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Abstract

Climate change is the greatest challenge to developing countries, especially where rain-fed agriculture is the main source
of livelihood and revenue. Agroforestry provides an opportunity for farmers to adapt and reduce the carbon footprint.
We conducted an exploratory review on the role of cocoa agroforestry for climate change mitigation and adaptation
of smallholders by applying combinations of keywords that include climate change, agroforestry, stakeholders, Paris
agreement, INDCs/NDCs, mitigation and adaptation. The paper combined data sources covering reports on past and
on-going cocoa sustainability projects and policy interventions in Ghana as well as the output of exploratory review that
utilized relevant key words to identify appropriate literature for investigation and analysis. We established that, there
is low adoption of pro-environmental interventions introduced by both Government and NGOs in the cocoa sector. In
addition, there is a shift in cocoa farming from expansion into forest areas to adoption of intensive cocoa monoculture.
Despite the importance of shaded trees in cocoa production such as the benefits gained from agroforestry system, cocoa
farmers have low appreciation of their environmental, soil, nutrients and other ecological benefits. We recommend that
cocoa farmers should be involved in the formulation and implementation of pro-environmental interventions that affect
their cocoa production practices. This will make farmers take ownership of the innovation instead of it being introduced
to them. In addition, since our review of the literature established that the surge in yield is the impetus for cocoa mono-
culture adoption, there is the need to introduce cocoa varieties with higher yields under agroforestry system. Finally, there
should be monetary valuation of shade trees used in cocoa agroforestry systems for payment to farmers to help improve
agroforestry adoption. We argue that cocoa agroforestry though considered an old practice, remains one of the most
appropriate land-use systems that is climate-smart with great potential to contribute to sustainable cocoa production.
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1 Introduction

Climate change threatens the lives of many species, and it is exacerbated in developing nations where most of the
people and economy depend on rainfed agriculture [1]. National and international efforts to tackle climate change led
to the new agreement “Nationally Determined Contributions” (NDCs) by the “Parties to the United Nations Framework
Convention on Climate Change” (UNFCCC) in 2015 [2]; a blueprint narrating mitigation and adaptation measures by
each party with domestic or international aid. The approved long-term objective was to maintain the global tem-
perature well below 2 °C, while also striving to limit it even further to under 1.5 °C [3].

According to Riyadh et al. [4] twenty-three countries have acknowledged the significance of agroforestry in achiev-
ing their NDCs mitigation targets, while twenty-nine countries have recognized it for adaptation purposes. Agro-
forestry is a system of land-use where woody perennials are deliberately planted or left with annual crops, and or
livestock/pasture under the same management [5]. Agroforestry has been described as a new name for an old prac-
tice of land use, considering that even in Europe, it was a common practice until the Middle Ages to clear degraded
forests, burn the slash, cultivate food crops for certain periods on the cleared land, and then plant or sow trees either
before, during, or after the crop cultivation [6, 7].

Roy et al. [8]; Kaba et al. [9] and Lasco et al. [10] identified agroforestry as an effective approach to boost resilience
against climate change and decrease the carbon footprint at the global and smallholder farmer level. For instance,
agroforestry helps sequester carbon in soil and life-biomass, decreases emissions of greenhouse gases, and minimizes
fossil fuel and energy use on farms [11, 12].

In addition, despite the competition between crops and trees, intercropping multipurpose trees with crops reduces the
vulnerability of annual crops to climate extremes, mitigating the possibility of yield failure and increasing green cover [13].
Thus, making it an important climate smart approach in the Agricultural, Forestry and Other Land Use (AFOLU) sector. In
contrast, traditional agriculture practices without trees, contribute significantly to the emission of greenhouse gases [14].

Therefore, this paper provides a perspective on how agroforestry could be used to combat the threat of climate
change in the twenty-first century, especially in Africa where land degradation is a major problem.

In the rest of the paper, we examined the nexus between climate change impact and agroforestry mitigation and
adaptation potential. A discussion on the potential of cocoa agroforestry as an approach to climate change mitigation
and adaptation strategy for cocoa farmers. The critical analysis focused on the role of agroforestry in GHG mitiga-
tion with a link to the Nationally Determined Contributions (NDCs) using the cocoa sector in Ghana as an exemplar
framework. The research findings and discussion as well as implication of the research findings are then presented.

2 Research approach

The paper utilized the review and analysis of data from non-governmental and government reports, published expert
interviews and policy feedback literature to understand climate change and agroforestry interventions and policies on
ecological sustainable cocoa production. Specifically, our data sources included reports on past and on-going cocoa
sustainability projects in Ghana taken from websites of Ghana cocoa research institute, the national determined con-
tribution status report of Ghana (from 2015 to 2021) and Non-Governmental Organizations (link to reports cited in
references) such as Conservation Alliance, Forest Capital (2014-2024), CARE International, Cargill, International Fertilizer
Development Center, SNV Project, Center of innovation and Technology Dissemination (CITED)-UENR, Ghana, and Nature
Conservation and Research Centre. In addition, we supplemented our data with relevant online news data and specific
reports on agroforestry, climate change, cocoa projects in Ghana such as the REDD + /enhancement of carbon-stocks
ELCIR + project (2014-2018), Cocoa Rehabilitation and Intensification Programme (2014-2016), and Ghana Cocoa Plat-
form (2013-2016). Sections of the 2013 technical report of the European Commission on the effect of European Union
consumption on deforestation, the UNDP Green Commodities Programme (2013-2016) on sustainable ecological Policy
for cocoa in Ghana, AfDB (Africa Development Bank) report on Government of Ghana cocoa rehabilitation project and
the Ecobank Group (2015) Technical Report on cocoa production in West Africa were also used.

In search of the appropriate literature, we used keywords such as farmers, climate change, agroforestry, Paris agree-
ment, INDCs/NDCs, UNFCCC, stakeholders/collaborations, mitigation, adaptation etc. Subsequently, we examined only
the documents that focused on climate change and agroforestry to achieve sustainability in crops/cocoa production.
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It also helped us outline key climate change policies within the agroforestry sector that could help influence farm-
ers incorporate ecological sustainable farming technics in their cocoa production. In the next sections, we discussed in
detail our findings based on the archival data review and analysis and its implications for theory and industry and policy.

3 The nexus between climate change impact and cocoa Agroforestry mitigation
and adaptation potential

Climate change refers to significant long-lasting (at least 20-30 years) shift in global climate factors such as temperature,
precipitation and wind patterns [15]. The change in climate is getting worse thus, there have been rise in temperature,
change in rainfall patterns, and increase in carbon dioxide concentrations [16]. The most significant component causing
these events is the increment in greenhouse gases (GHGs) concentration especially, carbon dioxide (CO,), nitrous oxide
(N,0) and methane (CH,) [17]. Over the past century, the usual global surface temperature has risen by 0.6 £0.12 °C, and
it is projected to rise by 1.5-5.8 °C by the end of the twenty-first century [18].

Climate change poses risks including severe droughts, flooding and diseases, which can have extensive effects on
agricultural systems leading to failure of crops, soil erosion, biodiversity loss, reduction in soil moisture, pest damages
and economic losses [19]. The increasing rate of extreme events and unpredicted weather conditions are already mak-
ing it difficult for farmers to plan planting and harvesting crops and this threatens the current production systems and
heightening food insecurity [19].

However, agroforestry can help enhance crop resilience and reduce the adverse effect of climate change on crops and
the life of farmers. Agroforestry has many advantages such as improving and conserving the fertility of soil and providing
other ecological services (Fig. 1) that help improve the capacity of farmers at the smallholder, national and global level.

Carbon sequestration and micro-climate buffering all help to mitigate climate change and moderate the adversities
of climate change [20]. For instance, Reppin et al. [21] assessed the carbon stock of agroforestry systems in Africa and
found that it varied from 1.0 to 18.0 Mg C ha™' and up to 105 Mg C ha™" in the aboveground biomass, indicating that
significant amount of carbon can be lost if the farmland trees are cleared or die and decompose.

In addition, under tree-based cocoa systems, the deep root systems facilitate the exploration of larger volume of soil
for water and nutrients during droughts period, improves soil water infiltration and increases litter biomass on the soil
surface. Likewise, under waterlogged conditions, tree-based agroforestry systems exhibit greater evapotranspiration
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rates than traditional sole cropping thus enabling rapid removal of excess water and maintaining well-aerated soil
conditions [22].

However, intercropping cocoa with other trees in agroforestry system could create competition, which may be for
light, water, or soil nutrients and this may reduce the growth and yield of cocoa trees [4, 9, 20]. In addition, black pod
disease (Phythphora palmivora) of cocoa is reported to be favored by increased humidity due to increased shading [9].
It is important to highlight that, the removal of shade trees has also increased photosynthetic activity of cocoa trees,
thereby increasing its productivity and yield [9, 23]. For example, Kaba et al. [9] found that farmers removed shade trees
from their cocoa farms because, less shade improves yield, shade trees harvesting causes a lot of destruction to cocoa
farms, farm activities such as weeding, spraying, fertilizer application is usually difficult to undertake when shade trees
are present and shade trees occupy space meant for cocoa trees (reduces space for cocoa plants). In addition, other
functions such as competition for applied nutrients, harbouring pests of cocoa and generally competition for all growth
factors trigger de-shading. Therefore, proper tree species selection when farmers are integrating trees into cocoa at the
beginning of cocoa farm establishment or selectively clearing and retaining some trees is essential.

4 Trajectory of Cocoa Agroforestry: analysis of Ghana’s cocoa sector

West Africa accounts for over 70% of the world cocoa production, with Ghana being the second largest producer after
Ivory Coast. Thick forests marked the early stages of cocoa production in West Africa and this condition was suitable for
the inherent growth requirement of cocoa (Fig. 2). However, the production has faced many challenges due to the quick
deforestation occurring at a rate of 2% per year [23, 24].

The archival analysis showed that since the introduction of cocoa in Ghana in the nineteenth century, the sector has
been a major beneficiary of deforestation and land degradation [23, 24]. Despite the stagnating yield, Ghana’s cocoa
production has increased through the expansion of cocoa farms either through clearing forest or establishing cocoa
farms on logged forest (about 1.6 million hectares under cocoa cultivation) motivated by a switch to full-sun/no shading
system (25% of Ghana’ cocoa area) compared to the initial retention or integration of woody perennials (Fig. 2) to form
a cocoa agroforestry system [25].

For example, records of deforestation show that when cocoa was introduced into Ghana in 1900, approximately 34%
of Ghana's land area (8.2 million ha) was covered by natural high rainforest [23]. However, from 1981 to 1985 only 21% of
the 8.2 million hectares (ha) remained as protected reserves while the remaining 6.5 million hectares were deforested at
the rate of 22,000 ha per annum (0.3%). By the year 2000, the situation had deteriorated as 67% of the original 8.2 million
ha had been lost, at a deforestation rate of 115,400 ha per annum.

The status quo remains unchanged, as the Ghana Forestry Commission and the Ghana Cocoa Board reported a 10-year
(2000-2010) deforestation rate of 1.4% annually in forest zones of Ghana where cocoa is widely cultivated [26].
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The motivation driving farmers’ adoption of unshaded cocoa system and the reduction of tree cover on cocoa farms in
Ghana can be attributed to the general mentality about the poor yield caused by the presence or integration of woody
perennials under an agroforestry system [9]. Even though cocoa yield in monocropping system could be higher than in
agroforestry systems [27], it is important to point out that it varies, especially with the type of shade trees intercropped
with the cocoa, location and density of shade trees. In most cases, cocoa agroforestry system though provides lower
yield than monocropping system offer other benefits such as maintain the soil properties/fertility, increase biodiversity,
provide extra income and food products from the intercropped crops and store larger amounts of carbon [27].

This expansionist approach of forest clearance has devastating consequences by exposing the cocoa to the thread of
climate change due to higher temperatures and drought which cause flower and premature fruit drop, stunted growth
and lower yield [28].

Considering the significant role the cocoa sector plays in Ghana's forest management, the acceptance of cocoa agro-
forest, either through the integration of trees with cocoa or the preservation of permanent trees in newly cultivated
cocoa farms, could contribute to helping Ghana achieve its emission reduction goal (unconditionally) of 15% relative to
a business-as-usual (BAU) scenario emission of 73.95 MtCO2e2 by 2030.

5 Research findings and discussion

Promoting REDD + (“Reducing Emissions from Deforestation and forest Degradation”; the“ +”implies the role of conser-
vation, sustainable management of forests and enhancement of forest carbon stocks) in the AFOLU sector, especially
agroforestry in cocoa systems constitute a major policy to attain both mitigation and adaptation objectives. However,
the majority of cocoa farmers in Ghana currently employ methods that raise concerns regarding their ability to reduce
GHGs, as they continue to grow cocoa in monocultures under the full sun owing to the surge in yield within 20 years
of establishment [9, 23]. For example, in Ghana, out of the 1.6 million hectares of land under cocoa cultivation about
400,000 hectares (less than 25%) are covered by shaded cocoa agroforestry [29].

These figures emphasize the worsening repercussions of farmers’ decision to produce cocoa in way which may com-
promise the anticipated NDCs associated with the AFOLU sector.

Ironically, cocoa is extremely vulnerable to climate change, and recent research indicates that most cocoa growing
regions of Africa, where over 60% of the world’s cocoa is produced may no longer support the cultivation of cocoa by
2050 due to changing climate [30]. For instance, precipitation will reduce by 11% by 2050 and 19% in the year 2080,
whilst daily temperatures will increase by 1.1°C to 6.4 °C [23, 31]. The cumulative effect is the projected drop in cocoa
yield by 28% in 2050 or even earlier [23, 29].

A current limitation in the cocoa industry is how major players in the cocoa sector can explore varied opportunities to
peruse the low interest of cocoa farmers in adopting innovations which are considered pro-environmental (e.g., shaded
cocoa system). Generally, farmers are less concerned of the environmental, climate, soil, nutrients and other ecological
benefits of shade trees when integrating them into their cocoa farms [9]. In the case of Ghana, this opportunity is under-
scored in Ghana's National Agroforestry Policy; which has the overall objective to promote agroforestry practices for
sustainable land use [32]. Therefore, partnership among farmers and other stakeholders (i.e., stakeholders-collaboration)
in the cocoa sector (Both Governments and NGOs) holds great potential in promoting the adoption of the cocoa shaded
system and contributing to the reduction of GHG. Previous studies by Yamoah et al. [25] raised concerns on the danger
of having a majority of the climate smart cocoa initiatives solely led by Government institutions without the involvement
of farmers and community-based NGOs in the cocoa sector.

Therefore, we developed a framework (Fig. 3) that assesses the current possible cocoa production systems and situat-
ing it with initiatives to provide a pathway to the adoption of cocoa agroforestry system and its subsequent contribution
to climate change mitigation. This framework is essential in cocoa extension education especially taking into considera-
tion the need for stakeholders’ collaboration.

More importantly, engaging other stakeholders apart from cocoa farmers could help in raising the needed finance
required to implement activities under the AFOLU sector [33].

Fortunately, some NGOs have already started some projects aimed at reducing GHS and enhancing carbon sinks in
the cocoa sector. For instance, Fairtrade Africa, Max Havelaar France and the French Development Agency (AFD France)
launched the Ghana Agroforestry for Impact (GAIM) Project aimed to help provide tools to farmers to fight against the
adverse effects of climate change, their dependence on the sole commodity of cocoa and against ageing cocoa farms
through dynamic agroforestry techniques [34].
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Fig. 3 Framework Towards Achieving Climate Change Mitigation through Cocoa Agroforestry System and Stakeholders’ Collaboration

The importance of our framework (Fig. 3) highlights the findings of Kaba et al. [9] who reported that farmers were
willing to integrate trees with their cocoa if they are well educated on the indirect benefits (e.g., climate mitigation) and
provided with the needed incentives (money, inputs and extension support, better prices for beans). Therefore, cocoa
extension needs to draw on the concept of awareness of consequences as part of its cocoa extension education as it is
envisaged that if farmers are engaged to appreciate the importance of pro-environmental behavior it could influence
their decision to practice shaded cocoa agroforestry system and other activities aimed at reducing GHS [35]. In addition,
considering that most farmers are not oblivious of the positive impact of agroforestry but are reluctant to practice it [9],
underlines the need to question the orthodox (top-down) method [36] of disseminating or promoting innovations such
as agroforestry technique. Furthermore, considering the fact that there are varied reports on yield differences in cocoa
agroforestry and monocropping systems (Table 1), it is important to point out that, cocoa agroforestry systems provide
other benefits (Table 1) that makes it a more sustainable approach to cocoa production.

In conclusion, based on the above discussion our perspective is that cocoa agroforestry though considered an old
practice, remains one of the most appropriate land-use systems that is climate-smart with great potential to contribute
to sustainable cocoa production. However, there is the need to enhance collaboration and engagement with farm-
ers and other stakeholder (e.g., the chocolate and confectionery industry and pro-environmental NGOs). In addition,
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Table 1 Trade-off in the choice of land use system for cocoa production

Indicator

Trade-off in the choice of cocoa agroforestry system (AFS) and monocropping system (MCS)

Yield

Soil fertility and Biodiversity enhancement

Carbon storage and system sustainability

Living income and Livelihood

i. Average yield for five cropping seasons was higher in the MCS (751 kg/ha) than the AFS
(564 kg/ha) in Ghana, but after 5 years, yield was similar (av. 650 kg/ha) [35]

ii. Cocoa AFS with Khaya ivorensis as shade trees increased yield to about 608 kg ha™' compared
to 438 ha™" in MCS, with 38.8% higher yield observed in shaded plots compared to unshaded
plots [37]

iii. Cocoa yield was lower (0.6 Mg ha™") in AFS compared to 0.9 Mg ha™' in MCS [38]

iv. The average cocoa yield in simple agroforestry system (SAFS) was 2.3% less than cocoa
monocultures but the most productive SAFS were associated with Elaeis guineensis and Cordia
alliodora. The yield was even much lower (40% less than cacao monocrops) in the complex
agroforestry systems (CAFS) where there were more than 3 shade trees per ha [27]

v. Cocoa of 10-20 years MCS gave higher yield (av. 2000 kg ha™') compared to AFS
(1500 kg ha™") [39, 40]

vi. Under low input conditions (of fertilizer and pesticides) AFS increased yields (548 kg ha™")
compared to MCS (Av. 400 kg ha™") [41]

vii. Under high input fertilizer, higher cocoa yield was reported under MCS compared to AFS in
a pioneering long-term study of the relation between shade and cocoa nutrition [42]

viii. MCS require more fertilizer than shaded ones, and lack of fertilizers, especially P, will cause a
decline in yield in less than 10 years [43]

i. Cocoa-Gliricidia AFS can fix 31.4 to 39 kg N ha™' from the atmosphere as additional source of
nitrogen [44]

ii. In AFS there is increased uptake of nitrogen (43-80%), phosphorus (22-45%) and potassium
(96-140%) by cocoa trees compared to MCS [45]

iii. No significant differences were observed between AFS and MCS in terms of soil concentra-
tions of total nitrogen, exchangeable potassium, calcium and magnesium [42]

iv. In AFS, shade trees buffer high and low temperature extremes by as much as 5 °C and can
produce up to 14 Mg ha™' yr™' of litterfall and pruning residues, containing up to 340 kg
Nha™'yr' [46]

v. Shade trees in AFS could compete for growth resources (e.g., nutrients) with cocoa trees [47]

vi. Cocoa in MCS requires high inputs (fertilization) and management to maintain productivity
[56]

vii. AFS plays major roles in conserving biodiversity by providing habitat and preserving genetic
resources of sensitive species compared to MCS [48]

viii. AFS provide habitat for functionally more diverse species communities because they are
structurally more complex and diverse than MCS [49]

i. About 14-52 Mg C ha™" is stored in the aboveground woody biomass of shade trees in coffee
and cocoa plantations. Cocoa trees themselves store 7.45 t C/ha while shade trees also stored
an additional 12.3t, 29.43t, 38t and 50.85t of C in low shade, shaded, high shade and very high
shade cocoa AFS respectively [50]

ii. Cocoa AFS contributed to climate change mitigation by storing 2.5 times more carbon and to
adaptation by lowering mean temperatures and buffering temperature extremes than MCS
[38]

iii. In AFS shade trees reduce environmental stress and increase the life span of the cocoa trees
for 60-100 years. However, under MCS, there is initial increase in yield due to overbearing of
fruits reducing the productivity of the trees to less than 25 years [51]

iv. Unlike MCS, cocoa AFS usually leads to higher incident of pest and disease, and destruction
of farms especially when branches fall or timber species are harvested [9]

v. Incidence of cocoa pod borer (Conopomorpha cramerella) was lower in the AFS, especially the
high-diversity system, while the incidence of black pod disease (Phytophthora spp.) did not
differ between AFS and MCS [52]

vi. AFS may provide internal control mechanisms for cocoa pests (pod borer, mirids) through
the increased presence of antagonists and reduced stress of cacao trees but pathogens like
Phytophthora that benefit from humidity can show a higher prevalence in AFS than MCS [53]

vii. Cocoa tree development in AFS can be slower compared to MCS [49]

i. AFS provide diverse products like fuel wood, timber, food, medicines and animal fodder com-
pared to single product or service function provided by cocoa MCS [54]

ii. Reduced cacao tree development and yield in the high-diversity AFS were compensated by
additional harvests of cassava and banana compared to MCS [52]

iii. Low input, high-diversity AFS have the potential to increase nutrition, food security and
income of smallholders and represent a feasible option to support farmers during the first
years of establishment, when cacao harvests are lacking compared to MCS [55]
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incorporating the concept of awareness of consequences into cocoa extension education could help farmers reduce
their adoption of environmentally unsustainable practices that increase GHG emissions. Finally, the top-down strategy
for cocoa extension education must be changed to a more bottom-up approach so that farmers can take ownership for
the decisions towards adoption of pro-environment innovations.
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