte d’Ivoire. Consequently, strategies to rejuvenate the 
cocoa sector in these countries focus on boosting production through increasing the area under 
cocoa cultivation and rehabilitation of abandoned cocoa farms (Asare 2006-1). The older cocoa 
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agroforests in southern Cameroon have very tall forest species that shade some farms to the point 
where new cocoa seedlings get spindly in search of light and tend to produce pods 2-3m high 
causing difficulty in harvesting and disease control (Ruf and Schroth 2004).  
 
The fruit trees chosen by farmers in these agroforests are under-researched leaving ample room 
for productivity and disease resistance improvements to increase overall efficiency (quality and 
productivity) of the farm (Duguma et al. 1998).  There are several recent initiatives to increase the 
profitable diversification of cocoa farms that emphasize the identification of fruit trees with 
demand in national and regional markets (Asare 2006). The objective is to make the practice of 
agroforestry increasingly profitable and attractive to West African farmers.  
 
1.1.2 Brazil – Cabruca systems 
 
Brazil is the world’s fifth largest cocoa producer. The majority (98%) of Brazil’s cocoa is 
produced in the state of Bahia, home to the valuable and extremely threatened Atlantic rainforest 
ecosystem. An estimated 2-7% of the original Atlantic rainforest remains and much of it contains 
heavily shaded cocoa farms with high canopy, indigenous forest tree species known as ‘cabruca’ 
or ‘cabrucagem’ systems (Johns 1999, Donald 2004).  
 
Brazil joins Malaysia in being one of the few countries to be dominated by large-scale cocoa 
plantations rather than the more common smallholder farms. Brazil, unlike Malaysia, developed 
plantations without completely destroying the native rainforest ecosystem. Large landowners in 
Bahia planted their cocoa under native shade (i.e. the cabruca system) and maintained sections of 
their farms as forest (Donald 2004). In the cabruca system the farmer thins out select larger trees,  
lower canopy trees and herbaceous plants and plants cocoa under the remaining canopy. The 
cabruca system is characterized by 50-60% shade cover with overhead tree counts of 68-76 
trees/ha and approximately 724 cocoa trees/ha (Rosand et al. 1985). Native timber species, which 
have disappeared in non-cocoa areas, are found in cabruca farms as shade trees. These include 
rosewood (Dalbergia nigra), brazilwood (Caeselapinia esplinata), jequitibá (Cariniana 
brasiliensis) and cedro (Cedrela odorata) (Johns 1999, Rosand et al. 19852).  Cocoa trees were 
left virtually untouched until they bore fruit, allowing other vegetation to grow up between rows. 
The density and altitude of the cabruca canopy and the large-scale farms have conserved forest 
resources partly by preventing squatter settlement and forest clearing. The farms are host to 
considerable biodiversity.  The endangered golden lion tamarin monkey and a previously 
unknown bird species have both been found in cabruca agroecosystems (Johns 1999).  
 
Cabruca style planting required less investment per unit area than the clear-cut method favored by 
smallholders.  It was also best suited to the Brazilian context of absentee landowners who left 
their cocoa in the hands of farm managers.  Landowners would hire workers during high cocoa 
prices and fire them when prices dropped as cocoa under the native shade needed less 
management.  This changed however with the witches broom outbreak in which the trees needed 
constant pruning to prevent drastic losses from the fungal disease (Ruf and Schroth 2004). The 
cabruca farms and their associated biodiversity are threatened by farm conversion due to the 
combined impact of witches broom and low cocoa prices. 
 
 
1.1.3 Costa Rica and Panama 
 

                                                 
2 See Rosand et al. (1985) for list of commonly found cabruca shade species and their height and canopy diameter. 
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Cocoa is cultivated in the Talamanca and Bocas del Toro regions of Costa Rica and Panama in 
the diverse cocoa agroforestry model.  These farms have high conservation value as buffer zones 
for the La Amistad Biosphere Reserve and as part of the Mesoamerican Biological Corridor 
(CATIE 2000, Parrish et al. 1998). Their commercial value is limited as their overall output 
relative to global supply and per hectare yields are very low.  
 
The cocoa farms of this region exist on a continuum from “rustic, traditional farms” with highly 
diverse shade canopies to intensively managed farms of cacao and one or two shade species such 
as guaba (Inga spp. ) and laurel (Cordia alliodora), an important lumber crop.  Somarriba and 
Harvey (2003) characterized the ‘rustic farm’ as having more than ten forest remnant species in 
the overstory (>30m) with three or more strata overall3.  
 
The farms in this area are established and managed primarily through thinning of the forest 
canopy.  In this system the understory is cleared and replaced by young cacao trees that grow to 
fill the lower stratum of the forest ecosystem.   
 

“Since the majority of the mid- and overstories of the forest are left untouched except for 
some thinning, the rustic cacao farm is structurally diverse and therefore expected to 
harbor a vast array of secondary plant and animal diversity such as lianas, epiphytes, 
mosses, lichens, insects, herpetofauna and birds” (Perfecto et al. 1997).  

 
Intensive cocoa cultivation on large plantations was common on the lowlands rich soils of 
Talamanca and Bocas del Toro until the arrival of the fungus disease Moniliasis in the 1980’s, 
after which many plantations were converted to large-scale export banana or plantain fields.  The 
cocoa that remained was planted in lesser soils and belonged mostly to small- or medium-sized 
farmers. The majority of cocoa farmers in these regions are indigenous and their farms are within 
indigenous territories. Farmers maintain various levels of extensive/intensive management and 
mixed land uses. Farms in remote hillside areas are an average size of 42 ha of which roughly 22 
ha are maintained in forest, 7ha in ‘corridor’ forest, 2ha of pasture, 1.6ha of cocoa, 9 ha of 
fallows and small annual crop plots of corn, rice and beans.  In the valleys the farms tend to be 
smaller of an average 9 ha size, with 2 ha of forest, 1 ha of banana and plantain, 2.5 ha of cocoa, 
1.7 of pasture with very little fallows or annual cropping (Somarriba and Harvey 2003, ISIS 2004, 
CATIE 2000).  
 
Many farms were abandoned after the disease outbreak and the region has a high number of old 
cocoa farms reverting to forest conditions. These abandoned farms also serve as spore banks for 
fungal diseases and have made profitable cocoa rehabilitation difficult. Cocoa yields can be as 
low as 150 kg/ha and many farmers have small-scale banana production as their main agricultural 
activity with the cocoa left neglected (CATIE 2000). 
 
The typical cocoa plot in Talamanca has a mix of cocoa, banana, plantain, fruit trees and 
remnants of the native forest with commercial wood varieties, especially laurel. Fifty six percent 
of all farms in the lower Talamanca region (below 300m) produce cacao and approximately sixty 
nine percent of those have remaining forest tree species on their farms. Examples of the species 
of forest remnants commonly found are Pithecelobium pseudotamarindus, Pentaclethra 
macroloba, Guarea spp., Cedrela odorata, Ficus spp., Luehea seemannii, and ceiba (Ceiba 

                                                 
3 Somarriba and Harvey (2003) has a helpful diagram describing the various cocoa growing systems in the region from 
single shade to diverse agroforests. 



 8

pentandra4 (Parrish et al. 1998). The sole input utilized in most of the farms is labor. The distance 
that the farms are from buying centers impacts the choice of shade.  More remote farms tend to 
have a higher proportion of forest remnants while less remote farms choose to plant fruit or 
timber species (Parrish et al. 1998). The farms in the valley plant fruit and timber species such as 
Inga spp., Nephelium lappaceum, Persea spp., Citrus sinensis, and Bactris gasipaes5.  
 
Studies of avian diversity and cocoa in Talamanca have shown that the cocoa agroforests harbor a 
rich diversity of both resident and migratory bird species, that bird diversity within cacao 
plantations is similar to that of intact forests, and that cocoa farms are important nesting and 
foraging sites for a wide variety of forest mammals (CATIE 2000, Parrish et al. 1998). 
 
While the diverse cocoa agroforests of Costa Rica and Panama have been shown to be valuable in 
terms of biodiversity conservation, their commercial viability and thus their sustainability is less 
certain.  The local farmer organization, the Small Farmers Association of Talamanca (APPTA) 
has been successful in promoting their cocoa and banana to the organic and fair trade markets, 
which bring much-needed premiums to the farmers.  APPTA has also secured national markets 
for a host of locally consumed fruits that provides additional income to members as well as an 
incentive to maintain the diversity of crops in their farms (Slingerland et al. 2006). Without these 
innovative economic programs, farmers would have had little incentive to maintain cocoa in this 
cultivation model.  Studies of this niche market certification have shown that the low yielding, 
biodiverse cocoa and banana farms provide positive income per investment in labor (Dankers 
2003).  
 
1.1.4 Diverse Cocoa Cultivation on Sloping Land 
 
Much of the diverse cocoa agroforestry of Costa Rica and Panama occurs on the hillsides as the 
prime lowland soils are monopolized by corporate banana and plantain production. These hillside 
cocoa farms have four strata: floor, understory (<8m), intermediate layer (9-20m), and overstory 
(20-45m).  The overstory is composed of primarily forest remnant species such as Cedrela 
odorata, Luehea seemannii and Pterocarpum officinalis. The intermediate layer is mostly fruit 
tree species (e.g. Quararibaea cordata, Garcinia spp., N. appaceum) and the understory is 
primarily cocoa and banana. The ground vegetation varies depending on the shade level 
(Somarriba and Harvey 2003).  
 
Siebert (2002) found examples of cocoa being farmed on 20-40% slopes in Sulawesi, Indonesia.  
Some of these farms were growing cocoa under primary forest canopies and beneath well-
developed secondary forest canopies as well as agroforests with planted fruit and food crops.  
However the majority of farms in Sulawesi are farming cocoa using thinly planted shade or no 
shade regimes. Detailed data on the particular conditions and performance of cultivation on 
sloping land was not found6.  
 

1.2 Selective Shade Cocoa 
 

                                                 
4 See Parrish et al. (1998) for a detailed list of predominant remnant rainforest trees used as shade in Talamanca along 
with their benefit to wildlife and farmers.  
5 See Somarriba et al. 2003 (p28) for a list of economically valuable species used by farmers to diversify their cocoa 
farms 
6 See mention of cocoa cultivation on sloping land in section 1.3 Sulawesi, Indonesia.  
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The cocoa cultivation models described in this section are grouped as selective shade cocoa. They 
maintain shade or multiuse trees along with cocoa, and are thus agroforests, but do not approach 
the level of diversity seen in the diverse agroforests discussed in the previous section. These 
farms may have been established by forest thinning, clearing or burning.  The associated trees are 
planted species with some forest remnants and regrowth forming an upper stratum less than the 
20-40m of models noted above (Ruf and Zadi 1998). Documented examples in the literature of 
these types of cocoa farms are found in West Africa (Ghana/ Côte d’Ivoire) and South America 
(Ecuador). These farms are often established by relatively wealthier farmers using improved 
cocoa varieties, high quality land, or maintained with heavy inputs on marginal land (Beer et al. 
1998).  
 
1.2.1 Ghana / Côte d’Ivoire 
 
Although Ghanaian farmers traditionally farmed cocoa under diverse shade in central and eastern 
Ghana, current practices have evolved to low shade regimes in the southwest where cocoa 
continues to encroach on the few remaining tracts of forest (Millard and Schroth 2006).  
 
Studies on shade levels found that 50% of the total area of both Ghanaian and Ivorian farms is 
under mild shade. Averages of 10% and 35% are managed under no shade in Ghana and Côte 
d’Ivoire respectively (Asare, 2006; Padi and Owusu, 1998).  These shade management regimes 
have evolved due to lack of forest frontier for clearing, increased population pressure and 
government promotion of low shade farming.   
 
In Ghana and Côte d’Ivoire it is most common to establish cocoa farms by slashing and burning 
all vegetation on the land and then the cocoa seedlings are planted under shade of food crops. In 
Ghana farmers often choose to then plant economically important fruit trees with their cocoa. The 
most common fruit trees planted are orange and avocado pear (Gockowski et al. n.d.).   
 
The quality of the cocoa planting material affects productivity.  Studies have shown that the 
majority of West African cocoa producers do not use improved genetic material when replanting 
seedlings. Ghanaian farmers tend to plant cocoa by direct seeding where Ivorian farmers 
transplant seedlings in polybags (Gockowski et al., n.d.). 
 
The long-term sustainability of the selective shade cocoa model in Ghana and Côte d’Ivoire will 
depend on the ability of farmers to introduce progressively more intercropped species to diversify 
their income and rebuild soil fertility. The use of improved cocoa varieties and better farm 
management practices would also make this model more sustainable. The STCP is focused on 
these goals and is having considerable success with farmers who have participated in their Farmer 
Field Schools.  
 
 
1.2.2 Ecuador  
 
Much of Ecuador’s cocoa is grown under mild shade under 2-3 species of trees.  There are 
certainly examples of Ecuadorian diverse agroforests, especially in more remote northern region, 
however highly diverse farms are rare in the central lowlands, which is the heart of commercial 
cocoa growing. Much of Ecuador’s natural forest cover was cut down long ago and cocoa has 
been produced in Ecuador for more than 300 years.  A study done in 2000 by CABI Bioscience 
did not find any farmers growing cocoa under natural forest cover. The most recent example they 
could find of cocoa grown under forest cover was 30 years ago (Boa et al. 2000). Although the 
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farms are agroforests, the cocoa is grown in association with planted fruit and timber species and 
not typically with forest remnants.  
 
The CABI study found the following six plant combinations used to shade cocoa seedlings: 

1. Banana, cassava, then Inga edulis and papaya  
2. Banana, papaya and coconut  
3. Bananas and Inga edulis  
4. Maize and Inga edulis  
5. Maize and plantains  
6. Maize, Inga edulis, citrus orange  
 

The maize and cassava are harvested for food and the bananas and plantains are kept until the 
cocoa matures and forms its own shade. The Inga is usually planted and then killed by debarking 
after its shade is no longer necessary. Farmers ‘recycle’ previously farmed land to plant cocoa by 
clearing the plot completely and introducing timber, fruit and food crops.  Ecuadorian farmers 
carefully plan tree selection, planting densities and positions (Boa et al. 2000).  
 
Data on the relative sustainability was difficult to find for Ecuadorian selective shade cocoa.  The 
CABI study was inconclusive on the biodiversity impacts of this model.  They did find that the 
farmers’ knowledge of intercrop species and cocoa management was extensive and well-
developed.  This knowledge base and farmer experience is one of the key elements in the 
economic sustainability of the farms (Boa et al. 2000).  
 

1.3 Full Sun Cocoa 
 
Cocoa has been grown without shade in many regions over its commercial history. The literature 
suggests that most cocoa growing regions have at one time or another experimented with full sun 
cultivation and that sooner or later they all have to return to a modicum of shade and agroforestry 
practices to rebuild ecological resources and renovate cocoa productivity.  In Côte d’Ivoire, Ruf 
and Zadi (1998) conclude that two to three generations of full sun cocoa cultivation has caused 
considerably more environmental damage than shade farming would have and that it may have 
had negative effects on rainfall patterns and overall ecosystem functioning.  
 
Two sources surveyed indicate that full sun cultivation could be sustainable under certain 
circumstances (Clay 2004, Ruf and Zadi 1998). Full sun cocoa can yield as much as three times 
that of shaded cocoa however the full sun plantation must be completely renovated much sooner 
(at 10-20yrs vs. 40-60yrs) than a shaded plot (Beer 1987, Ruf and Zadi 1998) and requires 
agrochemical inputs and constant management to realize maximum yield potential. The costs are 
higher however the efficiency (cost/yield/ha) may be higher as well with sufficient farmers 
education, available and affordable planting material and inputs.  
 
Upper Amazonian hybrids were introduced to West Africa in the 1950s but were not used on a 
widespread scale until the 1970s.  These varieties were intended to be grown under full sunlight 
and exhibited a shorter maturity and overall productive life. These varieties can also be grown on 
less suitable soils such as the stony soils of the Soubré region of Cote D’Ivoire which has 
expanded the forest frontier in this country (Ruf and Zadi 1998). Their productive lifespan was 
approximately 20 years under full sun however they may be able to live up to 60 years under mild 
shade and a regime of fertilizers and pesticides.  
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Full sun cocoa is more susceptible to pest and disease outbreaks. On the island of Sao Tome in 
the 1920s, cocoa farmers eliminated their shade canopy in an effort to boost yields.  They 
suffered a pest outbreak soon afterwards and much of the country’s cocoa crop was wiped out 
(Johns 1999).  
 
 
1.3.1 Malaysia/Philippines 
 
Clay (2004) cites planting strategies for maximizing cocoa productivity in Malaysia and the 
Philippines that involve high density, short rotation cocoa cultivation.  Cocoa trees are planted in 
densities ranging from 2000-4000 plants per hectare using grafted varieties.  The higher densities 
are monocultures however the 2000 cocoa trees/ha farms are intercropped with food crops such as 
cassava. This highly intensified model can produce as much as 4500kg/ha, drastically more than 
shaded agroforestry systems. The cocoa trees in these models only produce for 6 to 8 years. and 
are then replaced, or production is moved to another site.  
 

Full-sun cocoa utilizes newer, more compact varieties whose vertical trunks are the primary fruit 
bearing areas of the plant, rather than the horizontal branches. These shorter, grafted planted plants 
produce more quickly. Pruning allows producers to keep the plants short so that pesticide sprays 
are more effective. Productivity falls off sharply after about 10 years, but if rotated with other 
crops this system can be used to prevent conversion of natural habitat. (Clay 2004) 

 
These intensive, non-shaded strategies are more chemical intensive however may be valuable in 
terms of cost and progressive regeneration for degraded, previously cleared land. If the system 
can be sustained on a rotational basis with other crops and fertilization strategies, they could 
provide a powerful economic vehicle for farmers. It is critical, however, that this model is not 
promoted in areas of primary forest or shade cocoa where it could have disastrous results. The 
planting of highly productive, full sun cocoa varieties in Asia could have an overall impact of 
discouraging shade grown cocoa in other regions. As supply from full sun varieties increase, 
prices may decline causing pressure on shade grown cocoa farmers to increase productivity per 
hectare or convert their shaded farms to a less environmentally beneficial crop (Clay 2004).  
 
There are major drawbacks to the full sun model as seen in the past in Malaysia.  The Malaysian 
model involved full sun, productive hybrid cocoa cultivation on large landholdings requiring 
steep investments of inputs and labor. Landowners used the ‘box system’ in which large shade 
trees were maintained or planted around the perimeters of cocoa monocultures as windbreaks 
(Ruf and Zadi 1998). The full sun cocoa model takes as much as 70% more farm labor than the 
more traditional shaded cultivation (Chok 1998). The extensive, full sun model popular in 
Malaysia in the 1970s was a notorious failure. The cocoa trees were stressed from the intense 
conditions and were vulnerable to a widespread outbreak of Vascular Streak Dieback (VSD).  
The VSD outbreak reduced yields and rendered the large-scale model unviable. The industry 
collapsed and cocoa was largely replaced by the more resilient monoculture crop of oil palm 
(Chok 1998).  
 
A successful method to combat VSD used in Malaysia and proven to be affective and valuable in 
other regions is the side grafting technique.  Improved genetic material, whether it is for 
productivity or disease resistance or both, is grafted onto an existing cocoa tree.  The new graft is 
allowed to grow as the old tree is pruned away.  The new graft is productive within 24 months of 
the graft, at least 12 months prior to a seedling start (Chok 1998). The success of side grafting 
depends on reliable and ample supplies of genetically improved planting material.   
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1.3.2 Sulawesi, Indonesia 
 
Although densely or selectively shaded farms exist in Sulawesi, more studies have been done on 
the full sun model that has become dominant in recent decades. The 1990s saw a full-scale cocoa 
boom in Indonesia fueled by cheap and accessible forestland in central Sulawesi and an influx of 
cheap migrant labor (Ruf and Schroth 2004). 
 
Belsky and Siebert (2003) studied a village in Sulawesi where cocoa had been introduced in 
sloped uplands with short-term success.  82% of farmers interviewed had planted their cocoa on 
old crop fields or former agroforestry-based (coffee and fruit trees) farmland; only 5% had 
cleared primary forest to plant cocoa. These farmers are choosing full sun cultivation due to land 
scarcity (partially a result of a national park designation) and the need to intercrop cocoa with sun 
loving food crops. Some farmers planted Gliricidia sepium to provide provisional shade for 
seedlings but otherwise the cocoa was allowed to grow without shade.  
 
The Sustainable CoCoa Enterprise Solutions for Smallholders (SUCCESS) Alliance project 
operated in Indonesia from 2001 to 2005 and trained over 60,000 cocoa farmers on better tree 
crop management.  It focused particularly on how to graft onto aging cocoa trees, particularly 
important in the renovation of full sun plantations, as was the case in Malaysia.  As a tree ages, its 
production of cocoa pods significantly declines. The size and quality of the beans inside the cocoa 
pod decrease, which can greatly affect the crop yield. The average age of cocoa trees in the 
project were 12-18 years. In addition to grafting, the SUCCESS Alliance provided training to 
improve crop husbandry and integrated pest management to control the cocoa pod borer. Training 
curriculum also included the use of bio-controls, farmer-led research, genetic selection and side-
grafting, and community nurseries (Duffey 2006, Panlibuton 2004). 
 
The case of Sulawesi is instructive for several reasons.  Much of the growing areas are on steep 
uplands with infertile soils with 3000-4000mm annual precipitation.  These conditions can be 
linked to high rates of soil erosion, decomposition rates and water runoff (Belsky and Siebert 
2003).  Contrary to the information presented by Ruf and Zadi (1998) regarding high input use in 
Sulawesi, the farmers in the buffer zones of Lore Lindu National Park do not use agrochemical 
inputs due to their remoteness and lack of cash to buy them. These farmers have practiced annual 
food-fallow rotations and shade coffee farming for many years to maintain and regenerate soil 
fertility.  The prospects of sustainable sun grown cocoa is low without inputs especially if they 
suffer droughts (Belsky and Siebert 2003).  
 
 
1.3.3 Côte d’Ivoire 
 
Although shaded cocoa farms are still found in Côte d’ Ivoire, the dominant model is full sun or 
low shade smallholder (average 10 ha) cultivation. Studies by IITA and IRAD in West Africa 
have found a 51% frequency of full sun cocoa farms in the Lagune region (Gockowski et al., 
n.d.).  The Ivorian model involves the use of high yielding, upper Amazonian hybrids with or 
without intercropped fruit tree species (N’Goran 1998). If this method is used without a regular 
regime of pesticides and fertilizers, its productivity levels decline more quickly than shaded 
systems. The model is common due to its promotion by the government extension system 
throughout the 1980s when the Amazonian varieties were promoted over the older Amelonado 
varieties.  
 
As in other regions, Ivorian farmers plant food crops before cocoa.  Commonly planted crops are 
plantains, yams, taros and vegetables (i.e. tomatoes, peppers, okra, etc).  Cassava is generally 
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avoided when cocoa is planted as it harms the cocoa plant. Although the most productive model 
is a 1:1 planting ratio of plantain and cocoa farmers tend to adjust this to their personal needs and 
available resources (N’Goran 1998). In west central Côte D’Ivoire average planting densities 
were 870 plantain/ha, 3,600 taro/ha, 7,000 yam mounds/ha to 2,400 cocoa trees.  
 

1.4 Cocoa on Degraded Land 
 
Extensive and intensive farming techniques have degraded millions of hectares of arable land in 
the humid tropics.  Cocoa cultivation can be a regeneration tool in areas where conditions are 
favorable. It is conceivable that cocoa could become an agent of reforestation rather than one of 
deforestation (Ruf and Zadi 1998).  
 
Establishing new cocoa farms on degraded land involves the following challenges: regenerating 
the soil fertility, establishing fast growing species that can yield income until the cocoa bears fruit 
and eliminating and controlling invasive weeds. Older farms (>25-40 years) may suffer from one 
of more of the following conditions: decreased yields, pest and disease problems, weeds and thick 
undergrowth, lower soil moisture content and fertility, erosion, more wind, less timber and game 
resources, and increased labor costs.  A general rule is that production cost per tree increases with 
age and loss of ‘forest rent’ available in new plantings (Ruf and Zadi 1998).  
 
The cost of replanting on degraded land is roughly double that of establishing cocoa on cleared 
forest land, providing a strong disincentive to rehabilitation. Cost assessments in Indonesia show 
that it takes an estimated $414/ha more to plant cocoa on degraded land than to establish cocoa on 
cleared forest land. Farmers comment that “you have one hectare of cocoa after grassland and two 
hectares after forest” (Ruf and Zadi 1998). This is due to the stored nutrients available in the soil 
after clearing or thinning a standing forest.  
 
Cocoa research and development in Côte d’Ivoire and Ghana are focused on the maintenance or 
increase of productivity of cocoa farms through rehabilitation or new plantings on degraded 
lands. The strategies in these countries use exotic leguminous species to restore soil fertility and 
create initial shade for cocoa seedlings (Asare 2006-1). The practice of improved fallows is used 
to vegetatively prepare a plot for tree crops. First grasses, shrubs and old cocoa trees are removed 
leaving selected forest trees and seedlings. Fast growing agroforestry species such as Gliricidia 
sepium, Albizia spp., auriculiformis and Acacia spp. are planted to augment soil quality and fix 
nitrogen. Timber species may also be intercropped with the nitrogen fixers.  Improved fallows are 
generally planted for 1-3 years and then the agroforestry trees are thinned to make way for a 
renewed cocoa planting (N’ Goran 1998, Asare 2006-2).  
 
Researchers in Côte d’Ivoire are experimenting with improved fallows methods. Preliminary 
results as of 1998 showed that a 3-year soil enrichment program with Acacia planted as 
windbreaks at densities of 6 x 5m with cocoa planted at 3 x 2.5m suffers only 20% cocoa 
mortality rate. This is close to the 15% mortality rate when cocoa is planted beneath banana trees 
(N’Goran 1998).  
 
Farmers in Sulawesi, Indonesia farmers are establishing cocoa production on land formerly used 
for food crops.  Those farmers who can afford it are using 500-600 kg/ha of fertilizer, regular 
pesticide applications and strategic pruning under low or no shade.  These farmers have the 
advantage of inexpensive pesticides, which are said to be three times cheaper than those in Côte 
d’Ivoire (Ruf and Zadi 1998).  Weed elimination and control is central to replanting land that is 
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overgrown with invasive grasses and the judicious use of affordable and safe herbicides is an 
important element to successful grassland reclamation. In areas where herbicides are not available 
or where they could prove environmentally harmful, farmers are introducing shade trees such as 
Gliricidia sepium, which reduces the costs of weed control significantly. The cost of weed control 
can be up to 70% of total costs in the first two to three years of a cocoa farm. Even if total weed 
biomass stays constant, shade management can shift species composition to less aggressive weeds 
(Beer et al. 1998).   
 
Yields from full sun cocoa farms in Sulawesi can reach 2500kg/ha of dry beans.  There is 
evidence of this yield being sustained for 20 years but the ability of these farms to sustain those 
yields for much longer is in question (Ruf and Zadi 1998).  If offered the choice, Ruf and Zadi 
found that Sulawesi farmers prefer renovating grasslands plains to clearing forested hills 
assuming they have affordable herbicides. Although agrochemical use is an ecological concern, it 
must be seen in context of the greater impact of forest clearing. In replanting after grasses such as 
Imperata cylindrica farmers only needed to use herbicides for two years until a canopy was 
established greatly reducing weed growth.  
 
The Soubré region of Côte d’Ivoire is another example of cocoa cultivation on poor quality land.  
The soil is rocky in this region and previously thought to be unsuitable for cocoa.  New migrants 
to the area introduced cocoa and due to favorable prices and land scarcity for new plantings, 
heavily invested in fertilization.  This has extended the expected viability of cocoa on poor 
quality soils (Ruf and Zadi 1998). 
 
Ruf and Zadi (1998) discuss the technique of shifting tree crop cultivation.  This involves 
establishing food and temporary shade species for cocoa, as the cocoa matures the food crops are 
phased out, the cocoa is allowed to produce through its productive years under low or no shade, 
and as the yield starts to decline an agroforestry management regime takes over.  The farmer 
plants or allows forest species to grow, gradually building economic capital in these alternative 
species.  After the agroforestry species mature and produce sufficient biomass they can be 
thinned or cleared and replanted with cocoa. Theoretically this strategy could allow land to be 
regenerated and used for several rotations of 15-20 years. This is the agroforestry and ‘low tech’ 
approach to the full sun intensified rotational model presented in Section 1.3.  
 
The Alternatives to Slash and Burn project in Cameroon has recommended combining promotion 
of perennial cropping systems on degraded land along with programs to increase productivity of 
food systems to offset the loss of land formerly used for this purpose. The project suggests 
promotion of the agricultural input supply system and of farmer organizations to offer production 
credits and distribute disease resistant varieties (ASB 2000). Examples where loss of land to grow 
crops combined with the loss of the rights to collect forest products has resulted from forest 
preservation in Ghana and Indonesia exacerbating rural poverty and instability (Belsky and 
Siebert 2003).  
 
 

2 IMPACTS OF COCOA CULTIVATION 
 
This section discusses the environmental, social and economic impacts of cocoa cultivation.  The 
first subsection reviews how various management decisions in cocoa farming impact core 
environmental functions such as soil fertility, water quality and habitat functions. The 
environmental impacts of monoculture cocoa are compared to those of polyculture cocoa. The 
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next subsection discusses the impacts of cocoa farming on biodiversity conservation on a 
landscape and farm level and considers cocoa’s maximum positive and negative impacts. Finally 
the socio-economic aspects of cocoa cultivation are discussed and their role in developing a 
model of sustainable cocoa. 

2.1 Environmental Impacts 
 
The literature tends to discuss environmental impacts in terms of shade cocoa vs. sun cocoa. The 
specific ecosystem functions of shaded cocoa agroforests include biodiversity and habitat 
conservation, enhanced nutrient cycling, carbon sequestration to offset climate change effects, 
and hydrological cycling. The extent of services of each of these functions will be determined by 
each agroforest’s unique shade composition and density.  The regional land use composition will 
affect the degree and quality of ecosystem-level functions of which the individual cocoa farms are 
part (Gockowski et al. n.d.).   
 
The environmental impacts of sun cocoa are potential contamination from agrochemicals, soil 
depletion, increased threat of pests and diseases, deforestation, habitat loss, decreased fauna and 
flora populations, forest fragmentation.  However there are cases where full sun cocoa can bring 
environmental benefits by increasing the productivity per hectare to the extent that farmers do not 
encroach on primary or secondary forests, the land is used over the long term on a rotational 
basis, and genetically improved cocoa varieties are used that reduce the need for inputs (Clay 
2004).  If full sun cocoa is planted on land formerly used for annual crops or pasture, there could 
be biodiversity gains.  
  
2.1.1 Nutrient cycling 
 
Nutrient cycling is more efficient in shaded systems than in no- or low-shade cocoa farms. 
Farmers without shade are dependent on fertilizers to maintain soil nutrient levels.  Nutrient 
cycling in shaded cocoa farms is directly affected by the particular shade or fruit tree species and 
their management.  Tree species differ in levels of aboveground biomass productivity, rate of 
biomass decomposition and fine root biomass productivity (Beer et al. 19987 as cited in Palm 
1995).  The pruning regime and management of shade and neighbor trees is a tool for the farmer 
to adjust the microclimate for the cocoa as well as the timing and quantity of nutrient transfer 
from tree to soil. The belowground portion of the nutrient cycle is poorly understood (Beer et al.  
1998). Shade cocoa cultivation increases soil aeration and drainage capacity allowing for slow, 
consistent nutrient release.  Decaying organic matter on shaded farms hosts a diversity of 
organisms that aid in decomposition and nutrient cycling, notably beneficial fungal mycorrhizae 
(Rice and Greenberg 2000).   
 
 
2.1.2 Soil Fertility and Conservation 
 
Organic matter content of soils can increase with proper agroforestry practices (Beer et al. 1998).  
Studies on diversified cocoa farms in southern Cameroon show that soil pH, organic matter, 
calcium and magnesium are greater in the farms that in secondary forests (Duguma et al. 1998). 
Beer et al. (1998) cite studies done over a 10 year period on a sugar cane plot converted to cocoa 
with 2 shade species, Erythrina poeppigiani and Cordia alliodora, in which the soil organic 

                                                 
7 See Beer et al. 1998 for quantitative results on nutrient cycling for cacao – E. poeppigiana and cacao-C. alliodora 
associations in Central American farms.  
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matter increased 21% and 9% respectively. This article also cites the increase of bacteria and 
microorganisms in the coconut rhizosphere in cocoa/coconut intercrop systems.  
 
The planting density and pruning practices of leguminous species will affect the amount of 
nitrogen fixed. Some planting schemes allow shade species to grow freely while others manage 
the shade species intensively for particular results.  If pruned branches are left on the farm they 
will impact positively the farm’s available organic matter and soil chemistry, however pruning 
residues are often used as fodder or fuel wood.  In their review of agroforestry literature, Beer et 
al. (1998) conclude that the nitrogen fixation function of shade species has been overemphasized 
and the nitrogen contribution is relatively small compared to the organic matter generated by 
fallen or pruned branches and leaves.  
 
Predictably soil is better conserved and erosion is less of a threat in shaded than in unshaded 
cocoa systems. This is particularly true during heavy rainstorms. However the degree of soil 
conservation depends on the amount of shade tree residues allowed to stay on the farm, especially 
to form a mulch layer during the rainy season when erosion threat is at its highest (Beer et al. 
1998).  Erosion can be prevented in no shade systems through mulching if sufficient labor and 
organic matter is available.  Beer et al. (1998) recommend shade species with low and ample 
crown architecture to distribute rain drip evenly and prevent water channels forming from tall 
shade species.  
 
2.1.3 Habitat functions 
 
The habitat conservation potential of cocoa agroforests largely depends on the floristic and 
structural diversity of the tree canopies coupled with the surrounding land use composition.  
Diverse canopies provide important habitats, resources and niches for a variety of plants and 
animals (CATIE 2000).  Studies in Costa Rica show that diverse cocoa farms can harbor high 
species richness equivalent to that of forest ecosystems.  In some cases, managed cocoa farms can 
support higher richness and abundance of migrant and resident bird species (Parrish et al. 1998).  
Although sampled forest plots had more diverse tree species, the canopy cover and height of the 
cocoa farms was sufficiently similar to preserve a high degree of habitat functions for avian 
populations.   
 
Shaded cocoa agroforests in southern Cameroon have been shown to preserve habitat for rare 
plants such as the ebony woods (genus Diospyros) and Dacryodes butteri and avian species such 
as lesser hornbills, black casqued hornbills and African gray parrots (Gockowski et al., n.d.).   
 
Diverse cocoa agroforests will have the maximum habitat conservation value when established in 
concert with patches of protected forest and vegetative corridors between agricultural areas and 
protected areas.  
 
 
2.1.4 Hydrology and water quality 
 
Shaded cocoa farms provide more hydrologic benefits than other land uses such as annual food 
cropping systems. They are for example better at controlling sediment loads in local watersheds 
and water recharge systems. However the extent of shaded farms in the overall landscape is the 
determinant of the hydrologic benefits. There is more research needed in this complex landscape 
level interaction (Gockowski et al., n.d.).   
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2.1.5 Climate change  
 
West African studies done by IITA and others have shown that clearing or thinning forests to 
plant cocoa will have a negative climatic effect.  However lands that are already degraded, 
planted in annual crop cycles, or are classified as savannah lands and are converted to cocoa 
cultivation will show a net gain in carbon and contribute to climate mitigation (Gockowski et. al, 
n.d.).  The diverse cocoa agroforests in Cameroon contain 62% of the carbon levels of primary 
forests (Duguma et al. 1998). Beer et al. (1998) conclude that the greatest climatic effect of 
shaded cocoa systems is the effect of buffer zones in providing farmers a profitable cash crop 
option that maintains shade around protected forests.  This could prevent the loss of up to 1,000 
Mg C/ha.  
 
2.1.6 Monoculture vs. Polyculture Cocoa 
 
Monocultural (Full Sun) Cultivation 
Ruf and Zadi (1998) propose that monoculture conditions may be desirable to maximize yields in 
the intermediate phase of a cocoa farm’s production cycle.  Forest species would then be allowed 
to grow or planted towards the end of the farm’s productive cycle to protect new seedlings or 
grafted trees until they reach maturity or to allow for regeneration while another section of the 
farm is harvested. This is the concept of rotational agroforestry: 
 

“Perennial crops may be followed by a lengthy forest or bush fallow.  Thus old cocoa 
plantations in West Africa revert to bush vegetation, which is then cleared after one or 
two decades.  The rotation runs: fallow-food-crop farming-cacao-fallow” (von 
Blackenburg 1964).  This model however will only function in areas of relatively low 
population and migration pressures. (Ruf and Zadi 1998) 

 
 
The negative effects of shade on cocoa are: 

o encouraging the growth of fungal diseases at very dense levels 
o suppressing productivity 
o increasing difficulty of farm management (e.g. pruning) when shade is very tall  
o competing for water resources during the dry season 
o competing for soil nutrients 
o natural fall of branches or canopy tree harvest can damage cocoa 
o stem flow and drips from shade leaves can cause erosion, crop damage, and lower 

moisture absorption by the soil 
o sudden loss of shade (from insects, disease or harvesting) could shock shade-adapted 

crop 
o additional labor required for agroforests where multiple species need pruning (Beer 1987, 

Beer et al. 1998, Ruf and Zadi 1998, N’Goran 1998) 
 
Cocoa monocultures boast impressive yield data over the short term, up to as much as three times 
the productivity per hectare of that of shaded cocoa (Chok 1998). However these yields are 
limited to 1) ideal soil and climactic conditions; 2)a short life cycle vis-à-vis shaded systems (10-
20yrs vs. 50-60yrs); 3)intensively managed plantations which are frequently replanted and pruned 
requiring inputs and labor (Beer et al. 1998).  
 
Full sun systems are more vulnerable to damage from pests, and have encountered secondary 
pesticide problems. In Malaysia, the conversion of shade cocoa to intensive, full sun production 
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placed significant ecological stress on the cocoa trees, which became susceptible to a number of 
diseases. This contributed to the collapse of the industry (Gooding n.d.). 
 
Belsky and Siebert (2003) studied the recent Indonesian cocoa boom in where farmland is being 
converted to full sun cocoa and caution about possible negative long term results: 

 
“Our research suggests that increased cultivation of full-sun cacao in former food-crop 
focused farms may adversely affect long-term agricultural productivity and sustainability, 
as well as local livelihood security. Household food self-sufficiency is already unstable 
and will likely decline in the rush to convert food-focused farms to cacao, a cash crop 
vulnerable to global market trends. Cultivating cacao in full-sun, under the edaphic and 
climatic conditions found in Central Sulawesi, is likely to be unsustainable over the long-
term and increases the risk of crop failure due to drought, declining soil nutrient levels, 
and insect and disease infestation. Finally, full-sun cacao cultivation simplifies the forest 
environment (i.e., the area of secondary forest is reduced as annual farms are no  
longer fallowed), increases habitat fragmentation, and isolates core protected forest areas 
from adjacent forest lands.” (Belsky and Siebert 2003) 

 
Polycultural (Agroforestry-based) Cultivation  
Cocoa is commonly cultivated in close association with tree species that provide services to the 
cocoa plant (climate amelioration, soil protection and maintenance of natural fertility), products 
for home and farm use or for sale (timber, fruits, posts, firewood, medicine, fiber or construction 
materials, honey, resins, etc.) and services to the household (cultural and aesthetics) and to 
society (soil, water and biodiversity conservation, carbon sequestration and mitigation of climate 
change).  Because of its cultivation in close association with trees and other plant species, cocoa 
produced in agroforestry systems diversifies and increases farm income, making it less variable 
and more resilient to external shocks such as price collapses (INAFORESTA 2006). Polyculture 
cocoa requires less capital and labor for agrochemical application and weeding to manage thus 
reducing the household cash requirement (Siebert 2002).  
 
The beneficial environmental functions of shade in cocoa agroforests, aside from the inherent 
biodiversity value, are to reduce the stress on the cocoa plants by: 

o protecting cocoa seedlings in their vulnerable first years from intense tropical sun, wind 
and heavy rain 

o decreasing overall temperature and temperature extremes 
o reducing light quantity and quality which prevents excessive vegetative growth (flushing) 
o improving soil fertility, preventing erosion and fixing nitrogen (leguminous species) 
o shade tree roots break up compacted soils and improve soil drainage and aeration 
o Reducing rate of decomposition of soil organic material (due to reduced soil 

temperatures) 
o suppressing weed growth 
o lengthening the economic life of the cocoa tree 
o lowering the risk of some pests and diseases and thus lowering need for agrochemicals 
o Absence of agrochemicals allows for survival of beneficial soil organisms 
o lower nutrient needs allows for cultivation on lower quality soils (through lower rates of 

photosynthesis, transpiration, metabolism and growth) 
o economic value (timber or fruit) creates ‘standing capital’ that farmers use when cocoa 

prices fall or when they need to rehabilitate the cocoa  (Beer 1987, Beer et al. 1998, Ruf 
and Zadi 1998, N’Goran 1998) 
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In a comparative review of ten environmental parameters Donald (2004) found only one case in 
which full sun production is equal to or better than low intensity shade cocoa for positive 
environmental impact.  This case was for arthropod populations in Indonesia.  
 
In southern Cameroon agroforests, farmers control brown rot with the bark of certain plants 
(Guibourtia Tessmanii, Erythropheleum ivorense, etc), which has a negligible environmental 
impact relative to the use of synthetic inputs. These farmers also control pest and disease 
problems through varying the tree density. These plantations are fertilized only through falling 
leaves and weed control is accomplished through shade management and manual chopping 
(Sonwa n.d.).  
 
Agricultural yields are more easily sustained in shade cocoa albeit at lower volumes due to 
agroforestry’s ability to minimize water runoff, soil erosion and nutrient leaching (Siebert 2002). 
The crops will be less susceptible to pests and disease outbreaks.  The productive life of the cocoa 
plant as well as some of the associated crops is extended when cultivated in a polyculture model.  
 
Small vs. Large scale farms 
Large scale producers generally invest more capital in the establishment of the cocoa farm.  They 
will pay for productive land and invest in productive and disease resistant varieties and have 
higher costs for farm labor and processing. The costs involved with large scale farming make 
large scale producers more price sensitive than small scale producers, particularly if cocoa is the 
only or primary crop on the plantation (Clay 2004, Ruf and Zadi 1998). When prices fall or there 
are pest or disease outbreaks in cocoa, large scale producers are more apt to convert their land to 
another use such as oil palm or cattle. Brazil is a classic case of this situation where large 
landowners searched for new land uses when production was destroyed by the witches broom 
outbreak. Small scale producers have less invested in cocoa and are less able to convert their farm 
to another use.  It is more economical for small producers to intercrop additional crops to offset 
price declines in cocoa and increase overall farm income. Overall the smallholder model appears 
more flexible and resilient than large scale plantations.  
 

2.2 Biodiversity Impacts 
 
The potential value of shade cocoa to conservation has been gaining considerable attention in 
recent years (Parrish et al. 1998, Greenberg 1997). However there is still a paucity of quantifiable 
data on the specific impacts of different models of cocoa production on various components of 
biodiversity conservation (Donald 2004, Greenberg et al. 2000). 
 
Donald (2004) states that the ‘extent to which particular commodity production systems are 
deemed beneficial or deleterious to the conservation of biodiversity is at least partially 
subjective’. Data is limited that diverse shade cocoa supports more biodiversity, especially of 
forest-dependent organisms, than other cash crop systems (Rice and Greenberg, 2000).  
 

“No one has statistically compared biodiversity (or any element of it ) across the whole spectrum 
of pristine forest, from different shade systems to full-sun production. Hence, it is quantitatively 
difficult to assess the implication of cocoa production for biodiversity and to identify the specific 
elements of shade production that are important.” (Donald 2004)  

 
The evidence does suggest however that shaded diverse farms clearly have a more positive 
biodiversity impact than full sun monocultures. This section presents the findings in the literature 
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on the relative impact of cocoa farming on biodiversity conservation at a landscape and farm 
level.   
 
 
2.2.1 Landscape level impacts 
 
Several studies present cocoa agroforests as refuges for biodiversity and an important element in 
a landscape mosaic of primary and secondary forest, agroforestry systems and agricultural buffer 
zones.  
 

“In particular, cocoa agroforests can create forest-like habitats, which harbour tropical biodiversity 
in rapidly degrading landscapes (Greenberg et al., 2000), while providing an economic crop for 
small-holder farmers (Young, 1996; Perfecto, 1996), and serving as faunal refuges (Griffith, 2000).” 
(Asare, 2006-1) 

 
Cocoa agroforests such as those documented in Cameroon and Costa Rica have large numbers 
and diversities of indigenous fruit trees which are important to populations of mammals and seed 
dispersing species. When these farms are located in buffer zones of protected areas and green 
corridors they serve as critical habitat islands for migrating birds (Beer et al. 1998, Gooding n.d.). 
The preservation of native shade species increases the overall gene pool of these indigenous 
species, which can have important ramifications for forest regeneration (Gockowski et. al, n.d.).  
 
The landscape level impact of any cocoa system will depend on how the land was used prior to 
cocoa, the techniques used to convert the land to cocoa, the scale and cultivation practices of the 
cocoa farms, as well as the overall landscape of land uses. Some of the most important 
determinants of biodiversity value are the ‘intensity and history of land use, fire incidence, 
introduction of exotic species, and the structure of the vegetation’ (Siebert 2002 as cited in 
Gascon et al. 2000).  
 
As a general rule primary forest converted to shade cocoa will result in biodiversity losses 
however conversion to sun or lightly shaded cocoa will cause more extreme losses and a more far 
reaching effect by contributing to forest fragmentation. In countries where cocoa covers 
significant acreage of forest habitat, such as Côte d’Ivoire, Ghana, Brazil and the Dominican 
Republic, the relative landscape impact will be greater than in countries where cocoa farming is 
of less importance (Donald 2004).  Cocoa located in or near threatened forest ecosystems will 
have relatively more biodiversity impact on a landscape level.  
  
In the case of cocoa farms on the Caribbean coasts of Costa Rica and Panama, the farms have 
been in existence as shaded cacao systems for generations.  These farmers tend to thin shade in 
existing farms to plant crops rather than open new forests lands for cultivation.  Their 
agroforestry practices have created a landscape of secondary forest intermixed with food and 
fallow agriculture. The presence of abandoned cocoa farms that are reverting to forest-like 
conditions increases the beneficial landscape effect. The farms form a biological buffer around 
the La Amistad Biosphere Reserve and are part of the Mesoamerican Biological Corridor. They 
also form a critical green barrier between chemical-intensive plantain and banana plantations and 
intact tropical forests. The introduction of organic certification allowed thousands of farmers to 
capture the economic value of their agroforestry practices and preserve the conservation value of 
their farming systems.  
 



 21

Organic cacao provides a significant alternative, at the landscape-scale, as an environmentally 
sustainable, corridor compatible, land use with the potential to meet economic needs while 
preserving forest remnants. (CATIE 2000) 

 
In Sulawesi, Indonesia farmers are converting annual fallow cropland to full sun cocoa farms.  In 
this case the conversion to cocoa farming could prove harmful to landscape level biodiversity by 
removing land that has traditionally been allowed to return to secondary forest-like conditions.  
This contributes to fragmentation and isolation of the primary forests in the region, such as those 
protected in Lore Lindu National Park (Belsky and Siebert 2003).  
 
The central challenge in achieving sustainable and biodiversity-friendly cocoa farming is the 
balance between livelihood needs and conservation goals. Farmers need dependable sources of 
income however their farming strategies cannot compromise the preservation of ecosystem 
integrity and systems viability (Asare, 2006). Strong national and international protection 
schemes may be the only manner of protecting the few remaining stands of virgin and mature 
canopy forest. Their protected status must be publicly broadcasted along with the areas where 
selective management is allowed (Ruf and Zadi 1998).  Local control and management of forest 
resources can be an effective and powerful tool for protecting resources from illegal use.  
 
 
2.2.2 Farm Level Impacts 
 
Donald (2004) found that West African low intensity shade cocoa cultivation is comparable or 
better than pristine habitat for soil quality, erosion protection and pollution impacts. Central 
American and Mexican low intensity shade cocoa cultivation is comparable or better than pristine 
habitat for avian diversity (habitat generalists), herptiles, and arthropods.  
 
Studies on West African cocoa agroforests have shown that total vegetation biomass on these 
farms is 304 tons per hectare, significantly higher than annual cropping systems (85 t/ha) 
although less than primary forests (541 t/ha) and long term fallows (460 t/ha) (Duguma et al. 
1998). Biodiversity levels both above and below ground are higher in cocoa agroforests than in 
food crop fields (Duguma et al. 1998).  
 
Siebert (2002) conducted comparative studies of different models of cocoa cultivation from full 
sun to diversified farms under dense shade. Results included levels of photosynthetic active 
radiation (PAR) 5-15 times greater and leaf area index (LAI) 6-9 times lower in full sun than in 
shade cocoa; air and soil temperatures were significantly lower under shade than in full sun 
systems, soil fertility and soil pH were greater also under shade than in full sun conditions.  
 
This same study found that diversified shade farms contained an average of 25-30 different 
canopy tree species, several epiphytic and liana species, and forest herbaceous and fern species. 
The shaded farms had 100% ground cover, primarily leaf litter, while the sun cocoa had 80% 
ground cover consisting of mostly exotic weeds.  The full sun had no epiphytes, lianas or forest 
floor species. Twenty two bird species (including several endemic species) were found in the 
shaded farms compared with no birds in the full sun farms (Siebert 2002).  
 
 
2.2.3 Maximum Positive Impacts  
 
Overall shaded cocoa systems are associated with more wildlife, less environmental damage, 
greater livelihood security, and better household health. They can also be regarded as more 
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economically sustainable. They tend to have higher resistance to pest and disease outbreaks. The 
structural and biotic diversity of shade systems aids pollination and the biological control of pests 
and diseases.  
 
In areas that have little remaining forest, low intensity shade cocoa can be refuges of biodiversity 
in an otherwise degraded landscape. This holds true particularly in areas where the farms have 
been established using traditional methods of thinning overstory trees but maintaining much of 
the structural and floristic diversity of the forest. Cocoa grown in this way can support many of 
the ecological processes of primary forests such as low ground-level light intensities, low 
understory transpiration rates, reduced wind speed, regulation of diurnal and humidity 
fluctuations, large and continuous organic matter volume, efficient nutrient cycling, and habitat 
conservation for flora and fauna (Siebert 2002, Gooding n.d.).  
 
The value of shade trees in cocoa agroforests have been shown to contribute to sustaining cocoa 
yields, reducing fire hazards, diversifying total farm output, providing buffer zones for natural 
forests, and conserving biological diversity overall (Kuapa 2005). If these farms occur in 
proximity to primary forests, they form critical buffer zones. For example, cocoa agroforests form 
a biodiversity buffer zone for the Dja Reserve in southern Cameroon.  These farms provide 
important ecosystem functions such as wildlife habitat.  Farmers have maintained many 
indigenous fruit tree species such as Dacryodes edulis which provide food for primates and birds 
such as the black casqued hornbill and African gray parrot (Gockowski et al., n.d.).   
 
Samples in Costa Rica cocoa farms show that the abundance of both resident and migrant birds 
cocoa farms was near equal to or greater than that found in forests. Overall more species (17) of 
conservation concern were found in managed cacao, than in forests (13) or abandoned cacao (11), 
evidence that some aspects of managed cacao management are providing habitat for threatened 
forest species.  These data suggest strongly that cocoa has its greatest conservation value when 
located near forests and may even serve to augment the size and health of protected areas when 
grown in buffer zones (CATIE 2000). 
 
 
2.2.4 Maximum Negative Impacts 
 
Impacts on forests 
Approximately 15 million hectares of primary forests are lost annually and the majority is in the 
tropics. The loss of tropical forests is among the central threats to global biodiversity destruction 
because of their support of 70% of the planet’s plant and animal species (Donald 2004). The 
cultivation of cocoa is responsible for the deforestation of an estimated 8 million hectares of 
tropical forest (Clay 2004, as cited in Hardner 1999). If farmers continue to encroach on forests to 
plant cocoa, millions more hectares and significant biodiversity will be lost.  
 
As farmers clear forests, they abandon their existing plantations, which could be converted to still 
more damaging land uses such as annual food crop cultivation or livestock grazing.  The case of 
Brazil is illustrative of this where cocoa plantations have been converted to other uses  such as 
extensive cattle ranches as a result of the witches broom outbreak.  In many cases, there were 
shade trees in the cocoa farms that are now being cleared for their timber value or to make room 
for other crops.  
 

“Hardner et al. predict that at least half of Brazil’s cocoa farms will be converted to other uses in 
the near future. Most conversion will include cutting not only cocoa trees but also the intermixed 
natural forest remnants within the cocoa farms” (Clay 2004).   
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In areas where cocoa is grown in shaded system or agroforests, there is less impact on the forest 
although studies show that the quality of the forest ecosystem is downgraded nonetheless.  
Indicators of this are reduced biomass, soil fertility,  overall foliage cover, native tree height and 
girth, tree basal area, and volume of wood (Clay 2004). Numbers and diversity of mammals, 
reptiles and amphibians decrease with the introduction of cocoa. Accessible forest land and 
population pressure are clear factors in the rate of forest conversion. In a study of West African 
cocoa producing countries, Cameroon and Côte d’Ivoire had the lowest population densities and 
the highest proportion of farms converted from forest to cocoa (Gockowski et al., n.d.).  
 
Biodiversity loss  
Clearing of forest to plant cocoa will result in loss of species and a reduction in overall 
biodiversity.  Total forest felling is obviously the least desirable of techniques for new cocoa 
plantings.  
 
Soil and Hydrology Impacts 
Cocoa cultivation can cause erosion by the removal of understory growth and exposure of soil.  
Both regular clearing of understory growth and stifling effect of cocoa leaves threatens the 
stability of the soil as it is exposed to erosion and nutrient leaching (Clay 2004).  
 
Full sun cocoa, large scale plantations and cultivation of higher yielding cocoa varieties are 
accompanied by increased agrochemical use in the form of pesticides, fungicides, herbicides and 
fertilizers. Shade cocoa is associated with relatively low agrochemical use compared to other high 
input crops such as coffee. Chemicals from the four categories of pesticides – organochlorines, 
organophosphates, carbamates, and pyrethroids – are used in cocoa with at least 9 of the 32 most 
commonly used substances listed on the Pesticide Action Network’s “dirty dozen” (Clay 2004). 
Paraquat and glyphosate are the most commonly used herbicides (Clay 2004, cited in Laird et al. 
1996).  
 
Full sun systems use more water than shaded systems. Erosion and lack of soil conservation 
measures in full sun systems can exacerbate the effect of agrochemical use by causing runoff to 
leach into waterways, damaging aquatic habitats. Groundwater in areas downhill from sun coffee 
plantations has been seriously contaminated by fertilizer nitrogen.  Levels have even exceeded the 
10 mg/L limit considered a human health hazard and nitrogen leaching in sun coffee has been 
measured at three times that of shaded plantations (Beer et al. 1998). Addition of shade trees can 
help mitigate the effect of nitrogen leaching as well as environmental contamination from 
pesticide and fungicide use in full sun cocoa systems.  
 
Ecological systems 
Ruf and Zadi (1998) mention negative effects of full sun cocoa production on rainfall patterns 
and overall ecosystem functioning.  
 
The effects on ecosystem-level processes of neighboring agricultural lands are a key 
consideration in assessing the impact of different cocoa farming systems. Border agriculture can 
affect light and humidity levels, litter fall and seed dispersal as far as 300m into undisturbed 
forest ecosystems (Siebert 2002). More research is needed on this subject (Rice and Greenberg 
2000).  
 
A note on sugar - as cocoa consumption is linked to sugar consumption, the increases in demand 
and production of cocoa will necessitate an increase in sugar cane production (Clay 2004).  Sugar 
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cane has a whole range of environmental impacts that would be worthwhile to consider in 
calculating the maximum environmental impact of cocoa cultivation.  
 
2.2.5 Cocoa and Biodiversity Principles 
 
The following principles have been culled from the reviewed literature on a system of cocoa 
cultivation that conserves biodiversity. 
 

o Integrate biodiversity and productivity objectives in farm planning 
o Assess local knowledge and rural dynamics 
o Select and multiply quality cocoa and companion tree varieties 
o Maintain floristic and structural diversity in canopy and include native species 
o Maintain constant canopy cover for microclimate stability 
o Maintain diverse flora such as epiphytes, lianas, and vines that provide habitat niches    
o Increase domestication and marketing of non-wood forest products (NWFPs) 
o Develop and market by-products 
o Promote farm products for the biological and/or certified product market 
o Limit access of domesticated animals to agroforest 
o Connect cocoa agroforests and forest patches to create green corridors 
o Research carbon sequestration and conservation payments 
o Promote and maintain synergy and feedback among research and development projects in 

the agroforestry sector  
o Legally protect highly threatened natural resources near farming zones (Sonwa et al., 

n.d., Asare 2006-1, Beer et al. 2003) 
 
Other important principles include: 
 
1) Enhance the diversity of farms in forest buffer zones 
Biodiversity often differs less between natural habitat and low intensity farming systems that 
between low and high intensity farming (Donald 2004). Farms should use low intensity methods 
in areas bordering on undisturbed forest ecosystems.  Increasing diversity in these buffer zone 
farms will decrease the stark transitional edge from forest to farm (Siebert 2002).   
 
2) Increase the productivity of biodiverse farms 
Diverse cocoa agroforests like those in Costa Rica and Cameroon have high biodiversity values 
but often not as high productivity values. Increasing the productivity of these farms without 
decreasing their biodiversity impact is a key solution for conservation.  Strategies include 
decreasing the altitude of cocoa trees for ease in pruning, disease control and harvesting; 
biological pest and disease control, replace unproductive cocoa trees with grafted improved 
varieties, introduce genetically improved fruit and timber species, and regulate the percentage and 
distribution of shade (Somarriba and Harvey 2003).  
 
3) Include biodiversity conservation in extension programs 
Technical assistance programs must orient their crop management training towards the 
preservation of biological diversity as well as to increased productivity.  Management practices 
like the eradication of exotic species and the promotion of native species should be encouraged to 
ultimately replace mature or over-mature canopy trees in the cocoa agroforest (Asare 2006-1). It 
is essential that farmers and their families understand the value of biodiversity and conservation 
and the tradeoffs between higher productivity and lesser ecological health.  Including 
participatory farm assessments in extension programs is one strategy to raise farmers’ awareness 
level (Somarriba and Harvey 2003).  
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4) Align research and farming priorities 
Studies show that the non-cocoa species in agroforests result from a combination of farmer 
preference, research recommendations and extension services. Farmers emphasize increased 
cocoa production but also the agricultural capacity to meet their daily household demands and 
needs.  Biodiversity and conservation-oriented researchers place only a very limited importance 
on the productivity of the cocoa tree and farmer preferences.  Technical cocoa research rarely 
encompasses the interactions between associated species, cocoa and biodiversity (Asare 2005, 
Asare 2006-1).  
 
For example, Ghanaian and Ivorian researchers published a long list of tree species that are 
claimed to be incompatible with cocoa and should be eliminated since they serve as alternative 
hosts for pests and diseases. Included on the list are Ceiba pentandra, Triplochiton scleroxylon, 
and Cola nitida, which happen to be preferred by farmers for economic and traditional reasons 
(Asare 2006-2). The research was clearly out of step with the cultural context of the recipients.  
There are promising new research directions attempting to align these divergent goals toward a 
holistic approach to sustainable cocoa.  An example is the current research initiative in West 
Africa to improve sustainable cocoa cultivation through the use of forest trees in Africa.  The 
project is a joint effort of the Danish Centre for Forest, Landscape and Planning, the World Cocoa 
Foundation and the STCP (Asare 2006-2).   
 

2.3  Socio-economic Aspects 
 
2.3.1 Livelihood Improvement 
 
Belsky and Siebert’s (2003) study of the cocoa boom among smallholders bordering the Lore 
Lindu National Park in Sulawesi, Indonesia unearths important connections between land tenure, 
forest protection, food security and sustainability. They found that smallholders are converting 
land formerly used for food crop cultivation to cocoa farms to capture high cocoa prices and 
account for losses of food and cash income formerly collected in forests.  This has largely been a 
result of the creation of the national park in 1982, which has rendered 230,000 ha of forest lands 
off limits for collecting (e.g. rattan) and agricultural use. These farmers are farming cocoa under 
full sun conditions and thus may be depleting the soil to the point that it cannot be easily 
converted back to food crop cultivation should the need arise. These farmers have generated a 
short term cash generating vehicle but the trade-off may be long term food insecurity.   
 
The Alternatives to Slash and Burn project in Cameroon has recommended combining promotion 
of perennial cropping systems on degraded land along with programs to increase productivity of 
food systems to offset the loss of land formerly used for this purpose. The project suggests 
promotion of the agricultural input supply system and of farmer organizations to offer production 
credits and distribute disease resistant varieties (ASB 2000). 
 
Cocoa farming in Costa Rica and Panama allows smallholders in remote areas to maintain a cash 
crop without cash investment. Cocoa is appropriate in this situation given that the beans, once 
dried, are not perishable and are relatively high value per weight (Somarribba et al. 2003). Shaded 
smallholder systems tend to have very low or nonexistent agrochemical use.  Although often a 
result of isolation and poverty, low agrochemical use is safer for the health and safety of farmers, 
their families and farm workers.  
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In some cocoa growing regions, such as the Dominican Republic and Belize, farmers have 
increased their profitability by accessing niche markets through environmental certification.  This 
is a promising strategy in some areas but not feasible in others.  For example, the government 
control of the Ghanaian cocoa sector precludes a price-based incentive system. The immigration 
and complex land tenure situation in Cote d’Ivoire make farm-based certification approaches 
unviable (Millard and Schroth 2006). 
 
Ecuador has recently seen a concerted effort by researchers, industry members and farmer 
organizations to preserve and promote their indigenous strains of fine, flavor cocoa.  Hybrid 
varieties grouped under the term nacional are characterized by a fruity aroma desired by gourmet 
chocolatiers.  The national-level initiative to preserve the nacional cocoa is designed to increase 
prices paid for this quality and in turn improve farmers’ economic situation.  
 
 
2.3.2 Markets and Price Incentives 
 
Cocoa must be profitable if farmers are to maintain cocoa as a crop over the long term and to 
choose cocoa over other available land use options. When considering the relative profitability of 
any cocoa cultivation model, price and its variability must be taken into account along with the 
effects of marketing chain consolidation, government policies and taxes, input and planting 
material costs and exchange rates. At a minimum, cocoa prices must cover the costs of 
production. Higher cocoa prices allow farmers to invest in inputs, planting material, new 
technologies or additional labor to maintain and improve the farm. Stable and fair prices are an 
important element of sustainability when combined with forest protection measures. Spikes in the 
cocoa price have also been causes of deforestation, driving farmers or migrants into primary 
forest to start new cocoa plots.  
 
The case of Sulawesi, Indonesia gives us an example of favorable economic conditions (if not of 
long term sustainable cultivation) for livelihood improvement for smallholders. The years when 
the cocoa price was high, Sulawesi smallholders enthusiastically embraced cocoa cultivation. The 
market chain was highly diversified with strong competition between buyers and middlemen as 
well as between input suppliers.  Surpluses in paddy rice production also contributed to cocoa’s 
success as farmers had access to cheap and plentiful food  (Ruf and Zadi 1998).  
 
Clearly the economic incentive must exist for cocoa farmers to undertake renovation of old 
plantations or invest in new plantings.  There is ample documentation that farmers management 
decisions are responsive to price incentives (ASB 2000). When cocoa prices fall, farmers often 
resort to farm abandonment, forest clearing or shade thinning. In Cameroon in the 1990s, farmers 
cleared forests to plant annual cropping cycles such as maize, plantains, cocoyams, groundnuts or 
palm in response to a price collapse due to liberalization. (Pearce AAAS, ASB 2000).  

 
The low prices of cocoa impact whether or not young farmers are willing to invest in cocoa. The 
age of cocoa farmers is one indicator of sustainability.  Cocoa is often called an old man’s crop 
because prices are not sufficient enough to interest youth in many rural areas (Pearce AAAS). 
Farmers age with their trees and they face compounded difficulties as their farm productivity 
decreases and they do not have sufficient family labor to undertake rehabilitation (Ruf and Zadi 
1998).  Successive and staggered farm rehabilitation through grafting and regular farm 
maintenance will help offset a sudden and overwhelming need for complete farm renovation all at 
once.  
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Markets for secondary crops on cocoa farms are necessary for the establishment and maintenance 
of cocoa agroforests (Ruf and Schroth 2004).  If farmers have access to transportation and 
markets for their secondary crops, this is incentive to invest in and manage a multicrop system. 
Gockowski et al. (n.d.) found that the regions of West Africa that had the highest number of fruit 
tree planting in association with cocoa had established road systems and were in close vicinity to 
urban markets where secondary crops could be sold.   
 
Farmers with diversified shaded systems can be encouraged to maintain and manage these farms 
by ecological certification systems and niche market premiums.  Organic certification for 
example, has allowed smallholders in Costa Rica and Panama to capture the value of their 
traditional low input farming practices.  However these initiatives must be examined carefully as 
organic standards do not necessarily require shade tree conservation or prevent new forest 
clearing. Environmental screens such as the Rainforest Alliance certification standards go farther 
towards comprehensive ecosystem sustainability however the price premiums may not be as 
attractive or accessible as organic.  
 
Recently there has been renewed discussion of international production agreements for 
commodities like cocoa and coffee (Koning 2006, Sustainability Institute 2003).  Although 
unpopular with consumer countries and international financial institutions, the relatively small 
number of cocoa-producing countries lends itself to a new international commodity agreement for 
cocoa that would aim to stabilize cocoa prices to farmers.  This could be important for WWF 
Vietnam to research as it contemplates an influx of cocoa supply onto the world market from new 
plantings. This concept is outside the scope of this study but is mentioned for its relative 
importance to future cocoa market stability.  
 
2.3.3 Diversification 
 
Diversification is an important risk management strategy. Diversified farms reduce farmers’ 
vulnerability to price shocks, market swings and pest and disease outbreaks. Additional crops add 
to a family’s bank of resources for food security and economic stability. Multi-strata diversified 
cocoa farms can provide firewood, construction material, traditional medicines, additional cash 
crops and food. In many cases diversification and market access play a critical role in a farm’s 
overall profitability and overall biodiversity impact (Duguma et al. 1998, Ruf and Schroth 2004, 
Parrish et al. 1998).  
 
Farmers have been shown to maintain intercropped systems even though this means lower 
productivity for the cocoa tree (Herzog 1994). Secondary crops such as timber and fruits may be 
able to compensate for the yield reduction associated with cocoa cultivation under denser shade. 
An example is the maintenance of cola nut trees by West African cocoa farmers for their revenue 
and cultural value even though the trees can be hosts to capsids that attack cocoa (Herzog 1994, 
Gockowski et al., n.d., Duguma et al. 1998, N’Goran 1998). Farmers are risk averse and a 
diversified system allows them to mitigate the risks associated with monocultures of an 
economically volatile commodity like cocoa.  The income needed by cocoa farmers with 
diversified farms to meet costs of production is half that of non-diversified farms (Rice and 
Greenberg 2000).  
 
There are often structural limitations to diversification for smallholders in terms of land, skills, 
capital or market access (Gooding n.d, Ruf and Zadi 1998).  Farmers may need expanded 
government services, extension assistance, credit, and the marketing strength of a producer 
organization to successfully diversify and/or add value to their existing crops. In some regions 
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farmers are legally prevented from capitalizing on intercropped and timber species on their farms, 
thus negating any incentive for investment in diversification (Asare 2006-2).  
 
Damage to the cocoa crop in felling of timber trees is also a concern as cocoa forms a fairly 
permanent canopy and is slow to recover from physical damage (Beer et al 1997). For this reason, 
the architecture (crown shape and characteristics) of timber tree species should be considered 
prior to introduction into cocoa farms.  A study on the damage to cocoa from the felling of laurel 
timber trees in Costa Rica found that the damage was low and should not present a limitation to 
farmers intercropping timber trees with cocoa (Ryan et al. 2003). 
 
In studies of shaded cocoa in West Africa, Gockowski et al. documented that food and revenue 
are generated from the edible fruit of indigenous mid and upper canopy trees such as the African 
oil palm (Elaeis guinneenis Jacq.), African plum (Dacryodes edulis (G. Don) H.J. Lam), bush 
mango (Irvingia gabonenis), cola nut (Cola acuminata & C. nitida) and ndjanssang 
(Ricinodendron heudelotii) along with introduced species such as citrus, mango, guava, and 
avocado. Farmers in this region also maintain timber trees in densities above those found in 
secondary forests (e.g. Lovoa trichilioides, Terminalia superba, Milicia excelsa, and Triplochiton 
scleroxylon). The timber is used for home use and the local construction trade.   
 
The Cameroonian model shows that the income from cocoa is in negative relationship to the level 
of shade on the farm however the consumptive value of the associated trees rises with shade 
level. If the farming family can market the secondary crops, they can be an important source of 
revenue. As cocoa revenue coincides with its major and minor harvests and is not generated on a 
consistent basis all year, it is helpful for farming families to have secondary sources of income in 
the months without cocoa sales. These systems can be financially viable even through collapses 
in the cocoa price because farmers have multiple crops to depend on combined with reduced 
ecological risk from pests and diseases (Sonwa et al. 2001).  
 
Costa Rican farmers have been successful in marketing secondary crops from their diversified 
farms. Organic banana for export has become a vital income generator and smaller volume fruit 
crops sold in the national market contribute significantly to family income and overall economic 
stability. The farms in this region that are farthest from buying centers for sale of secondary crops 
tend to maintain the highest number of forest remnant tree species.  The less remote farms tend to 
plant trees that yield secondary crops (Parrish et al. 1998). Proximity to markets is especially 
important for perishable crops.  Small scale, organic banana production intercropped with organic 
cocoa and other fruit trees has been shown to be profitable relative to labor costs. A 2001 study 
showed that the cocoa–banana system generated US$11.6/labor day compared with a wage of 
US$7.27/day. The farms that had only cocoa generated US$5.50/labor day, showing the value of 
diversification (Dankers 2003 as cited in Deugd, M. 2001).  
 
2.3.4 Cultural Values, Local Knowledge and Participatory Development 
 
Agroforests, integrated shade management and biodiversity conservation are laudable goals in 
cocoa development projects however the willingness of farmers to adopt new farming practices 
must be assessed prior to any development plan. It is important to know farmers’ knowledge, 
beliefs and management techniques and establish a participatory system to engage the farmers in 
the process (Sonwa et al., n.d., Vos 2003). This has been done with considerable success through 
Farmer Field Schools of the STCP in West Africa (Wandji et al. 2005).  
 

The conservation of biodiversity depends on how farmers establish and maintain their cocoa farms 
and their intensity of hunting and exploitation of useful plants. …The farmer’s attitude toward 



 29

biodiversity and conservation is a determining factor. (Somarriba and Harvey 2003, author’s 
translation) 

 
Farmers often have considerable knowledge about the interactions of fauna and flora on their 
farms but may not fully consider biodiversity conservation in their farming decisions. Extension 
programs which engage farmers in decision making exercises which consider the long term 
effects of biodiversity conservation will enhance the capacity of farmers to be positive agents for 
conservation.  
 
The cultural knowledge and background, attachment to the land and societal stratification is 
important to understand in any cocoa development intervention. Do the farmers have land tenure 
and long term experience with cocoa farming or are they recent immigrants with tenuous 
ownership of the land with relatively little cocoa experience? These cultural factors have largely 
shaped the cocoa growing landscape of the world’s largest producer, Côte d’Ivoire8. The Ivorian 
government enticed migrants to establish cocoa farms with favorable policies and subsidies. 
Migrants coming from northern savannahs accustomed to open field cultivation and full sun food 
crops cleared forest lands to plant cocoa in full sun.  Resident cocoa farmers tended to farm under 
a shade canopy with the goal of lengthening the farm’s productive lifespan and providing an 
inheritance for their children. Migrants tend to have a shorter term perspective due to uncertain 
land tenure.  They may not stay beyond the 20-25 year span of a full sun cocoa farm (Ruf and 
Zadi 1998, Ruf and Schroth 2004). Lack of land tenure is a strong disincentive to sustainable 
cocoa farming. 
 
Likewise in southern Cameroon and southwest Costa Rica, the majority of cocoa farmers is 
indigenous to the regions and is farming cocoa in highly diverse cocoa agroforests. While culture 
is not the only factor in determining cultivation decisions, it must be considered in the 
development of a sustainable cocoa program.  
 
2.3.5 Labor 
 
Access to affordable farm labor is a key and often limiting concern for cocoa farmers in many 
regions. Labor is an understudied factor in economic studies of cocoa farming (Beer et al. 1998). 
The pay scales and availability of farmworkers will affect farm profitability and the choice of 
management regime.  In Cameroon, Panama and Costa Rica, farmers have organized associations 
of mutual aid which allow for collective support for farm work in a cooperative and affordable 
manner (Sonwa n.d., Somaribba et al. 2003).  
 
Cocoa farming, as with many smallholder crops, is cultivated by families working together.  This 
can be a strategy for profitable farming as well as an important cultural tradition.  However the 
conditions of children working on farms must be humane, not dangerous to their health and not a 
barrier to their education.  Well developed rural education systems combined with fair crop prices 
will enable farmers to send their children to school and pay for any additional labor needed.  
 
2.3.6 Gender Equity 
 
In considering the definition of sustainable cocoa, we need to consider its sustainability at the 
family level. Cocoa is a cash crop and typically its revenues will be collected by male members of 
the farming family. Although there are many women cocoa farmers and women are often 

                                                 
8 See Ruf and Schroth 2004: p114-124 for an indepth look at Cote d’Ivoire’s cocoa history and the socio-economic, 
political and environmental factors that shaped cocoa development in that country  
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involved in harvesting and/or processing of the pods, it is important to consider whether cocoa 
allows women access to cash or the benefits of the cocoa harvest. Many of the secondary crops on 
cocoa farms are processed and marketed by women increasing the gender equity and distribution 
of farm income within the family (Schreckenberg et al. 2002; Sonwa n.d.). In addition, these 
secondary species can be important food sources for the farming family. Women are traditionally 
responsible for the nutrition needs of rural families.  
 
2.3.7 Land and Resource Tenure 
 
The land and tree tenure system of each cocoa growing region is important to understand the 
opportunities and incentives available to the owner or tenant farmer.  
 

“In the case of Cameroon, however, Egbe (1996) states that the poorly conceived tree tenure 
system is a major factor that inhibits participation in tree management, agroforestry and 
regeneration programmes.”(Schreckenberg et al. 2002)   

 
Cameroonian law states that only the land owner can plant trees and their production is regulated 
by the state. Schreckenberg et al. (2002) surveyed four communities in Cameroon and found a 
high correlation between land and tree ownership. Farmers renting land do not have rights to 
plant trees. Similar dynamics are the historical norm in Côte d’Ivoire and Ghana.  Timber 
companies can cut timber trees on farm for the state and the farmer gets paid very little and has 
the cocoa farm damaged in the process (Ruf and Zadi 1998).  Farmers must have the economic 
rights to trees on their farms to create incentives for replanting or maintaining shade, timber and 
fruit trees. Côte d’Ivoire has begun changing its policies and timber markets were opened to 
farmers in 1999, legalizing commercial timber sales and making them less subject to informal 
taxation.  Although there is no discernible change in farm management yet, once this opportunity 
is realized by farmers it should provide an incentive to manage timber species on their farms (Ruf 
and Schroth 2004).  
   
Conversion of rotating food crops to permanent full sun cocoa farms in Sulawesi, Indonesia has 
disrupted the traditional land ownership system (Belsky and Siebert 2003).  The land has 
traditionally been owned collectively with farming rights being granted by local community 
authority.  High income cocoa trees have created individual ownership, sometimes by outside 
investors who have purchased land to take advantage of high cocoa prices. As smallholders are 
pushed out by cash crop cultivation, they increasingly search for new land to cultivate and where 
none exists they are forced to become farm laborers. This increases rural conflict and social 
instability (Belsky and Siebert 2003).  
 
2.3.8 Inputs Markets 
 
A well developed and competitive market for inputs for cocoa farming favors intensive cocoa 
farming systems.  In the renovation of the cocoa sector in Cameroon, the liberalization of input 
markets in 1992 and increased competition have made inputs more accessible and affordable for 
farmers (ASB 2000). The effect of this can also be seen in the intensified cocoa production in 
parts of Sulawesi, Indonesia (Ruf and Zadi 1998).  
 
2.3.9 Infrastructure and Transport 
 
Efficient cocoa sectors require functional transportation and infrastructure such as good roads, 
economical vehicles and grouped processing and buying stations (ASB 2000).  This is equally 
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true for the success of intercropping systems in which farmers have incentive and accessibility to 
markets for their secondary crops as well as their cocoa harvests.  
 
 
 

3 BEST PRACTICES FOR SUSTAINABLE COCOA DEVELOPMENT 

3.1 Comparison of Cocoa Cultivation Models 
 
 
The following table describes the cultivation techniques and characteristics of the three 
cocoa models discussed in Section 1. 
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TABLE 1. COMPARISON OF CULTIVATION TECHNIQUES IN DIFFERENT MODELS 
 
FARM 
MODEL 

FARM ESTABLISHMENT  
 

REHABILITATION & 
REPLANTING  

PEST & DISEASE  
CONTROL 

AVECOCOAYIELD 
& LIFE SPANS  

COCOA 
VARIETIES 

Diverse 
cocoa 
agro-
forest 

a) Forest is thinned to make space for 
cocoa planting.  

b) Forest species are left and the 
canopy remains largely intact 

c) Land cleared by hand 

Seedlings are planted in light gaps; 
improved varieties grafted onto existing 
trunks 

Cultural  controls, 
biological controls, low 
use of inputs, some use 
of copper fungicides 

300kg/ha 
Up to 60 yrs 

Traditional varieties 

Selective 
shade 
cocoa 

a) Cocoa planted under remaining 
forest and introduced trees;  

b) or a mix of cocoa, shade and 
agroforestry crops are planted on 
cleared land;   

c) land cleared by slash and burn in 
some cases  

Old, unproductive trees are removed; 
seedlings planted in light gaps; improved 
varieties grafted onto existing trunks 

Moderate use of 
fungicides and 
pesticides 

500-2500kg/ha 
depending on intensity 
of management 
9-20 yrs 

Mix of use of 
traditional and 
improved varieties 
 

Full sun 
cocoa 

a) Cocoa planted on cleared forest land 
or on degraded land under shade of 
food crops or fruit trees  

b) land cleared by slash and burn  

Unproductive trees removed when yields 
decrease or used for side grafting new 
planting material (8-20 yr cycle 
depending on variety used) 

Regular use of 
pesticides and 
fungicides; disease and 
pest-resistant varieties 

2500-4500kg/ha 
6-20 yrs 

High yielding, disease 
resistance hybrids 
 

 
TABLE 1. Continued 
FARM 
MODEL 

PLANTING DENSITY INTERPLANTED SPECIES / 
SECONDARY CROPS 

SHADE CANOPY  
 

SHADE 
MANAGEMENT 

Diverse 
cocoa 
agro-
forest 

Cameroon:  
Timber species 6-7 trees/ha in >10m 
strata  
Fruit trees at 4 trees/ha 
Brazil:  
68-76 upper canopy trees/ha  
724-1000 cocoa trees/ha 

Timber, fruit, medicinal plants, food crops 
such as: 
Cameroon: native African palm, citrus 
Brazil: rosewood, brazilwood, cedars 
Costa Rica: banana, plantain, laurel, guaba  

Multi-strata of primary and secondary forest 
species; up to 50 species forming a closed 
canopy; >10 forest remnant species; upper 
strata 20-40m; structural complexity; high 
floristic diversity; 40-70% shade cover  

Intermittent pruning of 
lower canopy trees; 
occasional felling of 
timber and shade trees 

Selective 
shade 
cocoa 

Ghana/Cote d’Ivoire: 
Cocoa 3x3 spacing 1111 trees/ha 
Fruit trees 24x24m (34 trees/ha) 
Timber 12x12m later thinned to 
24x24m 

Timber, fruit and food crops such as: 
Ghana: orange, avocado pear 
Ecuador: banana, cassava, papaya, maize, 
citrus, Inga 

20-40% shade cover; some forest remnants 
mixed with planted fruit and timber species; 
Upper stratum 20m or less;  

 Shade is thinned or 
cleared to encourage 
productivity 

Full sun 
cocoa 

Malaysia/Philippines:  
2000-4000 cocoa trees/ha 
1:1 planting of food crops and cocoa 
seedlings 

Fruit and food crops are used to shade cocoa 
seedlings and removed when cocoa matures 
Cote d’Ivoire: plantains, yams, taro, etc 

Shade used only for cocoa seedlings, removed 
when cocoa matures 

Cocoa canopy is kept low 
for ease in harvesting and 
pest/disease control 
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3.2 Best Practice Guidelines for Sustainable Cocoa Development 
 
The best model for sustainable cocoa that protects biodiversity is multi-strata cocoa agroforests 
that are characterized by a diverse population of flora and faunal species along with a mix of 
economically valuable crops.  The abundance and diversity of flora and fauna should be rich 
enough to maintain ecosystem integrity and species viability on a landscape level. These 
agroforests must also be appropriate for the local social context, meet farmers’ economic and 
household needs in terms of short term cash crops and long term diversified stability. Although 
cocoa agroforests should not replace natural ecosystems, as many species require intact forests, 
they can be important habitat links in a rapidly fragmenting landscape. Cocoa has its greatest 
biodiversity value when grown in a diverse manner in the buffer zones of protected forest to 
enhance forest species survival and functional habitats (Parrish et al. 1998).  
 
This section first presents the conclusions of several studies on conservation-oriented cocoa 
agroforestry then highlights best practices9 for specific parameters such as soil, shade and 
productivity. Recommendations for post harvest processing are not included as fermentation and 
drying methods do not directly affect biodiversity conservation.  Best practices are presented as 
bullet points with discussion following each bulleted list.  
 
Conclusions of A Review On Cocoa Agroforestry As A Means For Biodiversity Conservation: 
Asare’s (2006-1) concluding recommendations include developing strategies suited to the 
particular context that are ‘ecologically possible, socially adoptable and economically gainful’:  
 

o place-based agronomic and ecologic research to determine appropriate guidelines for 
agroforestry success 

o local models which have been developed in concert with local norms and practices rather 
than models imported from research or foreign sources 

o participatory methods to utilize farmer knowledge and build stronger ownership and 
adoption of new ideas/methods 

o assessing the short and long term economic gains vis-à-vis relative investment and 
accessible assets and credit of farmers in question to ensure that the proposed model will 
be economically feasible and attractive 

o policy alignment – to consider overlapping regulations, laws and policies that affect the 
landscape area and production zones to ensure that biodiversity-friendly production can 
succeed within the local, national and regional policy and legal frameworks 

 
Strategies learned from the Conservation International conservation cocoa programs: 
(Millard and Schroth 2006, Asare 2006-1) 
 

o Incentives must be designed for unique local situation (inc. political, cultural)  
o Objective must be clear during design stage  
o Approach must have a landscape perspective to support conservation  
o In commodity-based projects all value-chain players must be involved, while area-based 

approaches depend mainly on the policy environment  

                                                 
9 See Vos et al. 2003 CABI cocoa manual for hands-on exercises on best practices such as pruning, agro-ecosystem 
analysis, composting, fertilization, grafting, etc.  
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o Work with whole communities rather than farmer organizations consisting of dispersed 
farms  

o Rehabilitation of old farms 
o Incentives in return for agreements to intensify rather than deforest, not to hunt certain 

species, to use shade, etc.   
o Extension service to improve crop management  
o Diversification of farm income and crops for home use 
o Preservation of forest remnant trees for canopy integrity and habitat conservation 
o Sustainable cocoa involves less agrochemical use, lowering costs and human health risks 

 
Talamanca Biological Corridor project findings using cocoa as a conservation tool  
(Asare 2006-1, CATIE 2000, Parrish et al. 1998, Reitsma et al. 2001): 
 

o In areas with abandoned cocoa farms it is more profitable for farmers to use intensive 
management practices for greater productivity rather than reclaiming abandoned cocoa 
farms, which may be on their way to forest regeneration in heavily degraded landscapes.  

o Faunal population stability: In order to prevent cocoa habitats from being population sinks 
for tropical biodiversity, it is advisable to determine the long-term sustainability of faunal 
populations with different cocoa management intensities.  

o Plantation size effect: It is essential to compare the biological value of similarly managed 
plantations that differ in size, since smaller plantations may reach a threshold of forest 
biodiversity capacity due to their being influenced by surrounding land uses.  

o Promoting biodiversity compatible chocolate products 
o Research the potential of organic cocoa to evaluate the extent to which organic and 

biodiversity criteria may be integrated 
o Combine biodiversity and socio-economic work to ensure recommendations are applicable 

and adoptable in the local context 
o Explore innovative economic incentives to encourage biodiversity-compatible cocoa (i.e. 

ecosystem services payments, carbon offsets, and integration of buffer zone cocoa into 
park management plans with financial support 

 
 

3.2.1 Climate, Soil and Water  
 

 Deep, fertile, well-drained and aerated clay loam soils with an optimal soil pH of 6.7 
 Precipitation rates between 1500-2000 mm annually 
 Temperatures between 18 and 32 degrees Celsius 
 Use forest cover or windbreaks to protect cocoa from heavy winds  
 Dry seasons lasting no more than three months 
 Consistent shade cover to build up leaf litter and soil mulch 
 Organic fertilizers such as livestock manure, composts and plant teas  
 Selective removal of problematic weeds however leaving vegetation that does not harm 

cocoa plant or impair farm management  
 Weeding by manual chopping with a machete 

 
Cocoa grows naturally in the lower level of the evergreen tropical rain forest. This habitat 
provides heavy shade and rainfall, uniform temperature and constant relative humidity. This 
habitat is typically found within 10º of the equator.  
 
Cocoa grows best in deep, fertile, well-drained and aerated clay loams (Belsky and Siebert 2003, 
Clay 2004). It is not advisable to grow cocoa in shallow, poorly drained or degraded soils 
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although it can be done with fertilizers and improved varieties. The optimal soil pH for cocoa is 
6.7 however cocoa is grown on soils with  pH much lower than this (Gockowski et al., n.d.).  
 
Ideal precipitation rates are between 1500-2000 mm annually but cocoa can be grown within a 
range of 1250-3000mm per year with a dry season lasting no more than three months.  Cocoa 
cultivation can be hampered by either waterlogging or extended drought conditions. Average 
temperatures should be between 18 and 32 degrees Celsius with an absolute minimum of 10 
degrees C.  Damage from heavy winds is a concern and cocoa trees should be protected by forest 
cover or windbreaks (Clay 2004).  
 
Data is scarce on the water requirements for various cocoa cultivation models. Zuidema et al. 
(2005) found in their simulation model of 10 cocoa growing areas that yields are strongly 
influenced (negatively) by water availability in the dry season and soil type. Yields are 
significantly lower in dry seasons in areas of clayey and sandy soils (in this case in Malaysia and 
Brazil respectively) given their lower water retention capacity. Loamy soils (in Nigeria) were able 
to retain more water and maintain yields with lower available precipitation. These results came 
from a new cocoa modeling exercise however and may not be dependable for planning purposes.  
 
Soil nutrients must be maintained and augmented as the cocoa farm ages. This is particularly true 
if cocoa is being grown on poor soils or without shade. Densely shaded cocoa farms have a higher 
capacity for nutrient cycling and the soil nutrients can be maintained for quite some time without 
augmentation. Leaf litter from cocoa and overstory trees forms soil mulch, which helps to retain 
soil nutrients, prevent leaching and control weeds. Leaf mulch can also host saprophytes that can 
reduce pathogens on infected pods and plant material on the ground. The ongoing use of synthetic 
fertilizers can cause problems of depletion of organic matter, deterioration of soil structure, and 
soil acidification (Vos 2003). Organic fertilizers are the recommended practice where possible.  
These include livestock manure, composts and plant teas that act as liquid manures.  
 
Harvesting and removal of wood and other biomass will deplete the farm’s nutrient bank.  Best 
practices include selective removal of problematic weeds such as vines, grasses and tall broad-
leaved weeds however leaving vegetation that does not harm the cocoa plant or impair farm 
management or harvesting.  Weeding is best done by manual chopping with a machete.  
 
 
3.2.2 Shade Management  
 

 Use shade to establish cocoa seedlings or new grafts 
 Balance long term productivity with maintenance of ecological services in farm planning 
 Optimal shade levels between 20-30% of full light with a maximum between 40-70%  
 Manage shade and use cultural practices (i.e. pruning,  infected pod removal) to control 

fungal diseases  
 Maintain high numbers of native fruit, timber and medicinal tree species 
 Maintaining or plant threatened tree species or those that provide food or habitat to 

threatened fauna or flora 
 Overlay research on use of tree species by forest organisms with agronomic information 

for tree species selection criteria 
 
Shade management is the practice of selective thinning, natural regeneration, or propagation of 
native forest trees and/or the planting of shade trees to achieve optimal light levels for cocoa 
production. Shade management is an integral part of sustainable cocoa agroforestry (Vos 2003).  
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Shade management is a long-standing issue of debate among cocoa researchers and farmers (Ruf 
and Zadi 1998, Beer et al. 1998). The literature is clear that shade is necessary to establish new 
cocoa seedlings but the ‘optimal’ levels of shade as the trees mature depends upon particular site 
conditions, tree variety and age, planting densities, secondary crops and management objectives. 
The level of shade canopy will be denser if the goal is to maintain or build biodiversity with 
moderate production levels over the long term. If the goal is maximum productivity over the short 
term a mild or no shade regime is preferable. The goal for biodiversity-compatible cocoa 
management is a balance between long term productivity of the agroforestry system and 
maintenance of ecological services.  The only case in which a no or low shade regime may be 
compatible with biodiversity conservation is when it is done on a rotating basis on formerly 
cleared and/or degraded land (Clay 2004).  It is not recommended for use in areas of pre-existing 
tree crop cultivation or of remaining unprotected primary forests.  
 
Shade levels notably influence cocoa productivity.  The literature agrees that shade levels 
between 20-30% of full light is best for growth and maximized long term productivity of the 
cocoa tree (Duguma et al. 1998, Belsky and Siebert 2003) with a maximum shade level of 
between 40% and 70% for continued productivity (Beer et al 1998). Studies on Ivorian cocoa 
farms show that shaded cocoa trees produce less than half the number of pods per tree than those 
under full sun (N’Goran 1998).  Modeling of cocoa farms in 10 locations worldwide found that 
dense shade (>60%) reduced bean yield by more than one third; yields dropped only 10% under 
light shade (<of 25%) (Zuidema et al. 2005).  The increased yields of lightly shaded cocoa are a 
tradeoff for a short production life cycle, high input levels and labor requirements. 
 
Shade levels affect incidence of pests and diseases in cocoa farms.  Fungal diseases such as Black 
pod (Phytopthora spp) and Moniliophthora roreri flourish as humidity rises with shade density 
(Johns 1999, Ruf and Schroth 2004).  In areas where these diseases are significant threats, shade 
must be managed judiciously in concert with cultural practices such as pruning and infected pod 
removal.  Full sun cocoa however is more susceptible to pest and disease outbreaks than shaded 
cocoa. Outbreaks of mealybugs (Homoptera) and Anthracnosis fungal disease are associated with 
full sun conditions (Beer et al. 1998).  
 
The composition as well as the density of the shade canopy is important to the biodiversity 
conservation value of the farm. Best practices include maintaining high numbers of native fruit, 
timber and medicinal tree species to sustain wildlife populations and ecosystem functionality 
(Gockowski et al. n.d.). Particular attention should be paid to maintaining or planting threatened 
tree species or those that provide food or habitat to threatened fauna or flora (Somarriba and 
Harvey 2003).  
 
Beer et al. (1998) note that shade tree selection should be based on existing research combined 
with studies of the interactions between and within components of shaded farms in different 
environmental and socio-economic circumstances to develop recommendations tailored to the 
particular site and/or species. Donald (2004) recommends ‘regional assessments of use of shade 
trees by forest organisms of selected major taxa overlaid on information garnered on the 
silvicultural and agronomic properties of the same tree species’.  
 
The choice of appropriate trees to maintain or plant with cocoa depends on the regional and site 
conditions as well as farmer preference and resources. Trees that are suitable in one place can fail 
in another. Some species, like the cola nut tree, can suffer some of the same diseases and harbor 
many of the same major insect pests as cocoa.  Choice of species will be influenced by local 
factors, such as growth habit, how easy it establishes, controlling growth once established, 
competition with cocoa and susceptibility to cocoa pests and diseases (Vos 2003).  Timber 



 37

species that grow slowly but are of high quality will provide insurance for the future, whereas tree 
species that produce fruits, nuts, resins, etc. offer more short term economic and wildlife 
sustenance value (Somarriba and Harvey 2003).  
 
Asare (2006-2) presents a helpful decision making framework for farmers to determine the most 
desirable tree species for shade and economic diversification.  See Annex 1 for a comparative 
table of the advantages and disadvantages of seven commonly used shade species for cocoa (Vos 
2003); see Annex 2 for a comparative table of issues in choosing shade from forest remnants vs. 
planted shade (Parrish et al. 1998).  
 
Shade management decisions also depend on farmers’ technical expertise and economic 
resources.  Low shade farms often occur in areas of more affluent, educated farmers. Inputs and 
labor and the associated revenue or credit to maintain these are needed for successful intensive, 
low shade farms.  
 

[There are] many reported advantages and disadvantages of shade trees … but it appears 
that the fundamental question, when planning the renovation or establishment of coffee 
and cacao plantations, is whether the owner has the site, education and resources to 
maintain these crops without shade. (Beer 1987)   

 
Figure 1 from 
Gockowski et al., 
(n.d.) shows the 
relationship 
between levels of 
shade, diversity 
and cocoa income.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2.3 Pruning 

 
 Prune cocoa trees to 2-3 m height 
 Do heavy pruning after the main harvest, just before the onset of rainy season 
 Do maintenance pruning (i.e. thin branches, remove old or deadwood) throughout year 
 Use a pruning or ordinary saw for large branches, sawing close to the stem, making the 

cut perpendicular to the direction of the stem 



 38

 
Pruning is necessary for sustained cocoa production regardless of the particular cultivation model 
used. Pruning involves thinning of branches and removal of old or deadwood. This allows 
nutrients to be channeled to pod development thus increasing the productivity of the tree. 
Through proper pruning practices, the farmer shapes the trees to facilitate harvesting and pest and 
disease control. Regular pruning can help control pests and diseases. For example, strategic 
pruning can allow light to filter into the farm, thus preventing or controlling fungal diseases that 
proliferate under humid, densely shaded conditions.  
 
There are two levels of pruning: heavy pruning and maintenance pruning. Heavy pruning 
involves significant tree shaping. Cocoa trees should be pruned to a height of two to three meters. 
This type of pruning should be done during specific times of the year, preferably after the main 
harvest and just before the onset of the rains. This will need to be verified in the cropping 
calendar of the particular farm. Maintenance pruning should be carried out throughout the year, 
whenever the farmer is in the field (Vos 2003, Somaribba and Harvey 2003).  
 
The farmer also needs to assess the appropriate method for pruning. The objective is to limit the 
possibility that a pruning wound becomes an entry point for diseases and pests into the tree. For 
large branches, use of a pruning or ordinary saw is recommended rather than perhaps a machete, 
sawing close to the stem, making the cut perpendicular to the direction of the stem (Vos 2003). 
 
 
3.2.4 Improving Yields of High Quality Cocoa 
 

 Shade management for long term productivity 
 Strategic use of pesticides and fungicides 
 Organic fertilization  
 Regular pruning 
 Use grafts or seedlings of cocoa varieties bred for productivity, disease resistance and 

quality 
 Remove 3-4 cocoa trees/ha as cocoa farm ages 
 Standardize fermenting and drying for consistent quality 
 Develop market links for high quality cocoa  
 Use quality price premiums as incentives 
 Include environmental criteria in quality premium calculation 

 
There are two categories of recommendations regarding productivity: increase the productive 
lifespan of the tree or to shorten it for higher yields in a rotating cultivation model.  The 
techniques recommended to lengthen the life cycle of the cocoa tree include planting trees or 
managing existing shade, strategic use of pesticides and fungicides, organic fertilization and 
pruning. Grafting improved varieties onto existing cocoa trunks and planting seedlings of 
productive varieties into light gaps can renovate existing cocoa agroforests thus extending their 
productive life. As the cocoa farm ages, it is recommended to remove three to four trees per 
hectare to rejuvenate older trees and allow for seedlings and/or grafts to develop (Ruf and Zadi 
1998).   
 
The recommendation for rotational cocoa cultivation is for use of improved cocoa varieties bred 
for high productivity and disease resistance.  These varieties will bear fruit sooner than traditional 
varieties but must be replaced within 6-8 years (Clay 2004).  This is a monoculture model and 
may have severe environmental impacts if used in forested regions.  
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There has been a renewed emphasis on cocoa quality in cocoa research and development efforts 
(Laine 2001).  The quality of cocoa beans is determined by cocoa variety, cultivation conditions, 
proper harvesting, post-harvest processing and storage. The use of cocoa varieties that are bred 
for both productivity, disease resistance and quality (e.g. large beans, high fat content, flavor) can 
allow the farmer to capture additional value per tree thus increasing the farm profitability 
(Somarriba and Harvey 2003). If improved varieties are not available to farmers, they can 
propagate seedlings from the most productive trees on their or their neighbors’ farms. Farmers 
can also improve bean quality by standardizing their fermenting and drying processes, thus 
producing a consistent product.  The chocolate manufacturing industry has shown increasing 
willingness to pay premiums for high quality cocoa (GTZ 2002).  
 
There is very little documentation of the links between cocoa varieties and biodiversity levels. 
The shade models done by Gockowski et. al (n.d.) do show that a negative effect can be seen in 
the use of improved varieties in Côte d’Ivoire and Cameroon.  High yielding Amazonian varieties 
were distributed in Côte d’Ivoire with recommendations for fertilizer and low shade (or often full 
sun). The result was widespread deforestation. There is evidence however that these same 
varieties could be effectively grown under mild shade with lower yields/tree (Ruf and Zadi 1998). 
There is more research needed on cocoa varieties that can combine high productivity, disease 
resistance and shade tolerance.  
 
The literature suggests that research should be directed away from short term yield maximization 
towards sustained, if lower, yields of quality cocoa for smallholders over time, especially for 
those farmers on marginal land (Beer 1987).  With sufficient market access and developed quality 
control programs, smallholders can produce a consistent crop of high quality cocoa and receive 
premium prices.  Premium prices for high quality cocoa can compensate for the lower yields of 
shaded systems, thus meeting both economic stability and conservation goals.  A national strategy 
in Vietnam of diverse cocoa agroforests accompanied by quality control training and widespread 
propagation of improved planting material could offset the potential danger of overproduction 
and a subsequent cocoa price collapse.  This strategy could generate significant income for 
farmers while not endangering market stability and promoting a cultivation model compatible 
with conservation.  
 
There is the danger that cocoa quality premiums can cause increase deforestation and full sun 
cocoa cultivation as farmers ramp up production to capture quality premiums. Incentives to 
maintain shade species must accompany a quality promotion program.  An effective strategy to 
accomplish this is to include environmental criteria as part of the quality premium calculation.  
 
 
3.2.5 Pest and Disease Control 
 

 Use integrated pest management (IPM) with cultural control of diseases 
 Monitor climatic conditions, particularly temperature and humidity, watch for signs of 

pests, and use insect traps to identify pests 
 Regular routine of farm maintenance (i.e. chupon removal, weeding, removal and 

destruction of infected pods and branches) 
 Use pest and disease resistant varieties 
 Use agrochemicals as last resort and then in a judicious and minimal way 
 Conserve beneficial species (natural enemies) by limiting pesticide use and/or choosing 

to use less harmful substances 
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Pests and disease accounts for some 30% loss in global yields of cocoa.  Site-specific losses can 
range from 10 to 80% (Duguma et al. 1998).  In general the best practice recommendation 
throughout the literature is for an integrated pest management (IPM) regime combined with 
cultural control of diseases. IPM strategies have been increasingly advocated as problems with 
intensive agrochemical use have surfaced.  These include increased pesticide resistance among 
pests, killing of natural pest enemies, and the health concerns and expense of agrochemicals 
(Wandji et al., 2005).  Central to the success of the IPM approach are cost effectiveness, access to 
affordable and safe inputs, and training support on the use of agrochemicals and biological 
control agents.  
 
IPM can reduce input costs as well as increasing product quality. The success of an IPM program 
depends on how well the farmer manages his crop. Farmers need to know the conditions of their 
crops and the pests and diseases in the field so that they can determine appropriate strategies. 
Monitoring techniques include noting climatic conditions, particularly temperature and humidity, 
watching the crop for signs of pests or pest damage, and using insect traps to identify pests. 
Ideally this kind of information should then be recorded so that it can be used for deciding a 
particular course of action. For instance, some pest damage can be tolerated by a plant without 
detrimental effects to the crop but a farmer should be aware of increasing levels of the pest before 
it presents a major problem (New Agriculturalist Online). 
 
A regular routine of farm maintenance involving chupon removal, weeding and removal and 
destruction of infected plant material (pods and branches) is probably the single most important 
method for managing many key cocoa pests. The use of pest resistant varieties is also a very 
valuable IPM strategy. 
 
Farmers using IPM use agrochemicals as the last resort and then use them in a judicious and 
minimal way. An important strategy to minimizing the need for pesticides is the use of natural 
enemies already present in the field.  Conservation of beneficial species is a key cornerstone of 
IPM / ecological production systems. These species can be preserved by limiting pesticide use 
and/or choosing to use less harmful substances such as Trichoderma stromaticum, a biocontrol 
agent used in Brazil against Witches’ Broom. Detailed recommendations for IPM for specific 
pests and diseases are detailed in CABI Bioscience’s cocoa manual (Vos 2003).  
 
 
3.2.6 Full sun production on degraded lands 
 

 Use when appropriate for regeneration of degraded lands 
 Use productive, disease resistant cocoa varieties  
 Judicious use of pesticides, herbicides and fertilizers  
 Access to credit for inputs and labor  
 Ongoing technical assistance to ensure forests are not cleared for cultivation 
 Protect nearby tracts of forest from clearing and extractive activities 

 
In some cases full sun cocoa production may be the best avenue for regeneration and use of 
degraded lands (Clay 2004, Ruf and Zadi 1998).  Full sun intensified production involves 
productive, disease resistant cocoa varieties combined with a regime of pesticides, herbicides and 
fertilizers.  
 
Inherent in this model is the need for cash or credit to purchase the inputs and hire the necessary 
labor, unless ample family labor is available. Intensified production brings the risks of investment 
and the need for education, switching the dynamic of cocoa farming away from the remote 
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smallholder who primary tends the trees to a more educated business-oriented farmer.  This 
model can be desirable in certain situations but involves risks to both biodiversity conservation 
and economic sustainability if it is not accompanied by a well-developed system of ongoing 
technical assistance that ensures farmers are using these techniques on degraded land only and not 
clearing forests.  Efforts must also be made to ensure that this model does not cause the 
displacement of lower resource farmers (Herzog 1994, Clay 2004).  
 
If we assume that the best practice for degraded lands involves intensified cocoa production, there 
must be a parallel effort to protect nearby tracts of forest.  If farmers institute intensified cocoa 
production there must be a plan for the use of nearby forest so that other needs of local 
populations for food, fuel, building materials and medicine are not transferred to the remaining 
forest patches (Herzog 1994).   
  
3.2.7 Planting Techniques 
 

 Use food crops for temporary shade for cocoa seedlings  
 Cocoa planting density 3 x 3m 
 Fruit tree planting density 24 x 24m (total 34 fruit trees/ha)  
 Timber and nitrogen fixing shade species initial density 12 x 12m, then thinned to 24 x 

24m 
 Plant cocoa from seed by direct seeding, transplant seedlings from polybags or bareroot 

seedlings 
 Select seeds from healthy pods from productive, disease resistant trees 
 Establish on-farm or community nurseries 

 
The recommendations in this section come from the trainings manuals of CABI BioScience (Vos 
2003) and Forest & Landscape Denmark (Asare 2006-2) unless otherwise cited. 
  
There are three commonly used models of establishing diversified cocoa farms: 

o Planting cocoa with food crops 
o Integrating fruit trees in existing cocoa 
o Integrating timber and nitrogen foxing trees in cocoa 
o A mixture of two or all of the above 

 
In new cocoa plantings on plots of no or low shade, food crops can provide necessary shade to 
cocoa seedlings in the first few years. Food crops can also be integrated into mature cocoa farms 
by planting into light gaps made by felling of dead trees, culling non-productive trees or 
harvesting timber.  Commonly recommended cocoa tree spacing is 3 x 3m with densities ranging 
from 1111 to 1667 trees/ha however research done in the local context should be consulted for the 
best practice recommendations (Asare 2006-2).   
 
Fruit trees can be planting with cocoa in the first year or as a replacement for food crops after the 
cocoa starts bearing. Asare (2006-2) recommends planting fruit trees at a density of 24 x 24m 
(total 34 fruit trees/ha) with cocoa planted at 3 x 3m (total 1111 trees/ha). Timber and nitrogen 
fixing shade species can also be planted with cocoa on new plots or introduced to mature plots. It 
is recommended that they are planted at a initial density of 12 x 12m and can be later thinned to 
24 x 24m. Detailed recommendations and findings of research on intercropping strategies in West 
Africa are presented in the training manual ‘Learning about neighbor trees in cocoa growing 
systems’ (Asare 2006-2).  
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The best practice for planting cocoa is, in most cases, planting cocoa from seed10. Planting 
techniques documented in West Africa include direct seeding, transplanting seedlings from 
polybags, and transplanting bareroot seedlings (Gockowski et al., n.d.). Farmers can establish 
nurseries on their farm or in an accessible location in their community. Nurseries are simple 
structures with palm leaf shading and proximity to a water source for irrigation. Cocoa beans are 
collected from pods from productive trees or from an extension service and planted into nursery 
bags filled with clean top soil.  Care should be taken not to introduce seed- or soil-borne illnesses 
through seedlings. The seedlings are ready for planting within 4-5 months. 
 
  
3.2.8 Farm Rehabilitation Techniques 
 

“The key factor in cocoa sustainability is not necessarily longevity of the  
tree crop but successful replanting.” (Ruf and Schroth 2004) 
 

 Productivity must be sufficient to finance replanting  
 Depending on farm status: 

a) Thin old cocoa and plant cocoa under shade canopy in light gaps 
b) Completely remove all old cocoa and replant with improved planting material 
c) Prune old cocoa or graft improved variety onto old trunk 
d) Coppice old trees allowing basal chupons to grow 
e) Budding and grafting with improved planting material onto healthy, old trees 

 
Cocoa cultivation must be productive enough, either through cocoa yields or diversified income, 
to finance replanting at the end of the cocoa trees’ lifecycle. Intercropping with fruit and food 
crops can provide sustainable income sources while timber species can provide capital for 
replanting or rehabilitation if sufficient markets exist.  
 
Cocoa farms can require rehabilitation due to various factors including age, pest and disease 
attack, poor planting materials, neglect, low soil fertility, and lack of appropriate vegetation 
cover.  There are three general methods of rehabilitating a cocoa farm: 
 

a) Under-planting  
o Old cocoa trees are thinned or removed and new seedlings are planted underneath 

the canopy of older trees.  If large gaps exist, fast growing tree or food crops can 
be planted to shade the seedlings. Under-planting allows the farmer to maintain 
income while the new cocoa matures however faces risk of infecting new trees 
with pre-existing diseases or pests.  

 
b) Complete replanting / reestablishment  

o All diseased or unproductive trees are removed and new cocoa is planted, 
preferably of improved planting material from locally identified productive trees 
or bred stock from extension agencies. If the soil is depleted, the plot can be left 
fallow for a few years to regenerate the soil nutrients. Timber and nitrogen fixing 
species can help this process. This strategy necessitates another source of income 
during the several years of cocoa maturation.  

 
c) Rejuvenation of the cocoa tree 

o The cocoa tree is pruned for ease in harvesting and to direct energy to pod 
                                                 
10 See Vos 2003 for detailed instructions on vegetation propagation and marcotting.  
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growth, chupons and any diseased sections or pods are removed.  Grafting is 
another technique to rejuvenate an old or unproductive cocoa plot.  If the farm is 
heavily infected with diseases or pests, this method is not recommended.  

 
 
Clear felling or complete replanting is expensive, but may be necessary in conditions with high 
pest pressure. Planting under old cocoa trees provides farmers with continuous revenues, but has 
the disadvantage of maintenance of pest populations. Alternative practices are making use of 
chupon regrowth, either through encouraging vigorous basal chupons to grow and subsequently 
chopping off the old tree, or through coppicing, which is chopping the main stem of a tree and 
allowing regrowth through chupons.   
  
When budding, a bud is cut from a tree and placed under a flap of bark on another tree. The 
budding patch is then bound with raffia, waxed tape of clear plastic to prevent moisture loss. 
When the bud is growing the old tree above it is cut off. Such rejuvenating practices can’t be used 
when old trees are infected with systemic diseases, such as Cocoa Swollen Shoot Virus (CSSV).  
Infected mature trees are cut down after which a bud-stick of a healthy resistant stem is grafted 
onto the main trunk of the mature tree. Using the mature tree’s root system, the resistant stock 
will produce its first cocoa pods within two years11.   
 
Weed elimination and control is central to replanting land that is overgrown with invasive 
grasses.  The judicious use of herbicides may be necessary to reclaim grassland for tree crop 
production (Ruf and Zadi 1998).  
 
Methods for introducing cocoa on different land types are not presented in any systematic way in 
the literature. Examples are mentioned such as in the transition zone from forest to savannah 
grassland in Cameroon.  In this case, farmers plant the African plum into land planted in food 
crops. After the plum reaches four or five years old, cocoa is planted beneath its shade 
(Gockowski et al., n.d.).  
 
3.2.9 Diversification 
 

 Intensively managed agroforests with cocoa intercropped with fruit, timber and food 
crops can yield both high biodiversity and high profitability 

 Investigate possibility of payments for the ecological or ecotourism value of cocoa farms  
 Pursue environmental and social certification  
 Promote cocoa and secondary crops to premium markets (e.g. organic, gourmet, etc) 
 Research most economically desirable species for planting 
 Develop a diversification strategy that includes farmers’ perceptions and preferences 
 Remunerate farmers for the carbon sequestration value of cocoa farms 
 Research opportunities for cocoa byproducts and the integration of small animal 

husbandry into cocoa farms 
 Conduct market feasibility studies prior to introduction of new species 

 
Diversification and market access play a critical role in a cocoa farm’s overall profitability 
(Duguma et al. 1998, Ruf and Schroth 2004). The literature on sustainable cocoa tends to 
recommend a diversified cocoa agroforestry system. Diversification can be achieved through 

                                                 
11 See Vos et al. 2003 CABI cocoa manual for detailed top grafting instructions p64 Exercise 4 
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management of existing farm resources (timber, fruit, etc), planting new trees, food or medicinal 
crops, or receiving payment for the ecological or ecotourism value of the cocoa farm.  
 

“Despite the advantages of cocoa agroforests in terms of longevity of the tree crops and the ease of 
replanting, the chances of the traditional agroforestry practices using primary forest trees as shade 
and forest fallows to facilitate replanting probably are low in most regions, especially where 
demographic pressure increases, unless strong incentives develop or are created for the 
maintenance or adoption of such systems (e.g. markets for the timber from forest fallows, 
certification schemes).  In many regions, the most promising option to promote cocoa agroforestry 
probably is not so much to try to save the old forest trees in the remaining agroforests as to rebuild 
a new agroforestry tradition based on the planting of valuable timber or other useful trees together 
with cocoa.” (Ruf and Schroth 2004)  

 
The most desirable species for diversification and recommendations for introduction of ‘neighbor 
trees’ into cocoa agroforests are being researched in the project ‘Enhancing the knowledge base 
on valuable trees in cocoa in West Africa’12.  The project has published a comprehensive farmer 
trainer manual that is an excellent resource for best practices on diversification with tree species 
(Asare 2006). It contains practical guidelines for planting neighbor trees in cocoa farms and 
hands-on field exercises for developing a diversification strategy that takes into account farmers’ 
perceptions and preferences.  
 
Payments for environmental services provided by cocoa agroforests are another avenue to 
diversify farmers’ income. If a system of payments can be established to remunerate farmers for 
the carbon sequestration value of cocoa farms, this could prove a powerful incentive for farmers 
to renovate degraded land by establishing shaded cocoa farms as well as to preserve existing 
shaded farms  (Clay 2004).  For example, forty year old Cameroonian cocoa farms offset an 
approximate 154 metric tons of carbon per hectare and even though this is significantly lower 
than primary forests (307 MT/ha), it is significantly more than other land uses13. 
 
The literature mentions that further research and demonstration models are needed for 
diversification through cocoa byproducts and the integration of small animal husbandry into 
cocoa farms (Sonwa et. al, n.d.).  
 
Regardless of the particular diversification strategy, it must be accompanied by a solid market 
feasibility study prior to introduction. 
 

“Whether the diversification of cocoa farms relies on timber, fruits, medicinal products, 
ecotourism, carbon credits, or payments for conserving biodiversity in the buffer zone of a forest 
park, what is most needed to make cocoa agroforests more sustainable is access to reliable and 
diversified markets for their products and services.” (Ruf and Schroth 2004) 

 
Figure 8 from Kotto-Same et al. (2000) shows a quadrant analysis of biodiversity and 
profitability. Intensively managed agroforests with cocoa intercropped with fruit trees can yield 
both high biodiversity and high profitability.  

                                                 
12 A collaborative project of Forest & Landscape Denmark, the Sustainable Tree Crop Programme (STCP),  IITA and 
national institutions in Côte d’Ivoire, Ghana, Nigeria and Cameroon working on sustainable cocoa 
13 See Greenberg 1998 and Donald 2004 p19, Pearce p67 and Hannah p473 in Schroth et al 2004 for more on 
environmental service pmts 
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More research is needed on the profitability of diversified cocoa agroforests vs. high yielding sun 
cocoa.  However Rice and Greenberg state that the break-even price for low-input, diversified 
cocoa is half of the price required to break even in undiversified cocoa farms.  Timber sales from 
trees grown in diversified coffee farms can compensate for lost coffee yields of 17% when coffee 
prices are high, 33% at moderate prices, and up to 100% at low prices.  We can assume that the 
case is similar for diversified cocoa (Rice and Greenberg 2000).  
 
3.2.10 Participatory Technical Assistance 
 

 Train trainers on best practices for sustainable and biodiversity friendly cocoa production 
 Using participatory methods in extension programs (e.g. Farmer Field Schools) 
 Use hands-on tools such as demonstration plots, field days and workshops, agronomy and 

economic evaluation practices 
 Training should see farm as a holistic system rather than particular crop technologies 
 Training should include marketing, farmer organizational strengthening and capacity 

building 
 Work programs should have clear objectives and targets, methods, progress indicators for 

all stakeholders 
 Ensure ongoing and sufficient funding and support for extension program  
 Facilitate farmer-to-farmer informational exchanges  

 
Farmers benefit from training on best practices for biodiversity friendly cocoa production. Too 
often farmers have no access to training programs, improved planting material or technical 
services. Extensionists that lead farmer field schools or travel to remote cocoa growing areas to 
train farmers are a central element to achieving best practices (Vos 2002). The effect of technical 
assistance is well documented; Herzog found that the presence of an extension agent in one zone 
of Côte d’Ivoire’s cocoa growing region was the principal factor in intensified production and 



 46

shade reduction. This raises the parallel need for trainings of trainers that focuses on best 
practices to achieve sustainable and biodiversity friendly cocoa production.  
 
However technical assistance must involve farmers using participatory methods to ensure 
adoption of best practices techniques, especially if they involve innovation away from traditional 
practices. The need for farmer participation and ownership of training and implementation is 
widely recognized. Low adoption rates of new technologies and ineffective information exchange 
result from inappropriate research results, top-down approaches to training, bureaucratic 
inefficiencies, poor program design, and a general lack of funds and staff in public systems (Vos 
2002, Wandji et al., 2005). CIRAD has culled the following principles for successful extension 
services: 
 

o use hands-on tools such as demonstration plots, field days and workshops, agronomy and 
economic evaluation practices; 

o training should approach the farm as a holistic system rather than particular crop 
technologies, and should include marketing, farmer organizational strengthening and 
capacity building;  

o work programs should have clear objectives and targets, methods, progress indicators for 
all stakeholders (Vos 2002).  

 
The organizations which provide technical assistance to farmers are often underfunded and/or 
undertrained or lack a sufficient organizational structure to successfully achieve stated goals (Vos 
2002).  In any project to achieve cocoa sustainability, considerations for extension funding and 
support must be paramount. Local staff, the primary point of contact for farmers, must have 
sufficient salaries, training and transportation to ensure proper coverage and implementation of 
training objectives. The STCP is using the Farmer Field School (FFS) approach with success in 
West Africa. In the FFS approach trainers facilitate the discovery of information among farmers 
which leads to ownership of ideas and technologies and higher success rates overall. In FFS trials 
with cocoa farmers in Cameroon, over 75% adoption rates have been achieved (Wandji et al., 
2005).  
 
The information in this paper is a result of desk research of published and unpublished studies, 
conference papers and presentations, discussions with experts and personal experience. However 
considerable data and relevant cultural knowledge regarding sustainable cocoa exists outside 
formal research circles.  It resides in the accumulated experience of those closest to the subject:  
cocoa farmers and local extension agents. The value of personal consultation with farmers and 
extensionists striving for sustainable cocoa practices cannot be overstated.  Farmer to farmer 
exchanges are another valuable tool in successful information and technology exchange.  
 
 
3.2.11 Positive Policy Environment 
 

 Promote policies encouraging agricultural production that protects biodiversity 
 Legal protection of forests and threatened ecosystems 
 Tree tenure laws that promote tree planting and sustainable timber management  
 Public and private programs for affordable credit, access to planting material and 

technical assistance 
 Research a tax on agrochemicals that could be used to reward farmers for biodiversity 

conservation 
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Government policies that encourage agricultural production compatible with biodiversity 
protection are an important part of the recipe for sustainable cocoa.  The cocoa agroforests of 
Cameroon, for example have considerable biodiversity value however the timber grown on cocoa 
farms cannot be legally sold unless farmers have a legal title of ownership and proof that they 
planted the trees (Gockowski et al., n.d.).  This policy may be able to conserve standing shade 
trees but it discourages farmers from planting shade trees on the farm. The policy has given rise 
to a local black market for timber where trees are milled locally and the farmer loses the bulk of 
the potential value of the trees on the international market.  A more successful approach might be 
a policy to encourage sustainable management and harvesting of timber intercropped with cocoa. 
Cote d’Ivoire has recently changed their tree tenure system and it may help in reforestation 
although evidence of that is not available yet (Ruf and Schroth 2004).  
 
Policies to encourage diversification by offering affordable credit, for example, and access to 
planting material and technical assistance would help farmers establish cocoa agroforests.  A tax 
on agrochemicals could act as a disincentive towards their excessive use.  These taxes could be 
funneled into funds that reward farmers for biodiversity conservation (Rice and Greenberg 2000)  
 
3.2.12 Integrated Approach for Productive Conservation 
 
 
Balancing the dual needs for economic stability and biodiversity conservation is the central 
challenge for cocoa cultivation that meets social, economic and environmental sustainability 
objectives. Strategies for sustainable cocoa must be holistic and incorporate agronomic, 
ecological, socio-economic and political aspects.   
 

“Despite the generation of management recommendations for farmers based on science, it has 
become clear that biodiversity conservation and cacao agriculture will not reach sustainability 
unless economic and production incentives are generated for farmers to grow cacao that benefits 
biodiversity.” (Parrish et al. 1998) 

 
In many regions, the work being done on cocoa farms involves intensification of the production 
system with activities such as introduction of new genetic material and shade tree pruning.  
Intensification and specialization however has been shown to result in lower shade levels and in 
turn lower biodiversity (Gockowski et al., n.d.). The technical recommendations of cocoa 
development programs must consider the biodiversity impacts of their recommendations in 
concert with the productivity goals.  Intensification of cocoa cultivation must be accompanied by 
recommendations for improving and intensifying the cultivation of secondary crops. 
 
Farmers need sufficient income from cocoa and secondary crops to maintain the crop through 
market swings, pest and disease outbreaks and replanting.  Diversification strategies based on 
agroforestry principles that include environmental certification, quality improvement, niche 
markets and ecotourism can promote agriculture that is productive as well as conservation-
oriented.  
 
The best practices for sustainable cocoa production are most effectively implemented by a farm 
management plan and ongoing monitoring process. Farmers are intrinsic planners, constantly 
considering how to maximize their available resources.  They can benefit from opportunities to 
discuss their farm plan and goals and understand the value of biodiversity to their farm’s 
sustainability. This type of participatory assistance helps farmers achieve both productivity and 
conservation goals.  
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3.3 Sustainable Cocoa Assessment 
 
How can we determine if cocoa cultivation can be sustained without harming ecosystems? 
Different models of cocoa cultivation will be more or less sustainable depending on their regional 
ecological and socio-economic context.  The factors impacting sustainability are best understood 
when we consider actual situations rather than theoretical ones. However the literature does 
conclude that shaded cocoa has a more positive environmental impact than sun cocoa and can be 
the most sustainable and cost-effective of all models when the farm is an agroforest generating 
stable and diversified income for the farm family.   
 
The use of sustainability indicators can be used in any cocoa development program to measure 
change in the system, test various scenarios and inform necessary adjustments of policy, program 
design or implementation. Sustainability monitoring and assessment are becoming increasingly 
common in both private and public sector agriculture and conservation projects (Dankers 2003). 
Numerous systems exist to measure various aspects of sustainability in agricultural systems over 
time. Examples of monitoring systems include organic certification, Fairtrade certification, 
Rainforest Alliance standards, APPTA participatory cocoa standards, MESMIS evaluation 
system, Starbucks Coffee and Farmer Equity Practices, UTZ Kapeh Coffee standards, and the 
Climate, Community and Biodiversity Project Design Standards14. Particularly interesting are 
mechanisms to identify critical threats to sustainability, baseline data and progress over time to 
ensure the system is moving towards sustainability. Principles of these monitoring systems 
include: 
 

 Participatory and/or peer-reviewed criteria selection and valuation 
 Ongoing, cost-effective monitoring 
 Independent, third party verification 
 Adaptive management system to evaluate results and adjust activities towards increasing 

sustainability 
 
The following matrix is a sample exercise only to summarize the data reviewed in this paper.  It 
demonstrates the general findings in the literature as interpreted by the author and should not be 
cited or copied without further review. The criteria in this matrix would have to be weighted and 
put through a tradeoff analysis15, ideally in a participatory stakeholder process, to reach a realistic 
and useful comparison that could be applied to a particular cocoa growing region.  Cocoa yields, 
for example, would likely be more important to farmers than wildlife habitat conservation; and 
although secondary crop yields are higher in agroforests, higher cocoa prices make cocoa 
yields/ha of more relative value thus ranking full sun cocoa higher than it appears in this matrix. 
Presence of niche markets or conservation payments would affect the economic profitability of 
diverse farms whereas a concerted effort to combine sun cocoa with expansive forest preservation 
might increase the positive environmental impact of this model.  That said, this sample matrix 
demonstrates the relative sustainability of cocoa grown in diverse agroforests, in selective shade 
and in full sun.   
 
The matrix is based on the concept that ‘sustainability’ is a dynamic state resulting when a 
symbiotic balance is found between ecological and human systems. Core indicators of 

                                                 
14 See Dankers 2003 for overview and ORGANIC: www.ifoam.org,  FAIRTRADE www.fairtrade.net/, RAINFOREST 
ALLIANCE  www.rainforest-alliance.org, APPTA www.appta.org, MESMIS: www.gira.org.mx,  STARBUCKS 
www.scscertified.com/csrpurchasing/starbucks.html, UTZ KAPEH www.utzkapeh.org,  CCBA www.climate-
standards.org 
15 See Ascough et al. 2002 for more on tradeoff analysis and weighting methodology for agricultural sustainability 
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environmental, social, economic and organizational16 sustainability are included however only 
those criteria discussed in the reviewed literature has been valued. Values have been given to 
each cocoa cultivation model based on the literature from no value (0) to high value (3).  The 
assumption is that the higher the score, the more sustainable the cultivation model.  
  
 

SAMPLE MATRIX FOR COCOA SUSTAINABILITY 
0 = none, 1 = low, 2 = moderate, 3= high 

SUSTAINABILITY INDICATOR DIVERSE 
AGROFOREST 

SELECTIVE 
SHADE 

FULL SUN 

ENVIRONMENTAL    
Soil Conservation and Fertility 3 2 1 
Habitat 3 1 1 
Water Conservation 3 2 1 
Shade Canopy 3 2 0 
Biodiversity Conservation 3 2 1 
Minimal Agrochemical Use 3 2 1 
Ecosystem Conservation 3 2 1 
Carbon Sequestration  3 2 2 

SUBTOTAL 24 15 8 
ECONOMIC     
Yield/ha Cocoa 1 2 3 
Yield/ha Secondary Crops  3 3 0 
Disease/Pest Control 1 3 2 
Cost Efficiency/ha Establishment 3 2 1 
Cost Efficiency/ha Maintenance 2 3 1 
Short-term Productivity 0 1 3 
Long-term Productivity 2 3 1 
Low labor costs 2 2 1 

SUBTOTAL 14 19 12 
SOCIAL     
Diversified Income 3 3 1 
Risk Management capacity 3 3 1 
Health & Safety 3 3 1 
Food Security 3 3 1 
Land Tenure    
Gender Equity    
Fair working conditions    

SUBTOTAL 12 12 4 
ORGANIZATIONAL     
Extension & Training    
Credit    
Economies of scale    
Transparency    
Financial Viability    
Management and Monitoring system    

SUBTOTAL    
GRAND TOTAL 50 46 24 

 
 
Assuming all indices are of equal value, the diverse cocoa agroforest ranks highest in terms of 
overall sustainability and positive environmental impact. Cocoa grown under selective shade 
ranks highest for economic sustainability providing the maximum yield per cost.  Both diverse 

                                                 
16 Organizational management of institutions that represent and help farmers are fundamental to stable livelihoods for 
smallholders. 
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agroforests and selective shade cocoa rank equally in terms of social sustainability. The full sun 
model ranks lowest in all categories being the least sustainable of the three models.  
 
The above exercise can be used as a tool in considering project design for cocoa development in 
Vietnam. The literature asserts that diverse cocoa agroforests are the most ecologically 
sustainable cultivation system and thus the most desirable for WWF Vietnam’s goal of 
biodiversity conservation. However the promotion of this type of system necessitates a vigorous 
and creative economic development program.  The literature infers that diverse agroforests may 
trade some economic viability for their high ecological value17. Farmers will need programs to 
develop secondary crops and their markets, propagate and distribute improved planting material 
of both cocoa and agroforestry species, explore the possibly for environmental service payments, 
and extension training that helps farmers embrace conservation and maximize farm profitability 
of the agroforestry system.  
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ANNEX 1.  SHADE TREE SELECTION 
 
The following two pages are a comparison of seven commonly used species of shade trees for 
cocoa from CABI Bioscience’s Cocoa Manual for Farmer Trainers (Vos 2003).  
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ANNEX 2. FOREST REMNANT SHADE VS. PLANTED SHADE 
Source: Parrish et al. (1998) 
 
Table 1. Comparison of farmers' issues in choosing cacao cultivation under remnant forest shade 
versus planted shade trees. 

Farmer Issue  Cacao Under Forest Shade Cacao Under Planted Shade 
 Labor Requirements Low  High 
 Time to Cacao Planting and 
Production 

 Short, Shade immediately available Long, must await growth of shade trees 
before young cacao planted 

Disturbance to Natural Nutrient 
Cycles and Soils 

Low disturbance to soils and natural 
nutrient cycles 

 High disturbance 

Uniformity of Shade Distribution to 
each cacao plant 

Not uniform, dependent on natural 
configuration 

Uniform distribution of shade trees for 
all cacao plants 

Nutrient provision by shade trees Mostly through leaf litter 
decomposition, fewer leguminous 
trees; Quantity and quality of nutrients 
varies 

Leguminous trees can be planted; leaf 
litter contributed mostly through 
deciduous leaf fall and mulching of 
shade tree prunings. Quantity and 
quality of nutrients varies 

Ease of Shade Regulation and 
Maintenance 

Low; trees more difficult to prune and 
adjust shade 

High, trees smaller and easier to prune 

Amount of Shade Provided Higher Lower, but varies with planting regime 
Seasonality of Shade Low High, many common planted trees are 

seasonally deciduous 
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ANNEX 3. RECOMMENDED READING 
 
The following references were particularly helpful regarding best practices for sustainable cocoa: 
 

 Series of papers from the Danish Centre for Forest, Landscape & Planning: 
Asare, Richard. 2006. “A review on cocoa agroforestry as a means for biodiversity 
conservation”.  
Asare, Richard. 2006. Learning about neighbour trees in cocoa growing systems - a 
manual for farmer trainers.  
Asare, Richard. 2005. Cocoa agroforests in West Africa. A look at activities on preferred 
trees in the farming systems.  
 

 CATIE. Agroforesteria en Las Americas. Cacao Orgánico y Biodiversidad. Vol 10, N37-
38, 2003.   

 
 Schroth, G. et al. 2004. Agroforestry and Biodiversity Conservation in Tropical 

Landscapes, especially Ruf, F and G. Schroth. “Chocolate Forests and Monocultures: A 
Historical Review of Cocoa Growing and its Conflicting Role in Tropical Deforestation 
and Forest Conservation’.  
 

 Vos, J. et al. 2003. Discovery Learning about Cocoa: An inspirational guide for training 
facilitators. 

 
 


