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CHAPTER 1  

Introduction: Climate, Cocoa and Trees 

Mette Fog Olwig , Richard Asare , Henrik Meilby , 
Philippe Vaast , and Kwadwo Owusu 

Abstract Climate change is predicted to significantly reduce areas suit-
able for the cultivation of cocoa, an important cash crop providing a 
livelihood to over six million smallholders in the humid tropics. Cocoa 
agroforestry shows potential to increase climate resilience while providing 
more stable incomes, enhancing biodiversity, supporting healthy ecosys-
tems and reducing the pace at which farms expand into forested areas. 
Based on the multidisciplinary ‘Climate Smart Cocoa Systems for Ghana’ 
research project, this book investigates the case of the biophysical and 
socioeconomic sustainability of cocoa agroforestry in Ghana, the second 
largest producer of cocoa in the world. After a brief introduction to the 
research project, this introductory chapter reviews the literature on the 
links between climate change, farming and agroforestry, thereby situating
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the study within a wider context. It then presents an in-depth analysis of 
historical Ghanaian cocoa yields and climate data at both the national and 
regional levels to establish a foundation for understanding the new climate 
risks faced by cocoa farmers. The chapter concludes by providing an 
overview of the chapters that follow and introducing the overall argument 
that agroforestry can only successfully address climate change impacts on 
cocoa farming if location-specific biophysical and socioeconomic factors 
are considered. 

Keywords Cocoa systems · Agroforestry · Climate-smart agriculture · 
Sustainable cocoa · Historical yield and climate data · Smallholders 

1.1 Introduction 

Cocoa is not only the key ingredient in chocolate, it is also an important 
cash crop providing a livelihood to over six million smallholder farmers 
in the humid tropics. It is cultivated on an estimated area of about 11.54 
million ha in over sixty countries (FAOSTAT, 2021). However, being 
particularly sensitive to drought and high temperatures, the area suitable
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for cocoa cultivation is predicted to decline substantially in the coming 
years due to climate change, with serious consequences for farmers’ liveli-
hoods and the cocoa industry. The potential of growing certain crops 
under shade, in particular coffee, as a form of agroforestry, has been 
given much attention as it is believed to be more climate-resilient, and 
hence more sustainable than growing these crops in the open (Vaast 
et al., 2016). This book investigates both the biophysical and socioeco-
nomic sustainability of agroforestry in relation to cocoa in times of climate 
change. It focuses on Ghana, the second largest producer of cocoa in the 
world. 

Cocoa agroforestry entails the growing of cocoa together with shade 
trees and food crops for agronomic, economic and environmental bene-
fits. Cocoa agroforestry is thus part of a larger trend to encourage forestry 
as a tool for climate change mitigation and adaptation. Thus far, research 
on cocoa agroforestry is generally positive regarding its potential to 
increase farms’ resilience to climate change while providing additional, 
diversified and more stable incomes, enhancing biodiversity, supporting 
healthy ecosystems and reducing the pace at which farms expand into 
forested areas (Andres et al., 2018; Asare et al., 2014, 2019; Blaser  
et al., 2018; Djokoto  et  al.,  2017). Yet, in practice, it is difficult to 
implement cocoa agroforestry, because integrating shade trees into cocoa 
farming systems is no simple matter. It requires a good understanding 
of institutional and social factors, such as land- and tree-use rights and 
differentiated access to inputs and training. It is also crucial to have locally 
specific biophysical and socioeconomic knowledge of crop combinations 
and the types and densities of tree species that, when configured properly, 
improve complementarity and minimize competition for resources (nutri-
ents, water, solar radiation), manage pests and diseases efficiently, and 
enhance yields of cocoa, as well as timber, firewood, fruits and other non-
timber products. Cocoa agroforestry research, however, often focuses 
mainly on the health of cocoa, the export crop, and pays little attention to 
the complex interaction of different plant species and their environmental 
and societal attributes (Vaast & Somarriba, 2014). 

This book addresses these gaps to better inform research, policy and 
practice. It does so by providing a comprehensive and novel under-
standing of agroforestry and cocoa production under changing climates 
through: 

1. analysis of historical data on cocoa yields and climate in Ghana
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2. on-farm studies and controlled experiments investigating the impact 
of not only shade levels, but different shade tree species on key 
factors such as pests and diseases, cocoa ecophysiology and cocoa 
yields 

3. analysis of quantitative and qualitative data that elucidate the socio-
economic factors influencing cocoa farmers’ ability and willingness 
to adopt cocoa agroforestry, paying attention to the importance of 
particular shade tree species, as well as shade tree species diversity. 

The book thus provides a multidisciplinary perspective on the poten-
tial of trees to mitigate the negative impacts of climate change through 
agroforestry. 

Focusing on cocoa agroforestry in Ghana, the book compares find-
ings across a climate gradient from the wet southern to the dry northern 
parts of the Ghanaian cocoa belt (see Fig. 1.1). The book has three key 
aims. First, it shows how agroforestry can provide a viable and prof-
itable pathway for addressing the impacts of climate change. Second, 
it demonstrates the need to pay careful attention to context-specific 
socioeconomic and biophysical factors to maximize the potential of agro-
forestry and avoid unintended social and environmental consequences. 
Third, it demonstrates why multidisciplinary approaches are essential 
when studying climate change and agricultural sustainability.

This introductory chapter begins by providing a brief introduction 
to cocoa in Ghana and the multidisciplinary research project ‘Climate 
Smart Cocoa Systems for Ghana (CLIMCOCOA)’ from which this book 
emerges. This is followed by a review of the literature on the links between 
climate change, farming and agroforestry to situate the study in the 
broader literature on agroforestry and climate change. It then presents an 
in-depth analysis of historical cocoa yields and climate data both nationally 
and regionally to establish a foundation for understanding the new climate 
risks cocoa farmers must overcome to ensure future sustainable cocoa 
production in Ghana. The chapter concludes by providing an overview 
of the chapters that follow.
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Fig. 1.1 Map of southern Ghana showing the CLIMCOCOA project’s study 
communities

1.2 Cocoa in Ghana and the Multidisciplinary 

Research Project CLIMCOCOA 

This book is based on research conducted between 2016 and 2021 as 
part of a comprehensive research project entitled ‘Climate Smart Cocoa 
System for Ghana (CLIMCOCOA),’ funded by the Danish Ministry of 
Foreign Affairs/Danida. The project team comprised researchers from the 
International Institute of Tropical Agriculture (IITA), Ghana; the World 
Agroforestry Centre (ICRAF), Kenya; the Centre of International Coop-
eration on Agricultural Research for Development (CIRAD), France; 
the University of Ghana; the University of Copenhagen, Denmark; and 
Roskilde University, Denmark. These researchers covered multiple disci-
plines, including human geography, climatology, development studies, 
natural resource economics, socioeconomics, ecophysiology, agroforestry, 
biometry and entomology.
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The CLIMCOCOA research project focused on the case of Ghana. 
Ghana is important to the global production of cocoa, being the second 
largest producer in the world, and cocoa is also of key importance to 
Ghanaian society. Cocoa is one of Ghana’s main exports making up 3.9% 
of Ghana’s GDP in 2019 according to FAO statistics, while Sadhu et al. 
(2020) estimate the contribution much higher, at 7% of GDP. The cocoa 
sector furthermore employs 17% of the labor force, supporting the liveli-
hoods of more than 550,000 farming households (Sadhu et al., 2020). 
Cocoa thus represents an important pillar in both rural and urban poverty 
alleviation and the general development of the Ghanaian economy. 

Cocoa was introduced to Ghana in the nineteenth century and was 
traditionally established as a form of agroforestry on partially cleared 
forestland by smallholders. Cocoa arrived together with British colonial 
rule, which was keen to support the development of tradeable commodi-
ties. Since cocoa is generally not consumed locally, cocoa farming led to a 
reorientation from subsistence to labor-intensive cash-cropping, thereby 
exposing farmers to the risks of external market forces. This, coupled with 
the increasing use of seasonal migrant workers from the northern, poorer 
and drier part of Ghana and the use of hazardous and illicit child labor, 
meant that cocoa farming led to major changes in social, generational and 
gender relations (Allman, 1994; Sadhu et al., 2020; Yaro et al.,  2021). 
In the 1980s, there was a dramatic drop in cocoa output attributed in 
part to the El Niño weather phenomenon, which led to a period of 
severe drought, and bushfires, that destroyed cocoa farms (Kolavalli & 
Vigneri, 2011). As a response, full-sun cocoa systems were introduced by 
the government coupled with new and early maturing cocoa varieties that 
thrived under less shade and in the short term produced higher yields than 
shaded cocoa (Gockowski et al., 2013). This resulted in the widespread 
adoption of full-sun cocoa systems by smallholders. Today, for a host of 
reasons that will be explored further in this book, researchers, extension 
officers and policymakers are increasingly favoring agroforestry instead 
of full-sun cocoa systems. This is in part because of financial consider-
ations, as high yields from full-sun systems depend on a high level of 
inputs, which are expensive and can be difficult to obtain. Environmental 
concerns are also important because full-sun systems are established at 
the expense of forestlands, soil fertility, biodiversity and environmental 
sustainability. The current interest in Ghana, and in West Africa more 
generally, in reintroducing agroforestry systems is also a result of the new 
risks posed by climate change. Research indicates that agroforestry may
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be more resilient than full-sun systems when the correct level of shade 
and the appropriate combination of shade tree species are implemented. 
For example, this growing interest was apparent at the 2022 International 
Symposium on Cocoa Research in Montpellier, France (https://www.isc 
rsymposium.org/oral-presentations). 

The CLIMCOCOA research project had two objectives: (1) to develop 
a comprehensive understanding of the impacts of climate change on the 
socio-biophysical bases of cocoa systems in Ghana; and (2) to assess the 
role of agroforestry as a model for climate-smart cocoa production. It 
utilized a multidisciplinary approach to investigate the biophysical and 
socioeconomic opportunities for and limitations of cocoa agroforestry 
under climate change. The project therefore employed multiple and 
varied methods, including analysis of historical yields and climate data; on-
farm studies and eco-physiological experiments; literature reviews; field 
observations; twenty focus-group discussions and a household survey of 
402 households in twelve cocoa communities. Data were collected in the 
Ashanti, Ahafo, Western and Western North Regions across the three 
delineated climate impact zones projected to have different degrees of 
climate suitability for cocoa production in Ghana (see Fig. 1.1). These 
three ‘climate impact zones’ are categorized as (1) the Cope Zone, which 
has the most favorable climate currently for cocoa and the lowest climate-
related vulnerability, indicating the ability for cocoa farming to cope with 
climate change; (2) the Adjust Zone, with a moderately favorable current 
climate and moderate climate vulnerability, indicating the need for cocoa 
farming to make some adjustments to cope with climate change; and 
(3) the Transform Zone, which currently has the least favorable climate 
and the greatest climate vulnerability, indicating the need to replace or 
radically transform cocoa farming (Bunn et al., 2019). 

This book presents the key findings from the CLIMCOCOA research 
project and discusses their implications for the future of cocoa cultivation 
in this current era of climate change. 

1.3 Climate Change, Farming and Agroforestry 

The United Nations Framework Convention on Climate Change 
(UNFCCC) attributes climate change directly or indirectly to anthro-
pogenic activities that change the composition of the global atmosphere 
leading to climatic changes that exceed the natural climate variability 
observed over comparable time periods (https://unfccc.int/). Similarly,

https://www.iscrsymposium.org/oral-presentations
https://www.iscrsymposium.org/oral-presentations
https://unfccc.int/
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the Intergovernmental Panel on Climate Change (IPCC) defines climate 
change as a change in the state of the climate identifiable by alterations in 
the mean and/or the variability of its properties persisting for an extended 
period—typically decades or longer (IPCC, 2013). Moreover, climate 
variability is attributed to all temporal and spatial scales beyond that of 
individual weather events in terms of the deviations of climatic statistics 
over a given period (e.g., a month, season or year) from the long-term 
statistics relating to the corresponding calendar period. In effect, climate 
variability is measured by deviations, which are usually termed anomalies. 

Climate change adversely affects the conditions under which agricul-
tural production in sub-Saharan Africa operates. In this region, as in other 
areas around the world, plants, animals and ecosystems are all experi-
encing the impact of the ongoing changes in climatic conditions. Some 
of these impacts, such as the direct impact of heat waves, droughts and 
floods, are affecting value chains of specific commodities in specific stages 
of the cultivation cycle. The effects of some of these impacts can be 
predicted with high confidence, whereas other impacts, such as the effect 
of climatic change on a whole ecosystem, are more complex to predict, 
since each element may react differently and interact with the others. 

Cocoa is highly sensitive to changes in climatic conditions like drought 
and high temperatures (Ameyaw et al., 2018; Schroth et al., 2016). 
Changes in climatic conditions such as rainfall distribution and tempera-
ture fluctuations affect evapotranspiration and abiotic stress. According to 
Anim-Kwapong and Frimpong (2008), climate change can alter the devel-
opment and incidence of cocoa diseases and pests, modify host tolerance 
and result in changes in the host’s interactions with pests and diseases. 
This, the authors argue, could shift the geographical distribution of host– 
pathogen/pest interactions with negative effects on yields, subsequently 
affecting socioeconomic variables such as farm incomes, livelihoods and 
farm-level decision-making. Climate change, combined with the use of 
poor planting material, low soil-fertility management, the prevalence of 
diseases and pests, and the limited adoption of good agricultural practices 
have led to average cocoa yields stagnating in the four largest cocoa-
producing countries in West Africa (Cameroon, Côte d’Ivoire, Ghana 
and Nigeria) over the last decade (Fig. 1.2). Nevertheless, in Ghana 
national production has increased due to the area under cocoa cultiva-
tion expanding at the expense of crop lands and natural forests (Ajagun 
et al., 2021; Forestry Commission, 2010).
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Fig. 1.2 Area harvested, total production and average yields (error bars indicate 
SE of the mean) of cocoa, 2010–2020 (FAOSTAT, 2021) 

Cocoa smallholders have used forest areas as land banks to take advan-
tage of the available nutrients stored in the organic-rich forest soils of 
newly cleared areas to compensate for falling yields on old cocoa farms 
(Asare & Ræbild, 2016; Gockowski et al., 2013; Ruf & Zadi, 1998). 
This is exemplified for Ghana in Fig. 1.3, which shows the annual gross 
tree cover loss between 2010 and 2020 at a >30% canopy density cover 
threshold. Currently, about 80% of the Upper Guinean Forest in West 
Africa has been lost because of cocoa production combined with other 
land use conversion, such as large-scale surface mining and increasing 
urbanization (Asare, 2019).

Various studies predict that the West African cocoa belt will experi-
ence longer dry seasons and increases in temperatures by 2050 (Läderach 
et al., 2013; Schroth et al., 2016). This is aggravated by other factors, 
such as decreased soil moisture and a build-up of pests and diseases, 
leading to a decrease in land suitable for cocoa cultivation and forcing 
farmers to expand into forested areas, causing further forest degradation
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Fig. 1.3 Estimated gross tree cover loss at >30% (‘000 ha) canopy density cover 
threshold in Ghana, 2001–2021 (www.globalforestwatch.org)

(Ruf et al., 2015). It is projected that climate change will have a signifi-
cant negative impact on many agricultural commodities and communities, 
including smallholders with a limited capacity to adapt to adverse shocks, 
further exacerbating global poverty and food insecurity (Howden et al., 
2007; Morton, 2007). Thus, both mitigation efforts to reduce green-
house gas (GHG) emissions and adaptation measures to sustain crop 
yields are important. 

Projected climate change scenarios in West Africa predict a marginal 
decrease in rainfall along the coastal cocoa-growing areas in countries 
like Liberia, Côte d’Ivoire and Sierra Leone by 2050 (Läderach et al., 
2013; Schroth  et  al.,  2016). Also, longer dry periods are projected in 
the cocoa belt, with Côte d’Ivoire expecting a gradual drying, and a 
projected decrease in precipitation in areas beyond Ghana’s transition 
zone (Läderach et al., 2013). The driest parts of Côte d’Ivoire, Ghana, 
Sierra Leone and Liberia are projected to experience further increases in 
drought from now toward 2050, which will also affect the forest zones of 
all cocoa-growing areas along the West African cocoa belt (Schroth et al., 
2016). Further, it is argued that changes in the timing of the wet and dry 
seasons will impact both the cropping patterns of mature cocoa and the 
successful establishment of cocoa seedlings (Black et al., 2020).

http://www.globalforestwatch.org
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For the West African region, including Ghana, results obtained by the 
Coupled Model Intercomparison Project Phase 6 (CMIP6) for the high 
carbon emissions scenario SSP585 indicate that for 2070–2099 compared 
to the 1985–2014 reference period, overall precipitation in the wet and 
dry seasons will change very little, but the number of wet days in the 
rainy season will decrease, implying that the amount of rainfall per rainy 
day will increase. In the dry season, the number of wet days and the 
amount of rain per rainy day may increase a little, but these changes are 
not significant (Wainwright et al., 2021). In the wet season, the mean 
length of wet spells is expected to decline. Results for the dry season are 
not significant but indicate a slight decline in the mean length of wet 
spells. Overall, the simulation results thus indicate that fluctuations tend 
to become more frequent and more extreme (Wainwright et al., 2021). 

Predicting future climatic conditions in West Africa has been difficult, 
and climate change impacts on cocoa cultivation keep being manifested 
in different ways (Bunn et al., 2019). For instance, Läderach et al. (2013) 
and Schroth et al. (2016) predict a gradual decrease in climate suit-
ability for cocoa cultivation in West Africa in the coming decades, with 
more favorable conditions for cocoa cultivation in the southern cocoa 
belt compared to the north, which represents the transition zone to the 
savannah. Modeling work has also shown a likely increase in the annual 
mean temperature of 2.1 °C by 2050. 

1.3.1 Climate-Smart Agriculture 

The projected decrease in cocoa-growing suitability in West Africa may be 
further aggravated by deforestation and soil degradation, but on the other 
hand, it can be buffered by potential adaptive innovations co-developed 
by farmers, development partners and scientists, and adopted by rural 
cocoa-growing communities. Several management strategies have been 
suggested for simultaneously achieving adaptation and mitigation benefits 
at the plot, farm and landscape levels. For example, soil conservation prac-
tices and the use of conservation agriculture, such as the incorporation 
of crop residues and cover crops, use of composts, and minimum tillage 
to increase organic carbon in soils and improve soil moisture through 
mulching, can all maintain soil fertility and reduce erosion during extreme 
weather events (Delgado et al., 2011; Hobbs, 2007).
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Compared to full-sun cocoa systems, agroforestry leads to increased 
soil carbon stocks and above-ground biomass, provides shade for protec-
tion of the cocoa crop against rising temperatures, diversifies farmers’ 
incomes and helps reduce financial risk (e.g., Matocha et al., 2012; 
Verchot et al., 2007). Practices like agroforestry that address both adapta-
tion and mitigation goals are referred to as ‘climate-smart.’ In addition to 
agroforestry, other climate-smart practices include conservation agricul-
ture, sustainable agriculture, evergreen agriculture, silvopastoral systems, 
sustainable land management and best-management practices (FAO, 
2010; Garrity et al., 2010; Hobbs, 2007; McNeely & Scherr, 2003; Vaast 
et al., 2016; Vaast  & Somarriba,  2014). 

FAO (2013) refers to climate-smart agriculture (CSA) as agricul-
tural production with the aim of sustainably increasing productivity and 
resilience (adaptation), reducing or removing GHG emissions (miti-
gation) and enhancing the achievement of national food security and 
development goals. Within the cocoa sector, the concept of CSA is 
referred to as climate-smart cocoa (CSC) and is defined as a strategy with 
the potential to sustainably increase yields and incomes while reducing 
rates of deforestation and forest degradation, as well as enhancing carbon 
stocks on farms (Asare, 2014; CSCWG, 2011; Vaast et al., 2016). 
According to Asare et al. (2019), synergies between CSA and the cocoa 
and forestry sectors include the focus on increasing productivity, the goal 
of resilience in the face of predicted changes in temperature and rain-
fall patterns (Läderach et al., 2013), and the mitigation potential from 
increasing shade tree cover in the cocoa system (Ruf & Zadi, 1998). 

1.3.2 Does Cocoa Agroforestry Fit the Bill? 

Cocoa agroforestry involves the strategic integration of suitable and valu-
able non-cocoa tree species and other plants into a cocoa farm at various 
stages, and management of cocoa farms through the three-dimensional 
arrangement of trees on the ground and in the canopy (Asare, 2006). 
Recent studies show positive impacts of this practice on yields (Andres 
et al., 2018; Asare  et  al.,  2019; Blaser et al., 2018), income (Djokoto 
et al., 2017) and improvements to environmental integrity (Asare et al., 
2014). The role of cocoa agroforestry is influenced by the composi-
tion and structural pattern of the agroforestry system, which to a large 
extent is the result of farmers’ decisions to retain tree species according 
to their perceived values (Abdulai et al., 2018b; Graefe et al.,  2017; Smith
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Dumont et al., 2014). Food crops, fruit and timber trees in cocoa agro-
forestry systems are used to give both temporary and permanent shade to 
the young and mature cocoa plants (Asare & David, 2011). As climate 
change impacts increase in severity, it becomes more urgent to consider 
ways to reduce the negative impacts. This could include planting of shade 
trees since increases in the degree of shade are hypothesized to decrease 
effects of climatic stress. It is necessary to select shade trees according to 
farmer preference (Asare, 2005). Furthermore, the selected trees should 
be compatible with cocoa (Sauvadet et al., 2020) in terms of avoidance 
of disease and pest attacks (Asitoakor et al., 2022), minimal competi-
tion for resources such as nutrients and water (Abdulai et al., 2018a) 
while providing improvements of the microclimate (Graefe et al., 2017; 
Sauvadet et al., 2020; Smith Dumont et al., 2014). 

Integrating diverse non-cocoa crops potentially provides food for 
farmers due to higher cropping intensities and diversities. According to 
Djokoto et al. (2017), farm households engaged in cocoa agroforestry 
benefit by producing food crops consumed by the household and earn 
additional incomes from the sale of food produce, including plantains, 
yams, fruit, honey and vegetables. Recent research (Andres et al., 2018; 
Asare et al., 2019; Blaser et al., 2018) has shown that cocoa yields reach 
a maximum at a shade cover of 30–50% due to the efficient use of nutri-
ents and moisture (Isaac et al., 2007) and the reduction in the incidence 
of pests and diseases (Andres et al., 2018; Asitoakor et al., 2022). 

In addition, cocoa agroforestry practices can increase on-farm carbon 
stocks (Afele et al., 2021) and thereby serve as a potential source of addi-
tional household income from carbon credits. The drive for agroforestry 
can trigger tree-planting practices by farmers in line with ongoing global 
initiatives like the United Nations’ program on Reducing Emissions from 
Deforestation and forest Degradation (REDD), the Voluntary Carbon 
Market, the Cocoa and Forest Initiative, and the chocolate industry 
Cocoa Certification Initiative. These initiatives develop various poli-
cies on payment mechanisms to reward farmers for their environmental 
stewardship. By bundling several sources of revenues, including cocoa, 
timber, fuelwood, fruits and non-timber products, together with local 
and international payments for environmental services (carbon seques-
tration, biodiversity conservation, etc.), cocoa agroforestry can be made 
attractive and economically rewarding for both young and older farmers. 
However, some authors (Akrofi-Atitianti et al., 2018; Asare et al., 2014) 
have raised questions regarding issues of equality concerning how cocoa
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farmers can be fairly rewarded by carbon credits and other payment 
schemes, and how doing so could improve adoption. There is not yet 
sufficient clarity on key issues concerning the development of a fair and 
transparent benefit-sharing scheme or a definition of carbon rights. 

Another important factor to consider is that, when land and tree tenure 
are not aligned with farmers’ indigenous practices, undesirable conse-
quences may result. For example, naturally occurring shade trees in cocoa 
landscapes have been designated as timber concessions without consid-
eration of their shade function. In Ghana, the Concession Act No. 124, 
1962, section 16 (4) states that ‘All rights with respect to timber trees 
on any land is vested in the president in trust for the stools concerned.’ 
This means that naturally occurring timber trees are in principle ‘owned’ 
by the community held in trust by the chief and vested in the presi-
dent. This has led to cocoa farmers removing naturally occurring shade 
trees by, for example, ringbarking (making deep rings around trunks) or 
setting fires at the base of trees to avoid damages to their cocoa farms 
from lumbering (Asare & Prah, 2011). Furthermore, due to customary 
rights, possession of valuable timber trees, such as timber trees serving 
as shade trees on cocoa farms, can generate challenges when these trees 
need to be protected from powerful timber concessionaires or there is 
a need to negotiate compensation when such trees are harvested by the 
state (Asare & Ræbild, 2016). This is particularly the case for women, 
who generally have more insecure land and tree rights than men. 

If farmers’ tree tenure is ensured, it will become attractive for farmers 
to nurture naturally occurring shade trees, including shade trees that 
could eventually be harvested for timber. This could offer significant 
economic benefits to both farmers and the Ghanaian economy by 
improving household livelihoods and foreign exchange earnings through 
timber sales, while providing an environmental resource that helps to 
ensure a healthy and productive cocoa farm and provide ecological 
services. Shade trees suitable for timber on farms could also serve as collat-
eral for future retirement benefits (e.g., as a pension scheme) to promote 
cocoa farmers’ investment in trees on farmland. 

Projections concerning the reduced suitability for cocoa production in 
some parts of the West African cocoa-growing belt call for a concerted 
effort to demonstrate how to combine adaptive strategies, resilience 
building in farming systems and mitigation practices. According to 
Harvey et al. (2014), there are substantial opportunities to simultaneously 
pursue adaptation and mitigation goals in tropical agriculture and adopt
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integrated landscape approaches that contribute to climate change goals 
for food security and ecosystem service provision. To ensure the sustain-
ability of cocoa agroforestry, it is important to move beyond a narrow 
concern with climate change adaptation and mitigation and consider 
broader social and institutional challenges (Boadi et al., 2022). 

1.4 Historical Cocoa Yields and Climate 

We now continue with an analysis of historical cocoa production across 
the last six decades (1960–2020) and its relationship with climate. We 
examine the development of climate both nationally and regionally to 
establish a foundation for understanding the climate risks that cocoa 
farmers must overcome to ensure future sustainable cocoa production in 
Ghana. To this end, we draw on a range of data sources and describe 
patterns using descriptive statistics. Formal prediction of future cocoa 
production is beyond the scope of the book. 

1.4.1 Climate and Weather 

Historical data (1960–2020) on daily minimum and maximum temper-
atures and daily precipitation were obtained from the Ghana Meteoro-
logical Agency’s synoptic stations.1 Based on these data, mean minimum 
and maximum temperatures and accumulated precipitation were calcu-
lated for monthly and seasonal periods and are used in the analysis. 
Country-level spatially averaged time series based on gridded historical

1 Data on minimum and maximum temperatures and precipitation were provided by 
the Ghana Meteorological Agency and originate from a total of 16 synoptic stations, from 
Axim in the Western Region at 4° 52' N, 2° 14' W in the south to Navrongo in the 
Upper East Region at 10° 53' N, 1° 5' W in the far north and from Ada in the Greater 
Accra Region at 5° 47' N, 0° 38' E in the east to Bole in the Savannah Region at 9° 2'
N, 2° 29' W in the west. Not all stations provide data on all three variables, but from 
the 1960s data from 10 to 13 stations are available, and from 1981 up to 16 stations 
have provided data. However, in the years 2013–2020, data are only available from 11 to 
15 stations. More specifically, daily minimum temperature data from four stations cover 
the years 1960–2020 and, except for a few years with missing data, nine stations cover 
the years 1981–2020. For daily maximum temperature, six stations cover the years 1960– 
2020 (few exceptions) and 12 stations cover almost all the years 1981–2020. Finally, for 
precipitation, the years 1960–2020 and 1981–2020 are in most cases covered by three 
and nine stations, respectively. 
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data (1960–2020) on monthly mean minimum and maximum temper-
atures and precipitation were used as a supplement since data from the 
synoptic stations were not always available.2 

Previous studies have indicated that the amount and temporal distribu-
tion of precipitation is important for cocoa (Anim-Kwapong & Frimpong, 
2008). In addition to considering overall trends in precipitation, it is 
particularly relevant to focus on the drier seasons of the year. More-
over, since both decreasing precipitation and increasing temperatures can 
cause drought stress, both variables deserve attention. The driest months 
of the year (in the cocoa-growing areas) are December–February, and 
the country-level spatially averaged data indicate that, while the mean 
maximum temperatures in December–February remained stationary with 
a mean below 34 °C until the early 1990s, an increase to around 34.5 °C 
on average has been observed since then. 

Between 1960 and 1980, country-level annual precipitation showed a 
declining trend (approx. 1300 mm → 1150 mm) with noticeable year-
to-year variation (SD = 138 mm), but since 1980 there has been no clear 
trend, and the annual variation has been slightly lower (SD = 108 mm). 
The temporal pattern observed for precipitation in December–February 
mirrors that of the annual precipitation and shows a decreasing trend 
from 1960 to 1980, but after then it appears stationary. Particularly dry 
were December–February in 1981/1982, 1990/1991, 1993/1994 and 
2014/2015, with estimated precipitation less than 20 mm. 

In Fig. 1.4, the historical development in decadal mean values of 
monthly precipitation and minimum and maximum temperatures is illus-
trated for four meteorological stations in the Ashanti, Bono, Eastern and 
Western Regions (see Fig. 1.1 for the location of these regions) and for 
the decades 1970–1979 (lighter colors) and 2010–2019 (darker colors). 
Consistent increases in monthly mean minimum and maximum temper-
atures (0.5–2 °C) can be observed for all stations and all months of 
the year, and the increases are typically greatest for maximum temper-
atures in the dry months of December–January. There is also a slight 
rainfall decrease in February–July, whereas rainfall has remained approxi-
mately unchanged or increased somewhat in September–October. Being

2 National-level spatial average time series based on gridded historical data (1901–2021) 
on monthly mean minimum and maximum temperatures and precipitation were obtained 
from the Climatic Research Unit (CRU) of the University of East Anglia (CRU-TS, v. 
4.06; https://crudata.uea.ac.uk/cru/data/hrg/; Harris  et  al.,  2020). 

https://crudata.uea.ac.uk/cru/data/hrg/
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located at the coast, Axim (4° 52' N, 2° 14' W) sets itself apart from 
the other stations by having particularly high rainfall in May and June of 
both decades (>200 mm/month on average). The overall bimodal rainfall 
pattern with a longer dry season in December–February and a shorter dry 
season around August is consistent across the stations and over the forty 
years. The minor wet season starts at all the stations in September, except 
in Axim where it starts in October. 

Fig. 1.4 Mean monthly minimum and maximum temperatures (lines) and 
monthly precipitation (bars), calculated for four meteorological stations in the 
Ashanti, Bono, Eastern and Western Regions in 1970–1979 (lighter-colored 
lines and bars) and 2010–2019 (darker-colored lines and bars) (Data courtesy 
of GMet, Ghana Meteorological Agency)
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The diagrams in Fig. 1.4 hide the fact that both the total amount of 
precipitation and its distribution across the year vary considerably from 
year to year. To illustrate this, Fig. 1.5 (top panel) shows the monthly 
precipitation at Kumasi (Ashanti Region). Here, December–February are 
always fairly dry, March is usually dry but not always, June is usually 
wet, August is usually dry, and September–October are sometimes wet. 
However, a severe drought arises when the weather remains dry for a 
number of consecutive months. Therefore, Fig. 1.5 (bottom panel) also 
shows cumulative precipitation, calculated for six-month periods. Here, it 
becomes clear that the cumulative precipitation is mostly low in January– 
April, whereas in June–November, the cumulative values are high in 
most years. The most conspicuous exceptions are 1982 and 1983, which 
is consistent with the incidence of large bushfires, particularly in 1983 
linked to El Niño. A few years with particularly high cumulative values in 
July–November occurred in 1963, 1966 and 1968.

Across the cocoa belt, the year-to-year variation of mean minimum and 
maximum temperatures in December–February are mostly in synchrony. 
The mean maximum temperatures (Fig. 1.6) are highest toward the north 
and east (33–35 °C) and lowest toward the southwest (30–32 °C). The 
mean regional precipitation in December–February varied somewhat (10– 
41 mm) within the cocoa belt, with an overall mean of 19 mm for 
the Bono Region and 35–41 mm for the Eastern, Western and Ashanti 
Regions. Across the 61 years covered by the data, the mean minimum 
and maximum temperatures for December–February generally increased 
by about 0.1–0.4 °C per decade on average, whereas the precipitation in 
the same three months decreased by 0.7–2.2 mm per decade. On average, 
a slight increase in aridity can therefore be observed in the three driest 
months of the year. Moreover, in agreement with the development of 
the country-level temperature average, it appears that the regional mean 
maximum temperatures increased slowly or remained almost stationary 
until around 1990 and then started increasing more rapidly (Fig. 1.6).

1.4.2 Production and Yields 

Historical production data were obtained from the Ghana Cocoa Board 
(Cocobod), which regulates the pricing, purchasing, marketing and 
exportation of cocoa beans in Ghana. The data covers national (1960/ 
1961–2019/2020), regional (1960/1961–2019/2020) and district
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Fig. 1.5 Precipitation in Kumasi (6° 40' N, 1° 37' W), Ashanti Region, 1960– 
2020. Top: monthly precipitation; Bottom: cumulative precipitation calculated 
for a six-month period, including the current and the five preceding months 
(Data courtesy of GMet, Ghana Meteorological Agency)

(2000/2001–2014/2015) levels.3 Historical data on the total area 
harvested and on average national yields (1961–2020) were obtained 
from FAOSTAT.4 

According to Cocobod, the total annual production of cocoa beans 
was around 400,000 tons from 1961 to the mid-1970s. From 1976, a

3 Regional and national production data (1947/1948–2019/2020) are available at the 
Ghana Cocoa Board’s (Cocobod) webpage (https://cocobod.gh/cocoa-purchases). 

4 FAOSTAT, Statistics Division of the Food and Agriculture Organization of the United 
Nations (https://www.fao.org/faostat/en/#home). 

https://cocobod.gh/cocoa-purchases
https://www.fao.org/faostat/en/#home
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Fig. 1.6 Mean maximum temperatures for December–February in the cocoa 
belt of Ghana interpolated using data from between five (1960–1969) and 
fifteen (2010–2019) meteorological stations (Data courtesy of GMet, Ghana 
Meteorological Agency)

marked decline set in, and a historical minimum of 159,000 tons was 
reached in 1983/1984, consistent with the droughts experienced in 1982 
and 1983. The low production in these years is at least to some extent 
also affected by cocoa being sold illegally via Côte d’Ivoire and Togo due 
to the low value of the Ghana Cedi at the time. In the following twenty 
years, production slowly increased, and from 2004, a harvest of about 
700,000 tons was reached. In the years after 2012, production reached a 
level of 800–900,000 tons annually. According to Cocobod, production 
peaked in 2010/2011 and again in 2020/2021 at slightly above a million 
tons. 

The regional development in production is illustrated in Fig. 1.7. 
Until around 1970, the annual production was 50–100% of the histor-
ical maxima in the Ashanti, Brong Ahafo, Central, Eastern and Volta 
Regions, but in the following years, production in these regions declined 
toward a historical minimum in the early 1980s and then increased again, 
first slowly in the 1980s and 1990s, and then more rapidly from around 
2000. By contrast, in the Western Region annual production was only 
20–40,000 tons until the mid-1980s, but it then increased to about ten 
times as much by 2010 through the establishment of cocoa farms in the
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virgin forests of this region (Ruf & Schroth, 2004; Ruf et al., 2015). 
In fact, since the middle of the 1990s, 50–60% of Ghana’s annual cocoa 
production has taken place in the Western Region. In the Volta Region 
production decreased from 20–30,000 tons annually in the 1960s to 1– 
4,000 tons annually between 1980 and 2010. Only in the most recent 
decade has it increased slightly again to 5–8,000 tons/year. The westward 
shift in cocoa production was partly a consequence of the spreading of the 
Cocoa Swollen Shoot Virus (CSSV), which started in the 1930s and ulti-
mately led to the abandonment of huge areas of plantations in the east 
and encouraged cocoa farmers to migrate and establish new plantations 
in the west (Danquah, 2003). 

Aside from the different long-term developments in cocoa production 
within the regions, clear similarities in the year-to-year short-term fluc-
tuations can be observed across the regions from 1960/1961 to 2019/ 
2020. A year of comparatively high production in one region was typi-
cally also a good year in other regions, and coefficients of correlation

Fig. 1.7 Average production of cocoa beans in the cocoa belt of Ghana, calcu-
lated for five-year periods (1960–1964, …, 2015–2019) by region based on 
Cocobod purchases. Unit: kilo tons, kt = 1,000,000 kg 
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between detrended annual production figures for different regions typi-
cally exceeded 0.6. This indicates that, at least in the short term, the 
production is affected by one or more common factors, of which the 
weather could be an important one. For the Volta Region, the similarity 
with other regions is only clear in the 1960s, before its production began 
declining to its current low level. 

According to FAOSTAT, the  total area harvested in Ghana  first  peaked  
in 1964, where it reached 1.85 million ha. In the following 24 years, the 
area gradually declined and reached a minimum of about 0.7 million ha in 
1989–1994. The long decline was due to increasing cocoa taxation, the 
Ghanaian government’s main source of income, an over-valued Ghana 
Cedi and high inflation rates, which made cocoa cultivation a poor busi-
ness for farmers (Kolavalli, 2019). The decline was further exacerbated by 
low precipitation, widespread disease and bushfires in the early 1980s. In 
the decade following 1994, as a result of increasing world market prices 
and renewed political efforts to strengthen and promote the Ghanaian 
cocoa sector both domestically and in global markets, the areas under 
cocoa increased and peaked at the historical maximum of 2.0 million ha. 
Since then the area harvested has seemingly stabilized at 1.6–1.7 million 
ha. From 1961 to the late 1980s, the estimated yield varied between 200 
and 300 kg/ha, and over the next few years, it increased to 300–400 kg/ 
ha in 1990–2010, and since 2012 it has been slightly above 500 kg/ha. 

1.4.3 Producer Prices 

Producer prices were obtained from Cocobod and cover the crop years 
1980/1981 to 2017/2018. Export prices for cocoa beans were obtained 
from FAOSTAT, and real prices in Ghanaian Cedi were calculated using 
annual consumer price indices and annual average exchange rates from 
the World Bank.5 

The real producer price and the export price of cocoa beans were 
highly correlated (r = 0.92), and in most years the producer price 
remained approximately 1,000–2,000 Cedi (real 2010 prices) below the

5 Annual average consumer price indices (1964–2017) and annual average exchange 
rates (Ghanaian Cedi per US dollar, 1964–2017) were obtained from the World Bank 
(World Development Indicators, https://data.worldbank.org/). Export prices for cocoa 
beans (1961–2020) were obtained from FAOSTAT (https://www.fao.org/faostat/en/# 
home). 

https://data.worldbank.org/
https://www.fao.org/faostat/en/#home
https://www.fao.org/faostat/en/#home
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export price. In the second half of the 1980s, producer prices were 40– 
50% of the mean export price, but during the 1990s, Cocobod gradually 
increased the producer price to a level corresponding to about 60–70% of 
the mean export price. This reflects Cocobod’s partial liberalization of the 
cocoa-bean market and a price policy that enables farmers to plan under 
the assumption that they will not experience a drop in price. 

While short-term fluctuations in production may be related to varia-
tions in the annual weather conditions, variations in the longer term could 
partly be explained by changing prices. Hence, it emerges that across the 
37 years covered by the dataset, the real producer price was highly corre-
lated with annual production (r = 0.82), the area harvested (r = 0.70) 
and the yield of beans per hectare (r = 0.67). 

1.4.4 Association Between Production and Climate Variables 

To examine correlations between year-to-year fluctuations in climate vari-
ables and in regional or national cocoa production, the time series were 
first detrended using polynomial trend models. This eliminated long-
term variation not related to the weather but also helped stabilizing the 
variance. Next, year-to-year changes were calculated to reduce the serial 
correlation. The analysis was carried out for both the interpolated regional 
climate series and the national-level spatially averaged series. Correlation 
patterns were mostly similar but results for precipitation turned out to be 
more consistent for the national average series, and therefore these are 
used here. 

Across all six regions in the dataset (Ashanti, Brong Ahafo, Eastern, 
Central, Western and Volta), the year-to-year changes in production 
were correlated with changes in dry-season precipitation, especially in 
November. Hence, except for the Volta Region, which was hit very hard 
by bushfires in the early 1980s and has had very low production levels 
since then (cf. Fig. 1.7), the correlation of changes in regional production 
with changes in November’s precipitation generally exceeded 0.30 (0.30 
< r < 0.43, p < 0.05). Similarly, the positive correlation with precipita-
tion in the three-month period December–February was in most cases 
significant at the 5% level. 

For temperature, particularly high and significant (p < 0.05, except 
for the Volta Region) negative correlations were observed between year-
to-year changes in regional production and changes in July’s maximum 
temperature. Correlations of year-to-year changes in production with



24 M. F. OLWIG ET AL.

changes in temperature for June, August and September were also nega-
tive but not always significant at the 5% level. Correlations with changes 
in maximum temperature for the three-month periods June–August and 
July–September were similar to those observed for July. Correlations esti-
mated for the three-month period December–February were also negative 
but slightly weaker than those observed for July and June–August. For 
the months June–September, correlations estimated for minimum temper-
atures turned out to be similar to those obtained for the maximum 
temperatures, but for the three-month period December–February the 
correlations were not significant. 

1.4.5 Consistency of the Correlation Patterns 

Previous studies have observed that increasing temperatures and reduced 
precipitation tend to reduce cocoa production (e.g., Ofori-Boateng & 
Insah, 2014). In agreement with the assumption that cocoa production is 
affected the most at times of the year when precipitation is low or absent 
for an extended period of time, we found significant and positive corre-
lations between year-to-year variation in production and precipitation in 
and around the major dry season, particularly in the month of November, 
as also reported by Asante et al. (2022),  and in the  three-month period  
December–February. In addition, and in agreement with the possible 
incidence of heat stress, we found significant and negative correlations 
with variations in maximum and minimum temperatures in July and in 
the three-month periods June–August and July–September. In agreement 
with the results of Schroth et al. (2016), clear negative correlations were 
also observed with maximum temperature in the December–February 
period. Since maximum temperature and precipitation in December– 
February are negatively correlated, the negative correlation of production 
with maximum temperature may essentially reflect the same response 
as the positive correlation with precipitation. Furthermore, the corre-
lation between minimum temperatures and precipitation in the dry 
season is much weaker than for maximum temperatures and precipitation, 
thus presumably explaining why the correlation between production and 
minimum temperatures in December–February was not significant. 

In agreement with the trend observed over the last sixty years (cf. 
Fig. 1.6), climate projections consistently indicate that increasing temper-
atures can be expected, but for Ghana, the forecasted changes in precipi-
tation patterns are less clear and likely to be small (e.g., Wainwright et al.,
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2021), including during the dry season, and in agreement with histor-
ical patterns (cf. Figs. 1.4 and 1.5). Thus, increasing temperatures and 
the associated evaporative demand, leading to water stress and possibly 
also to heat stress, may be more direct causes of a likely decline in cocoa 
production than the precipitation as such. 

1.5 Overview of Chapters 

This chapter’s analysis of historical Ghanaian cocoa yields and climate 
data has highlighted changes in climate and how these historically have 
influenced yields. Building on previous cocoa agroforestry research that 
has largely focused on the health of cocoa as an export crop, the chap-
ters that follow will contribute important findings on the complex of 
plant species and their environmental and societal attributes, the social 
and institutional contexts within which agroforestry practices are intro-
duced across a climate gradient, and the impacts of climate change on the 
socio-biophysical bases of cocoa systems. 

Chapter 2 investigates how full-sun cocoa systems versus cocoa agro-
forestry systems perform under changing climate and soil conditions. 
The chapter first discusses the impact of soil moisture as well as envi-
ronmental stress, specifically drought and heat, on cocoa plants. It then 
examines how the impact of these factors on cocoa plant growth and yield 
are changed by shade. This chapter thus contributes to the still limited 
number of studies on the impact of increased heat and drought on the 
physiology of the cocoa tree and discusses how and if shade trees may 
reduce these effects. The chapter shows that shade generally reduces stress 
effects on cocoa plants, but that when temperatures and drought reach a 
certain level, shade only partially compensates for the negative effects. It 
draws on data generated from two experiments that were set up to investi-
gate the effects of drought and elevated temperatures on cocoa, one with 
heat and shade using seedlings, and the other with drought and shade 
using a mature cocoa stand. The focus is on the physiological responses 
of cocoa trees to environmental stress and different levels of shade, which 
is a crucial first step in understanding the different factors that influence 
the potential of agroforestry as a means of climate change adaptation in 
cocoa farming. 

Chapter 3 focuses on the species-specific effects of shade trees on 
cocoa, a topic that is in its infancy in cocoa agroforestry research. The 
chapter examines how various shade tree species impact the general health



26 M. F. OLWIG ET AL.

and productivity of the cocoa tree, including soil fertility and pests and 
disease infestation. Overall, results confirm that, under low input condi-
tions (of fertilizer and pesticides), shade increases yields compared to 
full-sun systems. Furthermore, the chapter shows that shade tree species 
may have different effects on yields and the occurrence of pests and 
diseases, offering opportunities for improved management by strategi-
cally selecting tree species appropriate to the local context. The chapter is 
based on a four-year on-farm study of eight different agroforestry shade 
tree species and their effects on cocoa trees and their yields, as well as the 
prevalence of pests and diseases that damage cocoa pods. This chapter 
thus provides data to substantiate the overall claim of the book that 
site-specific and tree-specific biophysical knowledge is important to fully 
realize the potentials of agroforestry. 

Chapter 4 moves from a biophysical to a socioeconomic focus and 
discusses the social challenges and opportunities linked to agroforestry 
from the perspective of the cocoa farmers. It describes the different mone-
tary and non-monetary values farmers obtain from shade trees on cocoa 
farms, but argues that social barriers and institutional factors, such as land 
and tree rights, can prevent cocoa farmers from engaging in longer-term 
agroforestry practices and thereby from benefitting from the opportuni-
ties shade trees present. Based on focus-group discussions and in-depth 
interviews with cocoa farmers in twelve different cocoa-growing commu-
nities, the chapter shows that to realize the opportunities of agroforestry, 
it is necessary for farmers to navigate a complex socioeconomic landscape, 
including issues related to access, rights, ethnicity, migration, gender and 
other institutional and cross-cutting factors. It focuses specifically on the 
lesser-known benefits of shaded cocoa fields in the form of mushrooms 
and snails, and on challenges such as the role of chiefs, who are found to 
wield unchallenged power over land possessions, as well as the influence 
of mining activities that literally remove the foundation for investments 
in trees and cocoa. These and other very tangible challenges to cocoa 
agroforestry are the result of a mixture of historical land policies and 
contemporary opportunities for a more secure income.
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Chapter 5 looks at another important socioeconomic factor, namely 
the household economics of cocoa agroforestry. To understand farmers’ 
decision-making in relation to agroforestry, this chapter examines the 
costs and benefits of cocoa agroforestry along a climate gradient. It is 
based on household surveys in three different climate zones and is thus 
able to examine how different climates impact the costs and benefits of 
agroforestry. The chapter argues that cocoa agroforestry can be more 
profitable than monocrop systems when combined with income from 
shade trees, and that agroforestry farms with fruit trees are more prof-
itable and more competitive across all three climate zones. Moreover, 
cocoa farmers attain a consistent and sustained profit from their cocoa 
plots if they implement a more tree species-diverse cultivation system that 
includes fruit trees suitable to local needs and conditions. Importantly, 
hired labor costs were lower the higher the tree species diversity because 
suitably shaded cocoa requires less intensive care than full-sun systems. 
This is important not just for reducing costs, but also because reduced 
labor inputs free up labor for both on-farm and off-farm diversification 
activities. The chapter thus further illustrates the complexity of integrating 
trees into cocoa farming systems, and the importance of not just looking 
at shade levels, as is commonly done in cocoa agroforestry research, but 
also paying attention to shade tree species diversity. 

In the concluding Chapter 6, the findings presented in the different 
chapters are brought together in making the overall argument of the 
book, namely that agroforestry can only successfully address climate 
change impacts on cocoa farming if site-specific biophysical and socioeco-
nomic factors are considered. The chapter also summarizes and discusses 
the overall policy and practice implications for cocoa farming that arise 
from the findings of the book. Finally, the chapter points to important 
new directions suggested by this study for further and broader research 
on the potential of climate change adaptation, which considers social and 
ecological factors in the larger context of agriculture vulnerable to climate 
change. 
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CHAPTER 2  

Cocoa Under Heat and Drought Stress 

Eric Opoku Mensah , Philippe Vaast , Richard Asare , 
Christiana A. Amoatey , Kwadwo Owusu , 

Bismark Kwesi Asitoakor , and Anders Ræbild 

Abstract Cocoa (Theobroma cacao L.) is an important cash crop in many 
tropical countries, particularly in West Africa. Heat and drought are 
both known to affect the physiology of cocoa plants through reduced 
rates of photosynthesis and transpiration, as well as changed physiological 
processes such as the functions of photosystems, chlorophyll synthesis, 
stomatal conductance and expression of heat-shock proteins. This in turn 
leads to decreased yields and increased risks of mortality under severe heat 
and drought. To help cocoa plants adapt to climate change, the literature 
suggests agroforestry as a potential farm management practice. It has been 
argued that the lack of tree cover in cocoa cultivation systems exposes
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the crop to heat and direct solar radiation, thus increasing evapotran-
spiration and the risk of drought. Drawing on data generated from two 
on-field studies, this chapter assesses the shade effect on cocoa’s physio-
logical responses to drought and heat stress to determine whether shade 
would be beneficial under climate change scenarios. We conclude that 
shade improves the physiology of cocoa, but that this may not be suffi-
cient to compensate for the negative effects of high temperatures and 
severe drought exacerbated by climate change in sub-optimal conditions. 

Keywords Cocoa · Heat · Photosynthesis · Shade · Stomatal 
conductance · Water potential
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2.1 Introduction 

Cocoa (Theobroma cacao L.) is native to South America and belongs 
to the Malvaceae family (formerly Sterculiaceae). For this species, three 
main genetic groups are recognized based on physical, sensory quality 
and associated botanical traits: Forastero, Criollo and Trinitario (Bartley, 
2005; Cheesman, 1944). Around 95% of all cocoa production comes 
from the Forastero and the Trinitario groups, which are high-yielding, 
more vigorous and less susceptible to pests and diseases than the Criollo 
group (Loor et al., 2009; Umaharan, 2018). 

Cocoa is mostly grown in a narrow belt 20 degrees north and south 
of the equator with warm and humid tropical climates, regular rains 
and short dry seasons (Mattayasovszky, 2017). It is mostly planted in 
smallholder plantations in West Africa, Southeast Asia and Latin America 
(Lahive et al., 2019). Cocoa plants grow well within a temperature range 
of 18–32 °C, with regular rainfall of 1000–2500 mm per year and at alti-
tudes as high as 1000 m above sea level (Ameyaw et al., 2018; ICCO, 
2020; Wood & Lass, 1992). Under shade, cocoa physiology is changed, 
and yields may increase (Asare et al., 2017; Tee et al., 2018). Cultiva-
tion under full sun without any vegetation cover increases the risk of 
exposing the crop to the negative consequences of high radiation, elevated 
temperatures and drought. Recent predictions of future climate condi-
tions foresee increases in temperature and a decline in rainfall periods 
at crucial times for cocoa production in the current production zones in 
West Africa (IPCC, 2021a; Schroth et al., 2016; Stocker et al., 2013). The 
global average air temperature is expected to increase by between 0.8 and 
5.4 °C, while annual rainfall may decline by 1.1–20.5% between 2020 and 
2080 depending on the emission scenario (IPCC, 2021b; NCCAS, 2012; 
Pielke et al., 2022). This is a cause for concern, since elevated tempera-
tures, reduced rainfall, longer dry seasons and higher incidences of pests 
and diseases are expected to reduce cocoa yields (Cilas & Bastide, 2020; 
Gachene et al., 2014; Muller et al., 2014, see also Chapter 1). 

Breeding resilient varieties has been considered to be a way to increase 
cocoa yields, especially under future climate scenarios (Vaast & Somarriba, 
2014). However, breeding new varieties, especially varieties with increased 
tolerance to drought and heat, high water-use efficiency and high yields, 
has been limited by insufficient use of proven breeding methods, limited 
information on the ecophysiology of cocoa, the plant’s long selection 
cycle, and the heterozygous nature of hybrid parental clones (Efron et al.,
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2003). Efforts so far have resulted in hybrid cocoa varieties with increased 
resistance to pests and diseases and reduced time to maturity (Dos Santos 
et al., 2014; Frimpong-Anin et al., 2015), but more work is urgently 
needed on their drought and heat tolerances (Judy et al., 2021). Although 
marker-assisted selection is being used to study drought-resistant cultivars 
and genes involved in drought tolerance (Bae et al., 2008), the produc-
tion and dissemination of cocoa materials that are highly tolerant to 
drought and heat are still some way off. Selecting drought-tolerant cocoa 
rootstocks, followed by grafting, is another potential pathway (Zasari 
et al., 2020). 

The provision of shade and the promotion of good agroforestry 
practices are recommended by many plant scientists to ensure the environ-
mental sustainability of cocoa production (Asare et al., 2017; Asitoakor  
et al., 2022, Vaast et al., 2016). Agroforestry increases species diver-
sity, provides year-round soil cover and ensures high levels of stored 
carbon in the soil and in vegetation (LobÎo et al., 2007; Somarriba et al., 
2018). It has also been shown that tree growth and cocoa yields, i.e. the 
mature productive phase, extend over a longer time span under shade 
than under full-sun conditions (Ahenkorah et al., 1974). Other benefits 
of agroforestry include reduced evapotranspiration, enhanced soil fertility 
and protecting cocoa plants from strong winds and other unfavourable 
ecological factors (Kyereh, 2017; Miyaji et al., 1997). Furthermore, rates 
of photosynthesis, growth and yields of cocoa are enhanced under shade 
(Asare et al., 2018; De Almeida & Valle, 2007; Mensah,  2021). For adult 
cocoa plants, high yields were observed at shade levels between 30 and 
40% (Asare et al., 2018), while about 60% shade is recommended for 
cocoa seedlings. 

In agroforestry systems, companion shade trees in cocoa crop systems 
have been documented to buffer temperature changes, but they may 
also have other positive or negative consequences. This depends on the 
associated tree species that are involved, and whether they lead to root-
zone complementarity or competition (Abdulai et al., 2017; Critchley  
et al., 2022; Jaimes-Suarez et al., 2022; Rigal et al., 2022). Studies of 
cocoa ecophysiology are difficult because of the size and longevity of 
cocoa trees, making manipulations difficult. This chapter discusses results 
from the literature in combination with findings from our on-field studies 
regarding the effects of shade on cocoa performance under drought and 
high-temperature stress (Fig. 2.1).
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Fig. 2.1 Different cocoa farm configurations and stress trials. A Cocoa farm 
without shade trees. B Cocoa agroforestry with remaining shade trees from 
clearing of the land. C Cocoa agroforestry with planted shade trees (Termi-
nalia sp. and Triplochiton scleroxylon). D and  E  Experiment with a mature cocoa 
stand under 40% shade using an artificial shade net and with rainwater exclusion. 
F Experiment with cocoa seedlings exposed to heat from non-glowing heaters, 
with shade (Photos by Eric Opoku Mensah)
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The chapter thus draws heavily on two eco-physiological experi-
ments that were conducted in Ghana to study how shade could reduce 
the effects of drought and elevated temperatures on cocoa physiology 
(Mensah, 2021). The first experiment took place in the semi-moist region 
of Ghana investigating the effects of shade and water exclusion on the 
performance of productive cocoa trees (Fig. 2.1D, E). Plants were moni-
tored over two years for their physiology, growth, litter production and 
yields. Results from the experiment indicated that shade enhances yields 
and the physiological performance of cocoa but has limited impacts on 
water use. The second experiment was conducted at the University of 
Ghana’s Crop Research Farm to test whether shade could reduce the 
effects of heat on cocoa plants (Mensah et al., 2022). Here, six-month-old 
cocoa seedlings were exposed to heat provided by 2000W non-glowing 
infra-red heaters (Fig. 2.1F). The heaters increased the temperature 5– 
7 °C above the ambient, while 60% shade was provided using black shade 
nets. Results from the second experiment showed limited effects of shade 
on the cocoa seedlings under elevated temperature. However, plants kept 
under shade generally showed enhanced physiology, such as increased 
chlorophyll fluorescence, chlorophyll pigmentation, stomatal conductance 
and growth, compared to plants in full-sun conditions. 

2.2 Drought and Cocoa Production 

Drought is a period in which moisture content in the soil is limited so 
that plants cannot extract sufficient water for growth and physiological 
activities (Coder, 1999). It occurs under conditions of low soil and atmo-
spheric humidity when the transpiration flux exceeds the plant uptake of 
water from the soil. Drought has severe effects on cocoa physiology and 
restricts stomatal conductance and photosynthesis, and hence vegetative 
and reproductive plant growth. 

2.2.1 Soil Moisture 

Soil water content (SWC) is the amount of water present in the soil 
(Datta et al., 2018). At low SWC, leaves start drooping and may reach 
the Permanent Wilting Point (PWP), the threshold where plants can no 
longer recover even if re-watered (Datta et al., 2018). 

Cocoa plants have shallow rooting systems (Carr & Lockwood, 2011), 
with most of the roots concentrated within the first 80 cm of the soil
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profile, and with over 80% of the root biomass within the top 40 cm, 
restricting the possibility for water extraction from deep soil layers (Lahive 
et al., 2019; Moser et al., 2010). The amount of soil water obviously 
depends on rainfall patterns and evapotranspiration, but also on the soil 
type and soil depth. For example, clayey soils hold larger amounts of 
water than sandy soils, and deep soils conserve more available water than 
shallow soils. In most cocoa-producing countries in West Africa, soil water 
is depleted in the top 60 cm of soil depth during extended dry seasons, 
thus exposing the plants to drought (Abdulai et al., 2017). 

Under shade, the temperature may fall to 5 °C lower than outside the 
canopy during the day, maintaining shaded cocoa plants under conditions 
of relatively high humidity. This means a lower vapour pressure deficit 
(which is the driving force for transpiration), and it has been suggested 
that agroforestry reduces cocoa evapotranspiration and allows cocoa to 
survive under sub-optimal climate conditions (Acheampong et al., 2013; 
Neither et al., 2018). However, this depends on complementarity in water 
use between shade tree species and cocoa and hence works best with 
deep-rooted shade trees that tap soil water below the cocoa root zone. 
Species selection for cocoa production is very important under drought 
conditions, as some shade trees, such as Albizia ferruginea and Antiaris 
toxicaria (leguminous tree species), have been found to compete with 
cocoa plants for soil moisture during the dry season (Abdulai et al., 2017; 
Adams et al., 2016). 

2.2.2 Effects of Drought on Plant-Water Potential 

Water potential is an expression of the water status of a plant, with 
negative values indicating a relative absence of water. When soil mois-
ture is reduced, roots may not keep up with the pace of evaporation 
(also known as transpiration) from the leaves, increasing tension in the 
water-transporting tissues (the xylem) and making plant-water potential 
more negative. Under conditions of severe drought, the water potential 
becomes increasingly negative and may cause the formation of air bubbles 
in the xylem (known as cavitation), which blocks water transport and may 
in severe cases be lethal to the plant. It is noted that in cocoa, the stem 
xylem has a larger diameter than the root xylem, which may contribute 
to plant sensitivity to cavitation under drought (Kotowska et al., 2015). 

The plant-water potential affects many physiological processes, and 
most importantly, it controls the opening and closing of stomata in
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leaves. Stomata are the pores through which the plant takes up CO2 
and loses water vapour. Under normal, well-watered conditions, cocoa 
plants will have a water potential ranging between 0.0 and −0.4 MPa 
(Deloire & Heyns, 2011; Zanetti et al., 2016), whereas values below − 
0.8 MPa indicate a water deficit (Deloire & Heyns, 2011). In a through-
fall displacement study in Indonesia, after six months of drought, roots 
experienced declining water potential, falling below −1.5 MPa (Moser 
et al., 2010) that caused permanent closure of stomata. In a study from 
Ghana during the dry season, most of the cocoa plants died in response to 
very low soil moisture because of competition with shade trees (Abdulai 
et al., 2017). 

Shade increases relative humidity around the cocoa plants, thereby 
reducing transpiration and thus potentially maintaining plant-water 
potential at a high level. In our field experiment, water exclusion reduced 
the predawn water potential of cocoa plants, with lower values observed 
during the dry season (Table 2.1). However, shade resulted in slightly 
higher water potentials, confirming that shade has a positive impact on 
the water status of cocoa trees. Reduced plant-water potential in full sun 
may be the result of increased evapotranspiration resulting from higher 
leaf temperatures and dryer air. 

Table 2.1 Average predawn leaf water potential of cocoa plants at three 
different levels of rainwater exclusion and two levels of shade measured over 
two years 

Shade Rainwater exclusion Predawn water potential (MPa) 

Rainy season Dry season 

Shade Full rainwater (0/3W) −0.24 ± 0.12a −0.40 ± 0.17a 
Moderate rainwater exclusion (1/3W) −0.30 ± 0.13b −0.46 ± 0.15bc 
Severe rainwater exclusion (2/3W) −0.36 ± 0.15c −0.51 ± 0.14bc 

Sun Full rainwater (0/3W) −0.31 ± 0.16bc −0.46 ± 0.16b 
Moderate rainwater exclusion (1/3W) −0.36 ± 0.15c −0.52 ± 0.14c 
Severe rainwater exclusion (2/3W) −0.43 ± 0.17d −0.59 ± 0.14d 

Note Numbers indicate means ± s.d. (n = 3). Means followed by different letters are significantly 
different according to Tukey’s multiple range test (P < 0.05)
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2.2.3 Effects of Drought on Photosynthesis 

Photosynthesis, the process by which plants use sunlight, water and 
carbon dioxide to create oxygen and energy in the form of carbohydrates, 
is impaired when soil–water content is decreasing (Carr & Lockwood, 
2011; Datta et al., 2018; Kirschbaum, 2004). Reduced rates of photo-
synthesis may be due to partial closure of stomata but can also be due 
to biochemical limitations (Liang et al., 2019) (see Sect.  2.4). Stomata 
regulates both transpirational water loss and CO2 diffusion into the leaves 
(Barbour, 2016). As discussed above, under drought stress, many plants 
reduce their stomatal opening to conserve water, at the cost of reducing 
plant absorption of CO2 for photosynthesis. The closure of the stomata 
reduces cooling of the leaves through evaporation, thus increasing leaf 
temperature. Very high leaf temperatures may harm the leaves and cause 
leaf wilting. Cocoa plants have low stomatal conductance under water 
stress and low relative humidity (De Almeida & Valle, 2007) compared 
to large stomatal opening under non-limiting water conditions and high 
relative humidity (Sena et al., 1987). Stomatal opening is often assessed in 
terms of stomatal conductance, a standardized measure of opening. In our 
field study, stomatal conductance showed a strong seasonal trend, being 
especially low during the dry season (Fig. 2.2). Surprisingly, the effects 
of shade vs. sun appeared to have a larger effect on stomatal conduc-
tance compared to water exclusion, with shaded cocoa plants having larger 
stomatal conductance than sun plants.

Despite the differences in stomatal conductance, rates of photosyn-
thesis were comparable between sun and shade plants, with a tendency 
towards slightly higher values for the former (Fig. 2.2). Since photosyn-
thesis is driven by light, it would be natural to expect a large decrease 
in photosynthesis in shaded plants. However, in addition to having larger 
stomatal opening, shaded cocoa plants were able to use the available light 
and achieve relatively high rates of photosynthesis. Cocoa plants have low 
light-saturation points, meaning that they reach saturation for photosyn-
thesis at relatively low levels of light, corresponding to 500 µmol photons 
m−2 s−1 or ca. 20% of the natural sunlight (Anim-Kwapong & Frimpong, 
2004; Salazar et al., 2018). Hence, plants in full sun may not be able to 
take advantage of the extra radiation available to them. The ability to 
capture light in shade may also be a result of a reorganization of the 
photosynthetic system development of large leaves with longer lifespans 
and increased chlorophyll pigments in the leaves.
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Fig. 2.2 Physiological reactions to shade and drought. Effects of shade and 
rainwater exclusion on photosynthesis rate (Pn), stomatal conductance (gs) and  
sub-stomatal CO2 concentration (Ci) of a 12-year-old cocoa plant. Codes indi-
cate water availability: 0/3W—full rainwater; 1/3W—partial water exclusion; 2/ 
3W—severe water exclusion

Responses to drought may be dependent on genotypes. Some reports 
indicate different responses of stomatal conductance and transpiration 
among cocoa cultivars (Daymond et al., 2011; De Almeida et al., 2015), 
suggesting that it may be possible to identify cultivars that perform better
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under drought stress than others. Further research on the varietal differ-
ences of stomata regulation and water use in cocoa plants is needed. This 
also includes studies of whether cocoa has a predominantly anisohydric 
behaviour (i.e. a variable water content because of continued transpiration 
at low soil moisture, due to limited stomatal adjustment) or an isohydric 
tendency (with more stable water contents due to closure of stomata after 
sensing low soil–water potential). 

2.2.4 Biochemical Limitations to Photosynthesis 

In addition to limitations caused by light availability and stomatal limi-
tations to the diffusion of CO2, photosynthesis may also be limited by 
biochemical factors. The presence of such biochemical limitations can be 
detected by increased levels of CO2 inside the leaf (Ci). In our rainwater-
exclusion experiment, Ci increased in highly stressed plants compared to 
non-stressed control plants, and the concentration was proportional to 
the level of stress (Fig. 2.2). Paradoxically, biochemical limitations may in 
the first instance be caused by high light and limited diffusion of CO2, 
caused by closed stomata (Tholen et al., 2012; Haworth et al., 2018). 
Energy from high light may be directed to toxic oxygen compounds that 
will react with enzymes and other substances in the cell, thus reducing the 
capacity of the plant for photosynthesis. Conversely, high sub-stomatal 
CO2 concentrations observed in shade, rather than indicating damage 
to the photosynthetic system, may be caused by plants maintaining high 
stomatal conductance and in effect facilitating carbon absorption. Shade 
thus has positive effects on CO2 absorption and distribution in the leaves, 
reflecting increased carboxylation. 

The study of sub-stomatal CO2 concentration is also important 
because CO2 gradients within the leaf affect the efficiency of the enzyme 
fixing CO2 into sugars (RubisCO) and the nitrogen use efficiency 
(Evans & von Caemmerer, 1996). Limited information is available on the 
effect of environmental conditions on sub-stomatal CO2 concentration in 
cocoa.
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2.3 Heat and Cocoa 

High temperature is one of the main limiting factors for cocoa production 
(De Almeida & Valle, 2007). High temperature affects the physiology 
of plants, including the effects of changed stomatal frequency, chloro-
phyll synthesis (the green pigments in the leaf), enzyme activity and sugar 
transport (Lamaoui et al., 2018; Wiser et al., 2004). 

2.3.1 Photosynthesis 

As mentioned, stomata control CO2 and water movement in and out 
of the plant through the pore area, the density on the leaf surface and 
the degree of opening. In cocoa, stomatal densities are higher for leaves 
developed under mild water stress (Carr & Lockwood, 2011; Huan et al.,  
1986), but are also higher in leaves developed in full sun compared 
to shaded leaves (De Almeida & Valle, 2007). In our heat experiment, 
seedlings in full sun had denser stomata per unit area than seedlings in 
shade, and heat increased the number of stomata produced per unit area 
under both full sun and shade. Such differences naturally affect photo-
synthetic performance, although knowledge on pore size is also needed 
to accurately assess potential rates of gas flux in and out of leaves. 

Most enzymes, including those involved in photosynthesis, work faster 
with increasing temperatures until they reach the maximum level, where 
they start uncoiling and lose their function (denaturation). For example, 
temperatures above 40 °C destroyed the light harvesting complexes in the 
leaves of perennial plants such as fingered citron and reduced assimilation 
(Chen et al., 2012; Hasanuzzaman et al., 2013). Another temperature-
dependent process affecting rates of photosynthesis is photorespiration. 
The enzyme fixing CO2 into sugars, RubisCO, occasionally catalyzes 
a reaction called photorespiration where O2 takes the place of CO2. 
Photorespiration increases with temperature and leads to a declining 
net photosynthesis at high temperatures. Furthermore, high tempera-
ture inactivates the enzyme system, which transforms sugars into starch, 
resulting in accumulation of sugars, causing a downregulation of the rate 
of photosynthesis (Franck et al., 2006; Mathur et al., 2014). 

In our heat experiment, we showed that photosynthesis of cocoa is 
affected by the growing temperature (Fig. 2.3). Temperature optima were 
between 31 and 33 °C (see also Avila-Lovera et al., 2016; Yapp, 1992) 
but were almost similar across treatments. The optimum temperature
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range for photosynthesis coincided with the daily average environmental 
temperature of 29–33 °C in the experimental site. Having optimum 
temperature for photosynthesis close to the environmental temperature 
helps plants to thrive and function well in their environment (Slot & 
Winter, 2017). Above the optimum, the rate of photosynthesis declines 
due to photorespiration and, at higher temperatures, the denaturation of 
enzymes. 

On the other hand, the actual levels of photosynthesis were affected by 
both shade and heat treatments. Photosynthetic capacity was higher for 
plants growing in full sun compared to shaded plants, and heat reduced 
the photosynthetic capacity considerably at all temperatures (Fig. 2.3). 
However, our analysis did not show interactions between sun/shade and 
heat/no-heat treatments, suggesting that shade could not prevent the loss 
of photosynthetic capacity caused by the heat treatments (Mensah et al., 
2022). 

Measurement of chlorophyll fluorescence showed that part of the 
decrease in photosynthesis seen under heat stress was caused by damages 
at photosystem II, which is the enzyme complex that fixes the energy from 
light by removing an electron from oxygen. Chlorophyll fluorescence

Fig. 2.3 Physiological reactions to high temperature stress. Effects of shade and 
heat on the photosynthesis rate at different levels of temperature (Adapted from 
Mensah et al. [2022]. Creative Commons Attribution BY 4.0) 
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(Fv/Fm) reflects the photochemical activity of photosystem II (PSII) and 
has previously been used to detect and quantify temperature-induced 
changes in the photosynthetic system (Chen et al., 2012; Murchie & 
Lawson, 2013). In our experiment, predawn chlorophyll fluorescence was 
reduced from 0.80 in control treatments to 0.68 after 28 days of heat 
imposition, indicating severe stress to the photosynthetic system. 

Another cause for lower photosynthesis seems to be a changed concen-
tration and composition of the chlorophylls, the green pigments respon-
sible for capturing light for photosynthesis. We observed reduced leaf 
chlorophyll contents under heat stress, suggesting impaired chlorophyll 
biosynthesis (Datta et al., 2009). Also, the ratio between chlorophylls A 
and B was affected (Mensah et al., 2022). Reduced chlorophyll contents 
could reduce photosynthesis, resulting in substantial loss in plant produc-
tivity. Again, values under shade were higher, but effects were not strong 
enough to prevent a decrease for the heated seedlings (Salazar et al., 
2018). 

2.4 Flower and Pod Development 

Under Heat and Drought Stress 

The flowering of cocoa starts eighteen months after planting for some 
early yielding varieties, while for most varieties, this occurs between three 
to five years (De Almeida & Valle, 2007). Only 0.5–5% of the flowers 
develop into mature pods (Carr & Lockwood, 2011). Flowering inten-
sity, pod formation and sizes are affected by drought and heat. Pollen and 
stigma viability, anthesis, pollen-tube growth and early embryo develop-
ment are all vulnerable to heat stress (Giorno et al., 2013; Lamaoui et al., 
2018). Increased rainfall promotes flushing and flower initiation in cocoa, 
which is mostly followed by flower and fruit abortion in the dry season 
(Frimpong-Anin et al., 2014). While flowers and fruits drop during the 
dry season, mainly because of water stress, flower and fruit abortion in 
the rainy season is a way for cocoa to manage the resources available 
for the plants to develop pods (Handley, 2016; Stephenson, 1981). This 
is affected by plant hormones, the positions of the flowers or the pods 
on the plant, and rates of cross-pollination (Carr & Lockwood, 2011; 
Handley, 2016). 

Cocoa attains full potential yield between eight to ten years after 
planting (De Almeida & Valle, 2007). The average yield is between 300 
and 500 kg ha−1 in West Africa (Bymolt et al., 2018) corresponding
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to only a third of the potential yield (Aneani & Ofori-Frimpong, 2013; 
MOFA, 2016). The low yields seem to be partly due to limitations in 
water supply (Asante et al., 2022). In our study on shade and water-
exclusion effects, yields were generally between 200 and 700 kg ha−1 

per year depending on the suppression and/or the shade levels. Under 
full rainwater, shade increased yields by about 23% compared to full-sun 
conditions, while severe water exclusion reduced yields to as low as 59%. 
While shade was beneficial under all levels of water supply, it was not 
sufficient to prevent lower yields when water was restricted. 

2.5 Conclusion 

In West Africa, climate change is already having negative impacts on 
cocoa production and therefore on cocoa farmers’ livelihoods. All stake-
holders along the cocoa value chain (from cocoa farmers to purchasing 
companies) are increasingly being affected, in Ghana as well as in the 
neighbouring cocoa-producing countries. Field performance and yields 
are expected to be reduced further due to increasing rainfall variability, 
longer dry seasons and rising temperatures, making climate change the 
key challenge faced by cocoa producers. Our results confirm that drought 
and high temperatures have negative impacts on cocoa physiology, leading 
to reduced yields. Shade, on the other hand, improves both physiolog-
ical performance and yields, thus confirming on-field research suggesting 
that agroforestry systems may increase yields (see Chapter 3). Although 
we recommend cultivation under shade, shade alone does not reduce the 
negative impact of stresses sufficiently to prevent damage from extreme 
climate change. Hence, while agroforestry represents an overall benefit 
under medium to high rainfall conditions, it will be necessary to refine 
agroforestry management using other climate-smart management inno-
vations to improve the performance of cocoa under the expected climate 
change. This could include the following:

• Exploring the effects of irrigation systems under shade
• Selecting and managing tree species according to the local context
• Selecting cocoa rootstocks and varieties that are highly performant 
under water-limiting conditions

• Studying shade tree-cacao interactions to understand cocoa physi-
ology under agroforestry conditions
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• Identifying deep-rooted shade trees with limited competition with 
cocoa plants’ root zones under drought stress. 

Aside from climate, yields are influenced by a wide range of factors, 
including labour costs, diseases and pests, soil fertility, choice of cocoa 
variety, the age of cocoa trees, and the age and training of farmers 
(Abdulai et al., 2020). Higher yields may be possible with the use of tech-
nologies such as fertilization, pest and disease control, timely harvesting, 
pruning, supplemental irrigation and planting high-yielding cocoa culti-
vars (Laven & Boomsma, 2012). Any intervention regarding the use of 
shade will have to consider these factors, which are explored in more detail 
in other chapters of this book. 
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CHAPTER 3  

Shade Tree Species Matter: Sustainable 
Cocoa-Agroforestry Management 
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Abstract Shade trees are important components of cocoa-agroforestry 
systems because they influence yields, soil fertility and the occurrence 
of pests and diseases and may support adaptation to climate change. 
Based on a review of the existing literature and on primary data from 
field experiments, this chapter reports on the species-specific effects of 
shade trees in relation to the management of insect pests, black pod 
diseases and their impacts on cocoa yield. Shade tree species in cocoa
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systems impact soil available phosphorus differently and shade tree species 
such as Spanish cedar (Cedrela odorata), limba (Terminalia superba) and  
mahogany (Khaya ivorensis) increase cocoa yield compared with cocoa 
systems without shade trees. The architecture of shade tree species may 
influence below-canopy temperatures and relative humidity, which poten-
tially affect pests such as mirids and black pod disease infections and 
ultimately cocoa yield. As farmers have local knowledge of and prefer-
ences for certain shade tree species, strengthening the combination of 
scientific and local knowledge can prove a powerful tool for the improved 
management of shade tree species, as well as cocoa pests and diseases. 
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3.1 Introduction 

In the tropical regions where cocoa (Theobroma cacao L.) is cultivated, 
many different factors may result in low yield and reduced revenues from 
the production of the world’s raw material for chocolate. These include 
poor farming practices, the occurrence of pests and diseases and wors-
ening weather conditions due to climate change. Cocoa farmers and 
cocoa-producing countries must identify strategies that support sustain-
able production. In addition to improving yield through the development 
of high-yielding and disease-resistant cocoa varieties (Edwin & Masters, 
2005; Mcelroy et al., 2018) and improving fertilizer regimes (Hoffmann 
et al., 2020; Niether et al., 2019), agroforestry has been recognized as 
an important means to improve cocoa yield (Asitoakor et al., 2022a). 
Agroforestry, the deliberate cultivation of crops with forest or food trees, 
is generally more environmentally friendly than monocropping systems 
and serves as an important climate change adaptation measure, especially 
for Sub-Saharan Africa, where most of the global cocoa production takes 
place (Vaast et al., 2016). 

Sustaining cocoa yield is a major challenge for smallholder farmers, 
especially under worsening climatic conditions with reduced rainfall and 
increasing temperatures (see Chapter 1). Smallholder farmers lack the 
capacity to irrigate and afford the required inputs, labour and other 
agronomic support needed to achieve high yield. Currently, rainfall is 
erratic in most of the West African cocoa region and below the optimal 
ranges of 1,500–3,000 mm for cocoa production (Abdulai et al., 2020; 
IITA, 2009). Temperatures in these areas are increasing (Ruf, 2011; 
Tscharntke et al., 2011) above the optimal annual maximum of 30–32 °C. 
Under high temperature and low rainfall conditions, cocoa phenology 
and performance with regard to flowering and fruiting are impeded 
(Adjaloo et al., 2012; Asitoakor et al., 2022b; Daymond & Hadley, 2008; 
Medina & Laliberte, 2017, see also Chapter 2) and insect infestations and 
the proportions of small size (low-grade) and defective beans increase 
(Asante-Poku & Angelucci, 2013). In major cocoa areas in Ghana and 
Côte d’Ivoire, low yield due to pests and diseases, high input demands 
and the high cost and low availability of labour leave farmers with the 
question of whether or not to replant their cocoa plots with other crops 
such as oil palm (Elaeis guineensis) and rubber (Hevea brasiliensis) (Cocoa 
Barometer, 2022; Ruf, 2015) or shift to other forms of land use (see 
Chapter 4). However, the adoption of agroforestry with selected bene-
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ficial shade trees might prove cost-effective, preserve the environment 
and sustain yield (Asare, 2016; Babin et al., 2010; Ofori-Frimpong et al., 
2007; Tscharntke et al.,  2011; van Vliet et al., 2015, see also Chapter 5). 

The scientific debate on the role of agroforestry in cocoa production 
has been going on for decades, with many arguing that the advantages 
of shade trees in cocoa systems outweigh their disadvantages, particularly 
when tree species that are adapted to the local social and agroecolog-
ical contexts are adequately managed. Benefits from shade trees include 
carbon sequestration, biodiversity conservation, alternative income for 
farmers, soil improvement, prevention of erosion and the management 
of micro-climatic conditions that, among other things, reduce pest and 
disease infestations (Abdulai et al., 2018; Niether et al., 2019; Tscharntke  
et al., 2011). However, some tree species serve as alternative hosts for 
pests (e.g. mirids) and diseases in cocoa systems (Mahob et al., 2015) 
and they may also compete for nutrients, water and sunlight (van Vliet & 
Giller, 2017). Common species of shade trees in West Africa include 
fruit trees such as avocado (Persea americana), orange (Citrus sinensis), 
coconut (Cocos nucifera) and mango (Mangifera indica), as well as 
timber-producing species such as mahogany (K. ivorensis), ceiba (Ceiba 
pentandra) and  teak  (Tectona grandis) (Rigal et al., 2022). 

Shade trees are important sources of food and local pharmaceutical 
raw materials for curing diverse illnesses and diseases (Rao et al., 2004). 
For example, cola nuts (Cola nitida) provide an important ingredient 
in beverages such as Coca Cola and Pepsi Cola, and are used for short-
term relief from fatigue, depression, chronic fatigue syndrome (CFS) and 
melancholy (Atolani et al., 2019). Flat-crown tree (Albizia adianthi-
folia) is another important shade tree also used for treating diabetes, 
headaches, eye problems, wounds, pain, skin diseases, gastrointestinal 
problems, haemorrhoids, infertility in women, respiratory problems and 
sexually transmitted diseases (Lemmens, 2007a). The bark decoction of 
mahogany (K. ivorensis) is used in the treatment of coughs, fever, malaria, 
anaemia, wounds, sores, ulcers, tumours, rheumatic pains and lumbago 
(Lemmens, 2008). Aside from the medicinal role of common shade tree 
species, the wood from species like stoolwood (Alstonia boonei), Spanish 
cedar (C. odorata), African teak (Milicia excelsa) and black afara (Termi-
nalia ivorensis) are used for construction and furniture, including the 
building of canoes, roofing and household items such as stools, boxes, 
tables and chairs (Adotey et al., 2012; Foli, 2009; Lemmens, 2008; Ofori,  
2007). 

Farmers have clear ideas about the tree species they prefer and the types 
of shade trees that may provide different types of ecosystem services (Rigal
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et al., 2022). Farmers’ reasons for selecting specific shade tree species 
include their influence on cocoa yield, their income-generating poten-
tial, their medicinal properties, their use in construction and whether 
they serve as sources of fuelwood (Appendix). Nonetheless, the ecolog-
ical interactions between shade tree species, pests and diseases and their 
influence on cocoa yield are poorly known. Few studies have documented 
the varied impacts of different shade tree species on cocoa production 
(Abdulai et al., 2018; Asare  et  al.,  2019; Graefe et al.,  2017). Asare 
et al. (2019), in an on-farm study conducted in the Ashanti and Western 
regions of Ghana to understand the relationship between the canopy 
cover of shade trees and fertilizer regimes on yield, observed a doubling 
of yield, as shade cover increased from zero to 30% in 86 plots. The 
study further showed fertilizer application to have increased yield by 7%. 
In a study by Kaba et al. (2020), African tulip tree (Spathodea campan-
ulata), limba (T. superba) and black afara (T. ivorensis) were the most 
desirable tree species, while stoolwood (A. boonei) was the least desired 
in cocoa systems in Ghana’s semi-deciduous rainforest zone from the 
farmers’ perspective. The different species’ desirability was linked to their 
influence on cocoa and other food crops around shade trees, the suit-
ability of shade trees as fodder and the general improvement in pod and 
cocoa-tree health. Graefe et al. (2017) identified T. ivorensis, T. superba, 
M. excelsa, A. boonei and Pycnanthus angolensis (African nutmeg) as the 
five most desired shade tree species by cocoa farmers across Ghana’s 
cocoa belt. The five species were preferred to other species for their 
compatibility with cocoa, as they were perceived to provide the right 
amount of shade, improve soil moisture and fertility, have a fast rate of 
leaf decomposition and suppress weeds. Shade species such as the African 
corkwood tree (Musanga cecropioides), Ceiba (C. pentandra), Akee apple 
tree (Blighia sapida), African crabwood (Carapa procera) and giant cola 
(Cola gigantea) were assessed by farmers to be less desirable due to their 
heavy shade, below-ground competition, slow leaf decomposition, being 
an alternative host for pests and diseases, and causing physical damage 
to cocoa. Abdulai et al. (2018) observed the common use of gliricidia 
(Gliricidia sepium), avocado (P. americana), orange (C. sinensis) and  the  
boundary tree (Newbouldia laevis) in the mid- and wet cocoa regions 
in Ghana. According to the authors, G. sepium was considered impor-
tant for soil improvement, P. americana and C. sinensis for food and 
N. laevis for use as live stakes for yam (Dioscorea sp.). In our study, as 
will be discussed further below, C. odorata, T. superba and K. ivorensis
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are identified as good shade tree species, associated with more than 40% 
higher yield of cocoa compared with unshaded cocoa systems (Asitoakor, 
2021). Conversely, species like A. boonei are viewed differently from place 
to place, perhaps depending on the specific needs and uses of the species, 
aside from shade provision. 

In many instances, the relationship between shade trees and cocoa 
yields is attributed to the variations in shade tree structure and growth 
rates that affect their interactions with cocoa trees (Asante et al., 2021; 
Asitoakor et al., 2022a). However, there is a need for more knowl-
edge concerning the properties of shade tree species to improve shade 
tree selection in cocoa-agroforestry systems. This chapter draws on 
the existing literature and the results of a three-year on-farm experi-
mental study focusing on how eight different agroforestry shade tree 
species influenced soil nutrients, mirids (Sahlbergella singularis Hagl. 
and Distantiella theobroma Dist.) and black pod diseases (caused by 
Phythophthora palmivora, and  P. megakarya) infections. The next section, 
Sect. 3.2, highlights the influences of the selected shade tree species on 
soil fertility and yields in cocoa systems, while Sect. 3.3 shows how the 
selected shade tree species affected cocoa pests and disease infestations. 

3.2 Role of Shade Trees in Soil Fertility 

and Yield in Cocoa-Agroforestry Systems 

Soil fertility may be defined as the capacity of the soil to support 
the growth and yield of plants (Young, 1990). As with other crops, 
cocoa yield is directly related to soil fertility, age of the cocoa plant, 
prevailing climatic conditions (in terms of rainfall, temperature and rela-
tive humidity) and agronomic practices (Asante et al., 2021; Asitoakor  
et al., 2022a). In addition to these factors, the type of shade tree species 
intercropped on cocoa farms influence the performance of the cocoa 
plants (Asitoakor et al., 2022a). Though the fertility of cocoa soils varies 
by location, landscape and number of years under cultivation, the main-
tenance of soil pH and the availability of organic carbon, nitrogen, 
phosphorus, potassium, calcium and magnesium in the soil may be influ-
enced by shade tree interactions. For example, leguminous shade trees 
may play a positive role in fixing nitrogen (N), and hence the avail-
ability of nitrogen for the cocoa plants. Shade trees also contribute to 
nutrient recycling through litter decomposition (Asigbaase et al., 2021) 
and play a role in preventing soil erosion and regulating atmospheric
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temperatures that are directly linked to soil temperatures, moisture and 
cocoa root-associated microbiome and activities (Schmidt et al., 2022). 
Furthermore, shade trees provide habitats for fauna (birds, insects, etc.) 
that are essential in cocoa pollination and in the provision of other essen-
tial ecosystem services that benefit cocoa plants. However, the role of 
shade trees in cocoa systems depends on their general structural architec-
ture above ground and whether the root systems overlap with the desired 
crops (cocoa) (Asante et al., 2021; Rigal et al., 2022). 

Higher cocoa yield was reported under no-shade conditions compared 
to shaded conditions in a pioneering long-term study of the relation 
between shade and cocoa nutrition (Ahenkorah et al., 1987). This study 
was conducted with high inputs of fertilizer and other agrochemicals. 
These findings contrasted with our findings from the Western region of 
Ghana, where we observed more than 40% higher yield in shaded plots 
compared to unshaded plots (Asitoakor et al., 2022a). A main difference 
between the two studies, which may have led to the contrasting results, 
was that in our study agricultural inputs were relatively low, reflecting the 
input use of the majority of Ghanaian farmers. Our study also suggested 
modest impacts of shade trees on nutrient availability, as we observed 
no significant differences between shaded and unshaded plots in terms 
of soil concentrations of total nitrogen, exchangeable potassium, calcium 
and magnesium. Nonetheless, we found differences in the potentials of 
eight common forest shade tree species with regard to the concentra-
tion of available phosphorus (P) in comparison with the unshaded control 
plots (Fig. 3.1(a)) (Asitoakor et al., 2022a). The unshaded control plots 
in Fig. 3.1(a) showed the highest concentration of available P compared 
with plots with shade trees. The possibility that the shade trees may have 
competed with the cocoa plants and absorbed some of the soil P has been 
raised as a concern by some researchers (Gateau, 2018). Although there 
is less available soil P below shade tree species than in the control plots, 
this was not the limiting factor, as cocoa yield under these tree species 
were higher than in the unshaded control plots (Fig. 3.1(b)). This was 
expected, as Isaac et al. (2007) and Asare et al. (2017) have documented 
the possibility of improving yield from enhanced nutrient uptake by cocoa 
trees under shade trees when water is not a limiting factor.

Traditionally, cocoa farmers have sustained cocoa production through 
expansion into forest areas and/or by intensification through the addition 
of fertilizers (organic and/or inorganic) and through the chemical control 
of pests and diseases in varying quantities based on their affordability
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Fig. 3.1 The relationship between the selected shade tree species and unshaded 
control and (a) soil available phosphorus, and (b) cocoa yield in the three-
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Attribution BY 4.0)
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and availability. While expansion into forests results in forest degrada-
tion and loss of biodiversity, the irrational application of agro-chemical 
inputs could lead to soil degradation and other environmental prob-
lems such as water pollution, habitat destruction and biodiversity loss 
including beneficial pollinators (Adu-Acheampong et al., 2015; Bhan-
dari, 2014). Although application of the right fertilizers increases yield 
(Asare et al., 2019), it could have negative influences on the compo-
sition of the root-associated microbiome of cocoa if the right amounts 
are not applied at the recommended rates, thereby reducing the decom-
position of organic matter and the natural nutrient-recycling potential 
of cocoa soils (Niether et al., 2019; Schmidt et al., 2022). Likewise, 
the application of ammonium-based fertilizers can increase the acidity of 
cocoa soils and may reduce the potential of the soil to support yield after 
prolonged usage. Although organic fertilizers are considered better than 
inorganic fertilizers from an environmental safety perspective, few farmers 
use them. Since both organic and inorganic fertilizers are costly, planting 
and managing shade tree species that are known to improve soil fertility 
may be an economic alternative. There is a need for better management 
practices and policy incentives that reduce production costs, protect the 
environment and sustain yield. 

Many studies have evaluated cocoa yield under both shaded and 
unshaded (full-sun) systems (Abdulai et al., 2018; Ahenkorah et al., 
1987; Asare  et  al.,  2017), but species-specific studies are rare. In our 
field study involving eight forest shade tree species, species such as C. 
odorata, T. superba and K. ivorensis resulted in significantly higher cocoa 
yield than full-sun control plots (Fig. 3.1(b)) (Asitoakor et al., 2022a). 
As mentioned above, the recorded yield did not correlate with nutrient 
availability (such as P) expressed by the control plots in Fig. 3.1(a). This 
showed that the productivity of cocoa is influenced by other factors than 
just soil fertility. This may include the architecture of the shade trees 
above the cocoa trees. The tree species with the highest yield, C. odorata, 
T. superba and K. ivorensis, all have tall stems and less dense canopies 
compared to species, such as C. nitida, which have relatively short stems 
and dense canopies. However, since there were no significant differences 
between species, further studies are needed before a definite conclusion 
can be made on this aspect. Asante et al. (2021) suggested that the archi-
tecture of shade trees is critical for levels of aeration, light penetration 
and the nutrient-recycling potential in cocoa-agroforestry systems. Inter-
estingly, the average yield recorded in Fig. 3.1(b) in the plots under shade 
trees was higher than the unshaded control plots, as well as the national
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average cocoa yield between 400 and 550 kg ha−1 across Ghana, Côte 
d’Ivoire, Nigeria, Cameroon and Togo (Bymolt et al., 2018; Oomes et al., 
2016). 

3.3 Shade Tree Influences 

on Cocoa On-Farm Pests and Diseases 

Pests and diseases in cocoa are managed mainly by pesticide and fungi-
cide applications. Mirids (S. singularis Hagl. and D. theobroma Dist.) 
and black  pod diseases (caused by  P. palmivora and P. megakarya) are  
the major cocoa pests and diseases in West Africa (Adu-Acheampong 
et al., 2015; Akrofi  et  al.,  2015). Due to the environmental and health 
risks associated with the application of pesticides, coupled with the high 
costs involved, integrated pest management (IPM) approaches have been 
recommended to control pests and diseases in cocoa (Adu-Acheampong 
et al., 2015; Dormon et al., 2007). Integrated pest management relies on 
close monitoring and knowledge of the pests and pathogens and involves 
combining natural or biological pest control mechanisms (Bajwa & 
Kogan, 2002; Kabir & Rainis, 2015). As in other agricultural systems, 
the micro-climatic conditions (temperature, rainfall and relative humidity) 
strongly influence pest and disease occurrence and impact (De Almeida & 
Valle, 2007). For example, low temperatures and high relative humidity 
under shade trees favour black pod disease (Fig. 3.2(a)), while high 
temperatures under low rainfall conditions tend to favour some insects 
(e.g. mirid in Fig. 3.2(b)) (Abdulai et al., 2020; Dormon et al., 2007). In 
Africa, mirids are widespread in the major cocoa areas and cause up to 75% 
yield losses when uncontrolled (Anikwe et al., 2009; Padi,  1997). Black 
pod disease predominates on West African cocoa fields, resulting in up 
to 80% losses in cocoa yield (Akrofi et al., 2015). High relative humidity 
from high rainfall and poor drainage conditions in cocoa systems promote 
fungal black pod disease, which peaks in May–June on most cocoa farms 
in West Africa (Akrofi et al., 2015; Opoku et al., 2000). These occur-
rences may be minimized or regulated through the adoption and good 
management of agroforestry practices, including regular pruning and the 
removal of mistletoe and diseased pods to sustain cocoa yield.

In Ghana, governmental and non-governmental agencies organize 
farmer training, support extension services and provide support with 
pesticides, spraying and pruning programmes, all to reduce mirid infec-
tions and black pod disease (Baah & Anchirinah, 2011; Cocoa Health and 
Extension Division [CHED] & World Cocoa Foundation [WCF], 2016). 
Such efforts have been ongoing for decades (Adu-Acheampong et al.,
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Fig. 3.3 Mean distribution of mirid insects and black pod disease infestations 
in cocoa pods under eight selected shade trees and in unshaded control areas 
(Values indicate mean ± s.e. Creative Commons Attribution BY 4.0)

2015; Akrofi et al., 2015). Since the 1950s, the development of resistant 
cocoa varieties and improved pesticide applications have been the major 
approaches to resolving the challenges of mirids and black pod diseases 
(Adu-Acheampong et al., 2015). However, the high costs of approved 
chemicals make farmers resort to using cheaper and unapproved pesticides 
that may reduce yield and risk contaminating the cocoa beans (Adu-
Acheampong et al., 2015). With recent increases in global demand for 
cocoa beans free from agro-chemical residues (Cocoa Barometer, 2022), 
more biological ways of controlling pests and diseases in cocoa produc-
tion have become desirable. Adu-Acheampong et al. (2015), however, 
question the existence of viable natural approaches to the management 
of cocoa pests and diseases. In our recent study of mirid insects and 
black pod disease infestation and damages in cocoa-agroforestry systems 
in Ghana, we observed variations in the magnitude of infection among 
eight selected shade trees species, as shown in Fig. 3.3 (Asitoakor et al., 
2022a). The study confirmed that the level of mirid damage on cocoa 
pods may be effectively managed by the right combination of shade 
tree species and cocoa. Likewise, although black pod disease infections 
seem to be higher under shade trees than in unshaded plots, there could
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also be species-specific responses in that respect. The authors recom-
mended further research to unravel species-specific responses to black pod 
infection in cocoa.

3.4 Conclusion and Policy Implications 

In Ghana, shade trees are important components of cocoa-agroforestry 
systems, because they influence the occurrence and management of pests 
(mirids) and diseases (black pod disease) and improve yield in compar-
ison to unshaded conditions. Shade trees have varying architecture, leaf 
sizes and crown densities that influence microclimate differently, thus 
impacting the occurrences of mirids and black pod diseases. Species such 
as Spanish cedar (C. odorata), limba (T. superba) and mahogany (K. 
ivorensis), which have less dense canopies, increase yield when used as 
shade trees in cocoa-agroforestry systems. Other species may have similar 
functions, but more research is required to understand how different 
shade tree species affect cocoa trees. Cocoa farmers are knowledgeable 
and have their preferred shade trees, and there is a need to combine 
local knowledge with scientific knowledge to guide the selection of shade 
tree species in cocoa-agroforestry systems to increase yield and mitigate 
climate change. 

Current cocoa-related policies in Ghana promote the adoption of shade 
trees on cocoa farms with limited and unclear directions for selecting the 
specific types of shade trees. Unsuitable combinations of shade trees and 
cocoa may lead to increases in pest and disease incidence and severity, 
and negatively affect cocoa yield and quality. To ensure that the inte-
gration of shade trees does not harm cocoa production, and to increase 
farmers’ interest in and satisfaction with keeping shade trees on their 
cocoa farms, policy development and dissemination by all relevant stake-
holders in the cocoa sector is necessary. This includes the agricultural and 
cocoa-governing bodies such as the Ministry of Food and Agriculture of 
Ghana (MoFA) and the Ghana Cocoa Board (COCOBOD). Also private 
actors such as cocoa-based non-governmental organizations, farmer asso-
ciations and cocoa-buying companies should critically consider the type of 
shade trees they recommend to cocoa farmers. Our study provides some 
insights on shade trees and the management of pests and diseases, but 
more knowledge is needed regarding the services and disservices of shade 
trees in cocoa cultivation.
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Appendix: List of Common Shade Tree 

Species Adopted in Cocoa-Agroforestry 

Systems and Their Additional Uses 

No Scientific name Common uses Reference 

1 Albizia adianthifolia Treating diabetes, headache, 
eye problems, wounds, pain, 
skin diseases, gastrointestinal 
problems, haemorrhoids, 
infertility in women, 
respiratory problems and 
sexually transmitted infections 

Lemmens (2007a) 

2 Albizia ferruginea Construction, flooring, 
staircases, furniture, 
cabinetry, joinery, turnery, 
carvings and veneer 

Twum-Ampofo (2007) 

3 Albizia glaberrima Construction and furniture, 
stools, beehives, tool handles 
and grain mortars 

Lemmens (2007b) 

4 Albizia zygia Carving, flooring and 
furniture. Bark decoction: 
treating bronchial diseases, 
fever, malaria, female sterility 
and as a purgative, 
stomachic, antidote, 
vermifuge and aphrodisiac 

Apetorgbor (2007) 

5 Alstonia booneia Boats, furniture, sculptures, 
musical instruments and 
firewood. Bark decoction: 
treating fractures and 
dislocations, jaundice and 
inducing breast milk 

Adotey et al. (2012) 

6 Amphimas 
pterocarpoides 

Wood: interior construction, 
flooring, interior trim, 
joinery, furniture, canoes, 
huts. Bark decoction: treating 
dysentery, anaemia, 
haematuria, dysmenorrhoea, 
blennorrhoea, schistosomiasis, 
mumps and as a poison 
antidote 

Tchinda and Tané 
(2008)

(continued)
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(continued)

No Scientific name Common uses Reference

7 Anthocleista sp. Treating diabetes, 
hypertension, malaria, 
typhoid fever, obesity, 
diarrhoea, dysentery, 
abdominal and chest pain, 
ulcers, jaundice, asthma, 
haemorrhoids, hernia, cancer, 
rheumatism, STDs, infertility 
and skin diseases 

Anyanwu et al. (2015) 

8 Antiaris toxicaria Sap: as an agent for 
immobilizing animals during 
hunting 

Bosu and Krampah 
(2005b) 

9 Antrocaryon micraster Bark: preparing soup, 
treatment of malaria and as 
an enema to treat impotence 
and threatened abortion 

Ayarkwa (2011) 

10 Blighia sapida Food and cosmetics 
production. Also for treating 
backache, constipation, 
cancer, fever, gonorrhoea, 
dysentery, psychosis, hernia, 
stomach-ache, malaria, 
rheumatism, typhoid, etc. 

Sinmisola et al. (2019) 
and Asamoah et al. 
(2010) 

11 Bombax buonopozense Bark, flowers and leaves: 
treating ringworm, swellings, 
fever, convulsions and 
insanity and to clean hairy 
leather 

Danso et al. (2019) 

12 Cedrela odorataa Cigar boxes, construction, 
joinery, mouldings, panelling, 
louvred doors, boats, 
furniture, cabinetry, 
household implements, 
musical instruments, carvings, 
veneer, plywood and turnery. 
Root and trunk bark: 
treating fever and pain 

Lemmens (2008) 

13 Ceiba pentandra Construction. Its fluffy 
cotton-like seed pods are 
used as stuffing materials for 
cushions, pillows, mattresses, 
insulation and absorbent 

Duvall (2011) 

14 Celtis mildbraedii Construction, furniture and 
ladders. Also for poles, 
pestles, tool handles and 
spoons 

Oyen (2012)

(continued)
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(continued)

No Scientific name Common uses Reference

15 Celtis zenkeri Construction, flooring and 
fuelwood 

Essien and 
Oteng-Amoako 
(2012) 

16 Citrus sinensis Food and for producing 
beverages. The peel: increase 
appetite, reduce phlegm and 
treat coughs, colds, intestinal 
gas (flatulence) and acid 
indigestion 

Yerou et al. (2017) 

17 Cola gigantea Treating sores, skin infections 
and pains 

Atolani et al. (2019) 

18 Cola nitidaa Producing beverages e.g. 
Coca Cola and Pepsi Cola. 
Nuts: the short-term relief of 
fatigue, depression, chronic 
fatigue syndrome (CFS) and 
melancholy 

Atolani et al. (2019) 

19 Daniellia ogea Construction, flooring, 
joinery, furniture, novelties, 
boxes, crates, agricultural 
implements 

Schmelzer (2012) 

20 Dialium dinklagei Food, medicine and as a 
source of wood 

Lemmens (2012) 

21 Discoglypremna 
caloneura 

Bark decoction: for cough 
relief and intestinal pain from 
food poisoning. Bark 
powder: treating sores 

Schmelzer (2008) 

22 Distemonanthus 
benthamianus 

Treating diarrheal infections 
and as wood for construction 

Owusu and Louppe 
(2012) 

23 Entandrophragma 
angolense 

Bark: treating fever, stomach 
pain, peptic ulcers, earache, 
arthritic or rheumatic pain, 
swellings and ophthalmia, 
etc. 

Tchinda (2008) 

24 Entandrophragma 
cylindricum 

Bark: treating bronchitis, 
lung complaints, colds, 
oedema, wounds and as an 
anodyne 

Kémeuzé (2008) 

25 Erythrina vogelli Wood: floats for fishing nets 
and brake blocks and 
shingles. Branches: fence 
posts and  for the  relief of  
pain 

Lemmens (2008)

(continued)
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26 Ficus capensis Leaf decoction: as fertility 
agent in men and for 
treating dysentery, oedema, 
leprosy, epilepsy, rickets, 
gonorrhoea, anaemia, 
tuberculosis and pains 

Nworu et al. (2013) 

27 Ficus exasperata Root decoctions: treating 
urinary tract ailments, 
gonorrhoea, asthma and 
tuberculosis. Leaves: treating 
swellings, wounds and 
arthritic joints 

Nworu et al. (2013) 

28 Ficus sur Ornamental use and hedges Lumbile and Mogotsi 
(2008) 

29 Funtumia elastica Treating whooping cough, 
asthma, blennorrhoea, painful 
menstruation, fungal 
infections and wounds 

Agyare et al. (2013) 

30 Glyphea brevis Treating fever, gonorrhoea, 
dysentery, stomach and lung 
troubles, parasitic infections, 
convulsions and constipation 

Dickson et al. (2011) 

31 Gmelina arboria Construction, carving, 
musical instruments, pulp, 
particle board, plywood, 
matches and packing. Leaves: 
fodder and for rearing 
silkworms. Treating common 
cold, sore throat, cough and 
flu 

Adam and Krampah 
(2005) 

32 Hannoa klaineana Treating fevers, malaria and 
gastrointestinal disorders 

Abubakaret al. (2020) 

33 Holarrhena 
floribunda 

Wood: carvings, combs, 
spoons and handles for axes 
and small implements. 
Leaves: treating diabetes, 
malaria, cancer and oxidant 
damage dysentery, diarrhoea, 
fever, snakebite, infertility 
venereal disease 

Schmelzer (2006) 

34 Iryingia gabonensis Wood: making utensils. Fruit: 
food and for weight loss, 
high cholesterol and diabetes 

Mateus-Reguengo 
et al. (2019)

(continued)



76 B. K. ASITOAKOR ET AL.

(continued)

No Scientific name Common uses Reference

35 Khaya ivorensisa Wood: dugout canoes. Bark 
decoctions: treating coughs, 
fever, malaria, anaemia, 
wounds, sores, ulcers, 
tumours, rheumatic pains and 
lumbago. Root pulp is 
applied as an enema to treat 
dysentery 

Lemmens (2008) 

36 Klainedoxa gabonensis Bark: treating rheumatism, 
lumbago, smallpox, 
chickenpox, fractures, dental 
caries, sterility and impotence 

Oteng-Amoako and 
Obeng (2012) 

37 Lannea welwitschii Wood: furniture and utensils. 
Fruits: food. Bark; produce 
dye, make rope and treat 
diarrhoea, haemorrhoids, 
sterility of women, menstrual 
troubles, pain after 
childbirth, gonorrhoea, 
epilepsy, oedema, palpitation, 
skin infections and ulcers 

Ebanyenle (2009) 

38 Lonchocarpus sericeus Remedy for pain and 
inflammation and as 
fuelwood 

Amegnona and 
Messanvi (2009) 

39 Mangifera indica Food and as a beverage. 
Used as a dentifrice, 
antiseptic, astringent, 
diaphoretic, stomachic, 
vermifuge, tonic, laxative and 
diuretic and to treat 
diarrhoea, dysentery, anaemia, 
asthma, bronchitis, coughs, 
hypertension, insomnia, 
rheumatism, toothache, 
leucorrhoea, haemorrhage 
and piles. It is used as animal 
feed, fodder and forage 

Lauricella et al. (2017) 

40 Margaritaria 
discoidea 

Bark: a purgative and for 
treating stomach-ache, 
toothache, post-partum pains, 
stomach and kidney 
complaints and to facilitate 
parturition. Wood: for poles, 
planks and shingles in 
housebuilding, flooring and 
interior trim 

Addo-Danso (2012)

(continued)
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41 Milicia excelsaa Wood: construction, 
furniture, joinery, panelling, 
floors and boats/shipbuilding 
and marine carpentry, 
sleepers, sluice gates, 
framework, trucks, draining 
boards, outdoor and indoor 
joinery. Bark: treating cough, 
asthma, heart trouble, 
lumbago, spleen pain, 
stomach pain, abdominal 
pain, oedema, ascites, 
dysmenorrhoea, gonorrhoea, 
general fatigue, rheumatism, 
sprains and as a galactagogue, 
aphrodisiac, tonic and 
purgative, treatment of 
snakebites and fever 

Ofori (2007) 

42 Morinda lucida Bark, leaves and roots: 
treating malaria, diabetes, 
hypertension, inflammation, 
typhoid fever, cancer, 
cognitive disorders, sickle cell 
disease, trypanosomiasis, 
onchocerciasis and irregular 
menstruation, insomnia, 
wounds infections and 
jaundice 

Abbiw (1990) and  
Zimudzi and Cardon 
(2005) 

43 Morus mesozygia All plant parts: in decoctions, 
baths, massages and enemas 
as treatments for rheumatism, 
lumbago, intercostal pain, 
neuralgia, colic, stiffness, 
debility, diarrhoea and 
dysentery. The root: as an 
aphrodisiac 

Toirambe Bamoninga 
and Ouattara (2008)

(continued)
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44 Musanga cecropioides Stem sap: treating 
dysmenorrhoea and 
galactagogue. Root sap: 
treating stomach spasms, 
diarrhoea, gonorrhoea, 
pulmonary complaints, 
trypanosomiasis, skin diseases, 
otitis, rheumatism, oedema, 
epilepsy and to ease 
childbirth. Wood: interior 
construction. Bark: treating 
chest pains 

Todou and Meikeu 
Kamdem (2011) 

45 Nesogordonia 
papaverifera 

Wood: exterior and interior 
joinery, parquetry, turnery, 
staircase boards, window 
frames, furniture, cabinets, 
tool handles, mallets, lorry 
bodies, coach/wagon work 
and small boats, carving, 
sliced veneer, plywood and 
firewood. Leaf decoction: 
dental caries relief 

Oyen (2005) 

46 Newbouldia laevis Treating coughs, malaria, 
diarrhoea, elephantiasis, 
epilepsy and dysentery, 
epilepsy and convulsions in 
children. Bark: as enema for 
treating constipation and 
piles, septic wounds and as 
firewood 

Dermane et al. (2020) 

47 Pentaclethra 
macrophylla 

Leaf, bark, seed extracts and 
fruit pulp: treating 
gonorrhoea and convulsions. 
Also as an analgesic, laxative, 
enema against dysentery and 
liniment against itch. As 
firewood and charcoal 

Oboh (2007) 

48 Persea americana Leaves: treating dysentery, 
coughs, high blood pressure, 
liver problems and gout. 
Bark: treating diarrhoea, 
fruits for lowering blood 
cholesterol level, promote 
hair growth and to treat skin 
conditions. It is also used to 
boost sexual longing 

Tcheghebe et al. 
(2016)

(continued)
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49 Petersianthus 
macrocarpus 

Wood: construction, 
furniture, canoes, mortars, 
tool handles, sliced veneer 
and plywood, flooring, mine 
props, vehicle bodies, railway 
sleepers, sporting goods, 
toys, novelties, agricultural 
implements and draining 
boards. Treating pains, 
headaches and fever 

Owusu (2012) 

50 Psidium guajava Treating inflammation, 
diabetes, hypertension, 
dysentery, caries, wounds, 
pain relief, fever, diarrhoea, 
rheumatism, lung diseases 
and ulcers 

Daswani et al. (2017) 

51 Pterygota macrocarpa Treating sores, skin 
infections, stomach-ache, 
digestive disorders and pains. 
Wood: veneer, plywood, 
interior panelling, interior 
joinery, moulding, furniture 
and block board 

Oyen (2008) 

52 Pycnanthus angolensis Bark: poison antidote and for 
treating leprosy, anaemia, 
infertility, gonorrhoea and 
malaria. Leaf extracts: for 
enema to treat oedema. Root 
extracts: treating 
schistosomiasis. As purgative 
and for cleansing milk of 
lactating mothers and for the 
treating coughs and chest 
pains 

Mapongmetsem 
(2007) 

53 Ricinodendron 
heudelotti 

Bark: treating gonorrhoea, 
cough, leprosy, hernia, 
dysentery, elephantiasis, 
syphilis, yellow fever, 
anaemia, toothache and 
malaria. Wood: plywood for 
building and construction 

Tchoundjeu and 
Atangana (2007)

(continued)
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54 Spathodea 
campanulata 

Food and for treating 
epilepsy and convulsion, 
kidney disease, urethritis, also 
as antidote for animal 
poisons, inflamed skin and 
rashes 

Bosch (2002) 

55 Spondias mombin Treating diarrhoea, fracture, 
convulsion, wounds, eye and 
ringworm. The fruit is used 
for a juice drink. Leaf 
decoction: treating laryngitis, 
tooth decay, cough, sore 
throat and malaria 

Nworu et al. (2011) 

56 Sterculia tragacantha Treating boils, diarrhoea, 
dyspepsia, fever, gonorrhoea, 
snake bite, syphilis and 
tapeworm and managing 
diabetes mellitus 

Owusu and Derkyi 
(2011) 

57 Tectona grandis Oil extract: treating scabies 
and as hair tonic. Bark: 
treating bronchitis. Wood: 
construction and poles 

Louppe (2005) 

58 Terminalia ivorensisa Treating dermal diseases, for 
firewood and charcoal. 
Wood: joinery, cabinetry and 
furniture 

Foli (2009) 

59 Terminalia superbaa Bark decoctions: treating 
wounds, sores, haemorrhoids, 
diarrhoea, dysentery, malaria, 
vomiting, gingivitis, 
bronchitis, aphthae, swellings, 
ovarian troubles, diabetes 
mellitus, gastroenteritis and 
jaundice. Wood: furniture, 
table tennis boards 

Kimpouni (2009) 

60 Trema orientalis Leaves and bark: gargling, 
inhalation, drink, lotion, bath 
or vapour baths for coughs, 
sore throat, asthma, 
bronchitis, gonorrhoea 
coughs, yellow fever, 
toothache and as an antidote 
to general poisoning. Wood: 
construction, firewood and 
charcoal 

Orwa et al. (2009)

(continued)
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61 Trichilia manodelpha Treating epilepsy, depression, 
pain and psychosis and 
inflammatory conditions 
rheumatism, oedema, gout. 
Also used as firewood and 
charcoal 

Lemmens (2008) 

62 Trilepisium 
madagascariense 

Leaves are used as vegetables 
and other parts for treating 
pain and venereal diseases 

Ango et al. (2012) 

63 Triplochiton 
scleroxylona 

Its sawdust is used in raising 
edible fungi (Pleurotus spp). 
Bark: to cover the roof and 
walls of huts. Wood: 
fibreboard, fuelwood and 
carving 

Bosu and Krampah 
(2005a) 

64 Zanthoxylum gilletii Bark of stem and roots: 
treating burns, rheumatism, 
headache, stomach-ache, 
toothache and pain after 
childbirth. Bark: against 
colic, fever and in managing 
malaria, tumours and sickle 
cell anaemia 

Okagu et al. (2021) 

Note Shade tree species were selected based on findings from Asare (2016) and Graefe 
et al. (2017) 
aSpecies used or assessed in this study 
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CHAPTER 4  

Social Challenges and Opportunities 
in Agroforestry: Cocoa Farmers’ Perspectives 

Aske Skovmand Bosselmann , Sylvester Afram Boadi , 
Mette Fog Olwig , and Richard Asare 

Abstract Agroforestry practices in cocoa cultivation have historical roots 
going back to the Mayan sacred groves in Mesoamerica. Today, agro-
forestry cocoa, i.e., the integration of shade trees, plants and crops in 
cocoa systems, is promoted as a climate smart practice by public and 
private institutions. Shaded cocoa can sustain or even increase cocoa yields 
and the agroforestry systems may provide additional output for household 
consumption and sale as well as improve the microclimate and soil condi-
tions on the farm. Despite these promising features, cocoa agroforestry 
systems are far from the norm in producing countries like Ghana. Based 
on discussions with groups of farmers across the Ghanaian cocoa belt, this 
chapter shows that while farmers are well aware of the positive aspects of
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shaded cocoa systems, traditional cocoa practices, village chiefs’ command 
of local land uses, land and tree tenure systems, alternative land uses and 
inability to access inputs and extension services limit the adoption and 
constrain the management of shade trees. As still more policies are devel-
oped to improve the Ghanaian cocoa sector, policymakers must consider 
these often overlooked social and institutional factors that prevent cocoa 
farmers from engaging in longer-term agroforestry practices and thereby 
benefiting from the opportunities they present. 

Keywords Land and tree tenure rights · Multi-institutional complex · 
Non-timber forest products · Smallholder perspectives · Mining 
activities · Socio-cultural and gender dimensions 

4.1 Introduction 

Cocoa agroforestry systems are described as climate smart practices 
because of their potential ability to mitigate and adapt to climate change, 
while ensuring diverse farm outputs (Vaast et al., 2015). However, the 
cultivation of cocoa in intercropping or shaded systems is not a new 
practice developed in the face of climate change. Quite the contrary, 
cocoa has been cultivated under shade trees since the domestication of 
the Theobroma cacao tree in pre-Hispanic South and Central America 
(Gómez-Pompa et al., 1990). As a highly valuable crop used for religious
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ceremonies, as food and as currency, the Mayan cultivated cocoa trees 
in sacred groves, either in agroforestry systems or in sinkholes, where 
steep slopes and high soil humidity provided an adequate yet geographi-
cally very limited microclimate (ibid.). Cocoa continues to this day to be 
part of religious practices and has ceremonial value for modern-day Maya 
groups. The shaded cocoa habitats have even been described as limiting 
deforestation and forest degradation due to the sacred character of the 
cocoa trees (Kufer et al., 2006; Steinberg, 2002). Cocoa cultivation in 
shaded systems, often intercropped with other food crops, has persisted in 
various forms as a central practice in traditional cocoa farming from Latin 
America to West Africa and Indonesia (Oladokun, 1990; Rice & Green-
berg, 2000; Schulz et al., 1994). Today, shaded cocoa cultivation may 
take many forms, ranging from cultivation in the limited shade provided 
by a single tree species, often timber trees, to rustic shade systems, where 
cocoa is found under remnant forest trees, to a more actively managed 
fully fledged cocoa agroforestry system with several strata, each consisting 
of multiple trees with diverse purposes (see typology in Orozco-Aguilar 
et al., 2021). However, intensive cocoa farming with high performing 
cocoa varieties in lightly shaded or full-sun conditions is currently the rule 
rather than the exception. As a result, cocoa is more often mentioned 
as a deforestation driver and less as a harbourer of biological diver-
sity (Franzen & Borgerhoff Mulder, 2007; Ordway et al., 2017; Ruf & 
Schroth, 2004), especially in Côte d’Ivoire and Ghana (Kalischek et al., 
2022). 

Cocoa agroforestry has been highlighted for its ability to increase the 
total economic output from cocoa and shade trees, take advantage of cost 
complementarities between cocoa and other products on the same plot, 
and reduce input dependencies in low-input systems managed by small-
holder farmers with limited access to fertilizers and pesticides (Herzog, 
1994; Ofori-Bah & Asafu-Adjaye, 2011). For example, shade trees may 
provide nutrients and humidity to the soil through branch pruning and 
litter decomposition, and provide farmers with tree products, such as 
edible plant parts, firewood, timber, fibers and fodder, both for subsis-
tence use and for sale (Bos et al., 2007; Graefe et al.,  2017; Kaba et al., 
2020). Products from shade trees may thus have a role as an income 
gap filler, while timber trees may function as a safety net during times 
of low income. Yet, while cocoa plantations are often established under 
shade through intercropping to shield the young plants, mature planta-
tions in West Africa often become monocrop systems to avoid cocoa trees
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competing with shade trees for water, nutrients, space and light. However, 
while competition between shade trees and cocoa has been documented, 
e.g., for soil water in situations with prolonged droughts (Abdulai et al., 
2018), limited effects or even a positive effect on cocoa yields have been 
found in systems with low to moderate levels of shade (Abou Rajab 
et al., 2016; Asare et al., 2019; Nunoo & Owusu, 2017). The positive 
role of shade trees on economic output is further augmented when the 
prolongation of the main productive phase of cocoa trees, due to the 
presence of shade, is considered (Asare et al., 2019). While full-sun cocoa 
systems have become widespread in the search for higher yields, research 
is increasingly finding that cocoa agroforestry systems, when appropri-
ately implemented and managed, may outperform full-sun systems on 
economic as well as environmental parameters (see also Chapters 3 and 5 
in this volume). 

With the advent of human-induced climate change, agroforestry is 
increasingly being highlighted as a climate smart practice, especially in 
perennial cropping systems such as cocoa cultivation. Climate smart prac-
tices entail adaptation to long-term climate change and erratic weather 
events, climate mitigation by reducing the emissions of greenhouse gasses 
and possibly sequestering gasses from the atmosphere, and sustainably 
increasing the productivity of the agricultural system (FAO, 2009). In 
West Africa, where the main share of the global cocoa production takes 
place, the effects of climate change are exerting pressure on cocoa farmers 
to change crops or adopt climate smart practices to adapt to higher 
temperatures and change in precipitation patterns. In their recommenda-
tion across different agro-ecological zones in Ghana, Bunn et al. (2019) 
emphasize the use of shade trees to adapt to climate change. 

Cocoa agroforestry systems are being promoted in voluntary certifi-
cation schemes as well as in corporate programs for responsible cocoa 
production and sourcing in which almost all major cocoa buying compa-
nies are engaged (Carodenuto & Buluran, 2021; Thorlakson, 2018). 
These corporate initiatives will very likely gain further traction as new 
public regulations and directives for the main market for cocoa and choco-
late, the EU, are expected to push the agenda for deforestation-free 
cocoa without climate emissions. An EU deforestation regulation and the 
Corporate Sustainability Due Diligence Directive (CSDDD) will hinder 
any trade to the EU of cocoa unless the trading company can document 
that the cocoa is not associated with deforestation, is legally produced 
and does not have any adverse climate impacts. While neither has been
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implemented yet, cocoa buying companies are setting up programs for 
deforestation-free cocoa that also promote dissemination of shade tree 
seedlings (Nasser et al., 2020). 

Having in mind the agri-ecological benefits of shaded cocoa produc-
tion, the long-term benefits of cocoa agroforestry to the farming house-
hold, as well as its promotion as a climate smart practice and part of a 
sustainable business model, it seems surprising that agroforestry is not 
the dominant way of producing cocoa. Kaba et al. (2020) relate the  
low adoption of agroforestry to a mismatch in farmers’ and researchers’ 
understanding and perception of shade tree integration in cocoa farming. 
Farmers generally possess knowledge of the positive and adverse effects 
and outcomes of intercropping trees and cocoa, as shown in several 
studies (e.g., Awuah & Kyereh, 2019; Graefe et al.,  2017; Smith Dumont 
et al., 2014). There are seemingly other factors at play that keep farmers 
from returning to the old ways of the Mayan shaded cocoa groves and 
that influence farmers’ decision and ability to plant and care for trees in 
their cocoa plantation. Based on discussions with cocoa farming commu-
nities in Ghana and interviews with key informants in the Ghanaian cocoa 
sector, this chapter explores and discusses the social challenges as well as 
opportunities linked to agroforestry from the perspective of the cocoa 
farmers. The following section provides further background on farmers’ 
valuation of trees in cocoa cultivation and the obstacles that may limit 
farmers’ ability and willingness to plant trees, mainly based on studies 
from Western Africa. This section is followed by a discussion of the expe-
riences of Ghanaian cocoa farmers, who are struggling along several fronts 
concerning the integration of trees in cocoa farming. Finally, possible 
pathways for facilitating the integration of shade trees in cocoa farms are 
presented. 

4.2 Background 

Cocoa cultivation in West Africa goes back to the 1880s and has long 
been one of the main income-generating activities that support the liveli-
hoods of millions of farmers in Côte d’Ivoire and Ghana. In 2019, 
according to UN trade data,1 cocoa provided around USD 2.7 bn. in 
export earnings to Ghana through exports of cocoa beans and other cocoa

1 https://comtrade.un.org/data, Trade codes HS 1801–1806. 

https://comtrade.un.org/data
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products. The parastatal Ghana Cocoa Board (COCOBOD) obtained 
revenues of around USD 1.3 bn., which among other things covered 
large-scale service provision programs to farmers. Roughly, USD 900 
million was paid to farmers, while the remaining earnings were captured 
by traders and grinders with domestic operations in Ghana. These figures 
only tell part of the story of the importance of cocoa to rural communi-
ties in Ghana. Other types of economic and social values exist in relation 
to the cocoa cultivation systems and the intercropping of trees. 

4.2.1 Farmers’ Cocoa Agroforestry Economy 

There are far more studies of the economic value of the cocoa crop 
than of the value of shade trees in cocoa agroforestry systems. Never-
theless, several studies have highlighted the potentially extensive values of 
shade tree products and ecosystem services that farmers may obtain when 
managing cocoa farms for more than just cocoa. In cocoa agroforestry 
systems in Southern Cameroon, Gockowski et al. (2010) recorded 286 
different plant species that farmers used for food, medicine, timber, pack-
aging materials and other non-timber forest products. The non-cocoa 
products generated 217 USD/ha in one area, compared to 425 USD/ 
ha from cocoa, and across all regions, trees and plants generated 25% of 
total farm income, mainly driven by sales of palm oil, timber and fruits. 
While Gockowski et al. focused on marketed products, Cerda et al. (2014) 
also included the value of the households’ own consumption of non-
cocoa products in their research on cocoa farmers in Central America. The 
authors found that the economic benefits to the households of bananas, 
fruit trees and timber in the cocoa plots equaled or exceeded the family 
income from cocoa sales. Obeng et al. (2020) went a step further and 
used contingent valuation methods to assess Ghanaian farmers’ willing-
ness to pay for tree integration on their cocoa farm in order to obtain 
non-marketed ecosystem services, such as erosion control, temperature 
regulation and water resources protection. They estimated the value of 
bundled ecosystem services to be USD 164 per ha per year, corresponding 
to 8.2% of the farmers’ cocoa income. 

In the study by Obeng et al. (2020), farmers’ willingness to pay for tree 
integration was significantly influenced by their positive attitude toward 
forests in general. Farmers emphasized the existence value of tropical 
forest more so than its current use value as their motivation for off-farm
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forest protection. However, more tangible values were prioritized for on-
farm tree integration. The shading of cocoa trees, access to timber and 
(nature) medicine and environmental benefits such as providing a habitat 
for pollinators were among the main reasons behind farmers’ valuation of 
tree integration (ibid.). 

The benefits of shade tree products may come at the cost of reduced 
cocoa yields, though the results from studies of combinations of cocoa 
and different shade trees vary. Koko et al. (2013) find that intercropping 
of fruit trees in Côte d’Ivoire reduced yields per cocoa tree and per ha. 
They also cite a number of earlier studies from Latin America that showed 
similar results and argue that excessive light inception reduces flowering 
and thus yields. Results from more recent studies paint a different picture. 
Abou Rajab et al. (2016) find no negative effect on cocoa yields between 
monocultures and multi-shade systems in Indonesia, while Asare et al. 
(2019) document a doubling of cocoa yields in Ghana when changing 
from no shade to 30% canopy cover. Equally important, Nunoo and 
Owusu (2017) find that shade increases the length of the mature cocoa 
producing phase based on data from Ghana, thus prolonging the econom-
ically productive phase of the rotation length. Despite lower yields under 
shade, Koko et al. (2013) obtain much higher yields in their trial exper-
iment in their shaded plots than the average productivity in West Africa. 
This points to another important factor: access to inputs, farmer skills and 
management priorities highly affect cocoa yields, with or without shade 
trees. Whereas the cocoa plots in Koko et al. (2013) received optimal 
levels of inputs to maximize yields, we found that many small-scale 
farmers do not have access to or cannot afford fertilizers and agrochem-
ical inputs. They therefore tend to aim for lower but stable outputs based 
on more “nature-based solutions”—to borrow a term from climate smart 
agricultural programs—which include shade trees for weed suppression, 
soil fertilization and moisture, and food. 

Important factors when cocoa farmers make overall farm manage-
ment choices include trade-offs between different crops, access to inputs 
required for different systems, and the value of ecosystem services from 
shade trees. From this perspective, the intercropping of shade trees in 
cocoa plots represents an opportunity for added value, especially when 
farmers do not have adequate access to inputs or for other reasons manage 
their cocoa plot extensively. This is exemplified in the study by Bentley 
et al. (2004), who found that more diverse agroforestry was practiced 
mainly by farmers with low-input management regimes in Ecuador. The 
economy of cocoa agroforestry may thus be particularly advantageous for 
smallholders.
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4.2.2 The Socio-cultural Context of Cocoa Agroforestry Systems 

At the place of origin of the cocoa tree in South America and 
Mesoamerica, many farmers attach ceremonial and social values to their 
cocoa plots. From Mexico and Guatemala to the Ecuadorian Amazon 
region, cocoa trees and associated forest trees are regarded not only as 
a productive system, but also as a social-ecological system with deep-
rooted cultural values (Coq-Huelva et al., 2017; Kufer et al., 2006). 
This is a result of cocoa cultivation having evolved along with other soci-
etal developments over several thousand years in South America (Zarrillo 
et al., 2018). In contrast, the cocoa tree was introduced as a cash crop in 
Ghana in relatively recent times, just 150 years ago. The ritual and cere-
monial values attached to cocoa at its natural origin did not accompany 
the beans on the Portuguese ships that first brought the crop to West 
Africa (Ryan, 2011). However, the economic value and importance of 
the crop in Ghana, which has surpassed the crop’s economic importance 
on the American continent, have influenced Ghanaian culture beyond the 
economic aspects. 

“Ghana is cocoa, cocoa is Ghana” is a common saying in the world’s 
second largest cocoa producing country, not only because of the thou-
sands of cocoa farming households and the nearly one million people 
working in the cocoa plantations. For better or worse—“worse” referring 
to a colonial history and coercive use of labor, including child labor, that 
still taint the cocoa sector today—cocoa has shaped Ghanaian society since 
its introduction. Tetteh Quarshie, the blacksmith most often accredited 
with the first introduction of cocoa to Ghana, is regarded as a national 
hero and is a figure that continues to be present in the cocoa sector and 
in society; several streets, a highway and a hospital bear his name, as does 
one of the traditional cocoa varieties. 

Less obvious is the connection of agroforestry practices in cocoa 
farming to local cultures and cultural values. Mr. Quarshie established 
the first cocoa farm in Ghana, intercropping a variety of food crops. This 
practice continues today, as many farmers rely on food crop production 
in and around their cocoa farms, for sale and consumption. Intercropping 
helps to shield the young cocoa plants and to gap-fill farm outputs in the 
first years of the plantation, but is then often abandoned for a sole focus 
on cocoa yields. Cocoa has been one of the main drivers of deforestation 
in Ghana, and still is today (Acheampong et al., 2019), but some farmers 
do retain forest trees as they move into new areas or plant trees for a
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variety of reasons. The choice of trees is mainly related to the use and 
economic value of the trees (Anglaaere et al., 2011), but what is useful 
and of economic value depends at least partly on the socio-economic 
context and the local knowledge of trees (see Appendix in Chapter 3 in 
this volume). Lack of education providing awareness of tree benefits has 
been identified as a key factor explaining why Ghanaian farmers remove 
shade trees (Kaba et al., 2020). Specific knowledge of shade tree—cocoa 
compatibility in Southern Ghana and needs for income diversification in 
the Northern cocoa areas of Ghana have been found to be important 
for shade tree selection (Graefe et al., 2017). Gender aspects also play 
a role, as women more often select shade trees for household consump-
tion purposes than men, but at the same time, they may be constrained in 
terms of shade tree management due to intra-household power dynamics, 
lack of land possession and access to hired labor, as found by Jamal et al. 
(2021). 

In a very different part of the world, East Papua New Guinea, where 
cocoa is also a relatively recent crop, the socio-cultural context plays a 
different role in cocoa cultivation. Low-input cocoa systems with diverse 
intercropping are favored by the local traditional “way of life” and moral 
values and are seen as providing status and identity (Curry et al., 2015). 
While the social obligations to share surplus generate community-wide 
benefits, they also create a socio-cultural context that limits farmers’ 
ability to invest in and build on savings from cocoa cultivation. The 
same social constraints are not found in Ghana, where it seems the main 
cultural value of agroforestry systems is related to economic outputs and 
the viability of the productive agro-ecological system, even though the 
socio-cultural context influences the importance given to different types 
of shade trees, such as multipurpose trees for materials, medicines and 
other sources of environmental income. 

4.2.3 The Multi-institutional Complex of Shade Tree Systems 

The care for trees and the right to enjoy the benefits of harvesting the 
trees is no simple matter in Ghana, legally speaking. National land tenure 
policies, tree use permits, traditional land rights vested in the chief, and a 
mix of matrilineal and patrilineal inheritance systems that tend to weaken 
individual land rights (Quisumbing et al., 2001), further complicated by a 
long history of domestic migration, come together in a hot pot of rights,
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obligations and opportunities that influence cocoa farmers’ willingness 
and ability to invest in and manage shade trees. 

According to Mayers and Ashie Kotey (1996), land tenure is influenced 
by tradition, politics and postcolonial policies. Traditional landholding 
authorities, most often the chief, may be a paramount, divisional or sub-
stool or a combination of these, depending on the mode of acquisition 
of the land and history of the people. Chiefs may hold absolute title to 
land on behalf of the people, who in turn have usufruct rights and can 
appropriate a portion of the land for permanent development (Mayers & 
Ashie Kotey, 1996). Such land, for most practical purposes, belongs to 
the community member with usufruct rights whose interests should be 
secure, inheritable and generally alienable (Spichiger & Stacey, 2014). 
Migrants acquire land by outright purchase, or more commonly by leasing 
under customary law. Traditional authorities may also grant tenancies on 
abunu terms for cash crops, where e.g., cocoa land is shared between 
landowner and tenant once the cocoa crop is mature, or on abusa terms 
for food crops where the food production, not the land, is shared. Many 
poorer migrant farmers are in abusa arrangements, which are generally 
insecure and therefore create little incentive to plant and nurture trees 
(Mayers & Ashie Kotey, 1996). 

While the farmers’ right to maintain trees on cocoa farms and to have 
their farms protected from timber concessionaires has been in place since 
1979, only from 1995 was it possible for farmers to receive compensation 
for crop damages incurred when timber was harvested on their fields. All 
revenues from the timber, however, were to be divided between public 
authorities and the traditional authorities (Amanor, 1996). The legal basis 
for farmers to refuse the felling of timber on their farmland or negotiate a 
price for each tree to be felled by a concessionaire was finally established 
with the Timber Resources Management (Amendment) Regulations in 
2003. However, the full power of landholders to plant, maintain, harvest 
and sell timber from their own land is still a wishful scenario for most 
cocoa farmers. Today, rights to timber on farmland may still be afforded 
to concessionaires despite farmers’ rights to refuse, and farmers have to 
navigate a bureaucratic registration system to register trees and gain user 
rights to individual trees on their farm (Gaither et al., 2019; Hirons et al., 
2018). For these reasons, farmers with timber trees on their farmland will 
often gain greater benefits from engaging with the informal wood sector, 
rather than trying to stay within the formal legal system (Hirons et al., 
2018).
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Within this complex institutional framework for land and tree rights 
corporate sustainability programs run by international cocoa buyers and 
chocolate companies are disseminating shade tree seedlings to farmers 
across Ghana. Tree seedlings are part of a bundle of services farmers 
receive, either at no cost or paid back via a share of the harvest, as part 
of the cocoa-industry’s efforts to build capacity in the Ghanaian cocoa 
farming communities vis-a-vis yield improvement, climate resilience, 
sustainability, regenerative practices or other objectives often found in 
industry financed, farmer facing programs (Boadi et al., 2022; Carode-
nuto & Buluran, 2021; Nasser et al., 2020). In this context, women 
are also marginalized in terms of access to shade trees and training, 
because programs most often interact with male landowners and focus 
on technical solutions (e.g., number of tree seedlings distributed) rather 
than gender differentiated solutions (e.g., female farmers’ selection of 
tree species) (Friedman et al., 2018). It is within this multi-institutional 
context that farmers must navigate when they consider the short and 
long-term costs and benefits of planting, maintaining and harvesting 
different types of shade trees for different kinds of purposes, besides 
“simply” shading the cocoa trees. 

4.3 Talking About Shade Tree 

Management with Ghanaian Cocoa Farmers 

In order to improve our understanding of Ghanaian cocoa farmers’ 
perceptions of shade trees and their associated values in cocoa agroforestry 
systems, along with the socio-cultural context defining the challenges and 
opportunities related to cocoa agroforestry, we organized a number of 
focus group discussions with cocoa farmers across the cocoa zones in 
Ghana. In total, 20 focus group discussions were carried out with female 
farmers, male farmers and in mixed groups over a period spanning 2018 
and 2019, covering 12 villages in the districts of Asutifi South, Offinso 
North, Amansie West, Atwima Nwabiagya, Sefwi Wiawso and Wassa 
Amenfi. The participants were selected from a pool of over 400 farmers, 
who had participated in a farmer survey on cocoa production practices 
and shade tree management (see Chapter 5 in this volume for details and 
map of study areas). They represented both migrant farmers and farmers 
native to the cocoa communities, as well as farmers with private landhold-
ings and farmers in shared land arrangements. The expected differences
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in use of different shade tree species, given possible differences in knowl-
edge about trees and access, were not clear in the quantitative survey data. 
While native farmers as a group had more species represented, they also 
accounted for most of the cocoa plots registered in the survey, and many 
species were only found on single cocoa plots. Both groups of farmers 
favored a handful of timber and fruit tree species. Several species of trees 
with medicinal uses were also mentioned, but were found on fewer plots. 

Sitting outdoors in shaded environments under community trees, we 
began our discussions by listening to farmers’ history of their community 
or their stories of migration to existing cocoa areas often several genera-
tions ago. Then we centered on the use of shade trees in cocoa cultivation, 
the benefits and disadvantages of specific shade trees or, more generally, 
of shade in cocoa farming, and the challenges and opportunities expe-
rienced by farmers who either wanted to manage or already managed 
tree-cocoa intercropping systems. Furthermore, in each group discus-
sion, the issues of climate change and possible coping strategies, land 
tenure and the future of cocoa farming were addressed, as these issues are 
often studied in the context of agroforestry. While the topics were prede-
fined, the discussions were allowed to make detours to related topics, 
often as a result of disagreements among participants, such as farmers’ 
perceptions of the practice of small-scale gold mining, also referred to as 
galamsey , and sand mining. The farmers saw mining activities as either 
new avenues for income and livelihood improvements, or as detrimental 
to future economic activities and agricultural-based living, but all agreed 
that mining conflicts with cocoa and tree management. 

Over the course of the 20 group discussions, we heard the views of 
70 male and 53 female cocoa farmers. Their views were supplemented 
with four in-depth interviews with cocoa buying agents and lead farmers 
in some of the communities. The qualitative data was transcribed and 
analyzed for commonalities across discussions and locations that would 
improve our understanding of the challenges and opportunities of shaded 
cocoa as experienced by the farmers.
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4.4 Recent Perspectives 

from Ghanaian Cocoa Farmers 

The following represents the voices, perceptions and experiences that 
were common to most, if not all, groups of farmers participating in the 
focus group discussions, complemented by references to previous studies 
in the Ghanaian cocoa belt. 

4.4.1 Common Practices, Changing Practices 

Since we took over from our grandparents, we have maintained their 
farming practices. We cut down all the trees, after which we burn the 
weeds on the land. (Discussion participant, Esaase Community) 

Whether farmers were native or had migrated to their current commu-
nity, the majority of farmers described using the traditional slash-and-burn 
approach to establish their cocoa plots and intercrops mainly to shade 
the young cocoa plants; practices that the farmers have learned from 
observing and participating in the cocoa activities of parents, other family 
members and community members. Even recent plot establishment had 
required clearing and burning forest areas or fallows. However, during 
all discussions, participants acknowledged the protective effect of shade 
trees and described how they bring about a better and cooler climate and 
more humidity and help cocoa to survive during warm periods. Most 
farmers indeed described having smaller shaded areas or a few shade 
trees dispersed on their cocoa plots. Farmers without shade on their own 
farms, described visits to neighboring farmers, whose shaded cocoa trees 
were performing better during warm periods, while their own had “their 
tops burned off” as one farmer described it. Even farmers with nega-
tive perceptions of shade effect on cocoa yield and presence of pests 
recognized the positive role of shade trees on the microclimate. This 
recognition was seemingly related to farmers’ account of recent experi-
ences of changes in rainfall patterns, longer droughts, higher temperatures 
and intense sunshine. Many farmers agreed that at least some level of 
shade was necessary throughout the cocoa trees’ lifetime, and some 
described how they had recently introduced the first or additional shade 
trees in mature cocoa plots, on a needs basis, referring to the specific 
service of shading—though often combined with reference to timber.
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There was, however, also consensus on keeping shade trees limited in 
number, so as not to decrease the cocoa yields. 

Farmers’ choice of shade tree species and their management were 
mainly informed by agricultural advisory and tree planting schemes, but 
also based on the farmers’ own experiences. Avocado, orange and mango 
were the most common fruit trees due to their economic benefits, while 
a number of valuable timber trees were favored, partly for economic 
reasons and partly due to “tall and broad trees” being good character-
istics of shade trees according to advice from extension officers. Contrary 
to this, there was less consensus when it came to selecting tree species 
believed to have medicinal properties, which is related to differences in the 
specific knowledge of individual farmers. Similarly, information on trees 
with detrimental effects on cocoa farming was to a larger extent based 
on farmers’ own experiences with how certain trees limit the growth of 
the cocoa trees or attract pests, even trees recommended by extension 
officers. 

Research is emerging on the impact of different shade tree species and 
shade tree species diversity in cocoa agroforestry systems (Asare et al., 
2019; Asitoakor et al., 2022; Graefe et al.,  2017; Kaba et al.,  2020. See  
also Chapters 3 and 5 in this volume). We found that some extension 
services that support better shade tree selection and shade tree seedlings 
are being offered to a limited group of farmers. Indeed, we found that 
these farmers were most able to implement cocoa agroforestry systems 
successfully. Yet, even though NGOs, cocoa-industry initiatives and the 
state all provide extension services, most farmers only receive limited 
training and are only given seedlings from a very small selection of shade 
tree species. The farmers’ discussions did indicate smaller changes in their 
perceptions and management of shade trees, but changing policies and 
the lack of consistency of the agri-advisory services offered to farmers 
have created some distrust among farmers of advice from institutions 
offering such services, including advice on shade tree integration. Farmers 
thus reported conflicting recommendations from extension services and 
described how they were first recommended to eradicate shade trees as 
they were not good for cocoa, but later on, the same extension services 
came back to recommend tree integration. There is a need for consistency 
in terms of agri-advisory regarding tree integration in cocoa farms, but 
also better communication concerning desirable/undesirable shade trees, 
the contextual nature of what constitutes an optimal number of shade 
trees to manage on cocoa farms and the importance of shade tree species 
diversity.
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4.4.2 Environmental Income and Shade Tree Products 

These trees have been helping me a lot. Quite recently, I went to harvest 
some of these trees when I was in financial hardship. It is good and benefi-
cial to nurture such trees in the farm. (Focus group participant, Nerebehi, 
Ghana, talking about timber trees in cocoa) 

Cocoa farmers with a more diverse shade tree composition and inter-
cropping were able to reap monetary benefits additional to the sale of 
cocoa (Chapter 5 in this volume). The farmers’ discussions revealed three 
broad categories of benefits derived from shade trees and agroforestry: 
(i) tree products, such as fruit, timber and fuel wood, (ii) benefits to the 
cocoa system itself, such as improved water retention and protection from 
high temperatures and direct sunlight and (iii) harvesting of mushrooms 
and snails from the shaded environment on and adjacent to the cocoa 
farms. The latter used to be important for many farmers, both for sale 
and consumption, but most farmers were now only reminiscing about the 
time when there was an abundance of mushrooms and snails on or near 
their farms. Very few farmers reported currently collecting mushrooms 
and snails blaming general deforestation, use of pesticides in cocoa and 
other agriculture, and bushfires to be the culprits of the disappearance of 
this environmental income, confirming a trend documented in 2008 by 
Ahenkan and Boon (2011). Farmers acknowledged how planting of shade 
trees within the limits of their own farms was not sufficient to provide 
the habitat for snails and mushrooms, as not only a shaded environment 
is needed but also decaying wood and thick undergrowth on larger areas. 
Some farmers jested of having to buy cultivated mushrooms and snails, 
others talked of missing a piece in their diversified livelihoods. 

As a result of changing landscapes, trees on the farm have become the 
source of environmental income. The multiple tree products mentioned 
by farmers included firewood, various fruits, leafy vegetables and food 
ingredients, tree parts or sap with medicinal properties, along with 
various construction materials that are mainly used on their own farms. 
The access to tree seedlings was a recurrent subject, as some trees— 
those most favored by farmers due to multiple products afforded by a 
single tree—were difficult to regenerate naturally and farmers therefore 
were dependent on buying seedlings. When selecting shade tree species, 
farmers considered not just the potential added benefits, but also the 
problems that could arise when including specific species in agroforestry,
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including competition for water and nutrients and an increase in pests and 
diseases (see also Chapter 3). Avocado, a good source of fruits for sale and 
consumption, was known to attract mistletoe that would also negatively 
affect certain varieties of cocoa, while oil palms were favored by some as a 
food ingredient, but reportedly harbored squirrels and “destroyed cocoa 
trees.” Furthermore, some trees with medicinal value were not thought 
to be compatible with cocoa farming. Farmers must therefore carefully 
select trees for different purposes. 

Shade trees of timber species, cared for with the intention of harvesting 
poles and beams for constructing and roofing houses, were among the 
most contentious issues discussed by the farmers. Timber trees may 
support families during hardship if sold on the market, as exemplified 
in the quote above, but farmers were well aware of the complex set of 
rules that surrounds timber trees and restricts the use and sale of timber, 
even of trees planted and cared for on private farmland. Some farmers 
even resorted to removing valuable trees before maturity to avoid trouble 
and, in no small part, out of spite of the Forestry authorities. Doing that, 
they also forgo what may be a substantial value from the cocoa systems, 
as documented by Nunoo and Owusu (2017) and Obiri et al. (2007) 
among Ghanaian cocoa farmers. 

4.4.3 Gold and Sand Mining—Competing and Destructive 
Land Uses 

They are profiting from the mining operations, but we are dying. What are 
we going to do as the government has given the mining companies the 
permit to mine in the mountains which is the source of all our waterbodies, 
and as the activities of these mining companies is resulting in the breaking 
apart of the mountain and the cutting down of the trees? (Focus group 
participant, Jeninso, Ghana) 

The quote introducing this section represents the situation in five of the 
12 communities, where the focus groups discussions took place. Along 
with sand winning, galamsey activities, or small-scale mining,2 were seen 
by especially the older cocoa farmers to be among the largest threats

2 Galamsey is derived from the phrase “gather them and sell,” and is used to describe 
illegal, small-scale mining activities, mainly for gold. 
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to not only cocoa farming but also agricultural activities in general. 
Farmers described the activities mainly as illegal activities, often accepted 
or even facilitated by the local chief, and carried out on a small scale 
by people not from the local community or on larger tracts of land by 
mining companies. Farmers described galamsey and sand winning activ-
ities as leading to destroyed roads and footpaths, complicating access to 
farms, increasing the occurrence of forest fires, impacting water bodies, 
uprooting cocoa trees and removing soil cover, thereby leaving farmland 
unproductive. The loss of land had incentivized some farmers to look for 
forested areas to establish new cocoa farms, indicating a push factor from 
mining activities leading to cocoa-related deforestation. The farmers also 
associated the mining activities with a lack of labor for agricultural activ-
ities, as day wages cannot compete with the possible earnings of mining 
activities. Older farmers told of conflicting views; they discouraged their 
children from pursuing galamsey activities, but also acknowledged the 
hardship and risky livelihood related to cocoa farming in a context of 
other and faster economic opportunities. This argument was also voiced 
by younger farmers participating in the discussions. Nonetheless, they did 
not consider engaging in mining activities. 

“If you find it, you own it” read the sign of a large mining company 
that flanked the entrance to a community where one of the focus group 
discussions took place. The advert seemed to have worked; along the 
local water bodies and in-between cocoa farms, pits and mounds of 
gravel from galamsey activities characterized the landscape. This was not a 
lone incident. Across Ghana, an estimated 300,000–500,000 small-scale, 
unlicensed miners are supporting an industry worth millions of dollars 
annually, often acquiring farmland from cash strained farmers (Siaw et al., 
2023). Small-scale mining, when regulated, is seen as an economic activity 
that can help to alleviate poverty in rural areas of Ghana (Okuh & Hilson, 
2011), but galamsey may also be seen as the antithesis to cocoa agro-
forestry farming. Galamsey favors short-term benefits at the cost of arable 
land, and cocoa farming is a long-term strategy for climate smart agricul-
ture. For both, a facilitating regulatory and policy environment is needed 
to promote socio-economic development (Ofosu & Sarpong, 2022), but 
for cocoa agroforestry practices not to lose out to mining activities in 
overlapping areas, strong long-term incentives are needed from both 
public and private actors. These include secure land and tree rights as 
well as relevant pricing mechanisms for cocoa from shaded systems.
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4.4.4 Rights or No Rights to Land and Trees 

There is a law, which forbids a farmer from harvesting the trees which he 
has planted on his farm and that have matured; there is a law which calls 
for the arrest of any farmer who commercializes tree harvesting. (Focus 
group participant, Mehame, Ghana) 

Without being able to name the many policies and laws governing land 
tenure and tree rights, many farmers did clearly communicate the trouble 
of living with the uncertainty and complexity of rules and powers affecting 
access to land and trees. Some farmers, mainly natives to the commu-
nities, expressed having secure land rights and described how even if 
the local chief were to invite mining companies to mine their plots, or 
timber contractors to harvest the trees, the farmer would still be the one 
benefitting. Other farmers held deep, negative perceptions of the chiefs 
and shared experiences of chiefs who allocated the farmers’ cocoa plots 
to sand winning and galamsey , or the timber trees to outside chainsaw 
operators without consulting them. Farmers described returning to their 
cocoa plots, only to find food crops and cocoa trees removed along with 
the topsoil, leading to the loss of livelihoods. In other narratives, the 
cocoa plots were allocated to urban extensions. Some farmers accepted 
this. Even after several generations of staying in the same community, 
farmers explained that they owe their land endowments to the village 
chief and therefore accept the chief’s decision-making power over land 
allocations and use. Others were more frank in their assessment of the 
chiefs’ “destroying our lands” for their own gain, but also described how 
little could be done about it and the fear of arrest if complaints were to 
be made. 

Chiefs and elders of the communities were also mentioned as being 
involved in matters of timber trees on cocoa plots, but more often 
farmers referred to regulations implemented by officers from the Forestry 
Commission. A few farmers asserted full rights over trees grown and 
harvested on their farms, even when in sharecropping arrangements, and 
some described how tree materials could be used for their own houses, 
such as roofing, sometimes after consulting the chief and/or landowner. 
Many more were acutely aware of the limitations of harvesting trees, 
whether for sale or own use, and acknowledged the need to register indi-
vidual trees and secure permits at the local Forestry Commission office
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in order to secure rights to the trees on their cocoa plots. The indi-
vidual tree registration at the Forestry Commission, much akin to how 
the Land Commission should register land allocations in customary lands 
(Spichiger & Stacey, 2014), is the main approach adopted by public 
authorities to address tree tenure issues and create clarity of ownership 
and rights to usage. The farmers, however, often saw it as a way for public 
authorities to collect payment as a fee is paid for registering trees, and 
instead of a solution, farmers view tree registration as yet another source 
of tree rights disputes. Other farmers, especially those who had acquired 
their plots via the abunu sharecropping arrangement, referred to agree-
ments that revert the land, and any timber/shade trees planted on it, to 
the landowner when the standing cocoa trees come to the end of the 
rotation cycle. Such agreements hindered not only shade tree integration, 
but also cocoa farm rehabilitation and renovation. 

Some farmers had received tree seedlings from agricultural extension 
officers and, along with them, the rights to the tree. With the same aim, 
cocoa buying companies are disseminating tree seedlings to cocoa farmers 
to promote agroforestry practices in their supply chains, but even for large 
multinationals, the administrative burden of documenting and registering 
trees has led to projects giving up on tree registration, relying instead on 
traditional rules (O’Sullivan et al., 2018). 

Insecure land and tree tenure regimes impede farmers’ willingness to 
make long-term investments in their cocoa plots, including the planting 
and tending of timber trees in cocoa agroforestry systems. Indeed, for 
some farmers, the insecurity of tree ownership was seen as an incentive to 
remove shade trees. 

4.4.5 Policy Implications—Private and Public 

Secure long-term rights to land and trees are necessary for farmers to 
carry the long-term investment in cocoa agroforestry systems. While the 
egalitarian objectives of the formal state laws and traditional land author-
ities do exist on paper, the missing checks and balances that should exist 
between the different layers of customary land governance and admin-
istration units, and thus the missing accountability of chiefs, result in 
uncertainties and land conflicts (Spichiger & Stacey, 2014). This uncer-
tainty is a source of insecurity among cocoa farmers, for their cocoa 
trees and for other trees as well. The power dynamics within the cocoa 
producing communities, where village chiefs have the right and the duty
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to (re)allocate land for different kinds of development and may even, at 
least de facto, give external parties short-term user rights to farmers’ land, 
affect not only farmers’ choices vis-à-vis agroforestry practices, but also 
buying companies’ sustainability projects. Many if not all international 
cocoa traders are implementing projects in the cocoa producing areas in 
Ghana with the stated aim to increase cocoa production, improve farmer 
livelihoods and build climate resilience among producers—by handing out 
tree seedlings and training farmers in shade tree management (Carode-
nuto & Buluran, 2021; Thorlakson, 2018). As project participation may 
give preferential access to training, inputs and other kinds of support, 
the power dynamics within cocoa communities are instrumental in deter-
mining who will be able to engage in sustainability projects. This may lead 
to marginalized producers, e.g., descendants of migrants, being excluded 
from potential project benefits and pushed to even more disadvantaged 
situations. A similar scenario may play out for female farmers, who despite 
performing half of the work on cocoa farms are vastly underrepresented 
among the officially registered cocoa farmers due to registration being 
tied to land tenure systems that traditionally favor men (Barrientos & 
Bobie, 2016). 

The need to remove risks and uncertainties from the shoulders of 
farmers is clear, not least for the facilitation of agroforestry promotion. 
Given the long tradition of traditional land authorities and the numerous 
actors involved in land governance, it will be no easy feat to enhance the 
transparency and accountability of these institutions, though this is called 
for to increase land security (Kasanga & Ashie Kotey, 2001). The overlap-
ping and sometimes competing rights in administration systems for trees 
and land should be integrated so trees are tied to the farmland, affording 
all tree tenure rights to the landholder, when relevant, under the same 
conditions as those pertaining to food and cash crops. This would remove 
the administrative burden and costs of tree registration in both public and 
private programs. 

Additionally, to increase adoption of shade trees, it is necessary to 
improve the current tree seedling distribution by COCOBOD’s Seed 
Production Division, which is currently limited by farmers having to 
cover transportation costs. The program is essentially funded by the cocoa 
sector, including the farmers, through COCOBOD’s price regulation and 
the proceeds of the cocoa export. It is by no means an easy task as the 
current mass spraying programs are already flawed, as reported by farmers. 
With tree seedling distribution becoming widespread also in corporate
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extension programs, there is an opportunity for public–private partner-
ships in a commercially pre-competitive setup including decentralized 
nurseries and strengthened distribution channels. Falling short of unifying 
tree and farmland tenure, the registration of newly planted trees should be 
an integrated part of tree seedling distribution programs, e.g., by digital 
receipts registered with farmers or farmer organizations upon delivery of 
the trees. This setup could piggyback on the registration of farmers’ pass-
books that have shown to work well for registering cocoa production in 
each cocoa district. Furthermore, it is important that a greater variety 
of tree seedlings is distributed through these programs. These programs 
should consider both farmers’ preferred shade tree species and location-
specific factors that influence the cocoa agroforestry system, such as the 
local climate and climate change predictions. 

The management of shade trees may not be a panacea for decent 
cocoa-based livelihoods and a living income for farmers. However, when 
implemented on sound management practices and based on secure 
rights to land, cocoa and shade trees, agroforestry has the potential 
to generate diverse income streams for farming households, provide 
ecosystem services at the societal level, improve climate resiliency and 
supply cocoa raw materials to a global consumer base. 

4.5 Conclusion 

From pre-Hispanic Mayan cultivation of cocoa to present-day cocoa farms 
in Ghana, the farming of cocoa is more than the sole marketable value 
of the cocoa beans. While Ghanaian farmers do not attribute ceremonial 
values to their cocoa trees like the Mayans do, they do derive non-cocoa 
values from the cocoa plots, especially when managed as agroforestry 
systems. Ecosystem goods and services are provided by the shade trees 
and the shady environment to the farming households, such as food, 
fodder, medicine and materials. Trees are seen by farmers as increasingly 
important given their recent experiences of a warming climate, both for 
adapting to droughts and higher temperature and for mitigating further 
climate change. However, by focusing only on the apparent synergies 
between climate change resilience and farmer benefits from agroforestry, 
it is easy to overlook institutional factors that can prevent cocoa farmers 
from engaging in longer-term agroforestry practices and thereby bene-
fiting from the opportunities they present. Especially, the institutional 
complex surrounding land and tree tenure creates high uncertainties for
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farmers regarding their ability to enjoy the benefits from their shaded 
cocoa plots. The costly registration of trees with Forestry authorities leads 
to limited user rights to trees on cocoa farmland, removing the economic 
incentives to care for trees. For some farmers, the risks of the loss of cocoa 
plots to mining activities, at the discretion of village chiefs, add additional 
insecurity to cocoa-based livelihoods and thus to longer-term investments 
in trees. While major land reforms may not be on the horizon, there 
is a need to unify tree and land rights systems to avoid overlapping 
and conflicting tenure regimes. This will ease current struggles among 
both private and public programs for tree seedling dissemination and the 
promotion of agroforestry. 
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CHAPTER 5  

Household Economics of Cocoa 
Agroforestry: Costs and Benefits 

Sylvester Afram Boadi , Aske Skovmand Bosselmann , 
Kwadwo Owusu , Richard Asare , and Mette Fog Olwig 

Abstract Current research suggests that cocoa agroforestry systems 
could offer stable yields, additional benefits and income from shade trees, 
despite potential added costs, such as from the purchase of insecticides. 
There is a paucity of profitability studies of different cocoa agroforestry 
systems. Only few of them go beyond a narrow focus on cocoa yields to 
model the entire agroforestry system and thus do not advance our under-
standing of the socio-economic value of other ecosystem goods. Based on
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survey data covering a thousand cocoa plots and group interviews with 
cocoa farmers, we explore the costs and benefits at the household level 
of including trees in cocoa systems. Comparing low and medium tree 
diversity systems, we find that income from cocoa beans, timber and fruit 
trees are higher and labour costs are lower in plots with medium diversity, 
while insecticide costs are lower on low-diversity plots. Overall, net bene-
fits were higher on cocoa plots with higher tree diversity. Thus, cocoa 
agroforestry systems offer cost-reduction and income-improving advan-
tages. Since cocoa systems vary among different agro-ecological zones in 
Ghana, we recommend that interventions aimed at increasing tree diver-
sity consider the specific management practices of each farming household 
and the location in question. 

Keywords Cocoa agroforestry · Tree diversity · Household economics · 
Profitability · Cost reduction · Income diversification 

5.1 Introduction 

Approximately two million households depend on cocoa farming as their 
primary source of livelihood income in West Africa (World Cocoa Foun-
dation, 2022). For these farmers, cocoa field productivity is of utmost 
importance. Traditional pathways to increasing cocoa yields across the 
West African cocoa belt have involved the expansion of farms into forest 
areas and the cultivation of hybrid seeds mostly under full-sun systems, i.e. 
in monocrop systems with little to no shade. Since 1950, Côte d’Ivoire
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and Ghana have lost, respectively, 90 and 65% of their forest areas, mainly 
due to agricultural expansion with cocoa as the dominant crop (Kalischek 
et al., 2022). Deforestation driven by cocoa continues (Barima et al., 
2016; Nunoo et al., 2015; Ongolo et al., 2018), including in forest 
reserves and national parks, where small-scale farming of cocoa is among 
the leading causes of deforestation and forest degradation (Acheampong 
et al., 2019; Kalischek et al., 2022). This strategy for cocoa expan-
sion is unsustainable and there is an urgent need to identify ways to 
increase production without compromising environmental sustainability. 
Environmental sustainability is high on the agenda among major cocoa-
buying companies (Carodenuto & Buluran, 2021), if not for the sake 
of the forest, then for the sake of market access, as the world’s major 
chocolate consuming regions, the EU and the United States, are devel-
oping new regulations that are expected to hinder cocoa imports unless 
documented as deforestation-free. Cocoa agroforestry has been presented 
by researchers and farmers as a more sustainable and climate-resilient 
pathway for maintaining and even increasing cocoa farm outputs (Daghela 
Bisseleua, 2019). 

As discussed in more detail in the previous chapters, cocoa agroforestry 
involves planting, or managing the regeneration of companion trees and/ 
or crops with cocoa for agronomic, environmental and economic benefits 
(Asare, 2006; Asare & Asare, 2008). Cocoa agroforestry has been shown 
to enhance soil health, improve climate resilience, sequester carbon, 
increase farmer income, secure household food and nutrition needs, 
reduce pest and disease outbreaks (by acting as barriers) and improve 
biodiversity (Blaser et al., 2017; Nair & Nair, 2014). Yet, as this chapter 
will show, the types and extent of benefits to specific farms vary depending 
on the particular farming systems employed, including how much labour 
and inputs are used, but also tree species diversity. Thus, while the trade-
off and cost aspects of managing cocoa agroforestry systems are different 
from full-sun systems, they also vary between different cocoa agroforestry 
arrangements (Asare et al., 2014; Nunoo & Owusu, 2017; Obiri et al., 
2007). 

Historically, West African cocoa farmers increased cocoa bean produc-
tion by shifting to new cultivation frontiers, which had several advantages 
compared to other methods. Cocoa-cultivation frontiers are geograph-
ical regions of abundant unoccupied land resources (often forest land) 
that did not previously include cocoa cultivation. As a result of the intro-
duction of cocoa cultivation, these regions have experienced substantial
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flows of people (migration) and capital (Knudsen & Agergaard, 2015). 
The expansion into new frontiers was mostly a cost-saving strategy, 
e.g. to resolve ecological instability in current production areas, such as 
helping manage pest and disease infestations and declining soil fertility 
(Kolavalli & Vigneri, 2011). This practice predominated because of the 
availability of large expanses of forest land in cocoa-cultivation belts 
(Asare, 2005; Kolavalli & Vigneri, 2011). Across the two leading cocoa-
producing countries, Côte d’Ivoire and Ghana, land has become scarce, 
and farmlands fragmented. In Ghana, there are no major cultivation fron-
tiers left (Amanor et al., 2021; Asare & Ræbild, 2016). As a result, farmers 
turned to intensive full-sun cultivation, which allows for increasing 
productivity through appropriate agricultural practices and the rational 
application of agrochemicals (fungicides and insecticides) and fertilizers. 
However, as the climate changes and becomes warmer or wetter, the 
pressure of diseases and pests on cocoa trees in full-sun cultivation may 
increase, leading to higher costs of production and lower income (Asare 
et al., 2014; Schroth et al., 2000). In contrast, several of the potential 
benefits of cocoa agroforestry practices, such as improving soil fertility, 
reducing pest infestations, reducing weed growth and moderating the 
impacts of dry spells and drought on yields (Abou Rajab et al., 2016; Bos  
et al., 2007; Tscharntke et al.,  2011), all mitigate the impacts of climate 
change while reducing costs for farmers (Cerda et al., 2014). 

In Ghana, cocoa farming serves as the main livelihood option for about 
550,000 smallholder households (Ghana Statistical Service, 2019), whose 
livelihoods depend directly on cocoa farm yields. In such households, 
earnings from cocoa bean sales are a key component of total household 
incomes and critical to meeting household needs related to food, health, 
education and other necessities. However, cocoa farming is an input-
intensive activity whose benefits mostly depend on how much labour, 
agrochemicals and fertilizer producers apply (Asare et al., 2019). Prior 
to the individualization of labour due to increasing urbanization and 
commercialization across the West African cocoa-growing belt, family, 
neighbours and community members were a key source of unpaid labour 
for cocoa cultivation that kept costs down. However, with increasing out-
migration of labour from the cocoa areas and the proliferation of other 
competing economic activities in the cocoa-growing areas, such as small-
scale and large-scale mining and sand winning, labour for cocoa farming 
has become scarce, increasing its cost (Ministry of Manpower Youth & 
Employment, 2007). This shortage of labour has furthermore been cited
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as a factor in the problem of child labour in cocoa cultivation in Ghana 
and across West Africa (Sadhu et al., 2020). The rising costs of labour also 
reduce the amount of money farmers can spend on fertilizers and agro-
chemicals such as herbicides, fungicides and insecticides. As a result, the 
inputs farmers use decrease, and by extension the outputs and cocoa farm 
incomes. The cost-reduction advantages hypothesized for cocoa agro-
forestry systems could therefore be helpful to farmers, especially if these 
were also associated with increases in farm outputs and benefits. 

Based on a cost–benefit analysis, this chapter explores whether small-
holder cocoa farmers increase their incomes and improve their livelihoods 
when implementing tree diverse cocoa-cultivation systems focusing on the 
effect of the level of tree species diversity. Specifically, the chapter asks 
the following questions: (i) how does the level of tree species diversity 
affect the costs and benefits of cocoa agroforestry? And (ii) what are the 
household economic implications of managing cocoa agroforestry systems 
across different climate gradients in Ghana? These questions are impor-
tant in an era when sustainable production has become more important 
for conserving resources, improving the climate resilience of agricultural 
systems and enhancing livelihoods. 

The chapter is organized into four sections. Following the introduc-
tion, Sect. 5.2 provides a review of the larger literature on cocoa farmers’ 
livelihoods and the role of agroforestry in safeguarding livelihoods, while 
Sects. 5.3 and 5.4 detail the conceptual framework and methodology. 
Section 5.5 presents the results and discusses policy implications based on 
the findings, while Sect. 5.6 provides a conclusion. 

5.2 Literature Review: Cocoa Farmers’ 
Livelihoods and the Role of Agroforestry 

The integration of trees into cropping systems provides smallholders with 
alternative livelihoods and income besides earnings from the sale of cocoa 
beans (Atangana et al., 2014; Cerda et al., 2014; Graefe et al.,  2017; 
Ruf & Schroth, 2004). For example, it provides farmers additional income 
through the sale of firewood, fruits and, in some instances, timber (Asare 
et al., 2014; Graefe et al.,  2017). The integration of trees into cocoa farms 
and landscapes is also important because trees help moderate the impact 
of climatic stress (from higher temperatures and droughts), provide shade 
for the cocoa trees, serve as barriers to the spreading of pests and diseases, 
and sequester/store carbon (Abou Rajab et al., 2016; Asare  et  al.,  2014;
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Bos et al., 2007; Daghela Bisseleua et al., 2013; Graefe et al.,  2017; Smith 
Dumont et al., 2014; Tscharntke et al.,  2011). On the other hand, cocoa 
agroforestry systems also introduce new costs. For example, shade trees 
may cause competition for root space and nutrients in young plantations 
(Smith Dumont et al., 2014; see also Chapter 2 in this volume), while 
excessive shade may increase pest and disease pressures (Graefe et al., 
2017; see also Chapter 3 this volume). Cocoa agroforestry is also associ-
ated with a reduction in yields compared to intensified full-sun systems, 
assuming farmers apply the required inputs, and not considering the 
impacts of climate change on full-sun systems (Nunoo & Owusu, 2017). 
However, the actual and potential costs and benefits that smallholders 
derive from these cocoa agroforestry systems are influenced by institu-
tional, technical, marketing and legal arrangements (Mugure et al., 2013; 
Roth et al., 2018). In Ghana and Côte d’Ivoire, for example, factors such 
as land and tree tenure arrangements; whether farmers originate from 
forest zones or savannah zones; and social networks; largely determine 
whether farmers integrate trees into their cocoa systems and affect the 
benefits farmers derive from such cocoa systems (Gyau et al., 2015; Roth 
et al., 2018; Ruf & Schroth, 2004; see also Chapter 4). 

Household socio-economic characteristics, including resource endow-
ments and household assets, are also important in determining the costs 
and benefits farmers derive from their cocoa systems. Based on socio-
economic characteristics, cocoa farmers in Ghana could be grouped into 
aged and young, rich and poor, educated and illiterate, well-diversified 
and less-diversified farms, male and female, and indigenes and migrant 
farmers, among others. Each of these farmer types has different capac-
ities to adopt cocoa agroforestry practices, based on their household 
socio-economic characteristics and tenure arrangements. For instance, the 
average age of cocoa farmers in Ghana currently is above fifty (Asamoah 
et al., 2015), which impacts willingness and ability to adopt innovative 
and improved cultivation practices, such as cocoa agroforestry (Barri-
entos et al., 2008; Boadi et al., 2022; Djokoto  et  al.,  2016). Some of 
these socio-economic dynamics influencing the costs and benefits associ-
ated with cocoa agroforestry systems are modulated by prevailing state 
policies on access to inputs and producer prices. 

Several state policies and programmes have been introduced in Ghana 
over the years to improve cocoa farmers’ cultivation practices, leading 
to potential cost-saving advantages for cocoa farmers as well. The 
most relevant of these policies for cocoa agroforestry practices are the
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Cocoa Mass Spraying Programme introduced in 2001, the Cocoa Hi-
Tech Programme introduced in 2002/2003 and the Hand Pollination 
Programme introduced in 2017 (COCOBOD, 2018; Kolavalli & Vigneri, 
2017). The Mass Spraying Programme, which increased the application of 
insecticides for effective pest and disease control, helped farmers control 
black pod infestations, which have been linked to the introduction of 
shade trees on cocoa farms—especially when the shade canopies are not 
managed well (Bos et al., 2007; Schroth et al., 2000; Tscharntke et al.,  
2011). The Cocoa Hi-Tech Programme, which involved the distribu-
tion of subsidized and/or free fertilizers to farmers (Kolavalli & Vigneri, 
2017), increased yields, alleviating farmers’ fears of reduced yields from 
adopting cocoa agroforestry systems. The Hand Pollination Programme 
has a similar potential to increase yields. 

Increases in the cocoa producer price are also important to increase 
farmers’ economic room for improvement in farm management, such as 
affording to purchase inputs, including planting materials for shade trees. 
A noteworthy development with significant implications for producer 
prices in Ghana is the “Living Income Differential Policy” (LID), which 
aims to reduce the differential between current incomes and the income 
needed for farmers to live a decent life. In 2019, the governments of 
Côte d’Ivoire and Ghana formed an alliance to demand that large trading 
companies and other sector players in Europe and North America pay 
a LID premium of USD 400 per tonne of cocoa purchased. While not 
yet implemented fully in price-setting policies, the LID policy has led 
to increments in purchasing prices in Ghana for a 64-kilogramme (kg) 
bag of cocoa from Ghana Cedis (GHS) 515 in the 2019/2020 cocoa 
season, i.e. 87.5 USD per bag (USD 1400 per tonne), to GHS 660 in the 
2020/2021 cocoa season, i.e. 102 USD per bag (USD 1632 per tonne). 
The policy has also led to the International Cocoa Agreement, signed 
by producing and consuming member countries, which includes “a refer-
ence to remunerative prices to reach economic sustainability” and achieve 
a living income (ICCO, 2022). The international trading companies have 
supported the LID policy in their communications, but some push-back 
on the price increases has been seen in the sector, such as buyers’ lowering 
the origin or quality differentials to off-set some of the LID-related price 
increment. Historically, favourable producer prices have been associated 
with improved investments in cocoa farms in Ghana (Kolavalli & Vigneri, 
2011), and it is therefore likely that increased purchasing prices could
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have positive implications for farmers’ adoption of improved cultivation 
practices such as cocoa agroforestry practices. 

5.3 Conceptual Framework: Agroforestry, 

Farmer Income and Cost–Benefit Analysis 
This chapter adopts a definition of cocoa agroforestry systems that 
includes the stage of the cocoa system and the associated species diver-
sity and distribution. This takes into account the dynamic and constantly 
changing nature of cocoa systems over the life cycle of the cocoa crop in 
terms of the crops/trees included and their arrangement in the system. 
Cocoa agroforestry systems are thus defined as a form of tree diversi-
fication, which draws agronomic, environmental and economic benefits 
from strategically integrating suitable and valuable non-cocoa tree species 
and other plants in time and space (Asare, 2006). The cocoa plots in the 
survey were therefore classified into different cocoa systems based on the 
level of tree diversity on the plots. This classification of plots allows for 
the inclusion and focus on the total benefits of the cocoa agroforestry 
system, rather than a narrow focus on shade, which is just one of the 
characteristics or benefits of integrating trees into cocoa plots. 

Using the Shannon–Wiener Diversity Index (H'), the plots were clas-
sified as either low-diversity plots or medium-diversity plots. No plot had 
a sufficiently high diversity to meet the threshold to be classified as a 
high-diversity plot. The low-diversity plots included cocoa plots close 
to mono-cropping systems, while medium-diversity plots all fall under 
agroforestry systems. The Shannon–Wiener Diversity index (H') is recom-
mended for studies where rare and abundant species are expected to be 
equally important (Morris et al., 2014). This means that plots classified 
as having greater diversity in this study had a greater number of rare and 
abundant species and vice versa. 

The chapter’s empirical analysis uses the cost–benefit analysis model, 
which has its roots in utilitarianism (Van Wee & Roeser, 2013). Utili-
tarianism as a decision-making theory is about maximizing the expected 
utility of a good, project or policy (Eggleston, 2012). This means that 
cocoa farmers’ decisions on what cultivation systems to adopt are influ-
enced by the expected benefits associated with different practices and 
systems. Within the context of the current study, cocoa farmers make 
their final decisions on whether to adopt cocoa agroforestry or full-sun
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cocoa systems by considering the resultant benefit cost ratios, the differ-
ence between benefits and costs, and the return on investments. In the 
current study, the cost dimensions associated with managing cocoa farms 
in Ghana were split into costs incurred at the household level by the 
farmer (private costs) and costs incurred by the state in supporting the 
cocoa sector (social costs). Private costs include farmers’ costs for labour, 
fertilizer, insecticides, etc., for managing the cocoa farm. Social costs 
include the costs incurred by the state through its free inputs supply and 
input subsidy programmes. Private benefits include revenue from cocoa 
bean sales, food crops and ecosystem goods harvested from the cocoa 
farm. Social benefits cover revenue the state earns from selling Ghana’s 
cocoa on the international market, etc. See Boadi (2021) for more details 
on the cost–benefit analysis. 

5.4 Methods 

Based on household surveys (n = 402) and focus-group discussions (n 
= 20) in three different climate impact zones, this chapter assesses the 
costs and benefits of cocoa agroforestry systems and the contributions of 
these systems to smallholders’ livelihoods. Data were collected from cocoa 
farmers in twelve cocoa communities in seven administrative districts 
across Ghana’s Ashanti, Ahafo, Western North and Western regions, 
corresponding to three climate zones along a gradient of increasing 
dryness and higher maximum temperatures from south to north, as well 
as greater vulnerability to expected climate change (Bunn et al., 2019). 
These are known as the Cope Zone (most favourable current climate in 
relation to cocoa and lowest climate vulnerability), Adjust Zone (moder-
ately favourable current climate and moderate climate vulnerability) and 
Transform Zone (least favourable current climate and highest climate 
vulnerability) (see Fig. 5.1). Data was collected for two cocoa seasons: 
the 2015/2016 season, which was affected by a national drought, and 
the 2017/2018 season, which was characterized as a “normal” season in 
terms of seasonal weather patterns.

A total of 1040 cocoa plots belonging to 402 smallholder households 
in Ghana were surveyed, of which 884 were classified into different cocoa 
agroforestry systems based on the level of diversity on the plots using the 
Shannon–Wiener Diversity Index (H'). The remaining 156 plots did not 
have the required details on the species of integrated trees to be clas-
sifiable. The data collected through the household surveys include the
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Fig. 5.1 A map of the twelve study communities in cocoa districts in the three 
climate impact zones (Source CLIMCOCOA project)

types, quantities and costs of inputs applied by farmers (land, labour, 
agrochemicals, capital), cocoa yields, timber and ecosystem goods, such 
as fruits, firewood and honey harvested from cocoa farms. Using the 
Shannon–Wiener Diversity Index, 681 cocoa plots were classified as low 
tree diversity plots and 203 as medium tree diversity plots. The plots 
were compared using the cost and benefit variables across the different 
cocoa systems. Cost and benefit parameters for the classified plots were 
computed using the cost and benefit analysis model described earlier (see 
Sect. 5.3). The costs of the cocoa systems were derived by calculating all 
production costs, averaged per hectare, in a complete farming season. This 
was done for the two seasons of interest. These costs included the cost 
of labour for weeding, pruning, applying inputs such as fertilizers, insec-
ticides, fungicides, herbicides, harvesting, gathering and breaking pods, 
fermenting, transporting and drying cocoa beans, cost of inputs and fuel 
for their application, annual rents on lands where applicable, etc. The 
cost parameters have been computed in GHS/ha based on the farmers’
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and state’s respective management costs. The benefits of cocoa systems 
were derived by calculating all the benefits, averaged per hectare, in a 
complete season. This was also done for the two seasons of interest. 
The benefits included revenue from cocoa bean sales, including any 
premiums from certification, food crops, fruits, timber, firewood, honey, 
mushrooms, bushmeat, snails, fodder/medicinal plants, etc. Similarly, the 
benefit parameters have been computed in GHS/ha for the farmer and 
for benefits accruing to the state. The private price for calculating revenue 
from cocoa beans is derived from the producer prices paid to farmers in 
the two seasons of interest, while the social price is derived from the FOB 
price Ghana receives from forward-selling cocoa in the two seasons under 
consideration. This was derived by converting the FOB price per tonne of 
cocoa beans to its kg equivalent. These costs and benefits were computed 
for the low and medium tree diversity cocoa plots for the two seasons and 
used to derive profitability on a per hectare basis. 

5.5 Results and Discussion 

The first results section presents findings pertaining to yields (which are 
linked to benefits) and dominant management practices (which are linked 
to costs) in low-diversity vs. medium-diversity cocoa plots, as well as in 
the three different climate zones. These management practices include 
use of fertilizer, fungicide, insecticide, herbicide and labour. The second 
section presents cost–benefit analyses of low- versus medium-diversity 
cocoa plots. 

5.5.1 Yields and Household Management Practices 

The study found that there were no significant differences in dry cocoa 
bean yields per hectare between plots of different tree diversity levels. 
The cocoa bean yield on low-diversity plots was 351.6 kg/ha compared 
to 358.5 kg/ha on medium-diversity plots (Table 5.1). This finding 
differs from earlier studies that have found somewhat negative correla-
tions between high levels of shade and yield. This may be due to none of 
the plots in this study having a high level of tree diversity, thus indicating 
medium levels of shade. Another reason for this difference is that previous 
studies, such as that by Nunoo and Owusu (2017), classified cocoa plots 
using differences in shade levels rather than tree diversity. Nunoo and 
Owusu (2017) found significant differences in yields of dry cocoa beans
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per hectare between different levels of shade and reported yields of 516, 
588 and 559 kg/ha for plots with no shade, low shade and medium shade 
(up to 15 shade trees and 85% shade canopy cover) and just 380 kg/ha 
for high shade cocoa systems (more than 15 trees/ha, with greater than 
85% shade canopy cover). These differences illustrate the importance of 
looking not just at shade levels, but also at cocoa plot tree composition 
and diversity. Aside from the differences in systems compared and levels of 
analysis, other studies have attributed yield variations at the plot and farm 
levels to differences in productive efficiency and in farmers’ adoption and 
use of innovation and technology (Armengot et al., 2020; Meijer et al., 
2015). 

The results from the analyses of the survey data show that medium tree 
diversity cocoa plots were significantly larger than low tree diversity plots, 
indicating that farmers with more resources are more likely to implement 
agroforestry systems (Table 5.1). Again, this diverges from the findings 
of Nunoo and Owusu (2017), who found no significant differences in

Table 5.1 Summary statistics associated with surveyed households and cocoa 
plots 

Characteristics Low diversity Medium diversity Mean difference 
(Low − Medium) 

Cocoa plot size (hectares) 1.833 2.412 −0.579* 
Yield (kg/ha) 351.576 358.475 −6.899 
Total household cocoa 
landholding (hectares) 

6.419 7.236 −0.817 

Age of household head 
(years) 

53.562 52.951 0.611 

Farming experience of 
household head (years) 

24.179 24.685 −0.506 

Household size 5.249 5.532 −0.283 
Granular fertilizer (kg/ha) 49.279 46.860 2.419 
Foliar fertilizer (litres/ha) 0.731 0.993 −0.262 
Fungicide 1 (grams/ha) 759.927 969.867 −209.94 
Fungicide 2 (litres/ha) 0.148 0.066 0.082 
Insecticide (litres/ha) 2.835 4.510 −1.675* 
Herbicide (litres/ha) 1.251 1.418 −0.167 
Labour (hours/ha) 770.038 745.954 24.084 

*Significant at 5% 
Source Survey data from fieldwork in all three climate zones combined 



5 HOUSEHOLD ECONOMICS OF COCOA AGROFORESTRY … 133

farm sizes when focusing on shade levels rather than tree species diver-
sity. There were no significant differences in total cocoa landholdings 
for households, the age of household heads, their farming experience, 
or household size for plots of different tree diversity levels (Table 5.1). 
Use of insecticides was significantly higher on plots with medium diver-
sity, indicating either that more insecticides were needed or that the 
farmers with more tree diversity on their plots, which were also signif-
icantly larger, had more resources to purchase and apply insecticides. 
Sellare et al. (2020) also found significantly higher insecticide applica-
tion on Fairtrade certified cocoa plots compared to uncertified plots in 
Côte d’Ivoire, attributing the higher use to farmers’ extra income from 
premiums and related services offered by certified cooperatives, allowing 
them to buy and/or access additional inputs. 

The application of fertilizer and agrochemical inputs between low tree 
diversity and medium tree diversity plots was found not to be significantly 
different (Table 5.1). A higher fertilizer use was expected on low-diversity 
plots, which had fewer trees improving the soil fertility. However, across 
all plots fertilization was well below national recommended levels, which 
explains the lack of difference. Labour hours per hectare per year, which 
included both hired and unpaid labour sources (family labour, communal 
pooled labour and all other unpaid labour used on cocoa plots), was 
slightly higher on low tree diverse plots than more tree diverse plots, 
although the differences were not statistically significant. 

As  shown in Table  5.2, cocoa bean yield per hectare was signifi-
cantly higher in the Cope zone (423.0 kg/ha) compared to the Adjust 
(343.04 kg/ha) and Transform (317.87 kg/ha) zones, illustrating the 
different suitability of the three climate zones for cocoa farming. The 
national average yield of dry cocoa beans per hectare in the 2017/ 
2018 cocoa season was about 500 kg/ha according to FAOSTAT data. 
Total cocoa landholding and household size differed significantly across 
the three climate impact zones (Table 5.2). The smaller landholdings in 
the Cope zone compared to the Transform and Adjust zones are due 
to the scarcity and traditionally high demand for land in Ghana’s main 
cocoa-cultivation zone and the traditional inheritance practice of dividing 
cocoa plantations among the owner’s children (Löwe, 2017). The smaller 
household sizes in the Adjust Zone may be due to the closer proximity 
to urban areas, as rural–urban influences on household size tend to result 
in larger households in rural areas, as shown by national statistics (Ghana 
Statistical Service, 2019).
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Table 5.2 Summary statistics for households associated with surveyed house-
holds and cocoa plots in the different climate impact zones 

Mean differences 

Characteristics Transform Adjust Cope Adjust and 
transform 

Cope and 
transform 

Cope and 
adjust 

Cocoa plot size 
(hectares) 

2.66 2.08 1.55 −0.58* −1.12* −0.54* 

Yield (kg/ha) 317.87 343.04 422.97 25.17 105.12* 79.95* 
Total HH cocoa 
landholding 
(hectares) 

9.17 6.68 4.87 −2.49* −4.29* −1.81* 

Age of household 
head (years) 

56.50 56.10 49.50 −0.40 −7.00* −6.60* 

Farming 
experience of 
household head 
(years) 

25.87 25.09 22.41 −0.78 −3.46* −2.68* 

Household size 5.34 4.81 5.93 −0.53* 0.60* 1.13* 
Granular fertilizer 
(kg/ha) 

100.79 35.93 20.52 −64.87* −80.27* −15.40 

Foliar fertilizer 
(litres/ha) 

0.90 0.55 0.77 −0.35* −0.13 0.22 

Fungicide 1 
(grams/ha) 

937.73 641.81 825.35 −295.92* −112.38 183.54 

Fungicide 2 
(litres/ha) 

0.09 0.07 0.17 −0.02 0.08 0.10 

Insecticide (litres/ 
ha) 

2.31 4.72 2.19 2.40* −0.12 −2.53* 

Herbicide (litres/ 
ha) 

0.41 1.28 2.26 0.87* 1.85* 0.98* 

Labour (hours/ha) 546.90 605.85 953.50 58.95 406.6* 347.65* 

*Significant at 5% using a t-test 
Source Survey data from fieldwork combining both levels of tree diversity 

The application of insecticides in their recommended quantities is key 
to preventing and/or reducing yield losses from insects like mirids, and 
the recommendation is for farmers to apply insecticides four times a year, 
in August, September, October and December (Asare, 2014). The appli-
cation of insecticide is significantly higher in the Adjust zone compared to 
the Cope and Transform zones (Table 5.2). Cocoa farmers with sufficient 
financial capacity therefore tend to apply higher amounts of insecticides, 
even if not up to the required and recommended amounts. This, coupled
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with the current finding that higher tree diversity plots were associated 
with significantly higher plot sizes (land resources), suggests that the 
observed differences in insecticide application are explained by differences 
in household financial resources. With land becoming increasingly scarce 
and fragmented across Ghana’s cocoa belts (Bymolt et al., 2018), the 
differences in plot sizes show that medium-diversity plots are managed by 
better resourced farmers than low-diversity plots. Well-resourced farmers 
may be able to purchase and apply significantly more insecticide on their 
plots than farmers whose cocoa plots have low tree diversity. 

5.5.2 Farm Costs and Benefits, and Their Economic Implications 

Cost and benefit components are key to estimating and comparing the 
profitability of cocoa systems. However, other factors such as farmer skills 
and training, access to inputs and good soils, age of cocoa farmers and 
plots, among a host of other factors, also influence the cost and benefits 
associated with specific cocoa farms. For cocoa agroforestry systems, tree 
diversification generally provides additional benefits through, for example, 
timber, fruits and other products for subsistence use. 

Table 5.3 presents the summary statistics for the cost and benefit cate-
gories associated with the low- and medium-diversity cocoa systems. The 
private costs and benefits are those faced by the farmer, while the social 
costs and benefits (shown in parenthesis in the table) are those experi-
enced by society or the state. For example, the private cost of fertilizer 
is based on farmers’ purchase prices, while the social cost includes state 
subsidies, which is why social costs are always higher. Fertilizer, insecti-
cide and herbicide expenditures all increase with increasing tree diversity 
in both cocoa seasons. The differences are largest in the private costs in 
both relative and absolute terms.

The higher expenditure on insecticides corresponds to the significantly 
higher insecticide use in the more diversified plots, as described earlier. 
Insecticide use is naturally related to the presence of insects, which may be 
higher in more shaded environments (Graefe et al., 2017; Schroth  et  al.,  
2000), though this may not be the case if proper agricultural practices 
are focused on insect prevention (Armengot et al., 2020). Other studies 
have mentioned higher applications of agrochemicals, and by extension 
higher input costs, in full-sun or low-shade cocoa systems than on highly 
shaded systems (Asare et al., 2014, 2019; Obiri et al., 2007). Such high 
inputs are mainly due to the higher short-term cocoa yields and the need
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Table 5.3 Summary statistics of costs and benefits associated with the different 
cocoa systems (in GHS/ha). Social costs and benefits shown in parenthesis, where 
relevant 

C/B categories Diversity level 2015/2016 2017/2018 

Private price 64 kg cocoa bag 425 475 
Social price 64 kg cocoa bag 578 535 

Mean N Mean N 
Cost categories 
Fertilizer Low diversity 14.19* 

(30.64) 
665 36.67 

(74.96) 
665 

Medium diversity 46.48* 
(56.61) 

202 60.21 
(82.91) 

202 

Fungicide Low diversity 19.43 
(34.97) 

533 22.48 
(41.88) 

533 

Medium diversity 23.11 
(37.81) 

176 30.08 
(50.93) 

176 

Insecticide Low diversity 111.83 
(100.49) 

657 136.49 
(154.43) 

657 

Medium diversity 190.24 
(167.47) 

201 221.33 
(252.04) 

201 

Herbicide Low diversity 41.45 
(36.37) 

266 57.31 
(57.07) 

266 

Medium diversity 39.73 
(36.82) 

102 52.98 
(52.48) 

102 

Fuel Low diversity 55.62 486 55.17 555 
Medium diversity 62.09 161 61.49 174 

Labour (hired) Low diversity 1177.81 451 1122.74 530 
Medium diversity 896.91 169 935.89 184 

Land Low diversity 31.38 128 31.25 160 
Medium diversity 29.11 73 29.93 78 

Benefit categories 
Cocoa bean income Low diversity 2278.09 

(3098.21) 
556 2460.99 

(2771.85) 
598 

Medium diversity 2503.67 
(3404.99) 

183 2620.04 
(2950.99) 

197 

Food crop income Low diversity 138.81 556 160.24 598 
Medium diversity 129.62 183 191.22 197 

Certification Low diversity – – 80.47 9 
Premium Medium diversity – – 91.85 17 
Ecosystem products Low diversity – – 112.73 77 

Medium diversity – – 6.89 35 
Timber and Fruits Low diversity – – 14.79 662

(continued)
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Table 5.3 (continued)

C/B categories Diversity level 2015/2016 2017/2018

Medium diversity – – 45.99 197 
Profitability category 
Private profitability Low diversity 1187** 1382** 

Medium diversity 1526 1658 
Social profitability Low diversity 2028** 1639** 

Medium diversity 2454** 1923** 

NB: Ecosystem products include firewood, honey, mushrooms, bushmeat, snails, fodder and medicinal 
plants 
*Significant at 5% between tree diversity levels; **Significant at 5% between years (within tree diversity 
levels) 
Source Survey data from fieldwork

for input intensification in low-shade cocoa systems as a requirement for 
sustaining yields and managing pests. 

Hired labour costs were higher for low tree diversity plots compared 
to medium tree diversity plots (Table 5.3). The labour was mostly used 
for manual weeding, which indicates that weeds are a major issue in 
less diverse and less shaded environments. Regarding the benefit cate-
gories, cocoa bean income per hectare increases with increasing tree 
diversity for both 2015/2016 and 2017/2018 cocoa seasons. Incomes 
from ecosystem products (i.e. firewood, honey, mushrooms, bushmeat, 
snails, fodder and medicinal plants) were higher among farmers with low 
tree diverse cocoa plots, as these products are often collected outside the 
cocoa farm as well. More than twice the number of farmers with low-
diversity plots (77) had income from ecosystem products than farmers 
with medium-diversity plots (35). Cerda et al. (2014) used cocoa typolo-
gies classified according to the size of integrated trees, their densities 
in the shade canopy and the yields of the agroforestry products, and 
found cocoa yields made higher contributions to farmer net incomes, 
with very little contribution from agroforestry products. However, the 
overall and major contribution of agroforestry products was to household 
consumption and food security (Cerda et al., 2014). In the current study, 
medium-diversity plots accrued more incomes from timber and fruits than 
low-diversity plots. This was expected, as this income category is associ-
ated with tree integration, which means that higher tree diversity plots are
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more likely to contribute higher quantities of these marketable products 
compared to low tree diverse cocoa systems. 

Cocoa bean income per hectare was higher on medium-diversity plots 
(GHS 2620/ha in the 2017/18 season and GHS 2503/ha in the 2015/ 
2016 season) compared to low-diversity plots (GHS 2460/ha in the 
2017/2018 season and 2278/ha in the 2015/2016 season). While 
average private costs did not differ greatly between low- and medium-
diversity cocoa plots, the average benefits per hectare were markedly 
different in both cocoa seasons. In contrast, in their cost–benefit study 
in Ghana, Nunoo and Owusu (2017) found marked differences in the 
cost of production between full-sun and cocoa agroforestry systems, with 
higher total production costs for low-shade cocoa systems and the lowest 
total production costs for their heavy shade cocoa systems. In Nunoo and 
Owusu’s (2017) study, the difference in cost was because full-sun systems 
were managed using a high level of inputs. 

In sum, this current study found that a greater diversity of tree species 
could be more profitable than a lower diversity of tree species, despite the 
higher expenditure on insecticides. 

5.5.3 Policy Implications 

The findings of this study show that tree integration should be encour-
aged, especially in cocoa-growing areas, where climate conditions are 
already dry or projected to become dry, as tree diversity overall increases 
the profitability and competitiveness of cocoa farms. Yet, it also shows 
that tree species diversity is important and not just levels of shade. In 
particular, agroforestry farms with fruit trees are more profitable and more 
competitive. 

One key finding from the chapter is that hired labour costs were higher 
for low tree diversity cocoa plots compared to medium tree diversity 
plots. The implication is that cocoa agroforestry systems provide cocoa 
farmers with an avenue for reducing labour inputs and corresponding 
costs, e.g. related to manual weeding. Reducing hired labour means that 
saved costs may be used elsewhere, including to improve cocoa farming. 
Reduced household labour means more time for other activities, e.g. 
on-farm or off-farm diversification. The reduced labour demands of agro-
forestry systems are even more important given recent labour shortages 
resulting from the proliferation of competing economic activities in cocoa 
communities, e.g. small-scale illegal mining. As labour costs constitute the
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greatest percentage of cocoa farmers’ total costs, labour-saving practices, 
associated with higher tree diversity plots in this study, provide avenues for 
both improving farmers’ household incomes and reinvesting the savings 
from the avoided labour costs back into their farms. 

Additionally, the integration of trees and crops that provide marketable 
products, such as timber and fruit trees, is important for incomes accruing 
from the agroforestry component of cocoa systems. This requires that the 
government and other stakeholders in Ghana’s cocoa sector take a closer 
look at the challenges confronting cocoa farmers on restrictions limiting 
access to relevant tree seedlings and the use of timber trees planted and/ 
or managed on their farms. On the other hand, low-diversity plots were 
associated with higher values of so-called environmental incomes, e.g. 
mushrooms, snails and honey, mainly for subsistence use. This is unex-
pected and may be due to low-diversity plots belonging more often to 
smaller farmers with a greater need for the collection of environmental 
products. Research and policy recommendations on cocoa farmers’ choice 
of cultivation and management practices should thus bear in mind the 
kinds of benefits different farmers depend on. 

Finally, due to variations in levels of resources and social networks, 
as mentioned above, cocoa farmers’ access to and use of inputs such as 
land, fertilizer and agrochemicals differ. In addition, farmers’ use of inputs 
varies based on differences in access and in how production is managed 
on plots. These factors will lead to disparate costs and benefits. The find-
ings indicate that farmers who have more resources and better networks, 
leading to increased access to knowledge of better management practices 
and ability to afford inputs, choose to implement agroforestry systems. 
To encourage farmers who do not have these resources or networks to 
implement agroforestry, it is necessary to provide them with easier access 
to knowledge of good agricultural management practices, resources and 
inputs. Importantly, this needs to be tailored to match the specifics of the 
climate zone and the social position of the farmer. 

5.6 Conclusion 

The costs and benefits associated with different cocoa agroforestry 
systems compared to full-sun cocoa systems are important for house-
hold economic dynamics in cocoa farming communities. This chapter 
has explored these dynamics of household economies in Ghana across 
two broadly defined cocoa farming systems: those with low and high tree
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diversities respectively. It did so using cost and benefit parameters associ-
ated with the cost of inputs at market prices, the corresponding benefits 
to farmers, the cost of inputs to the economy and the corresponding 
revenues accruing to the state. 

As this study has found, farmers who managed higher tree diversity 
on plots had correspondingly larger plots than those who managed low-
diversity plots. This finding suggests that cocoa farmers’ land resources 
could either directly or indirectly influence the degree and extent of on-
farm tree diversification implemented. While certain input costs, such as 
insecticides, were higher in medium-diversity plots, the labour costs were 
substantially lower. Gross cocoa bean income per hectare was higher in 
plots with higher tree diversity, as was the income from timber and fruit 
trees. Combined, the net benefits favoured cocoa plots with a higher 
diversity of trees. The major conclusions from the chapter are that cocoa 
agroforestry systems offer cost-reductions and income-improving advan-
tages and can help cocoa households free up labour for both on-farm and 
off-farm diversification activities. 

Finally, to maximize benefits, recommendations and interventions must 
be tailored to take into account the specific management practices of each 
farming household, as well as the climate zone in which the location in 
question is situated. Additionally, incomes from agroforestry cocoa farms 
can be improved if restrictions concerning trees planted and managed on 
farms are addressed. 
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CHAPTER 6  

Can Agroforestry Provide a Future 
for Cocoa? Implications for Policy 

and Practice 

Mette Fog Olwig , Richard Asare , Philippe Vaast , 
and Aske Skovmand Bosselmann 

Abstract Climate change is threatening cocoa production in Ghana, the 
world’s second largest cocoa exporter. Yet, as we have shown in this book, 
the impacts of climate change must be understood in the context of the 
multiple socioeconomic and biophysical pressures facing cocoa farmers, 
including the conversion of farms for other land uses, increasing hired 
labor costs as well as pests and diseases. This final chapter summarizes
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the book’s overall findings on cocoa agroforestry as climate change adap-
tion and points to ways forward in terms of policy, practice and research. 
Our findings suggest that a nuanced view of farmers, agroecosystems and 
sites is necessary and emphasize the need to study shade tree species 
and species diversity, in addition to shade levels, to optimize the sustain-
ability of cocoa farming. We further suggest that it may not be possible 
to sustainably grow cocoa in marginal regions of the cocoa belt, where 
yields are lower and where agroforestry may be unable to mitigate the 
negative impacts of the adverse climate. Finally, we point to the impor-
tance of considering rights and access to trees, land, extension services 
and resources, and call for more multidisciplinary research on differently 
situated farmers’ opportunities and needs. 

Keywords Climate change adaptation · Plant species diversity · Cocoa 
farmers · Sustainability · Institutional landscape · Multidisciplinary 
research 

6.1 The Future of Cocoa Farming 

Cocoa farming in Ghana, the second largest producer of cocoa in the 
world, is facing multiple pressures. These include biophysical pressures 
from climate change, pests and diseases, and socioeconomic pressures, 
such as the conversion of cocoa farms for other land uses, such as gold 
mines, and the lack of interest in cocoa farming among the young, leading 
to an aging of the cocoa-farming population. This book takes its point of
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departure in the challenges posed by climate change, but climate change 
impacts must be understood in the context of these other factors because 
they together influence the overall sustainability of cocoa farming. 

Based on the CLIMCOCOA research project, this book has specifically 
investigated cocoa agroforestry as a climate change adaptation strategy. 
Cocoa agroforestry entails planting cocoa trees together with non-cocoa 
trees, plants and crops. Agroforestry has been advocated in the literature 
as a way to counteract the negative impacts of climate change by providing 
shade and micro-climate buffering. It is also encouraged for its ability to 
mitigate climate change through the above- and below-ground carbon 
sequestration resulting from tree planting. It can furthermore enhance 
household food security, as well as improve farmers’ livelihoods by diver-
sifying their incomes (e.g., Graefe et al., 2017; Ruf & Schroth, 2004). 
While findings from previous research have generally been positive, there 
have also been conflicting findings and concerns regarding the impact of 
cocoa agroforestry on cocoa yields, pests and diseases, and the overall 
costs and benefits accrued by the cocoa farmers (e.g., Graefe et al., 2017; 
Nunoo & Owusu, 2017; Smith Dumont et al., 2014). This book has 
contributed to further nuancing and substantiating the possibilities and 
challenges of cocoa agroforestry in times of climate change by: 

1. analysing the impacts of climate change on the socio-economic and 
biophysical bases of cocoa systems in Ghana 

2. examining the complex of plant species involved in cocoa agro-
forestry and their environmental and societal attributes across a 
climate gradient 

3. investigating the social and institutional contexts within which cocoa 
agroforestry practices are introduced. 

Our overall findings indicate that cocoa agroforestry can be a successful 
way forward for cocoa farming. However, they also show that to succeed, 
place-specific socioeconomic and biophysical factors must be considered, 
and that the implementation of cocoa agroforestry must involve cross-
sector collaboration between, for example, the state, chiefs, churches, 
NGOs, the cocoa industry and cocoa-farming communities. In this 
concluding chapter, we summarize the overall findings of the book and 
point to ways forward in terms of policy, practice and research on cocoa 
agroforestry that could ensure the sustainability and future of cocoa 
farming.
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6.2 Key Overall Findings of the Book 

The findings that have been presented in this book have nuanced our 
understanding of cocoa agroforestry as a means of climate change adap-
tation. They provide a better understanding of how climate changes are 
likely to influence cocoa farming and whether agroforestry can mitigate 
this impact. They point to the importance of looking at not just shade 
levels, but also shade tree species and species diversity when studying 
cocoa-agroforestry systems. They also emphasize the need to pay careful 
attention to the complex socioeconomic and institutional landscapes in 
which cocoa-agroforestry systems are introduced. 

6.2.1 Climate Change, Cocoa and Agroforestry 

Research on cocoa shows that cocoa cultivation is very vulnerable to 
climate change (Ameyaw et al., 2018; Schroth et al., 2016). West Africa, 
primarily Côte d’Ivoire and Ghana, where two thirds of the world’s cocoa 
is farmed, will experience an increasing frequency and severity of drought 
and heat (see Chapters 1 and 2). A key contribution of this book is its 
examination of how cocoa yields have responded historically to changes 
in climate and how this knowledge can help understand the impact of 
different future climate change scenarios on the sustainability of cocoa 
farming. Additionally, the book has investigated what exactly happens 
to the cocoa plant, i.e., to the plant’s physiology, when it is exposed 
to different climate stressors, such as high temperatures and drought. 
Furthermore, the book has shown how the challenges and potentials 
of cocoa agroforestry vary under different climates in relation to both 
biophysical and socioeconomic outcomes. 

We analyzed the relationship between historical cocoa yields and 
climate in Ghana across the six decades spanning 1960–2020 (see 
Chapter 1). Overall, the analysis showed that the levels and timing of both 
temperature and precipitation impacted yields. Annual cocoa production 
was positively correlated with precipitation in and around the major dry 
season, particularly in the month of November. Negative correlations 
were observed between cocoa production and temperatures in the minor 
dry season around July–August. The minor wet season from September 
to November coincides with the period when cocoa trees have many 
maturing pods. A limited water supply during this period can reduce 
photosynthesis and have a negative effect on pod yields (Asante et al.,
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2022). Generally, there was a positive correlation between precipitation 
in the minor wet season and yields across major parts of the cocoa belt 
in Ghana, including the Western, Eastern, Central, Brong Ahafo, and 
Ashanti regions. In the Volta region, correlations were weak because 
production was low after the 1970s. This was in part due to devastating 
bushfires in the early 1980s, combined with the severe incidence of Cocoa 
Swollen Shoot Virus (CSSV), which almost wiped out the cocoa farms in 
the Volta region (Danquah, 2003). 

Based on two trials, we documented how cocoa-plant physiology is 
influenced by increasing temperatures and reduced precipitation, and the 
mitigating effect of shade (see Chapter 2; also, Mensah et al., 2022). We 
first demonstrated how cocoa seedlings exposed to temperatures 5–7 °C 
above their surroundings had an increased risk of damage and reduced 
photosynthesis. Cacao plants under shade had thin leaves, which is a 
typical shade-leaf anatomy, and increased rates of photosynthesis. Under 
heat stress, shade was partially able to mitigate the damaging effects of 
high temperatures. In another experiment, we showed that mature cocoa 
trees exposed to reductions in rainfall were increasingly vulnerable to 
flower abortion and had substantially reduced yields. At all levels of rain-
fall reduction, cocoa shaded by a 40% shade net performed better in terms 
of yield compared to unshaded cocoa. This suggests that shade has a 
positive impact irrespective of water supply under these circumstances. 

Comparing yields in cocoa-agroforestry systems along a climate 
gradient, our research shows that yields from cocoa-agroforestry systems 
decreased from the wet southern to the dry northern part of the cocoa 
belt of Ghana (Asitoakor et al., 2022b; Chapter  5). For our data collec-
tion and analysis,1 building on Bunn et al. (2019), we divided the cocoa 
belt of Ghana into three climate impact zones: the Cope Zone, the Adjust 
Zone and the Transform Zone. The southern Cope Zone has a current 
climate that is the most favorable to cocoa farming of the three, and 
cocoa farming is likely to be able to cope with climate change. In the 
middle Adjust Zone, the current climate is moderately favorable, but 
some adjustments to cocoa farming will likely be needed. The northern 
Transform Zone currently has the climate that is least favorable to cocoa 
farming. Here, cocoa farms will likely have to be abandoned or radically 
transformed because of climate changes. Through a cost–benefit analysis

1 See Chapter 1, as well as individual chapters, for a more in-depth discussion of our 
methods, as well as a map of the study sites. 
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of cocoa agroforestry based on household surveys in the three different 
climate impact zones (see Chapter 5), we found that the costs and bene-
fits differed across the different climate impact zones. Cocoa bean yield 
per hectare was for example significantly higher in the Cope zone. In 
a different study, Abdulai et al. (2018b) found that in marginal regions 
of the cocoa belt, such as in the Transform Zone, cocoa agroforestry 
has a limited positive effect, and can even have a negative effect under 
conditions of severe drought. It is important to consider region-specific 
climate conditions and projections when selecting the appropriate level of 
shade and shade tree characteristics to implement a sustainable strategy to 
buffer climate change. In fact, several of our findings indicate that, as the 
climate continues to change, marginal areas become even less suitable for 
cocoa farming. It may not be cost-effective to continue cocoa produc-
tion in these areas, especially since cocoa agroforestry does not appear 
to buffer these changes sufficiently and may in some cases even worsen 
climate impacts in such areas. 

6.2.2 The Importance of Shade Tree Species and Species Diversity 

Another contribution of this book is its focus on the different effects of 
shade tree species and tree species diversity. Within agroforestry research 
on cocoa and coffee, there has been a tendency to focus narrowly on the 
impact of different levels of shade, with little regard to which constella-
tion of trees is providing this shade. However, new research emphasizes 
that the effects on cocoa may depend on the particular shade tree species 
involved, as well as the impact of shade tree species diversity (Abdulai 
et al., 2018a; Asare  et  al.,  2019; Asitoakor et al., 2022a; Graefe et al.,  
2017; Kaba et al., 2020). Thus, there is a need for broader investigations 
of (1) the impact of specific shade tree species, and (2) agroecosystem 
studies that include a focus on viruses, fungi, animals and plants. In 
coco-agroforestry systems, the foliage density, the root distribution along 
the soil profile and the associated below-ground complementarity and 
competition for resources are of key importance and will be influenced 
differently by different shade tree species (Abdulai et al., 2018b; Critchley  
et al., 2022; Jaimes-Suarez et al., 2022). Important factors include the 
depth of the shade tree’s root system (Kyereh, 2017) and the water 
requirements of the species involved across space and time, influencing 
competition between shade trees and cocoa (Abdulai et al., 2018b; Adams 
et al., 2016).
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Our trial experiments showed that climate stressors negatively impact 
cocoa-plant physiology, and that shade has a positive impact both under 
stress and no-stress conditions (see Chapter 2; also Mensah et al., 2022). 
A limitation of these trial experiments is that they used shade nets, not 
shade trees, to achieve a uniform shade cover. To investigate the signif-
icance of choosing different shade tree species, we set up a farm study 
experiment comparing how eight common forest shade trees species 
affected cocoa trees and their yields, as well as the impact of mirid insects 
and black pod disease (see Chapter 3). Although this on-farm study exper-
iment is just a first step in this field of study, the findings indicate that 
some shade tree species significantly outperformed the full-sun control 
plot with respect to yields and the occurrence of pests and diseases. 
Previous thinking has been that shade trees reduce yields and enhance 
the incidence of pests and diseases, particularly under high input condi-
tions and with high-quality cocoa-planting material. However, a recent 
literature review (Mattalia et al., 2022) challenges this assumption, and 
our findings furthermore suggest that yields can be higher from shaded 
cocoa compared to full-sun cocoa, especially under a low input of fertil-
izer, insecticides and fungicides, if the right shade tree species are selected 
for the local context. 

The impact of the level of tree species diversity (and not just the level 
of shade) on the various costs and benefits associated with cocoa agro-
forestry was also explored in our research (see Chapter 5). We found 
that cocoa agroforestry was more profitable than monocrop systems when 
combined with income from the sale of other products from diverse 
agroforestry systems, such as timber, fuelwood, fruit and mushrooms. 
Moreover, cocoa farmers earned a consistent income from their cocoa 
plots if they included more tree species in their system. The need for 
hired labor (e.g., related to manual weeding and applying inputs) was 
higher for cocoa plots with low tree species diversity compared to those 
with medium tree species diversity. This finding is important because one 
of the key concerns regarding the future of cocoa is that it is highly 
labor-intensive and therefore unattractive to young people with other 
aspirations and alternative livelihood possibilities (Anyidoho et al., 2012). 
In addition to weeding and the application of inputs, cocoa farming 
involves pruning, harvesting, gathering and breaking pods, fermenting, 
transporting and drying cocoa beans. This can lead to illegal solutions, 
such as using child labor, to reduce the expenses incurred from hiring
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adult laborers. The problems of youth disinterest and the use of illegal 
child labor could potentially be addressed if diverse cocoa-agroforestry 
systems that are less labor-intensive were to be adopted. 

6.2.3 Access and Rights 

Research may provide recommendations concerning shade levels and 
the need for fertilizers and insecticides, as well as the planting, timely 
harvesting and pruning of cocoa-agroforestry systems. However, none of 
these recommendations can be implemented in practice if farmers do not 
have access to seedlings, extension services and key inputs, along with 
long-term rights to the land and trees (Boadi et al., 2022). A final key 
overall contribution of this book is to illuminate the importance of the 
socioeconomic and institutional factors that directly and indirectly influ-
ence the outcomes of cocoa-agroforestry systems in relation to benefits 
to both farmers’ livelihoods and the environment. 

Farmers’ own perspectives were explored through twenty focus-group 
discussions and interviews (see Chapter 4). Farmers were found to 
generally agree on the possible benefits of having shade trees in cocoa 
cultivation. The benefits ranged from creating a better environment for 
the cocoa trees at different stages of the cocoa plot’s lifetime to being able 
to harvest alternative products, including snails and mushrooms living in 
the shaded environment, and products from the trees (see Chapter 3, 
Appendix for a list of common shade tree species adopted in cocoa-
agroforestry systems and their additional uses). Despite this common 
knowledge, most farmers establish new plantations by clearcutting and 
burning fallow or forested areas, and while some introduce new shade 
trees, a widespread adoption of agroforestry systems is lacking, as farmers 
experience a range of obstacles and challenges. One of the main chal-
lenges is farmers’ access and rights to land, as well as to the trees on the 
land. Village chiefs have the constitutional right and duty to administer 
land in the interest of the community (1992 Constitution, article 36(8)). 
However, many farmers, who were sharecroppers and whose families had 
migrated to the village several generations previously, complained that 
they are often still perceived as outsiders, and found that the chiefs used 
their positions to expropriate their cocoa fields and replace them with, for 
example, urban expansion, village infrastructure or sand mining. Other 
farmers who had good relations with their chief, or who possessed ances-
tral rights of ownership to their land, did not worry about their future
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ability to access their land. They were therefore more willing to invest in 
cocoa agroforestry, even though the benefits of planting trees will only 
accrue after a number of years. Access and rights to land vary between 
and within regions, villages and even households, with women being a 
lot less likely to own cocoa land than men (Barrientos & Bobie, 2016). 

However, regardless of land rights, farmers do not have the right to 
fell timber trees they have planted or nurtured on their farm unless they 
can prove ownership and secure a permit from the Forestry Commission 
of Ghana. As permits are difficult to obtain because of the bureaucracy 
involved, several farmers had experienced legal conflicts with forestry 
personnel over the use of trees, even for their own housing materials, and 
they therefore saw few incentives to continue caring for trees. Another 
significant competitor in certain areas is gold mining, which leaves land 
unusable for cocoa farming, and provides a lucrative alternative liveli-
hood for young people which contributes to their loss of interest in cocoa 
farming. Several actors come into play here, such as the mining companies 
that encourage small-scale mining activities in the cocoa communities. 
Farmers, mostly representing the older generation, talked of defending 
their lands against outside gold miners and discouraging their own 
children from engaging in mining. 

To successfully implement agroforestry systems, cocoa farmers must 
have knowledge of the different appropriate shade tree species, as well 
as the other plants involved. We found that the more resources and 
better networks farmers had, and thus the easier access to inputs and 
knowledge of good management practices, the more likely they were 
to implement agroforestry systems (see Chapter 5). Another significant 
finding pertains to the role played by the extension services provided not 
just by government agencies, but also external institutions like NGOs, 
research organizations and businesses, such as those tied to the cocoa and 
chocolate industry. While cocoa farmers learn from each other as they see 
how other farmers manage their cocoa farms, our study found that those 
farmers who were most successful in implementing cocoa agroforestry had 
received assistance from extension services (see Chapter 4). This assistance 
included advice as well as concrete inputs, such as a more diverse selec-
tion of shade tree seedlings. However, most farmers receive only limited 
training, and only a very limited selection of shade tree species is avail-
able from most NGOs, cocoa industry-led sustainability initiatives, or the 
state. This is especially a problem for women, because they are often not 
recognized officially as cocoa farmers. Studies show that 80% of registered
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cocoa farmers are men, even though women carry out close to half of the 
cocoa work required on farms as unpaid family labor. Because women are 
unregistered as cocoa farmers, they are often not included in training and 
do not receive extension services (Barrientos & Bobie, 2016). 

Local botanical knowledge is instrumental in the adoption of cocoa-
agroforestry practices because farmers can diversify the shade tree species 
on their cocoa farms through naturally regenerated trees or tree seedlings 
acquired from other farmers (Rigal et al., 2022). Furthermore, to be 
successful, both economically and ecologically, cocoa agroforestry neces-
sitates different constellations of non-cocoa tree species and other plants 
at different times, depending on the height and age of the cocoa trees. 
Cocoa-agroforestry systems are in effect three-dimensional arrangements 
of trees and plants: on the ground, in the canopy and under the soil 
(Asare, 2006) with time constituting a fourth dimension. 

6.3 Implications for Policy and Practice 

To ensure a more sustainable production of cocoa, several global and 
national initiatives and policies have been put in place. The Cocoa & 
Forests Initiative was introduced by the cocoa and chocolate sector in 
2017 as a collective commitment to address deforestation and forest 
degradation in the cocoa supply chain, focusing initially on Ghana and 
Côte d’Ivoire. Yet, questions have been raised regarding the effective-
ness of such voluntary sustainability measures, and calls have been made 
for the coordinated accountability of public and private activities (Caro-
denuto & Buluran, 2021). Another initiative is the Emission Reductions 
Payment Agreements (ERPAs) for the Carbon Fund with the World Bank 
as a Trustee, signed by the government of Ghana in 2019 (ER-MR, 
2021). Under this program, there is a benefit-sharing plan that guides 
the sharing of Carbon Benefits generated under the Ghana Cocoa Forest 
REDD+ Program (GCFRP). The GCFRP uses a climate-smart cocoa-
production strategy, which is the world’s first commodity-based emission 
reductions program that aims to significantly reduce deforestation and 
forest degradation-driven emissions, while making sure that smallholders’ 
livelihoods are improved through increases in yields. 

A further initiative is the Living Income Differential (LID) policy from 
2019, which the cocoa marketing boards of Ghana and Côte d’Ivoire 
have established with the chocolate companies. The Ghanaian cocoa 
marketing board (The Ghana Cocoa Board, or Cocobod) regulates the
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pricing, purchasing, marketing and exportation of cocoa beans in Ghana, 
and provides support programs to farmers (see Chapter 5). The aim of 
the LID policy is to add a premium to the price of cocoa to ensure 
a living income for cocoa farmers, defined as the “net annual income 
required for a household in a particular place to afford a decent stan-
dard of living for all members of that household” (Adams & Carodenuto, 
2023, p. 2). It is envisaged that GCFRP and LID together will make 
Ghana’s cocoa and forestry sectors more resilient with earnings from 
climate-smart cocoa beans that promote the active incorporation of shade 
trees when establishing new or rehabilitating old plantations. However, 
studies have pointed to the need for such policies to give greater consid-
eration to farmer diversity in relation to, for example, tenure, farm size 
and management strategies (Adams & Carodenuto, 2023). 

While implementing policies that address the broader institutional 
landscape, along with land use, is of key importance, this is difficult 
and takes time. Therefore, in the short term, the institutional chal-
lenges farmers face must be taken into consideration by policymakers, 
practitioners and researchers when researching and implementing cocoa-
agroforestry systems. In the following, we provide recommendations for 
policy and practice in relation to how to optimize the complex of plant 
species involved in a cocoa-agroforestry system while being mindful of 
the socioeconomic and institutional landscape. These recommendations 
can broadly be organized into three categories depending on whether 
they relate to: (1) the components going into the system, (2) how the 
system functions, and (3) the outputs of the system. 

6.3.1 The Components Going into the Cocoa-Agroforestry System 

When cocoa was first introduced to Ghana in the 1880s, it was estab-
lished as an unplanned agroforestry system that depended on forest-fallow 
regimes and their natural processes of regeneration, thus enabling the 
farmers to organize and diversify cocoa-agroforestry systems (Asare & 
Asare, 2008). Shade trees were maintained either because they were 
deemed important or because farmers did not have the equipment needed 
to fell them, and the land was then planted with cocoa seedlings, food 
and cash crops to provide shade for the seedlings and to obtain food and 
income (Osei-Bonsu et al., 1998). More recently, cocoa farms have been 
established by completely clearing the land through felling and burning, 
after which farmers plant shade trees and food crops followed by cocoa
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seedlings. Farmers also remove regenerated forest-tree saplings that are 
seen as competing with the cocoa seedlings while nurturing those that 
are believed to be of value (Asare & Asare, 2008). 

As we have shown, to implement a cocoa-agroforestry system, 
seedlings and other plants must be obtained, labor is needed, and various 
inputs such as fertilizer and insecticide must be applied. Time is also a 
factor, specifically how much time the farmer can put into the system 
before outcomes are required. This will in part depend on farmers’ rights 
and access to the land. Extension services that provide guidance on how 
and when to plant, prune, harvest and apply inputs can affect outcomes. 
What constitutes an optimal complex of plant species depends on these 
different elements. Thus, if a farmer has little time and labor, and no 
access to inputs or regular extension services, a different complex of plant 
species will be more advantageous than is the case for a farmer who has 
a longer time horizon, can afford paid labor or has family labor avail-
able, and who has easy access to inputs and services. The ability to access 
these different elements varies from place to place and from farmer to 
farmer, hence it is important for policymakers and practitioners to under-
stand the local context when seeking to support and implement cocoa 
agroforestry. That said, in general, many farmers in Ghana operate with 
short time horizons, need to minimize labor and other inputs, and do not 
have easy access to seedlings or extension services (Boadi et al., 2022). 
Furthermore, current tree-tenure arrangements specific to the Ghanaian 
regulatory context require farmers to register the trees on their farms 
with the Forestry Commission. This effectively creates an unnecessary 
disincentive for farmers to care for trees. We therefore recommend that 
research, policy and practice focus on how to optimize the complex of 
plant species for this group of farmers—biophysically, socio-ecologically 
and in terms of regulations. Overall, our findings that are relevant in this 
regard indicate that shade reduces the need for inputs and that greater 
shade tree species diversity in cocoa-agroforestry systems reduces labor 
needs. 

6.3.2 How the Cocoa-Agroforestry System Functions 

In addition to being aware of the different components going into the 
cocoa-agroforestry system, it is important to pay attention to how the 
complex of plant species influences system processes. These processes 
include competition and complementarity between species (both in terms
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of water and nutrients) and the occurrence of pests and diseases. More-
over, shade levels will affect the climate resilience of the system (Asitoakor 
et al., 2022a, 2022b; Mensah et al.,  2022). These processes vary between 
climate zones and sites, and we therefore recommend that this must 
be considered by researchers, policymakers and practitioners. Our find-
ings that are relevant in this regard indicate that implementing cocoa 
agroforestry sustainably in the Transform Zone, the zone with the least 
suitable climate for cocoa farming, may not be possible. Agroforestry 
was unable to mitigate the negative impacts of the adverse climate and 
could in fact have a negative effect. Besides, as shown in our cost–benefit 
analysis, cocoa agroforestry in this zone produced the lowest yields. 

It should be pointed out, however, that with more research it may 
be possible to identify shade tree species that better buffer the negative 
impacts of climate change in climates corresponding to the Transform 
Zone. This, coupled with breeding for drought-resistant cocoa, could 
make cocoa farming in marginal areas viable. Nevertheless, our results 
indicate that resources would be better utilized if research efforts were 
focused on sustainable cocoa farming in the other two zones, in partic-
ular the Cope Zone. In these two zones, our findings show, shade leads 
to a more optimal plant physiology under stress conditions instigated by 
changes in the climate. Impacts depend, however, on complementarity in 
water use between shade tree species and cocoa. Deep-rooted shade trees 
that tap soil water below the cocoa root zone may work best. Further-
more, different shade tree species appear to lead to different levels of pest 
and disease incidence. 

6.3.3 Outputs from the Cocoa-Agroforestry System 

The output of the cocoa-agroforestry system can be assessed in terms of 
improvements to the productivity of cocoa beans, fruit and timber as well 
as the lifespan of the cocoa trees, and in terms of the possibilities for 
on-farm or off-farm diversification. Research has shown that shade can 
prolong the economic lifespan of cocoa trees (Obiri et al., 2007), and our 
findings indicate that different shade tree species may affect overall yields 
differently. For the farmer, the degree to which the benefits outweigh 
the costs of the cocoa-agroforestry system does not just depend on the 
yield of cocoa. The integration of trees and crops that provide marketable 
products such as timber and fruit is also important.
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If done correctly, cocoa agroforestry can be more consistently prof-
itable, while being less labor-intensive than monocrop systems. This could 
free up labor for other livelihood activities, reduce the use of illegal child 
labor and make cocoa farming a more attractive option for the young. We 
therefore recommend that farmers are supported in diversifying cocoa-
agroforestry systems in terms of shade tree species and involving fruits and 
other products for household consumption and sale. This includes making 
the best use of easily available self-sown shade tree seedlings to maximize 
outputs of foodstuffs and timber for household consumption and sale. It 
is also important to encourage farmers to choose shade tree species that 
increase cocoa yields while reducing pests and diseases without competing 
with cocoa trees for water and nutrients. Importantly, extension services 
should pay particular attention to cocoa farmers that are not officially 
registered and therefore easily bypassed, often women and migrants that 
are less likely to own cocoa land yet carry out a significant proportion of 
cocoa work. 

6.4 Moving Forward 

The future of cocoa is unclear. As a result of climate change, diseases 
and weather variations, supply deficits are projected (ICCO, 2023). 
The impact of supply deficits on cocoa management, prices and quality 
requirements is uncertain. One possible response is an intensification of 
cocoa farming that involves low to no shade trees and a high need for 
agricultural inputs. However, this will come at the expense of the environ-
ment and likely the small-scale farmers. New regulations on the world’s 
main chocolate market—the EU—have set new requirements for compa-
nies that import and trade cocoa beans and their derivatives. From 2025, 
importers must document that the products are not associated with defor-
estation or forest degradation, among other environmental concerns. 
While this may not affect areas deforested before 2021, it is expected to 
influence the expansion of new cocoa areas (Li et al., 2022). Moreover, it 
may increase the number of sustainability projects licensed cocoa-buying 
companies conduct in producing countries. It is anticipated that these 
projects will focus on the dissemination of shade trees, as well as infor-
mation on environmental and social issues. Demand for quality cocoa is 
also expanding rapidly, with Ghana and Côte d’Ivoire poorly positioned 
because cocoa beans originating from these countries are of far lower
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organoleptic (sensory) quality than beans from Latin America (Foun-
tain & Hütz-Adams, 2022). There is an increasing interest in assessing the 
effect of shade trees on cocoa quality. This book argues that agroforestry 
can address many of the challenges currently faced by cocoa farmers in 
Ghana, and more broadly in West Africa, and therefore provides a sustain-
able future pathway for cocoa. Nevertheless, more research is needed to 
better understand and implement cocoa agroforestry. 

6.4.1 More Focus on Shade Tree Species 

In contemporary research, policy and practice, there is a global tendency 
to regard and present tree planting as a straightforward and inexpensive 
panacea ameliorating climate change. The findings presented in this book 
offer an informed alternative to this simplistic approach to, and under-
standing of, tree planting. We have stressed that to increase cocoa farmers’ 
engagement in cocoa agroforestry and make cocoa farming more sustain-
able, place-specific knowledge concerning the effects of shade tree species 
is needed. It is time to move beyond the generic focus on shade levels 
and cocoa yields. 

We have suggested that research needs to place particular emphasis on 
how to minimize the need for inputs, including time, labor and fertil-
izers. One potential avenue for research in this regard is to look at the 
relationship between specific shade tree species and the need for inputs in 
cocoa farming. Some shade tree species will, for example, host pests that 
would otherwise have concentrated on the cocoa tree. Research is needed 
to understand the net effect of shade trees on the incidence of pests on 
cocoa trees, which impacts the need for chemicals. Another important 
avenue for research is to investigate the impacts of the age of both shade 
trees and cocoa trees. 

6.4.2 Multidisciplinary Research 

The book has investigated the potential of cocoa agroforestry in times 
of climate change, focusing not just on cocoa yields, but also on how 
to ensure that cocoa farming remains a viable and attractive livelihood 
option for farmers, including future generations of farmers. This has only 
been possible by employing multidisciplinary approaches. Unfortunately, 
in practice, such approaches are difficult to implement for several reasons. 
Researchers may not be used to communicating across disciplines, and it
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is difficult to receive funding for multidisciplinary approaches, which can 
involve greater expense because different research methods can require 
different equipment and research set-ups. In relation to research on trees 
and climate change, studies need to be longitudinal to obtain results, and 
many funding bodies will only fund a maximum of three to five years of 
research. 

In the CLIMCOCOA research project, we worked deliberately on 
ensuring communication across disciplines. This was done in different 
ways, first by associating researchers from different disciplines from the 
beginning of the study design. We also organized reading groups where 
we discussed texts from different disciplines and presented our research 
and approaches to other team members, as well as to a broader audience, 
for example through conference panels where both the biophysical and 
socioeconomic findings were presented. This enabled us to identify find-
ings that cut across both the biophysical and the socioeconomic, such as 
our finding that it may not be possible to implement cocoa agroforestry 
sustainably in marginal regions of the cocoa belt (e.g., the Transform 
zone). 

Perhaps the most important outcome of multidisciplinary research is 
that it enables researchers to understand and communicate research topics 
in a larger context, rather than focusing on a narrow research agenda. 
Thereby, the societal relevance of the research becomes greater. In this 
sense, the present book represents a step toward a better understanding 
of the interrelations of biophysical and socioeconomic factors and points 
to the need for further multidisciplinary research on climate change, 
sustainability and agriculture. 

6.4.3 More Focus on Farmers 

In recent years, research on the sustainability of cocoa farming has 
expanded significantly. This is not only due to the threats caused by 
climate change, but also because cocoa and chocolate consumers and 
investors are increasingly expecting the cocoa industry to address sustain-
ability concerns in the cocoa sector. This includes both environmental 
and social aspects, such as acceptable working conditions and the elim-
ination of child labor. This has created an opportunity for researchers, 
civil society, NGOs and policymakers to direct research activities toward 
sustainable cocoa farming and challenged the chocolate industry to be 
actively involved in research on sustainability in the cocoa sector.
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We welcome this concern for the sustainability of farming cocoa, which 
has been studied less than other cash crops such as coffee. However, 
it is important that research is not only site- and species-specific, but 
that it also considers that farmers are individuals with different options 
and interests. This includes paying particular attention to farmers who 
are systematically underrepresented in research on cocoa farming because 
they are not the official landowners, or are not officially registered as 
cocoa farmers, such as women and migrants. At present, and given the 
growing age of cocoa farmers, the lack of interest among the young may 
be one of the biggest threat to the future of cocoa in Ghana. It is there-
fore of crucial importance that research on cocoa agroforestry not only 
examines the climate resilience of the agroecosystem, but also systemat-
ically investigates the vital role of both socioeconomic and institutional 
factors and concerns. Without farmers, there will be no cocoa farming. 
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