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Abstract
Understanding the importance of cocoa, coffee, and cashew agroforestry systems in preserving biodiversity and ecosys-
tem services remains limited in tropical and humid regions globally. This study seeks to evaluate plant species diversity 
within cocoa, coffee, and cashew agroforestry systems in comparison to natural forests, addressing a critical knowledge 
gap in these regions.

The forest reserve hosted the majority of shade trees, demonstrating greater density and basal area of native forest trees 
compared to cashew agroforest land. These findings underscore the significance of implementing sustainable manage-
ment practices in tropical agricultural landscapes and contribute to ongoing biodiversity conservation efforts within 
agricultural contexts.
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Introduction
Rainforests, covering merely 7% of the Earth's land area, are 
invaluable reservoirs of biodiversity, housing a staggering one-
third of global species diversity [1]. However, the relentless en-
croachment of deforestation and degradation presents a looming 
threat to this ecological wealth, endangering both agricultur-
al productivity and biodiversity preservation [2]. In response, 
agroforestry emerges as a beacon of hope amid the environ-
mental crisis. While existing research extensively examines the 
adverse impacts of cocoa cultivation on land use and biodiver-
sity agroforestry, integrating trees with crops and/or livestock, 
garners attention as a sustainable alternative [3-8]. Yet, signif-
icant knowledge gaps persist regarding the specific relevance 
of different agroforestry systems to biodiversity conservation. 
Notably, quantitative data on plant species diversity in various 
agroforestry systems compared to natural forests are scarce, par-
ticularly in monoculture- dominated agricultural landscapes [9]. 
Thus, this study aims to bridge this gap by investigating the con-
tribution of coffee, cocoa, and cashew agroforestry systems to 
plant diversity conservation.

In Ghana, cocoa agroforestry prevails, with farmers strategically 
preserving shade trees to nurture young cocoa seedlings [10]. 
This approach, combining cocoa with high-value tree species 
and other crops, enhances ecological sustainability and im-
proves farmers' livelihoods. Despite shaded cocoa agroforest-
ry systems gaining attention for their biodiversity conservation 
potential, similar scrutiny has not been extended to coffee and 
cashew agroforestry practices.

Recent studies highlight the conservation value of coffee agro-
forests, rivalling natural forests in humid tropical landscapes 
[11, 12].

However, the comprehensive understanding of tree species di-
versity and its conservation significance in coffee, cocoa, and ca-
shew agroforestry systems compared to natural forests remains 
unexplored. This study provides critical insights into the impact 
of different farming systems on plant diversity. Furthermore, 
by transcending traditional monoculture farming, this research 
explores the capacity of agroforestry systems to sustain diverse 
plant communities while maintaining agricultural productivity. 
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This holistic perspective advances our understanding of sustainable 
land management practices and offers practical guidance to poli-
cymakers, farmers, and conservationists striving to promote bio-
diversity conservation in agricultural landscapes. Our hypothesis 
posits that plant species diversity is higher in natural forests than in 
agroforestry systems. Thus, our study aims to quantify tree species 
diversity and evaluate its conservation implications across different 
agroforestry systems, shedding light on their potential role in biodi-
versity conservation and sustainable land management.

Materials and Methods
Study Area
The study was conducted on degraded and abandoned farmland 
near Ashanti Mampong campus of the Aketen Appiah-Menka 
University of Skills Training and Entrepreneurial Development. 
The study covered various agricultural sectors, including cocoa, 
coffee, and cashew farms, as well as the adjacent degraded natural 
forest (Tetteh and Amos, 2024a). The study area is positioned be-
tween longitudes 0°05' and 1°30'W and latitudes 6°55' and 7°30'N. 
The site experiences a double maximum rainfall pattern with peak 
rainfall periods in May-June and September-October and dry pe-
riods between November-February. The climate is typically trop-
ical, with total annual rainfall between 1200 - 1500mm with an 
average rainfall of 1270 mm. The average annual temperature of 
the area was 27°C, with mean monthly temperatures ranging from 
22 to 30°C. The potential evapotranspiration is estimated at 1450 
mm per annum. The average humidity during the wet season is 
typically high at 86% and falls to about 57% in the dry period 
(GMET, 2006). The soil at the study site is classified as Chro-
mic Luvisol (FAO-UNESCO, 1990) or Udic Rhodustalf (USDA, 
1999) and locally referred to as Peduase series (Asiamah, 1998). 
The study  area falls within the wet semi-equatorial forest zone 
with reforested mixture of Acacia angustissima (Acacia), Leu-
caena leucocephala (Leucaena), and Cassia siamea (Cassia). Al-
though all the tree species used were exotic, they are well adapted 
to many climatic environments in sub-humid and semi-arid zone 
of West Africa and are fast growing with high biomass production 
potential. The most dominant grasses of the area include Imperata 
cylindrical (Imperata), Panicum maximum (Panicum) and sedges 
such as Cyperus spp(nut grass)

Methods
Field Survey
The study was conducted between December 2022 to March 
2023, employing the line transect method to investigate vari-
ous agroforest farmlands and natural forest reserves. Transect 
lengths ranged from 450 to 1000 meters and were positioned at 
least 200 meters apart for each land use category. Following the 
methodology outlined by Tetteh and, sampling plots measuring 20 
meters by 20 meters were delineated at 50-meter intervals within 
the plots [13, 14]. The geographical coordinates of each plot were 
determined using a handheld Global Positioning System (GPS) 
device, with pegs placed at the corners to mark their boundaries.

Fifteen plots were established for each land use type, totaling 
60 plots across cocoa, cashew, and coffee farms, as well as the 
natural forest. Tree diversity assessment followed the protocol 
described by Valencia et al., within each plot, all trees with a di-
ameter at breast height (DBH) of ≥ 5cm (measured at 1.3 meters 
above ground level) were individually identified to the species 
level, and their DBH was recorded. Tree species identification 

was conducted in the field by experienced tree observers and 
verified through comparison with voucher specimens at the For-
est Service Department, Ashanti Mampong Municipality [15].

Determination of Vegetation Parameters
The data on vegetation parameters such as relative density, rel-
ative dominance, relative frequency, and important value index 
of the most common tree species were determined using the fol-
lowing methods using the following formula [16]:

Relative density = Number of individual species x 100

Total number of individuals Relative frequency = Frequency of 
species x 100
The sum of the frequency of all species Relative dominance = 
Dominance of species x 100
The dominance of all species

Data Analysis
The research assessed shade tree diversity across various land-
use types by employing the Shannon-Wiener diversity index (H) 
and the Jaccard similarity index. These calculations were con-
ducted using EstimateS software (version 9.1.0) Additionally, 
the basal area of trees was determined using the formula πd2/4, 
where 'd' represents the diameter of the trees [17].

Statistical analyses, including ANOVA, were performed to iden-
tify statistically significant differences in the mean diameter at 
breast height (DBH), density, and basal area of trees among the 
three land-use types.

Results
Plant Composition, Diversity and Structural Characteristics
In total, 461 individual shade trees belonging to 62 species in 26 
families were identified in this study (Table 1). Families with the 
greatest number of species were Leguminosae (16 specie), Me-
liaceae (9 species), Sterculiaceae (9 species), Apocynaceae (7 
species), Euphorbiaceae (7 species) and Sapotaceae (6 species). 
Total number of shade tree species was 263 in the forest reserve, 
85 in the cocoa agroforest, 74 in the coffee agroforest and 39 in 
the cashew agroforest (Fig 1). Of the species of trees identified 
ten (10) of them, namely, Alstoniaboonei, Albizia ferruginea, 
Azadirachta indica, Ficus exasperata, Funtumia africana, Khaya 
ivorensis, Lannea welwitschia, Luceana leocophala, Parkia bi-
globosa, and Terminalia superba were found in all the land-use 
types. With exception of Elaeis guinensis, Carica papaya and 
Musa sapientum Musa paradisica all the trees encountered were 
native forest trees species.

About (50.1%) of shade trees were observed in the forest reserve, 
22.5% in the cocoa agroforest, 20.2% in the coffee agroforest, 
and 7.2% were recorded in the cashew agroforest respectively.

The non-crop tree species composition similarity was highest be-
tween cocoa and coffee agroforests and between the cocoa and 
cashew agroforest. The β-diversity statistics showed that non-
crop tree species community in the cocoa and coffee agroforest 
are most similar (Jaccard index = 0.33) followed by that between 
the cocoa and cashew agroforest (Jaccard index = 0.12). The least 
non-crop tree species composition similarity was found between 
the natural forest and cashew agroforest (Jaccard index = 0.04).
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Average density of native forest trees was higher in the forest 
reserve (17.40 ± 1.21 ha-1) and lower (2.07 ± 0.85 ha-1) in the 
cashew agroforest (Table 2). The density of native forest trees 
varied significantly across the land use types (p < 0.001). There 
was significant difference in mean density of native forest trees 
between the cocoa agroforest (Tukey HSD, p < 0.0001) and be-
tween the forest reserves and coffee agroforest (Tukey HSD, p < 

0.0001). Average basal area was high (43.70 ± 5.34) in the forest 
reserve and low (15.56 ± 3.21) in the cashew agroforest basal 
area of forest trees differed significantly across land use types 
(p < 0.001). There were significant differences in tree basal area 
between forest reserve and cocoa agroforest (Tukey HSD, p < 
0.001), and between forest reserve and coffee agroforest (Tukey 
HSD, p < 0.001).

Table 1: Tree Species Composition and Distribution in the Different Land use Types
Species Family Cocoa 

agroforest
Coffee 

agroforest
Cashew

agroforest
Forest 
reserve

Acacia suberiana Leguminosae - - - +
Albizia ferruginea Benth Leguminosae + - - +
Albizia zygia J.F.Macbr Leguminosae + + - +
Alstonia boonei De Wild Leguminosae + + + +

Artocarpus comminus Leguminosae - - - +
Azadirachta indica Leguminosae + + + +

Bombax brevicuspe Sprague Leguminosae - - - +
Bombax buonopozense Leguminosae - - - +

Bridelia grandis Leguminosae - - - +
Bridelia atroviridis Mull.Arg. Leguminosae - - - +

Blighia welwitschii Hiern(Radlk) Leguminosae - - - +
Ceiba pentandra Gaertn Leguminosae + + + +

Carica papaya L Caricaceae + + - -
Celtis malbraedii Engl Ulmaceae + - - +

Celtis zenkeri Engl Ulmaceae - - - +
Cedrela odorata Blanco Meliaceae - - - +
Daniella olivieri Benn Leguminosae - - - +

Dialium aubrevillei Pellegr Caesalpinaceae - - - +
Dacryodes klaineana (Pierre) H.J.Lam Burseraceae - - - +

Daniella olivieri Benn Leguminosae - - - +
Diospyros gabunensis Leguminosae - - - +
Elaeis guineensis Jacq Palmae + - - +

Erythrina senegalensis A.DC. Leguminosae - - - +
Ficus exasperata Vahl Moraceae + + + +

Ficus sur Forssk Moraceae - - - +
Funtumia africana (Benth.) Stapf Apocynaceae + + + +
Funtumia elastica (Preuss)Stapf Apocynaceae - - - +

Gliricidia sepium Leguminosae - - - +
Gilbertiodenron preussii Harms Leguminosae - - - +

Holarrhena floribunda (G.Don) T.Durand&  Schinz Apocynaceae - - - +
Khaya ivorensis A.Chev Meliaceae + + + +

Lannea keristingii Anacardiaceae + + + +
Lannea welwitschii (Hiern) Engl. Anacardiaceae + + + +

Leucaena eococephala Leguminosae + + + +

Table 1. 2: cont’d
Species Family Cocoa 

agroforest
Coffee 

agroforest
Cashew

agroforest
Forest 
reserve

Macaranga barterii Müll.Arg Euphorbiaceae + + - +
Mareya micrantha (Benth.) Müll.Arg Euphorbiaceae + + - +

Morinda lucida Rubiaceae + - - +
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Parkia biglobosa Leguminosae + + + +
Pappea capensis Sapindaceae + - + -

Pycnanthus angolensis Myristicaceae + + - +
Rhodagnaphalon brevicuspe (Sprague) Roberty Bombacaceae - - - +

Ricinodendron heudelotii Perre ex Pax Euphorbiaceae - - - +
Rinorea oblongifolia C. Marquand Violaceae - - - +

Rinorea prasina Violaceae - - - +
Rinorea sp Aubl Violaceae - - - +

Rothmania hispida Violaceae + - +
Rothmania longiflora Violaceae + - - +

Rothmania whitfieldii (Lindl.) Dandy Violaceae +
Sapium aubrevillei Leandri Euphorbiaceae + + + -

Teatona grandis Verbenaceae + - - +
Terminalia ivorensis Combretaceae + + + +
Terminalia superba Combretaceae + + + +

Trema orientalis Blume Ulmaceae - - - +
Tricalysia discolor A. Juss Rubiaceae - - - +

Tricalysia sp A. Rich.ex. DC Rubiaceae - - - +
Trichilia monadelpha L. Meliaceae - - - +

Trichilia prieureana P. Browne Meliaceae - - - +
Trichilia tessmannii Harms Meliaceae - - - +

Trilepesium madagascariensis DC Moraceae - - - +
Xylopia zilosa Annonaceae - - - +

Zanthoxylum gilletii L Rubiaceae - - - +
Gliricidia sepium Leguminosae - - - +

Gilbertiodenron preussii Harms Leguminosae - - - +
Holarrhena floribunda (G.Don) T.Durand&  Schinz Apocynaceae - - - +

Khaya ivorensis A.Chev Meliaceae + + + +
Lannea keristingii Anacardiaceae + + + +

Lannea welwitschii (Hiern) Engl. Anacardiaceae + + + +
Leucaena eococephala Leguminosae + + + +

Figure 1: Number of Individual Shade trees in the Different land use Types
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Table 2: Floristic and Structural Characteristics of Shade Trees in The Different Land Use Types
Parameters Forest reserve Cocoa agroforest Coffee agroforest Cashew agroforest

Number of individual trees 263 85 74 39
Number of tree species 58 25 17 13
Shannon-Weinner index 0.82 0.65 0.61 0.42

Mean stem density (m2/ha) 17.40 6.45 2.46 2.07
Mean basal area (m2/ ha) 43.72 24.97 20.14 15.56

Relative Frequency and Successional Stage of the Most 
Common Tree Species
It was observed that Khaya ivorensis recorded the highest (3.25) 
relative frequency, followed by the coffee farmlands (0.75) 
while the least (0.25) was observed in the cashew agroforest 

(Table 2). Among the common tree species found, Parkia biglo-
bosa was found to have the lowest relative frequency in all the 
land use types. Except for Azadirachta indica, Ficus exasperata, 
and Parkia biglobosa all the other common species were pioneer 
species (Table 2).

Table 3: Relative frequency and successional stage of the most common trees in the different land use types 
Species family’s Relative frequency (% tree) Successional 

StageCocoa 
farms

Coffee 
farms

Cashew 
farms

Forest

Albizia ferrugineaBenth Leguminosae 1.25 2.25 0.75 2.0 Pioneer
Alstonia boonei De Wild Apocynaceae 0.25 0.75 1.0 2.25 Pioneer

Azadirachta indica Meliaceae 1.25 1.75 0.5 3.0 Non-Pioneer
Ficus exasperata Vahl Moraceae 0.75 0.25 0.5 2.0 Non-pioneer

Funtumia africana Stap f. Apocynaceae 1.0 0.25 0.25 2.25 Pioneer
Khaya ivorensis A.Chev Meliaceae 0.5 0.75 0.25 3.25 Pioneer

Lannea welwitschii Hiern Anacardiaceae 0.5 0.75 0.5 1.75 Pioneer
Engl. Luceana leococephala Leguminosae 1.5 1.25 1.0 1.25 Pioneer

Parkia biglobosa A.Chev Leguminosae 0.5 0.5 0.25 1.0 Non-Pioneer
Terminalia ivorensis A. Chev Combretaceae 1.0 0.5 0.5 2.75 Pioneer

Terminalia superba Engl.& Diels Combretaceae 0.75 0.5 0.25 1.75 Pioneer

Discussions
In this investigation, a notable decrease in diversity of native for-
est tree species was observed within cocoa, coffee, and cashew 
agroforest farmlands. This decline aligns with earlier findings, 
highlighting the role of trees in providing shade for shade tree 
crops and fostering biodiversity [18, 19]. The gradual transition 
of natural forest into agroforest ecosystems underscores the ur-
gency for effective management strategies to curb further defor-
estation. Diminished forest tree presence in food crop farmlands 
not only diminishes biological diversity but also disrupts ecosys-
tem functions and environmental services [19]. The tree species 
richness and abundance within cocoa, coffee, and cashew farms 
were comparable to findings in Ghana and elsewhere [9, 20]. 
Notably, the Shannon-Weiner index for natural forests exceeded 
values observed in agroforest farms, resembling findings in a 
coffee-based agroforestry system in Southern Ethiopia [2]. Vari-
ations in tree species among food crop farms may be attributed 
to differing management practices and farm histories.

Our results reveal that the average density of shade tree species 
in natural forests was lower compared to coffee, cocoa, and ca-
shew farmlands. While these farms necessitate some degree of 

shade for optimal yields, the ideal number of shade trees in cof-
fee or cocoa plantations remains uncertain. Although consensus 
suggests that excessive shade diminishes yields, moderate shade 
may prove more beneficial than none at all [21-23]. This obser-
vation aligns with reports of lower tree densities in coffee farms 
in Eastern Uganda [20, 24]. The reduced tree count in our study 
may be attributed to the high density of oil palm plants within 
coffee and cocoa farms. The relative frequency and successional 
stage of the most prevalent tree species in agroforestry farms 
illustrate farmers' conscious efforts in managing specific shade 
trees, potentially for medicinal or other related benefits.

Conclusion
In summary, the significant decline in tree species diversity with-
in cocoa, coffee, and cashew farmlands has led to notable reduc-
tions in stem density and basal area. The dominance of only a 
select few shade tree species in these farmlands, as indicated by 
the importance value index, underscores the need for sustainable 
management practices in tropical agricultural production land-
scapes. These findings carry profound implications for both the 
management of agricultural ecosystems and the conservation of 
biodiversity within agricultural landscapes. Policy interventions 
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aimed at promoting agroforestry practices, preserving native 
tree species diversity, and incentivizing sustainable land man-
agement strategies are crucial steps toward mitigating further 
declines in tree diversity and fostering long-term environmental 
sustainability in agricultural settings.
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