
129PELITA PERKEBUNAN, Volume 39, Number 2, Agustus 2023 Edition

Cocoa agroforestry systems and yield dynamics within the Offinso Municipality of GhanaPelita Perkebunan 39(2) 2023, 129—140

Cocoa Agroforestry Systems and Yield Dynamics
within the Offinso Municipality of Ghana

Florence Quainoo-Mensah1*), John Tennyson Afele1), and David Ofoe Gorleku1)

1)Faculty of Renewable Natural Resources, Department of Agroforestry,
Kwame Nkrumah University of Science and Technology, Kumasi, Ghana

*)Corresponding author: quainoomensahflorence@gmail.com
Received: 1 June 2023 / Accepted: 18 July 2023

Abstract

Cocoa production remains an important player in Ghana’s economy. Over
the years, there has been a shift from the traditional cocoa agroforestry system
to full-sun cocoa production. Due to extreme exposure to high temperatures, sunlight
and drought, the photosynthetic mechanism of cocoa is altered, reducing yield.
Cocoa agroforestry provides economic, social, and ecological benefits and plays
subsistence functions such food and fuelwood. The study was carried out to
assess cocoa agroforestry systems based on shade and its effect on yield in the
Offinso Municipality of Ghana. The study aimed to identify the types of cocoa
agroforestry systems based on shade, determine the factors affecting cocoa
agroforestry systems and assess the impact of shade regime on cocoa yield in
the municipality. Purposively cocoa farmers were randomly and were adminis-
tered with questionnaires. The study revealed that farmers in the Offinso Munici-
pality practice all types of cocoa agroforestry systems (full sun, low shade, medium
shade, and heavy shade). The cultivation of cocoa under medium shade (15–18
trees ha-1) proved to be beneficial and essential for the long-term production of
cocoa. The medium-shade cocoa recorded a higher average yield of 1576 kg ha-1.
Six common shade trees identified include Terminalia superba  (ofram),
Ricinodendron heudelotii (wawa) and Chlorophora excelsa (odum). Some challenges
faced as a result of practicing the cocoa agroforestry system were pest infestation
and diseases such as that of the black pod. Cocoa agroforestry still holds the
key to sustainable future outputs in cocoa production as it drives the realization
of SDG goal 13 (climate action). There is therefore the need to educate farmers on
managing their farms with trees for optimum ecological and economic benefits.
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INTRODUCTION

Cocoa (Theobroma cacao L.) is an
understorey tree, which explains why it is
typically grown under the shade of deliberately
reduced forests. Cocoa remains the most
commonly grown cash crop in Ghana’s rural
households (Nimo et al., 2021; Osman et al.,
2022). According to reports, Ghana is the world’s
second-largest cocoa producer (Boateng et al.,

2014; Afele et al., 2021; Osman et al., 2022),
that explains why it is the primary source
of income for 11% of Ghana’s population
(Gibson, 2007; Asante et al., 2021; Yamoah
et al., 2021). A typical yield of 400 kg ha-1

is produced by Ghana’s small-scale (2–3 ha)
cocoa farms (Asare et al., 2017; Afele et al.,
2021; Osman et al., 2022). Cocoa farming has
remained in the hands of smallholder farmers
despite a series of political and economic
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shifts (Mikell, 1992; Ameyaw et al., 2018;
Orozco-Aguilar et al., 2021). About 800,000
cocoa households produce 75 percent of
Ghana’s cocoa (Maguire-Rajpaul et al., 2020;
Osman et al., 2022). Carbon sequestration,
nutrient cycling, soil organic matter accu-
mulation, and biodiversity conservation are
all aided by the forest shade trees that remain
in cocoa systems. During dry seasons, shade
trees increase evapotranspiration, which
reduces soil moisture in cocoa farms (Afele
et al., 2021). Besides this, shade trees help
to ensure the long-term viability of cocoa
production (Kyereh, 2017).

Generally, cocoa farmers invade forests
to establish new farms in Ghana’s high forest
zones (Afele et al., 2022), taking advantage
of the nutrient-rich forest soils’ ability to boost
cocoa harvests. In Ghana, the conversion rate
of forest cover to cocoa farms is 1.6% every
year; this is rapid and dominant in the western
north region of the country, which doubles
as a key front of the production system (Amooh,
2017). Many cocoa producers, on the other
hand, consider leaving forest trees on existing
farms to be an important and required part
of the production environment (Atkins &
Eastin, 2012; Asare et al., 2019). There is
inadequate information on cocoa agroforestry
systems, shade intensities and yield with
regards to the Offinso Municipality (Owusu
& Frimpong, 2014; Afele et al., 2021; Nimo
et al., 2021). Though several studies have
established the shade regimes within cocoa
farms generally in Ghana, there is evidence
of the gap investigating cocoa farms shade
regimes in the mentioned district. Each shade
system has its effect on cocoa yield and its
practice has associated problems (Afele et al.,
2021). It is therefore prudent to assess the
cocoa agroforestry systems undertaken by
farmers as well as its corresponding yield within
the district. This will help make informed
decisions and feed into policy formulations on
the shade system to be adopted by farmers.

MATERIALS AND METHODS

Study Site Description

The study was conducted in four purpo-
sively selected communities; Samproso, Camp
31, Abrokyire, and Abofour in the Offinso
Municipality (Figure 1) of the Ashanti Region
of Ghana. It is located in the extreme north-
western part of the Ashanti Region and has
Offinso as its capital town. The Municipality
covers a land area of 585.7 km2 which is
2.4% of the total land size of the Ashanti
Region. It lies between longitudes 1050’W
and 1045’E and latitudes 7020’N and 6050’S.
The municipality shares common boundaries
with Offinso North District in the north, Ejura
Sekyedumase Municipality in the east, Sekyere
South District in the south-east, Atwima
Nwabiagya Municipality and Ahafo Ano
South West District in the west. The popu-
lation of the municipality according to the
2021 population and housing census stands
at 137,272 with 66, 569 males and 70,703
females (GSS, 2021). The Offinso Municipal
enjoys an agrarian economy with about 62%
of the labor force engaged in agriculture.
Food crops and livestock contribute 55%
and 20% respectively to household income
generation in the municipality (GSS, 2021).
The district experiences a wet semi-equatorial
type of climate characterized by moderate
to heavy rainfall annually with temperatures
ranging between 21 C and 32 C. The rain-
fall regime is double maxima with a mean
annual rainfall of 953 mm. The major rain-
fall season occurs between May and June,
followed by a dry spell between July and
August. Minor rains occur between September
and November followed by dry harmattan
(a strong cool dry wind in Western Sahara)
till February (Eric et al., 2014). The natural
vegetation of the municipality is semi-deciduous
forest interspersed with thick vegetation
cover. The land has three main underlying
rock types upon which soil is formed. They
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are voltain, birimian and the granite rock
types. Soil in the municipality is generally
rich in humus, well drained and good for
the cultivation of a wide range of food crops
such as plantain, cocoyam, cassava, maize
and vegetables. The municipality has two
main forest reserves namely Afram Head-
waters and Opro Forest Reserves. Major
food crops grown in the municipality are
maize, cassava, yam, plantain, cowpea, and
rice. Major tree crops in the municipality
are cocoa, citrus, and oil palm. Sheep, goats,
pigs, cattle, and poultry are raised in the
municipality. However only a few people are
in big-time commercial farming and this is
concentrated on poultry (Eric et al., 2014).

Research Design and Sampling
The district was selected in Ashanti Region

based on the presence of different shade
levels within cocoa farms as well as factors
including, intensity of cocoa production, high
temperatures affecting yield, reduction in
yield over the past decade, presence of shade
trees on cocoa farms and willingness of farmers
to engage in the survey. Four (4) communities
(Samproso, Abrokyire, Camp 31, and Abofuor)
were purposively selected within the district
based on similar conditions as described earlier.
By use of Israels formula, n = N/1+N(e)2, where
n = sample size, N = total population, and e =
error intensity, the total number of respondents
were determined. Respondents from Samproso,

Figure 1. Map of Offinso Municipality showing study communities (Abofuor, Abrokyire,
Samproso, and Camp 31) in Ghana
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Abrokyire, Camp 31, and Abofuor were iden-
tified using random sampling. In total, 85 cocoa
farmers were interviewed. Of the 85 inter-
viewed, 32 were from Samproso, 32 were from
Abofour, 12 were from Abrokyire, and 9 were
from Camp 31.

Data Collection and Analysis

Structured questionnaires with open and
close-ended questions were used to collect the
needed data with a prior briefing of respon-
dents about the aim and objectives of the
survey. Both quantitative and qualitative data
were collected through face-to-face interviews
and was supported with key informant inter-
views. Key informant interviews were in the
form of free discussion. Survey question-
naire data obtained from the cocoa farmers
were analysed using the Statistical Package
for Social Sciences (Version 20). Regression
and descriptive statistics were employed to
analyse data. The results from the study were
presented in figures and tables.

The types of cocoa agroforestry systems
practiced in the district were identified and
classified based on findings that the heavy-
shade cocoa farms have about 22–30 forest
trees ha-1 (STCP, 2002; Ofori-Frimpong et al.,
2007), medium-shade cocoa farms have 15–
18 forest trees ha-1 (STCP, 2002; CRIG, 2010)
and the low shade cocoa farms has 5–6 trees
ha-1 (Ruf, 2011; UNDP, 2011) are the three
existing cocoa agroforests. Furthermore,
according to Uribe et al. (2001) there have been
reports of cocoa farms with 0–2 shade trees
in full-sun cocoa agroforests. Cocoa varieties
cultivated include Tetteh Quarshie, Amazonia
and Hybrid; on farms aged 1–40 years.

The average yield under each cocoa agro-
forestry type was estimated by finding the
average of each total yield and its corresponding
total hectarage. Under each cocoa agroforestry
type, the individual bags of cocoa harvested
by each farmer were converted to kilograms

(kg) and the sum of all cocoa dry beans
harvested by farmers in kilograms (kg) was
then calculated.

RESULTS AND DISCUSSION

Demographic Characteristics

The demographic characteristics of
farmers are presented in figure 1. More than
half of the respondents (75.2%) were from
Abofour and Samprososo (37.6% each) and
about 14.1% were from Abrokyire. The
majority of the respondents (67.1%) were
males whiles the remaining 32.9% were
females. This indicates that cocoa production
is a male-dominated occupation. The findings
agree with Nunoo et al. (2014), Afele et al.
(2021) and Avane et al. (2022) that cocoa
production is a male-dominated occupation
as most of the activities associated with
cocoa production requires physical energy
and is labour intensive making it not well
suited for females. Again, it was also reported
that farmers make up the majority of the
rural population in Ghana, and they are typi-
cally supported by their families (Osman et al.,
2022). The age group 51–70 years had 54.1%
of respondents and the age group 18–30
years was the lowest (4.7%). This further
tends to agree with findings of Afele et al.
(2021), that most of the cocoa farmers in Ghana
are old and above 50 years. The findings also
support Kodom et al. (2022) that some
youths may not show interest in cocoa farming
because of the perception that cocoa farming
is an activity for the aged and less lucrative.
More than half of the respondents (57.6%)
were married whiles 11.8% were divorced
as shown in Figure 1. The native respon-
dents were dominating with a percentage of
63.5% in the various communities. This is
because natives have more access to lands
in the communities. This agrees with a study
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by Abu et al. (2014) that non-migrant house-
holds have greater access to land and kin
relations than otherwise.

Farm Characteristics

Most of the respondents (30.6%) had farm
sizes ranging between 5–6 acres, approxi-
mately 2 hectares. This supports research
by Obiri et al. (2007) that found smallholder
farmers with farms between 1–4 hectares
in size are the majority of those engaged in
cocoa production. Majority of the farmers
(88.2%) keep shade trees on their cocoa
farms, of which includes; Terminalia
superba (Ofram), Ricinodendron heudelotii
(Wawa), Chlorophora excelsa (Odum),
Antiaris toxricaria (kyenkyen), Cola gigantean
(Watapuo) and Alstonia boonei (Onyame
dua) are the dominating tree species used by
farmers (Table 1). Their reasons for keeping
these trees are either for shade or as a source
of wood for subsistence use. Again, results
revealed that more than half of the respon-
dents keep these trees to shade their cocoa
farms. Others also keep Mangifera indica
(mango), Persea americana (avocado pear),

Citrus sinensis (orange), Elaeis guineensis
(oil palm) or Cola acuminata (cola nut) on
their cocoa farms mainly as a source of food.
This confirms a study by Garen et al. (2011)
that farmers preserve trees for a variety of
reasons; ecological, environmental and sub-
sistence. Gemechu et al. (2021) reported
that trees provide homes with food, fuel,
and insurance through generating money
which is evident from results reported
in this study where some trees such as
Mangifera indica (mango), Persea americana
(avocado pear), Citrus sinensis (orange),
Elaeis guineensis (oil palm) are kept as
sources of food for farmers subsistence use.

Majority (90.6%) of the respondents
stated that tree species on their farms have
no negative influence on their cocoa whiles
9.4% stated otherwise.

Cocoa Agroforestry Types and
Constraints

Most of the respondents (37.6%) practice
the heavy shade system (22–30 trees ha-1),
34.1% medium shade (15–18 trees ha-1)

Figure 1. Demographic characteristics of cocoa farmers in the Offinso Municipality of  Ghana
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Figure 2. Sizes of cocoa farms in the Offinso Municipality of Ghana
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whereas 15.3% of the total respondents practice
low shade (5–6 trees ha-1) cocoa agroforestry.
A minimum of 12.9% of respondents practice
the full sun cocoa agroforestry system (0–2
trees ha-1) as seen in Figure 4.

Generally, majority (55.3%) of the cocoa
farmers indicated they had no challenge with
shade trees presence on farms. Constraints
mentioned by farmers growing cocoa under
shade include pest infestation (cocoa capsid)
and diseases (black pod and swollen shoots
diseases). About 21.2% of them had problems
with pest infestation, 10.6% diseases, and
12.9% both pest infestation and diseases
(Figure 5). Some farmers indicated that some
shade tree species harbour insects like ants.
A study by Asare (2005) confirms that tree

species like Terminalia superba (ofram) and
Antiaris toxricaria (kyenkyen) are self-prune
whereas tree species like Ceiba pentandra
(onyina) and Cola gigantean (watapuo) and
Cola acuminata (cola nut) serve as hosts to
virus of cocoa swollen shoots disease. Training
must be intensified by extension officers to
educate farmers on appropriate tree species
to intercrop on their cocoa farms. Others
include farmers’ low fertility and lack of
access to credit due to poor yield trends
caused by shade trees and poor book keeping
practices. Osman et al. (2022) revealed that
all producers of cocoa received subsidy
fertilizer from the government, but they still
mentioned other difficulties in growing cocoa,
such as low fertility, difficulty getting financing,

Table 1. Common shade trees that exist on cocoa farms within the Offinso Municipality of Ghana
Scientific names Local name
Terminalia superba Ofram
Ricinodendron heudelotii Wawa
Chlorophora excelsa Odum
Khaya senegalensis Mahogany
Terminalia ivorenisis Emire
Alstonia boonei Onyame dua
Albizia zygyia Okoro
Pycnanthus angolensis Otie
Antiaris toxricaria Kyenkyen
Tectona grandis Teak
Cola gigantean Watapuo
Source: Author’s compilation
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and pest and disease infestation. Reduced
light availability and wind speed, buffering
temperatures, and higher relative humidity
in cocoa agroforestry systems as opposed to
monocultures may encourage the sporulation
of diseases like black pod (Niether et al.,
2020).

Cocoa Yield Under Different Shade

A total of 48.2% of respondents, harvest
between 1–5 bags per acre of cocoa which
is equivalent to 160 kg–800 kg per hectare.
This agrees with a study by Asare (2017),
which states that the average productivity

Figure 3. Shade trees per hectare in cocoa agroforestry systems in the Offinso Municipality of
Ghana
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Figure 4. Types of cocoa agroforestry systems based on shade levels in the Offinso Municipality
of Ghana
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Figure 5. Constraints associated with growing cocoa under shade by farmers in Offinso
Municipality of Ghana
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Figure 6. Cocoa yield (bags) per hectare by cocoa farmers in the Offinso Municipality
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of dry cocoa beans in Ghana is reported to
be in the range of 400–500 kg per hectare.
Few respondents (1.2%) harvest above 10
bags (1600 kg per hectare) of cocoa. Out
of the outstanding respondents, 31.8% stated
that they had no idea about the number
of bags they harvest (Figure 6). Under the
different shade systems, most of the respon-
dents (35.3%) harvested between 1–5 bags
per acre which is equivalent to 160–800 kg
per hectare in the 2021 major season. The
average cocoa yield (kg ha-1) under each
shade intensity is presented in Table 2. Full
sun, low shade, medium shade, and heavy
shade recorded cocoa yields of 713, 1435,
1576, and 1196 kg ha-1 respectively. This
supports a study by Kyereh (2017) that the
medium-shade cocoa agroforestry system
may be the most effective way of optimizing
ecological, economic, and social outcomes
to build organic bridges in cocoa production.
As shade trees on cocoa farms maintain soil
moisture, improve soil fertility, suppress weed
growth, and improve biodiversity (Kyereh,
2017), the cocoa plantation should therefore
maintain 10 to 15 trees per hectare to reduce
some of the risks of disease and insect

incidence brought on by a heavy shade system
(Padi & Owusu, 2003). For a balanced
financial and ecological benefit, the study
recommends the medium shade regime cocoa
agroforestry for farmers within the district.
Figure 7 indicates a positive relationship
between yield and shade intensity. The
regression R2 = 0.9996 and the equation y
= -275.59x2 + 1537x – 545.49 quantify the
direction and strength of the relationship
between the yield and shade types. Farmers
generate income from shade trees on farm
by selling tree products such as wood, food,
timber, and fruits. This agrees with a study
by Charles et al. (2013) that reported that
agroforestry practices increase household
income through the sale of wood, firewood,
poles, fruits, and non-wood products. It can be
deduced that yield increases as the shade
level increases but drops slightly under
the heavy shade regime. This confirms a
study by Zuidema et al. (2005) who noted
that heavy shade reduces seed yield. This
is because the heavy shade system reduces
the amount of sunlight reaching the cocoa
causing low photosynthetic production
(Alvim, 2013).
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Table 2. Shade intensity and average cocoa yield (kg ha-1) in the Offinso Municipality
Shade intensity Total hectare (ha) Total yield (kg) Average yield (kg ha-1)
Full sun 19.6 13,975 713
Low shade 19.2 27,545 1435
Medium shade 46.8 73,778 1576
Heavy shade 52.8 63,133 1196
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Figure 7. Relationship between yield and shade intensity of cocoa farms in Offinso Municipality

CONCLUSIONS

Amidst all changes, cocoa agroforestry
is the most recommended practice recently,
most cocoa farmers revealed that they faced
problems such as pest and disease infestation,
low yield, and lack of access to credit under
this practice. Undesirable tree species such
as Ceiba pentandra (Onyina), Cola gigantean
(Watapuo), and Cola acuminata (Cola Nut)
harbor pests and diseases. Again, farmers
revealed that tree species like Terminalia
superba (Ofram) and Antiaris toxricaria
(kyenkyen) negatively affect the cocoa with
their self-pruning ability which destroys
other crops on the farm. Most farmers were
found practicing the heavy shade system,
but the medium shade system was the most
effective way of increasing yield. The full
potential of cocoa agroforestry can only be

achieved if farmers are inspired and given
the right incentives and support. Economic,
and environmental advantages can result
from properly planned and maintained cocoa
agroforestry systems. Reducing high tempe-
ratures can also improve the microclimate of
cocoa farms by boosting water availability
and reducing the quantity of evapotranspi-
ration into the atmosphere. In the end, cocoa
agroforestry encourages the sustainable produc-
tion of cocoa and enhances the quality and
longevity of cocoa. It was reported that farmers
in the Offinso Municipality practice all four
cocoa agroforestry system types (full sun,
low shade, medium shade, and heavy shade)
with the heavy shade being practiced the
most. The medium shade system should be
the most adopted cocoa agroforestry type by
farmers to help increase yield.
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