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Abstract 
 

      Many cocoa farmers in Ghana plant shade trees to create 

shade, low temperature, less water stress and moist condition to 

improve cocoa yield. Climate change has affected phenology 

and resilience of trees in response to changing environmental 

conditions. This study assessed cocoa farmers’ perception on 

how changes in phenology and resilience of five most desirable 

shade trees affect cocoa yield and measures put in place to 

combat the change in Adansi North District and Offinso 

municipality of Ghana. A total of 282 cocoa farmers were 

purposively sampled and interviewed. The result showed that 

majority of the farmers had existing shade trees before farms 

were established or were planted at different years after 

establishing the farm. Majority of farmers (80%) related high 

cocoa yield to shade trees benefits.  About 45.7%, 65.4%, 

54.2%, 66.7%, and 52.6% observed changes in phenology of 

Persea americana, Terminalia ivorensis, Terminalia superba, 

Milicia excelsa, and Morinda lucida respectively affect cocoa 

yield and 72%, 43.3%, 74.5%, 34.8% and 39.2% of farmers 

were that Persea americana, Terminalia ivorensis, Terminalia 

superba, Milicia excelsa, and Morinda lucida respectively are 

resilient. Education, gender and experience of respondents has 

no effect on number of trees on farm.  Planting recommended 

number and types of shade trees are best strategies for 

ecosystem restoration in response to climate change.  
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Introduction 
 

      Cocoa (Theobroma cacao L.) grows well under shade and 

humid environment with long period of rains and short period 

of drought (Pohlan and Perez, 2010; Mensah et al., 2023).  

Research by Asare and David (2010) showed that young cocoa 

trees below three years old and mature trees above four years 

require about require about 70% shade and 30–40% shade 

levels respectively to increase yield. High temperature above 30 

°C damage cocoa flowers ((Tscharntke et al., 2011). Shade trees 

therefore play very important role in cocoa production (Kaba, 

2020). Climate change can cause shift in leaf phenology, timing 

of flowering and fruiting of trees (Menezes-Silva et al., 2019). 

In Ghana, cocoa farmers are encouraged by CoCobod and 

Forest Extension officers to grow recommended shade trees of 

15–18 trees per hectare as best strategies to create humid 

environmental condition, reduce temperature and water stress 

in order to improve cocoa yield. Majority of cocoa farmers are 

actively involved in this practice, however, some cocoa farmers 

in  are rather removing their shade trees from their farms and 

operating no shade or low shade system which affects cocoa 

yield ( Obiri et al., 2007; UNDP 2011). Some farmer also grow 

fruit crops as shade trees for economic benefits (Amanor, 

1996).  Cocoa farms that combine shade trees with cocoa crop 

have extended productive lifespans (Somarriba et al., 2021).  
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According to research by Asare (2006), farmers sometimes 

cultivate shade trees that negatively affect health of cocoa trees 

due to a lack of knowledge and understanding of changes in 

phenology and resilience of shade trees. Trees respond 

differently to changing environmental conditions (Braatz, 2012; 

Sinasson et al., 2017; Somarriba et al., 2021). therefore 

knowledge on shade trees will help farmers understand how 

climate variability affect trees and how trees also respond to 

changing environmental conditions in order to adopt best 

management practice to improve cocoa yield in response to 

finding of Läderach et al. (2013) that climate change might 

reduce cocoa adaptability to changing environmental 

conditions in cocoa growing areas in Ghana by 2050. This paper 

therefore assessed cocoa farmers’ perception on how changes 

in phenology and resilience of five most desirable shade trees 

affect cocoa yield and measures put in place by farmers to 

combat these changes in two major cocoa areas in Ashanti 

region. 

 

Materials and Methods 
 

      Three major cocoa growing communities each from Adansi 

North district and Offinso Municipality and representing wet 

and dry semi deciduous zones respectively were selected for the 

study.  Adansi North District lies between latitude 6° 16' 60.00" 

N and longitude -1° 30' 59.99" W.   Offinso Municipality also 

lies between longitudes 1o 60' W and 1o 45' E and latitudes 7o 

20' N and 6o 50' S.  Annual rainfall and temperature for 

generally ranges between 1100 mm-1700 mm and 20oC-32oC. 

The study employed exploratory qualitative research method 

according to Seuring and Muller (2008) and Maxwell (2012) to 

collect secondary data on cocoa shade trees in Ghana from 

newsletters, peer reviewed journals, annual reports. Interviews 

were conducted using open-ended questionnaires between 

August, 2019 and June, 2020 to collect demographic 

information on the farmers, types of shade trees on their farms, 

farmers’ perceptions about how climate change is affecting 

phenology and resilience of shade trees, how shade trees affect 

cocoa farms and yield and management practices put in place 

in response to climate change. Persea americana, Terminalia 

ivorensis, Terminalia superba, Milicia excelsa, and Morinda 

lucida were selected as most common and desired shade tree 

among farms in the two districts. Out of 957 cocoa growers in 

the two districts, 282 farmers were selected for the study using 

Israel’s (1992) formula. Statistical Package for Social Sciences 

(SPSS) software for Windows (version 22.0.0) was used to 

analyze data. Responses from interviews were sorted into 

groups to standardize data before using descriptive statistics for 

analysis. To evaluate how demographic characteristics and 

educational level influenced farmers’ perception on changes in 

phenology and resilience affect cocoa production, a non-

parametric Chi Square test was done. 

 

Results 
 

Demographics and frequencies of farmers 

 

      Majority of respondents who were actively involved in 

cocoa farming were males. Most of the farmers achieved basic 

education of Junior High School before going into farming. The 

average age of farmers ranged between 46 and 65years and 

majority of the farmers were natives (Table 1). Though 

frequency of farmers with shade trees higher and varied with 

size of farms, majority of farms had shade trees even though 

Adansi North District than Offinso Municipality (Fig. 2).  
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Table 1: Frequencies of demographic characteristics of the respondents in Offinso  

Municipality and Adansi North District. 

 

 
 

 

Figure 2: Frequency of farmers with shade trees in the Offinso Municipality and Adansi North   district. Size of farms varied 

 

Effects of changes in shade trees’ phenology on cocoa yield 

 

      The majority of farmers (54%) who had Persea americana as shade trees reported that they had noticed alterations in the tree's 

phenology. Other 25%, 35%, 20% and 16% of the farmers also reported observing changes in phenology of Terminalia ivorensis, 

Terminalia superba, Milicia excelsa and Morinda lucida respectively. However, in terms of how these changes affected cocoa yield, 

Characteristics 

District 

Count (%) 

Knowledge 

about Shade 

trees 
Chi-square 

(p-value) Offinso Adansi 

Yes No 

Gender 
Male 51 138 189 (67) 187 2 

0.00 (0.99) 
Female 26 67 93 (33) 92 1 

Status 
Native 62 129 191 (67.7) 190 1 1.641 

(0.200) Migrant 15 76 76 (32.3) 89 2 

Age 

<25 1 2 3 (1.1) 3 0 

1.020 

(0.796) 

25 – 45 19 46 65 (23.1) 64 1 

46 – 65 40 127 167 (59.2) 166 1 

66 – 85 17 30 47 (16.6) 46 1 

>86 0 0 0 (0) - - 

Educational 

Level 

No Education 12 40 52 (18.4) 52 0 

2.182 

(0.702) 

Primary 13 24 37 (13.1) 37 0 

JHS 48 116 164 (58.2) 161 3 

SHS 4 21 25 (8.9) 25 0 

Tertiary 0 4 4 (1.4) 4 0 

 

71
41

67
46 54

168

95

165

72

117

0

50

100

150

200

250

Persea americana Terminalia ivorensis Terminalia superba Milicia excelsa Morinda lucida

Fr
e

q
u

e
n

cy

Shade tree 

Offinso Adansi



 

4 | Environmental Science, Pollution Research and Management, Volume 2023, Issue 02 

Copyright: © 

2023 Daniel Dompreh* 

 

Assessing cocoa farmers’ perception on changes in phonology and resilience of five desired 

shade trees in response to climate change: a strategy for mixed plantation and  ecosystem 

restoration in Adansi North District and Offinso Municipality of Ghana 
 

65%, 54%, 55%, and 53% observed both positive and negative changes in phenology of Terminalia ivorensis, Terminalia superba, 

Milicia excelsa, and Morinda lucida respectively on cocoa yield. They explained that period of shedding of leaves of shade trees during 

dry season from November-January has shifted to January–February. There is less or absence of rain in December therefore shade trees 

retaining their leaves in this period will provide enough shade to reduce temperature and water stress. However, 46% of farmers  

observed that changes in flowering period of Persea americana negatively affected their cocoa yield as most of the trees are normally 

infested with mistletoe that are transmitted to cocoa trees to kill them. Very few farmers agreed to the fact that shade trees help fertilize 

the soil (Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Cocoa farmers’ perception on effect of changes in shade tree phenology on cocoa yield     in Offinso Municipality and 

Adansi North District. 

Effects of changes in resilience of shade trees on cocoa trees 

and yield 

       

      Farmers’ perception of effect on changes in resilience of 

shade trees showed that 81%, 45%, 76.6%, 36.9% and 52.1% 

of cocoa farmers were aware that Persea americana, 

Terminalia ivorensis, Terminalia superba, Milicia excelsa and 

Morinda lucida were respectively resilience they affected cocoa 

yield. Resilience of Persea americana (83.2%), Terminalia 

ivorensis (85.3%), Terminalia superba (82.4%), Milicia 

excelsa (81.8%), and Morinda lucida (85.6%) were recorded 

from the study (Table 3). Some farmers were of the view that 

shade trees attract pests to the cocoa farm. Weeding around 

shade trees is one of the management practices used by farmers 

to encourage resiliency among shade trees to combat climate 

change. Despite the fact that changes in resilience and 

phenology of shade trees have increase cocoa yield, most 

respondents expressed reluctance to this practice. Logistic 

regression analysis was done to predict reasons for their action. 
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Table 3: Farmers’ perception of effect of resilience of cocoa shade tree on surrounding plants 

 

      Gender and Educational level in Offinso Municipality and 

Adansi North district had no effect on farmers’ perceptions of 

changes in shade trees’ phenology and resilience. However, 

more educated farmers complied with recommended number of 

shade trees per hectare. Cocoa farmers in general were likely to 

contribute to Persea americana (0.51), Terminalia ivorensis 

(0.30), Terminalia superba (0.51), Milicia excelsa (0.38), and 

Morinda lucida (0.19) to improve resilience (Table 4). Cocoa 

farmers’ contribution to resilience of shade trees in Adansi 

North district was higher than Offinso Municipality. Women in 

both districts contributed less to trees’ resilience. Terminalia 

superba were more resistant to climate change. Persea 

americana also receive less attention from farmers in terms of 

contribution to resilience with regards to age of their farms 

(Table 4). 
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*Significant at 0.05, B= coefficient, Sig. = significance, Exp. (B) = odds ratio.  Edu. = educational, IL = Illiterate, Pri. = Primary, JHS = 

Junior High School, SHS = Senior High School and Ter. = Tertiary 

 

Table 4: Logistic regression analysis of cocoa farmers’ reasons for not contributing to shade trees becoming resilient. 

 

Discussion 

 
Demographic characteristics 

 

      A greater number of cocoa farmers were males which is in 

line with study conducted by Bymolt et al., (2018) where few 

women were engaged in cocoa farming as compared to males. 

Majority of respondents (59%) were in the upper age limit of 

46 to 65 years and had attained basic education at the Junior 

High School level. A similar study by Lowe (2017) showed that 

people enter into cocoa farming as they grow old and one of the 

reasons to this was access to land and youth negative perception 

about cocoa farming at younger age. 

 

Effects of changes in phenology and resilience on cocoa yield 

 

      A study by Kushwaha et al., (2011) revealed that changes 

in rainfall pattern due to a changes in environmental conditions 

delay fruit setting. Most of the cocoa farmers preferred Persea 

americana among others due its economic benefit as they sell 

the fruits to support their families apart of other benefits (Table 

2).  Many farmers had perception that shift in leaf fall period 

help provide shade in dry season and this help control soil 

temperature and reduce water stress (Schnabel et al., 2018). 

This result agrees with Gray and Ewers (2021) that when leaves 

emerge later than expected, they typically remain on the tree 

longer to provide shade. More prolonged period of shade as a 

result of late dropping of leaves of shade trees as compared to 

previous years coincide with early rainy season in Ghana 

(March) therefore accumulated leaves are easily converted to 

humus by decomposing organisms as environmental conditions 

are favorable. Again, shade trees that shed off leaves earlier 

than usual also help accumulate organic manure or organic 

fertilizer in the soil (Asare et al., 2017; Kijowska et al., 2020) 

to improve yield. This results is in line with study by Fenner 

(1998) that alterations in the surrounding environment cause 

delay in leaf fall and the surrounding plants typically benefit 

from the shade provided. The farmers explained that changes in 

phenology of the shade trees might be contributing to pest and 

insects attack of cocoa trees (Daghela Bisseleua, 2013). Due to 

weather variations, certain trees may flower earlier than 

anticipated. This can attract insect pollinators at the time cocoa 

trees are not in flower.   

 

      Majority of cocoa farmers (83.2%, 85.3%, 82.4%, 81.8%, 

and 85.6%) claimed that the resilience of Persea americana, 

Terminalia ivorensis, Terminalia superba, Milicia excelsa and 

Morinda lucida, respectively had negative impact on their 

cocoa trees despite their of benefits of tree resilience. They 

explained that the shade trees compete with cocoa trees for 

resources (Isaac, 2007) to achieve resilience in respond to the 

changing environmental conditions therefore some shade trees 

are no good for cocoa farms. Work done by Weiskopf et al. 

(2020) also showed that trees' reproductive success is decreased 

as they age but their competition with nearby plants for 

resources is rather increased in respond to changing 

environmental conditions. Farmers further explained that they 

were therefore selective in types of shade trees for their cocoa 

farms. According to Ghirardo et al. (2022), trees with massive 

trunk diameters and rough bark will require more resources 

therefore such trees compete more with the nearby plants for 

resources.  
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Conclusion 
 

      Majority of farmers are aware that phenology and resilience 

of the shade trees has changed, and these changes have both 

positive and negative impact on cocoa yield. Factors including 

competition for resources, pest attraction, delayed or early 

shedding of leaves, changes in flowering and fruiting periods of 

shade trees has changed period of visitation of cocoa flowers by 

insect pollinators, temperature of cocoa farms and yield. Cocoa 

yield was positively impacted by prolonged shade and leaves 

that turns into organic manure by soil microorganisms.  Farmers 

were also aware that some shade trees compete with cocoa trees 

in achieving resilience in response to changes in environmental 

conditions especially those that develop large buttress roots. 

Some farmers were therefore not ready to contribute to 

resilience of shade trees in their farms. Weeding was the main 

management practice employed by farmers in helping shade 

trees become resilient. Farmers prefer fruit crops as shade trees 

as compared to timber species due to their long term economic 

benefit from sale of their fruits.  However, others were of the 

view that fruit crops transmit parasites such as mistletoe that 

kill most of their cocoa trees. With limited availability of lands, 

supplying seedlings to cocoa farmers with no shade trees or less 

than the recommended number per hectare is best strategies for 

planted forests as well as ecosystem restoration in response to 

climate change at very low cost to the farmer and the 

government.  
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