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Agriculture is one of the main drivers of the 
loss and degradation of humid forests in 
West Africa (Foley et al., 2005).



Little economic incentive for small-holder 
farmers to protect agroforestry ecosystems and 
their associated services, resulting in the 
intensification of production methods for 
commodity crops such as cocoa.



Agroforestry ecosystems store significant 
amounts of carbon(Albrecht & Kandji 2003; 
Montagnini & Nair 2004). 

Diversifying rural livelihoods through carbon 
trading might change the economic incentive to 
farm intensively, thereby protecting ecosystem 
health and improving agricultural sustainability. 



The aim of our study was to estimate the 
magnitude of carbon stores in different cocoa 
agroforestry systems, and relate these to 
cocoa productivity and measures of ecosystem 
health. 



We studied a gradient of increasing cocoa 
production intensity in the Eastern Region of 
Ghana. 

We quantified the cocoa standing crop, above 
and below ground carbon stores, soil nutrients 
and nutrient cycling and forest biodiversity 
along this gradient over a 3 year period (2005-
2007). 



Cocoa standing crops

Density of cocoa trees Healthy large  cocoa pods



Soil nutrient status
Soil Properties Forest Shaded cocoa farm Unshaded cocoa farm

pH (1:2.5,H2O) 5.1 6.3 6.30

% Carbon 4.0 2.4 1.70

% Nitrogen 0.46 0.24 0.19

Available P (ug/g) 24.1 15.5 9.90

Exchangeable K 
(cmol/(+))

0.20 0.15 0.10



Nutrient cycling

Rate of leaf litter production Changes in mass of leaf litter 
during decomposition 



Nutrient cycling 

Rate of nitrogen release from  litter 
decomposition 



Forest biodiversity

Forest  plants loss and recruitment 
of non-forest plants

Forest fruit-feeding butterfly species 
loss and recruitment of non forest 
butterflies



Forest biodiversity

Forest  bird species  loss and 
recruitment of non-forest birds Forest  mammalian species  

loss
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2. Shaded Cocoa: 1.37ha

Yield: ~480Kg p.a.

Carbon stored:  186 tonnes C

16.8% more Carbon

1. Unshaded Cocoa: 1ha   Forest: 0.37ha

Yield:   ~480Kg p.a.

Carbon stored:   159 tonnes C

Two land use scenarios with identical total area and cocoa productivity………



Considering carbon stores and cocoa 
productivity in tandem could have important 
implications for land management strategies. 

Ecosystem health and biodiversity value are 
related to carbon stores, providing a potential 
economic mechanism for wider ecosystem 
protection if carbon stores could be traded. 



Next steps
• Comparable integrated 

studies within Ghana and 
across the entire West 
African region are needed 
to provide baseline data. 

• Work to enable 
smallholder cocoa farmers 
to engage with the 
emerging carbon market is 
urgently needed.


