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EXECUTIVE SUMMARY

Ghana is among the leading producers of cocoa in the world. It is currently estimated
that are around 1,600,000 hectares of land is cultivated with cocoa in Ghana, with
about 800,000 families in rural communities dependent on cocoa farming for their
livelihoods. Ghanaian cocoa exports account for about 40% of total exports, and in
2004 cocoa was the major export earner for the country. The government of Ghana
has therefore prioritized cocoa as a commodity crop and aims to increase cocoa
production in the future. Current cocoa farming practices have been found to be
increasingly unsustainable since the farms are established in areas of felled forest that
provide very poor shade for cocoa trees and degraded habitat for the associated
biodiversity, including birds, small mammals and insects. Under such conditions, the
cocoa trees are stressed and become more susceptible to pests and diseases. In
addition, the soil becomes depleted and requires intensive use of agro-chemicals.
These practices pose threats to farmers’ livelihoods, as well as the long-term supply of
cocoa to the markets.

The application of the sustainable cocoa farming concept, which allows the use of
agricultural methods that integrate sound ecological and economic farm practices,
could have low impact on the forest environment, while also increasing the farmer’s
standard of living through the introduction of new revenue generation streams.

This project investigates the feasibility and potential of cocoa production in a
biologically diverse environment and establishes a cocoa farm tourism initiative in the
project community. The project is expected to conserve and increase biodiversity on
selected farms through the management of a sustainable cocoa ecosystem, and
improve farmer’s incomes through increased productivity and farm tourism. An
important long term output of the project will be increased awareness and
understanding amongst project participants and stakeholders of key issues
surrounding sustainable cocoa production and farm livelihoods in the cocoa sector of
Ghana.

The project represents a partnership between Cadbury Schweppes, Nature
Conservation Research Centre, the Cocoa Research Institute of Ghana and Reading
University. Since 2006 Cadbury Schweppes and employees and Ghanaian
undergraduates have joined the Ghanaian research staff on Earthwatch teams in the
field to assist with the data collection.

In the third year of the project (2007) the focus was on data collection, infrastructure
development (visitor centre) and building capacity of ecotourism staff.

Preliminary results for three years of data collection have shown that cocoa farmers
significantly increased the density of cocoa trees in order to increase their yield. In
contrast, a significant reduction in the density of canopy trees was found in the un-
shaded cocoa farms compared to that in the shaded cocoa farms. Our results also
showed that there were significantly more medium healthy pods (1.98 times more) and
large healthy pods - potential yield - (1.5 times more) per tree in the unshaded cocoa
farms compared to that of the shaded cocoa farms. Thus, in the short-term at least, the
intensive un-shaded cocoa farms are more productive when compared to shaded
cocoa farms due to significantly more cocoa trees, medium healthy and large healthy
pods, and reduction of shade by reducing the density of canopy trees.



The result also show that litter from cocoa trees was significantly higher on intensive
un-shaded cocoa farms compared to shaded cocoa farms. The results on litter
decomposition show that the litter from the shaded cocoa farms decomposed more
rapidly than the litter from the intensive un-shaded farms. Our result also show that
increasing cocoa yield was associated with increased soil pH. We found that soil
organic carbon, total nitrogen and available phosphorus content decreased with
increasing cocoa yield. Therefore the nutrient cycling process is more efficient on
shaded cocoa farms compared to the intensive un-shaded cocoa farms due to a faster
rate of litter decomposition and significantly higher nutrients, particularly soil organic
carbon, nitrogen and phosphorus.

Increasing cocoa yield was also found to be associated with significantly higher loss in
forest species loss subsequent recruitment of non-forest species on intensive cocoa
farms. Our result also show contrasting patterns of population density change of
different biodiversity groups with increasing cocoa yield. Therefore, cocoa farming was
found to result in the loss of species, and changes in the composition of forest
communities. However, this impact varies between different biodiversity groups.
Retaining shade on cocoa farms is therefore considered to enhance biodiversity.

Overall, the study suggests that in the short-term the intensive un-shaded cocoa farms
are more productive when compared to shaded cocoa farms but intensive farming
reduced biodiversity and results in less efficient nutrient cycling.





2. RESEARCH PROGRAMME (Objective 1)

2.1 Methods

During the first year of the project, sites within the project area were grouped into three
broad cocoa agricultural land-use types, namely, intensive unshaded cocoa farms
almost devoid of shade, shaded cocoa farms cultivated under mainly native shade
trees and remnant native forest, in order to obtain an index of biodiversity that will be
expected in different land-use types in the project area. Permanent transects were
then established in the different cocoa agricultural land-use types and a baseline study
of cocoa farming practices and cocoa standing crops, and biodiversity and nutrient
cycling was conducted for three years.

Cocoa farming practices and standing crops were studied by counting the number of
healthy small cocoa pods (less than 4 cm), medium pods (greater than 4 cm and less
than 10 cm) and larger pods (greater than 10 cm) and measuring the diameter-breast-
height (dbh) of the cocoa trees.

Rapid ecological census techniques such as quadrats for plants, point count for birds,
aerial baited fruit traps for fruit-feeding butterflies and mammals transect walks were
used to sample the different biodiversity groups. Birds, fruit-feeding butterflies and
mammal’s data were collected over different teams each. However, plant data was
collected once during the first year of the three year study period. In the subsequent
years cocoa standing crops and biodiversity were monitored using the same methods.

Cocoa litter fall, litter decomposition and soil were studied in order to estimate nutrient
cycling in the different cocoa agricultural land-use types. Litter and soil samples
collected were used for chemical analysis of Nitrogen (N), Phosphorus (P), Potassium
(K), Calcium (Ca) and Magnesium (Mg) following standard methods.

2.2 Results and discussion

2.2.1 Cocoa farming practices and standing crops

The study shows that the density of canopy trees per plot was significantly (p<0.05)
higher in the shaded cocoa farms compared to unshaded cocoa farms. In contrast to
the density of canopy trees, the density of cocoa trees per plot was significantly
(p<0.05) higher in unshaded cocoa farms compared to shaded cocoa farms. Summary
of the preliminary result on cocoa standing crop is presented in Table 1.

There were also significantly (p<0.05) higher numbers
of medium and large healthy pods per plot in unshaded
cocoa farms compared to the shaded cocoa farms. We
however do not have data on cocoa pods harvested by
farmers. The pod harvest data will be useful in
understanding how much yield does cocoa farmers
actually harvest from their farms.

We found that higher yields were associated with
increasing the density of cocoa trees per unit area with

Fig 2: Cocoa tree and standing
crop



a subsequent reduction in the density of canopy trees which in turn affects light
intensity and quality received by cocoa trees. However, reduction of shade in cocoa
farms is known to be associated with significant ecological stress on cocoa trees
leading to pest attacks. The higher yield in unshaded cocoa farms may also be related
to the type of parent cocoa planting materials used, farm maintenance level and
application of fertilizers and pesticides.

Table 1: Summary of preliminary result on cocoa standing crops in two broad cocoa farming
systems in Ghana

Cocoa farming systemParameters
Shaded cocoa
farm ± S.E

Unshaded cocoa
farm ± S.E

Mean number of trees per plot 7.82 ± 0.067 10.95 ± 0.079
Healthy 29.03 ± 0.16 48.07± 0.18Small pods
Wilted 35.38 ± 0.20 52.83 ± 0.18
Healthy 23.22 ± 0.19 46.03 ± 0.18Medium pods
Wilted 26.08 ± 0.30 51.06 ± 0.28
Healthy 35.22 ± 0.28 53.74 ± 0.25
Diseased 12.57 ±0.20 18.15 ± 0.19

Pod
counts per
plot Larger pods

Damaged 9.34 ± 0.18 9.94 ± 0.19

2.2.2 Biodiversity

The result of our study show that plants and fruit-feeding butterflies species richness
were higher in the remnant native forest followed by shaded cocoa farms and least in
the unshaded cocoa farms at 95% confidence interval However, birds’ species
richness was higher in shaded cocoa farms compared to that in the remnant native
forest. We had few data for mammal but species richness was comparable between
remnant native forests and shaded cocoa farms. Summary of the preliminary result on
species richness in the different biodiversity groups in across the three cocoa
agricultural land-use types is presented in Table 2. The preliminary list of species of
the different biodiversity groups identified in the different land-use types are presented
in the Appendices.

We found that increasing cocoa yield leads to a drastic loss of forest species in shaded
and unshaded cocoa farms with subsequent recruitment of non-forest species. For
example, we found that the shaded and unshaded cocoa farms retained only 59.6%
and 7.90% respectively of forest plants, and recorded recruitment of non-forest plants
mainly food crops such as Citrus sinensis, Elaeis guineense and Persea americana in
the cocoa farms. The greatest recruitment of non-forest species was found with birds.
We however did not record any recruitment of non-forest mammals in cocoa farms.

Preliminary result of forest species population changes across genera in the three
cocoa agricultural land use types shows that cocoa farming results in a dramatic loss
of species and widespread population declines across plant genera. The result of birds
and fruit-feeding butterflies showed that patterns of population change across genera
are variable. Data on population change across genera in the different biodiversity
groups are still being analysed.



Our preliminary conclusion are that; (1) retaining shade on cocoa farms is good for
biodiversity; and (2) cocoa farming results in the loss of species, and changes in the
composition of forest communities, but this impact varies between biodiversity groups.

Table 2: Summary of preliminary results on biodiversity in a cocoa production landscape in
Ghana

Land-use typesBiodiversity
groups Remnant native

forest
Shaded cocoa
farmlands

Unshaded cocoa
farmlands

Plants 167 41 12
Birds 86 122 55
Butterflies 82 68 50
Mammals 22 20 9

2.2.3 Nutrient Cycling

Our result shows that litter from cocoa trees ranged from 3.0 to 5.1 tonnes/ha with the
unshaded cocoa farms recording significantly (p<0.05) the highest quantity. This
suggests that the direct effect of the solar radiation on the leaves in the unshaded
cocoa farms could have increased cocoa leaf abscission in the unshaded cocoa farms.
Shade tree litter also ranged from 0.9 to 2.0 tonnes/ha with shaded cocoa farms
recording the highest litter fall.

The results on litter decomposition show that the litter from the shaded farms initially
decomposed more rapidly than the litter from the unshaded farms. It is possible that
the higher abundance and diversity of decomposers particularly insects in the shaded
farms could be responsible for the differences observed.

We found that cocoa cultivation generally had significant influence on the soil
properties. For example Soil pH was higher in the cocoa farms than in the remnant
native forest which could be attributable to the protection of the soil in the cocoa farms
from erosion by the layer of partly decomposed cocoa leaf materials on the soil
surface. Organic carbon content of soil in the remnant native forest was also
significantly (p < 0.05) higher than in the cocoa farms. The lowest organic carbon
content of soil was found in the unshaded cocoa. Total nitrogen and available P
contents of soils was significantly (p < 0.05) lower in the unshaded cocoa when
compared with the remnant forest. These trends may be due to the greatest diversity
of plant species with variable litter fall and decomposition rates found in the cocoa
agricultural different land-use types.

We concluded that the level of shade provided by forest trees in cocoa farms
significantly influences litter fall, decomposition of the litter and soil fertility. In
unshaded cocoa farms, litter fall is very high but the rates of litter decomposition are
very slow compared to the shaded farms. Significantly higher nutrients particularly N
and P are found in soils in shaded cocoa farms than in unshaded farms probably
because of efficient nutrient cycling process.




