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Abstract

Understanding geospatial and gender dynamics of farm productivity is crucial for addressing inequities in 
the development of cocoa (Theobroma cacao L.) agroforestry support services. Cocoa agroforestry systems 
(CAS) play a vital role in mitigating deforestation, soil degradation, and the negative impacts of climate 
change on sustainable agriculture. However, there is a lack of information on the spatial distribution of 
cocoa farms and the gender dimensions of land productivity in organic and conventional CAS, which hinders 
equitable access to development support. This study examines the spatial and gender dynamics of organic 
cocoa (OC) and conventional cocoa (CC) farm productivity to promote fair distribution of resources and 
development support within CAS in Ghana. A multi-stage sampling method was employed across three 
soil types—ferralsols, lixisols, and leptosols in selected agroecological zones. Eleven CC and 11 OC farms 
were randomly selected for each soil type. Data collected included cocoa farm sizes, farm polygons, yields, 
gender, and socioeconomic attributes of farmers. The results revealed that OC and CC farms were spatially 
dispersed. Characterization of the farmers' socioeconomic data showed significant gender disparities, with 
male dominance in cocoa farm ownership. Despite these disparities, female cocoa farmers who own their 
lands demonstrated higher soil organic carbon conservation and cocoa productivity than male farmers. These 
findings suggest that spatial clustering of cocoa farms and gender equity are needed to enhance the delivery 
of development support, helping to achieve the 2030 Sustainable Development Goals (SDG), particularly 
women's empowerment (SDG 5) to promote sustainable agriculture (SDG 2). In addition to gender equality, 
spatial clustering and connectivity of CAS are environmentally sound for conserving life on land (SDG 15), 
boosting efficient support partnerships (SDG 17) and tackling climate change (SDG 13).

Keywords: agglomeration; crop yield; development support; ecofeminism; connectivity, spatial clustering 
of farms

Introduction

The spatial distribution of farms and the 
dynamics of gendered access to resources 
are increasingly recognized as central 
determinants of agricultural productivity in 
both conventional and organic agroforestry 

systems globally (Self et al., 2024; Popovici 
et al., 2022; Vroege et al., 2020; Schmidtner 
et al., 2012). In cocoa (Theobroma cacao 
L.) production systems, especially those 
practicing agroforestry, these factors shape the 
capacity of farmers to mobilize innovations, 
access farm inputs and extension services, and 
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benefit from spillovers arising from proximity 
to growth poles and resource hubs (Bicksler et 
al., 2022; Hailu and  Deaton, 2016; Martin & 
Ottaviano, 2001).
International empirical studies affirm that 
farm spatial clustering, whether by geography, 
market access, or resource services, positively 
influences productivity, resource-use 
efficiency, and knowledge diffusion. For 
instance, in France, Canada, and Southeast 
Asia, proximity among farms has been linked 
to enhanced soil health, policy support, and 
adoption of sustainable practices (Boncinelli 
et al., 2016; Schmidtner et al., 2012).  This 
agglomeration effect is well established in 
spatial economics and development theory, 
where clustered production fosters economies 
of scale, learning, and innovation (Vlados & 
Chatzinikolaou, 2020; Martin & Ottaviano, 
2001). However, the extent to which similar 
agglomeration dynamics manifest within 
Ghana’s cocoa agroforestry landscapes 
remains poorly understood, particularly 
gendered access and resource flows.
Cocoa production in Ghana, ranked second 
globally behind Côte d'Ivoire (FAOSTAT, 
2021) is primarily managed through 
conventional and organic agroforestry 
systems. These systems, which integrate 
cocoa trees with diverse timber and shade 
species, contribute to carbon sequestration, 
biodiversity conservation, and sustainable 
land use (Asare et al., 2019; Rajab et al., 
2016). Notably, organic cocoa agroforestry 
systems have gained global recognition as 
nature-based solutions that not only mitigate 
land degradation but also address social 
inequities, including gender disparities in 
agricultural productivity (Tsikata et al., 2022; 
Bandanaa et al., 2021; Shiva, 2016). When 
spatially organized, these systems facilitate 
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access to communal knowledge networks and 
input delivery systems, strengthening farm 
resilience and sustainable intensification (Doe 
et al., 2022; Singh et al., 2022).
Despite this potential, Ghana’s average cocoa 
land productivity (0.55 t/ha) remains lower 
than in smaller-producing countries such 
as Togo, Indonesia, and Peru (Asante et al., 
2022; FAOSTAT, 2021). Research suggests 
that gender-based disparities shaped by 
unequal access to extension services, land, and 
inputs, partially account for these productivity 
gaps (Amanor et al., 2020; Djokoto et al., 
2017). Okpokiri et al., (2016) have indicated 
that women may outperform men in cocoa 
production under certain conditions, while 
Danso-Abbeam et al.,(2020) suggest  otherwise, 
emphasizing the complex, context-specific 
nature of gendered performance. However, a 
significant gap remains in understanding how 
gender intersects with the spatial organization 
of farms to affect productivity within organic 
and conventional cocoa systems.
The theoretical framework for this study 
draws from spatial development theory, 
agglomeration economics, and gender-equity 
frameworks in agricultural development. 
These frameworks posit that spatial proximity 
and social organization among farms influence 
the flow of resources, institutional support, 
and innovation diffusion (Bicksler et al., 2022; 
Shiva, 2016; Martin & Ottaviano, 2001). 
Furthermore, gender-sensitive approaches 
are critical to achieving the UN’s 2030 
Sustainable Development Goals (SDGs), 
particularly SDG 1 (No Poverty), SDG 2 (Zero 
Hunger), SDG 5 (Gender Equality), SDG 13 
(Climate Action), and SDG 15 (Life on Land). 
Evidence from Asia and Africa confirms that 
gender-equitable resource allocation improves 
women’s productivity and resilience, but such 
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interventions must be tailored to the spatial 
realities and socio-ecological contexts of 
farmers (Tsikata et al., 2022, Bowyer-Bower 
and Shiva, 1996).
In Ghana, the lack of spatially explicit and 
gender-disaggregated data on cocoa farm 
productivity hinders effective policy design 
and targeted intervention. Particularly absent 
is a clear understanding of how gendered 
spatial clustering within agroecological zones 
affects access to resources and participation 
in public-private partnerships (SDG 17). 
Addressing this gap is essential for the spatial 
targeting of development programs, including 
climate-smart agriculture, input subsidies, and 
inclusive extension models.
This study, therefore, seeks to explore the 
spatial and gender dynamics of cocoa farm 
productivity across organic and conventional 
agroforestry systems in Ghana. By analyzing 
these dynamics across three distinct soil 
ecotypes. The research will contribute new 
insights into how location, gender, and farming 
system interact to shape agricultural outcomes. 
The findings are expected to inform spatially 
precise, gender-equitable, and ecologically 

resilient policy and development strategies for 
Ghana’s cocoa sector.

Materials and Methods

Study Area
The study was conducted in smallholder cocoa 
farms located in four patriarchal communities 
(Figure 1) across three soil ecotypes (SE) in the 
Western, Eastern, and Oti regions of Ghana. 
These communities are Old Ankasa Quarters, 
Mongua, Adimdim and Pampawie (Papase), 
which are within four cocoa administrative 
districts of the Cocoa Health and Extension 
Division (CHED) of Ghana Cocoa Board 
(COCOBOD). Each community represents a 
soil ecotype, which refers to an intersection 
of a given soil type and an agroecological 
zone (vegetation type). Old Ankasa Quarters 
within longitude 2°39’47.403 "W and latitude 
5°13'54.263"N and Mongua in longitude 
2°43'37.088"W and latitude 5°33'2.685"N 
represent Ferralsols (FR) or Oxisols of Wet 
Evergreen (WE) soil ecotype (FR.WE) in the 
Western Region (WR). Adimdim (longitude 

Figure 1 Map of the study area
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0°30'43.758"W and latitude 5°58'44.851"N) 
represents Lixisols (LX) or Alfisols soil type 
in  Dry Semi-deciduous Inner Zone (DSIZ) 
soil ecotype (LX.DSIZ) in the Suhum Cocoa 
District of the Eastern Region (ER). Pampawie 
located on longitude 0°33'15.253"E and 
latitude 7°49'12.887"N representing Leptosols 
(LE) or Entisols of the Moist Semi-deciduous 
South-East (MSSE) soil ecotype (LE.MSSE) 
in the Papase Cocoa District of the Oti Region 
(OR). The Oti Region was curved out of the 
Volta Region. The amount of annual rainfall 
and cocoa production varies in the sequence 
of LX.DSIZ < LE.MSSE  < FR.WE. Mean 
daily temperature (25°C) and annual rainfall 
(1270-1651 mm) of the LX.DSIZ are lower 
than those of the FR.WE (26°C and 1732 mm) 
soil ecotype. The mean daily temperature 
and annual rainfall are about 25°C and 1400-
1800 mm, respectively, in the LE.MSSE. The 
maturity or suitability of these soil ecotypes 
inclines in the order of LE.MSSE < LX.DSIZ 
<  FR.WE, representing young, mature and 
very old weathered soils, respectively (Doe et 
al., 2023; FAO and ITPS, 2015).

Study philosophy, design, sample size, 
sampling, inclusion and exclusion criteria
The study was premised on spatial ecology 
and ecofeminist philosophy (Bowyer-Bower 
and Shiva, 1996; Gaard and Gruen, 1993; 
Shiva and Mies, 2014). Ecofeminism explores 
a trilogy of ecology, feminism, and social 
justice, to mitigate unfair gender disparities in 
ecosystems. Therefore, the study was designed 
as a spatial cross-sectional agroecosystem 
analysis (Conway, 1987) involving 11 organic 
cocoa (OC) and 11 conventional cocoa (CC) 
farmers and their farms, within each of the 
three soil ecotypes, making a total of 66 farms. 
The sample size was determined based on a 

previous district-wide cocoa survey  (Doe et 
al., 2022; Quaye et al., 2021).
Equal numbers for both OC and CC cropping 
systems (CS) were selected to compare the 
spatial distribution of the farms and their 
land productivity within each soil ecotype. 
The selection involved a multi-stage stratified 
sampling process within the specified cropping 
systems and soil ecotypes. The first stage 
involves sampling of CHED Cocoa Districts 
that have both OC and CC farms while the 
second stage involved random sampling of the 
OC and CC farms within each soil ecotype.  
To qualify as a farmer for the study, one must 
own an organic or a conventional cocoa farm. 
According to the definitions by Doe et al. 
(2023) and Asigbaase et al. (2020, 2021), CC 
farms rely on sustainable farm practices with 
prudent synthetic agrochemical applications 
aimed at maximizing cocoa yield. Conversely, 
the OC farms prioritize ecologically friendly 
practices, using nonsynthetic inputs, and 
emphasizing natural methods for pest and 
disease control, as well as soil health. 
Both OC and CC cropping systems depict 
sustainable farming (Sumberg and Giller, 
2022 ; Giller et al., 2021) due to the rational 
resource use and the agroforestry system used 
by the farmers. Based on the Ghana Cocoa 
Board (2018) and UTZ/Rainforest Alliance 
Sustainable Cocoa schemes, farmers with 
fewer than 18 timber species or permanent 
shade trees per hectare on their cocoa farm 
were excluded from the study. Additionally, to 
qualify, a farmer must have been farming on 
the same farm site for at least ten years.

Data collection and measurement of variables 
Data for the study were collected through one-
on-one individual interviews of the sampled 
farmers using a semi-structured questionnaire. 
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The questionnaire was pre-tested to ensure 
reliability and validity (Teye, 2012; Bryman, 
2004). The variables include cocoa farm yield, 
farmer age (FAge), number of cocoa trainings 
attended (Ext) in the previous year, female 
(FSex) and male (MSex) farmers. Cocoa 
yield was defined as the weight of dry cocoa 
beans in metric tonnes per hectare (Doe et al., 
2023; Williams et al., 1989). Other variables 
included whether the farmer was a (Native) or 
a migrant (Migrant), farmland tenancy (LT), 
and farm size (ha).
The farm polygons and sizes were measured 
using a handheld GPS device (GPSMap 64, 
Garmin Ltd., USA). The soil ecotypes—
LX.DSIZ, FR.WE, and LE.MSSE—were 
determined by intersecting shapefiles of the 
soil types with the agroecological zones of the 
sampled farm location. Total annual cocoa farm 
yield (t ha⁻¹) was calculated using equation 1.1 
(Fairtrade International, 2025), by dividing 
the product of the number of dry cocoa bean 
bags and the weight of each bag (0.0645 t) 
by the farm size (ha). As an indicator of soil 
health and fertility, the amount of soil organic 
carbon (SOC) (g kg⁻¹) conserved at a depth of 
0-30 cm in the farm soil was computed using 
equation 1.2.

migrant = 0. The same applies to the LT. The 
LT arrangements were outright and inherited 
farmland ownership and sharecropping 
systems such as 'abunu' and 'abusa'. The 
'abunu' LT is where half (1/2) of the harvest 
goes to the landlord and “abusa” is where two-
thirds (2/3) of the cocoa harvest belongs to the 
farmer.

Statistical analysis 
Descriptive and inferential statistics were used 
to analyze the data. Descriptive statistics such 
as mean (µ), standard deviation (SD = σ) and 
percentages (%) were computed to describe the 
attributes of the farmers and their farms. The 
statistical analyses were done using R version 
4.1.3 (R Core Team, 2019) while ArcGIS 
version 10.7 was used to map the cocoa farm 
polygons and their spatial distribution. 
Due to freedom of farmers to establish farms 
in any suitable and acceptable location of 
their choice, an average nearest neighbor 
(ANN) statistic was used to determine the 
spatial distribution (clustering, randomness, 
or dispersion) of the OC and CC farms in 
each soil ecotype. If the ANN statistic is 
less than one (<1), near zero (0), and greater 
than one (>1), the spatial distribution is 
considered clustered, random, and dispersed, 
respectively. The ANN statistic was computed 
by dividing the observed average distance 
(d0) and the expected average distance (de) 
between centroids of each farm polygon and 
the nearest neighbor using equations 2.1-2.3 
(Naazie et al., 2024).

The intensity of SOC conservation measures 
the amount of carbon conserved per cocoa 
yield. SOC %  (g kg-1) was determined using 
Walkley and Black (1934) (Walkley and 
Black., 1934). 
In addition, binary numbers 1=  Yes and 0 
= No were used to represent socioeconomic 
indicator variables like gender (FSex) where 
female farmer = 1, male farmer = 0, and 
Nativity, where being a native farmer =1 or a 
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The de assumes a random distribution while 
the d0 is the actual distribution of the polygons. 
The di represents Euclidean distance (d) 
between a polygon, centroid (i) and its nearest 
neighbor, with n being the total number of 
polygons enclosed in each area (A). The 
area is the smallest rectangle enclosing the 
polygons, which implies the ANN statistic, 
and z-score are sensitive to the size of A. The 
ANN z-score was calculated as expressed in 
equation 3.1 (Naazie et al., 2024).

variance (ANOVA) for significant differences 
between OC and CC farm productivity. To 
ascertain gender difference in the cocoa 
yield (productivity), a non-parametric test of 
difference using Wilcoxon-Mann-Whitney 
rank sum test (McGee, 2018; Fagerland and 
Sandvik, 2009) was performed. This allowed 
the examination of the differences between 
male and female OC and CC productivity. 
The statistical significance of each test was 
determined at a 5% significance level.

Results and Discussion

Figure 2 presents the spatial distribution of 
the organic (A1, B1, C1) and conventional 
(A2, B2) cocoa farms by locations, gender 
dynamics, and productivity(Figure 2).

Furthermore, parametric inferential statistical 
test of the mean cocoa yield difference 
was computed and tested using analysis of 

(A1)

(B1)
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Figure 2 Geospatial and gender dynamics of organic (A1, B1 & C1) and conventional (A2, & B2) cocoa farms, 
productivity and agglomeration points in selected soil ecotypes. Old Ankasa Quarters and Mongua represent 
Ferralsols (Oxisols) of Wet Evergreen (WE) soil ecotype (FR.WE); Adimdim represents Lixisols (Alfisols) of Dry 
Semi-deciduous Inner Zone (DSIZ) soil ecotype (LX.DSIZ); Pampawie represents Leptosols (Entisols) of Moist 
Semi-deciduous South-East (MSSE) soil ecotype (LE.MSSE) in the Papase Cocoa District of the Oti Region (OR)

(C1)

(A2)

(B2)



The locations of each cluster of farms 
represent the soil ecotypes while the proximity 
of between farms and the agglomeration 
center indicate the extent of dispersion rather 
than clustering. Some of the farms were in 
remote places and moribund (old or near-
extinct) areas. Such moribund cocoa farming 
areas are suitable for cocoa rehabilitation and 
soil conservation. The observed dispersed 
distribution (Table 1) of the farms implies less 
agglomeration potential for the study area. 
The observed dispersed spatial distribution of 
farm locations is inconsistent with the findings 
of Popovici et al. (2022) and Schmidtner 
et al. (2012), who argued that clustering 
promotes agglomeration and facilitates 
development support. Although the general 
spatial distribution of both cropping systems 
was significantly (p <0.05) dispersed (Table 

1), the OC farms exhibited more clustering 
than the CC farms. Also, female and male-
owned farms were dispersed which limits 
information flow and spillovers to enhance 
their capacities (Figure 2). However, the 
proximity of the female cocoa farms depicts 
less dispersion (Figure 2 A1) within the 
organic agroforestry systems, which should 
contribute to information flow and spillovers 
to enhance their productivity capacities.
Farmers and scientists have always sought 
better ways to connect with others to harness 
their shared interests and resources for 
sustainable farming and development (Brevik 
et al., 2020). For instance, the connectivity 
of knowledge from agriculture research 
and extension services is better harnessed 
for maximum benefit among neighboring 
communities with similar socioeconomic 

73				                       West African Journal of Applied Ecology, vol. 33(1), 2025

TABLE 1
Average nearest neighbor estimates of organic and conventional cocoa farms 

Factors/statistics Soil ecotypes
FR.WE LX.DSIZ LE.MSSE

Point of 
agglomeration

Quarters Old 
Ankasa

Agric 
Boinso

Adimdim 
Store Anu

Adimdim 
Kyenku 
Larbi

Pampawie 
Sika Hene 
Fie

Pampawie 
Chief 
Farmer

Cropping system OC CC OC CC OC CC
Area covered by 
farms (m2) 517981.7 238921.3 864383.0 1895494.9

Observed Mean 
Distance (m): 190.6 121.3 160.8 193.1 200.6 170.6

Expected Mean 
Distance (m): 113.8 77.3 140.2 190.9 113.8 130.1

Average Nearest 
Neighbor (ANN) 
ratio

1.675 1.569 1.147 1.012 1.763 1.311

z-score: 4.085 3.445 0.933 0.080 5.015 4.185
p-value: 0.000 0.001 0.351 0.936 0.020 0.025
Distribution dispersed dispersed random random dispersed dispersed

Interpretation

Given the 
z-score (4.085), 
there is a 
less than 1% 
likelihood that 
the dispersed 
pattern could 
be the result of 
random chance.

Given the 
z-score 
(3.445), 
there is a 
less than 1% 
likelihood 
that the 
dispersed 
pattern 
could be 
the result 
of random 
chance

Given the 
z-score 
(0.933), 
the random 
pattern 
does not 
appear to be 
significant. 
In other 
words, the 
distribution 
is neither 
dispersed or 
clustering

Given the 
z-score 
(0.080), 
the random 
pattern 
does not 
appear to be 
significant. 
In other 
words, the 
distribution 
is neither 
dispersed or 
clustering

 Given the 
z-score 
(5.015), 
there is 
a less 
than 5% 
likelihood 
that the 
dispersed 
pattern 
could be 
attributed 
to random 
chance.

Given the 
z-score 
(4.185), 
there is a 
less than 5% 
likelihood 
that the 
dispersed 
pattern 
could be 
attributed 
to random 
chance.



and gender attributes. The same applies to 
agricultural equipment and labour services 
such as cocoa farm spraying and weeding 
gangs in Ghana. Boosting clustering would 
be also essential to harness the benefits of 
collaborative partnerships (SDG17) among 
cocoa stakeholders in both organic and 
conventional cocoa agroforestry systems. 
Although farmers have the liberty to establish 
farms in acceptable places of their choice, 
doing so in proximity to other cocoa farms 
can be encouraged by demarcating cocoa 
cropping zones to improve the clustering 
and connectivity of the fragmented cocoa 
agroforest landscapes. Clustering and 
connectivity can extend biodiversity corridors 
for endangered species preservation in 
fragmented cocoa agroforest landscapes 
(Asare et al., 2014; Schroth and Harvey, 
2007).  As demonstrated in Figure 2, this 
type of biodiversity corridor landscape 
connectivity can be possible by improving the 
spatial proximity and clustering of the CAS 
between and within each soil ecotype. These 
biodiversity corridor landscapes can also serve 
as climate change adaptation and mitigation 
strategies. Furthermore, without reneging 
on tackling the observed socioeconomic and 
gender differences, a more all-inclusive and 

holistic sustainable development could be 
attained by addressing the observed limited 
spatial clustering and resource connectivity.
The spatial proximity (clustering or dispersion) 
of farms impacts socioeconomic factors 
(Bonfiglio and Arzeni, 2019; Malek et al., 
2019). The male and female OC farmers in the 
LX.DSIZ (Table 1) were closer to each other 
(Figure 2: A1), but the same cannot be said for 
CC systems, locations, and soil ecotypes due to 
the uneven gender distribution. The remaining 
locations and cropping systems had more male 
relative to female cocoa farmers. This finding 
underscores the male dominance and labor-
intensive nature of cultivating cocoa. Male-
dominant cocoa production can be attributed 
to their physical strength  so tend to cultivate 
more farmlands than women (Maduka et al., 
2023; Aneani and Ofori-Frimpong, 2013).
The characterization of the observed OC and 
CC agroforestry systems revealed similar 
male and female socioeconomic attributes and 
differences (Tables 2 & 3), highlighting the 
state of gender parity and disparity. Generally, 
both farmers were approximately 51±15 
years old, with a majority (57.0%) attaining 
college, middle, or junior high school level of 
formal education (Table 2). While there were 
no significant differences in the farmers’ age, 
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TABLE 2
Socioeconomic attributes of cocoa farmers in the study area

Socioeconomic factors Measurement Organic 
cocoa (OC)

Conventional 
cocoa (CC)

 Combined 
average

Female farmer (FSex) *** 1=Yes, 0=No 19% 22% 20%
Male farmer (MSex) *** 1=Yes, 0=No 81% 78% 80%
Farmer age (FAge)  Years 55 (14) 46.4 (13) 50.7 (14.6)
Cocoa training (Ext) Frequency 4.9 (2.3) 3.22 (1.8) 4.06 (2.24)
Education (Edu) None (1=Yes, 0=No) 34% 56% 20%

Primary (1=Yes, 0=No) 43% 10% 23%
College (1=Yes, 0=No) 23% 34% 57%

Farm size (FSize) Ha 1.1 (1.1) 1.2 (0.63) 1.1 (0.89)
Cocoa yield*** t ha-1 1.24 (0.39) 0.89 (0.38) 1.07 (0.42)
Figures in parentheses are standard deviations. ** significant at 5%; *** significant at 1%



frequency of extension training (4), and farm 
size (1.1 ha) between the OC and CC systems, 
most of the cocoa farms were owned by males 
(80%) with only 20% female ownership (Table 
3). The low percentage of female farm owners 
is probably because women, compared to 
men, have relatively lower access to relevant 
information on their land rights and ways of 
enforcing such rights. Their usufruct rights 
to land are usually contingent on inheritance 
or the continued goodwill of a man (chief, 
household head, brother, husband, or son) due 
to gender disparity. Thus, males dominated 
(4:1 male-female ratio) the cocoa landscape 
in this study. This 4-to-1 male-to-female 
gender distribution of cocoa farm ownership 
evidences a male-dominant cocoa sector, 
confirming findings by Jamal et al. (2021), 
Amon-Armah et al. (2021), and Daymond et 
al. (2017), contrary to the female dominance 
observed in the food crop subsector (Tsikata 
et al., 2022; Shiva, 2016). The current finding 
also aligns with Djokoto et al. (2017), who 
reiterated that gender differentials in farm 
ownership deprive women of resources and 
decision-making power. The situation leads 
to income disparities and limits the ability of 
the women to fend for themselves, and their 
children (Amanor et al., 2020; Djokoto et 
al., 2017; Aneani and Ofori-Frimpong, 2013; 
Oluyole and Sanusi, 2009).

Results from the present study also showed 
that most of the farmers were natives (51.6%) 
as opposed to migrants (48.4%), and the 
migrants were mostly females (61.5%). In 
addition, a significant relationship (Chi-square 
(2) = 8.406, p-value = 0.015) exist between 
the dominant male-female (4/1) gender ratio 
and their farmland tenancy. While a majority 
(67.2%) of the farmers inherited (42.2%) 
or outrightly owned (25.0%) the cocoa 
farmlands (Table 3), there were also 'abunu' 
sharecroppers (32.8%), indicating varied land 
tenancy and resource endowments. More male 
farmers owned cocoa farmland outrightly 
(27.7%) compared to the females (15.4%), 
however most (76.9%) of the female farmers 
inherited farmlands compared to the males 
(33.3%).
Therefore, recognizing male-dominant cocoa 
farm ownership is relevant for formulating 
equitable resource support systems towards 
reversing the imbalance toward attaining 
SDG 5.a.1. Women contribute enormously 
to cocoa farming at various stages, from 
planting to processing, however, the cocoa 
money belongs to the men (Adomaa, 2022). 
The resource endowment of the males 
enhances their technological and climate 
change adaptive capacities compared to the 
females (Jamal et al., 2021; Wrigley-Asante 
et al., 2019). Gender disparities also persist 
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TABLE 3
Gendered cultivated cocoa farmland productivity by nativity and land tenancy

Nativity/migrant status of 
farmer

Female 
(20%, n=13)

Male 
(80%, n=53)

Total
 (100%, n=66)

Abunu land tenancy  1.7±0.0 (7.7%) 1.0±0.5 (39.2%) 1.0±0.5 (32.8%)
Inherited land tenancy 1.3±0.3 (76.9%) 1.0±0.4 (33.3%) 1.1±0.4 (42.2%)
Outright land ownership 1.4±0.1 (15.4%) 1.0± 0.3 (27.5%) 1.0 0.3 (25.0%)
Overall cocoa yield 1.4± 0.3 (100%) 1.0± 0.4 (100%) 1.1± 0.4 (100%)
Migrant 1.5±0.2 (61.5 %) 1.1±0.4 (45.1%) 1.2±0.4 (48.4%)
Native 1.2±0.4 (38.5%) 0.9±0.4 (54.9 %) 1.0±0.4 (51.6%)
SD = standard deviation (±) of cocoa farm yield (t ha-1); Pearson Chi2(2) = 8.4064 (p = 
0.015)



in other agroecosystems (Tsikata et al., 2022), 
however gendered support considerations 
are often overlooked due to the endemicity 
of patriarchy, disproportionate gender roles, 
and power, compounding the inequalities. The 
United Nations’ Agenda 2030 SDGs (United 
Nations, 2015) articulate the relevance 
of gender equity (SDG 5) for sustainable 
farming (SDG 2), climate action (SDG 13), 
life on land (SDG 15), and partnership (SDG 
17). Furthermore, promoting gender parity in 
organic/conventional farm ownership using 
ecofeminist philosophy is crucial for shaping 
equitable social development and sustainable 
agroecosystems in the cocoa sector. This 
can be achieved through deconstructing and 
reconstructing obsolete patriarchal cultural 
practices such as changing the cultural and 
legal norms that tie land ownership to men. 
In addition, advocating for policy reforms and 
legal recognition of women’s land rights that 
allow women to inherit and own more cocoa 
farmlands.
It was also found that, the productivity of 
the few cocoa farms inherited (1.3 t ha-1) and 

outrightly owned (1.4 t ha-1) by the women 
was similar to male cocoa farmers (Table 
3), indicating women's farmland ownership-
induced management capability. There was a 
significant difference (p-value<0.05) between 
the land productivity (yield) of the female 
'abunu' sharecroppers (1.7 t ha-1) and the male 
(1.0 t ha-1) 'abunu' sharecroppers. The average 
combined (pooled) yield of the OC and CC 
farms was 1.07 t ha-1 (Figure 3). Abbeam et al. 
(2020) (Danso-Abbeam et al., 2020) reported 
higher cocoa output among males (1.5t) 
compared to females (1.0t), but the current 
study revealed a gender-based cocoa yield 
difference in favour of women. However, the 
finding corroborates Okpokiri et al. (2016), 
who reported that female farmers outperform 
male farmers. The cocoa yield in farms owned 
by females surpassed the combined average 
yield (1.07 t ha-1) of all male farmers, as well 
as the yields from the OC (1.22 t ha-1) and CC 
(0.89 t ha-1) systems.
The current study also revealed lower soil 
organic carbon (SOC) in the conventional 
cocoa (CC) agroforestry system compared to 
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Figure 3 The annual cocoa yield of female and male farmers by cropping systems, dashes representing pooled 
average with + denoting average organic and conventional yield



the organic cocoa (OC) across the three soil 
ecotypes (Figure 4). The observed dwindling 
levels of SOC of the soil ecotypes correlate 
inversely with weathered soil maturity 
sequence (LE.MSSE < LX.DSIZ < FR.WE) 
suggested by Doe et al., 2023; FAO and 
ITPS, (2015). The observed SOC distribution 
sequence of the soil ecotypes implies the 

older (FR.WE) soil ecotype had lower SOC 
compared to the younger one (LE.MSSE). 
It was also found that the SOC distribution 
across the soil ecotypes correlates with soil 
conservation intensity and cocoa productivity 
of the female farmers (Figure 5). The SOC 
conservation intensity index per cocoa yield 
harvested from the female-owned farms was 
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Figure 4 Soil organic carbon content of conventional cocoa (CC) and organic cocoa (OC) agroforestry systems 
across three soil ecotypes 

Figure 5 Soil organic carbon conservation intensity per yield by male and female farmers in organic cocoa (OC) 
and conventional cocoa (CC) agroforestry systems across three soil ecotypes



higher than male-owned cocoa farms across the 
different cropping systems and soil ecotypes 
(Figure 5). Therefore, the difference in cocoa 
farm yield or land productivity between the 
male and female farmers could be attributed 
to the soil characteristics of the cropping 
systems (Doe et al., 2023).  In addition, some 
previous studies have attributed higher cocoa 
yield of female-owned cocoa farms to smaller 
farm sizes, low-external inputs (Djokoto et 
al., 2017), and less use of agrochemicals, 
resulting in a conducive soil ecosystem for 
SOC and pH mediating soil fertility and 
productivity (Asigbaase et al., 2021, 2020, 
2019). According to Bandanaa et al. (2021), 
positive social development occurs when 
women engage in organic cocoa farming. 
This social development role of women has 
been linked to their ability to manage nature 
better (Shiva, 2016; Tsikata et al., 2022), in 
the current case, soil organic carbon farming 
using the observed CAS. However, only 
23.4% of women usually own their farms or 
have a secure tenancy for their agricultural 
lands (FAO, 2023). The higher cocoa farmland 
productivity of the few female farm owners 
relative to the males should justify mobilizing 
resources and intensifying development 
supports for women toward sustainable cocoa 
productivity enhancement. 
One of the main gender sensitivity constraints 
to development is women's right to secure 
farm ownership (SDG5.a.1) to increase the 
share of female farmland ownership (SDG 
5.a.2) in the cocoa subsector of Ghana. 
Securing farmland ownership and tenancy 
rights of cocoa farmers would lead to 
increased investment (Doe, 2013, 2006) and 
productivity (SDG 2.3) of both organic and 
conventional cocoa agroforestry systems. It 
would also be prudent in terms of mitigating 

the global environmental challenges of 
climate change (SDG13), ecosystem service 
(SDG 15), and soil security (Bouma, 2020) 
and ultimately improve the sustainability of 
the cocoa agroforestry systems. 
Furthermore, cocoa stakeholders, especially 
Licensed Buying Companies (LBC) and 
development support partners (The Hershey, 
SNV, IDH, CARE, Mondelez, Cargill, Mars, 
etc.), are encouraged to ensure gender equity 
in development support. Popular support 
systems include farm input, credit, extension 
service, mapping, gang pruning, and weeding. 
The support delivery systems should recognize 
the random and dispersed spatial distribution 
of the organic and conventional cocoa farms to 
reach productive farms and farmers in remote 
areas. Following Ragasa et al. (2013 and Elias 
et al. (2012), extension services must not 
target only resource-rich male farmers.

Conclusions 

This study highlights the spatial distribution 
of organic and conventional cocoa 
agroecosystems and examines the gender 
dynamics among women who outperform 
men in cocoa productivity. The socioeconomic 
characterization of male and female cocoa 
farms reveals significant differences, with men 
dominating the cocoa sector. Although we did 
not find significant clustering, which limits 
our ability to demonstrate whether geospatial 
clustering among cocoa farmers by gender 
could benefit from agglomeration effects 
related to proximity to resource service centers 
and growth poles, we did show that female 
cocoa farmers achieve higher productivity 
than their male counterparts. Female-owned 
cocoa farms yielded more cocoa beans per 
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unit of land in their agroforestry systems, 
surpassing the combined yield of all farmers 
and yields from both organic and conventional 
systems. We conjecture that these disparities 
stem from variations in social, human, and 
capital resource endowments, which promote 
a male-dominated cocoa agroecosystem while 
perpetuating gender inequalities. Recognizing 
and supporting the contributions of female 
farmers to sustainable cocoa production in 
agroforestry systems is therefore, crucial. 
Cocoa stakeholders should implement 
spatially targeted initiatives to address gender 
disparities in resource endowments. These 
initiatives should include support for women 
in accessing farm resources such as inputs, 
credit, training, and technical knowledge. 
By doing so, the cocoa sector can benefit 
from increased productivity among women. 
We acknowledge that our results should be 
interpreted with caution, as our sample size 
is small and may not capture the full extent 
of disparities in clustering or dispersion 
among cocoa farms based on the gender 
of the farmers. Future studies with a larger 
sample size to further validate our findings are 
recommended.

Acknowledgment 
The authors are thankful to the Ghana 
Meteorological Agency (GMetA) and Cocoa 
Research Institute of Ghana (CRIG) for 
the climate data, the Ghana Cocoa Board 
(COCOBOD), and their CHED and RM&E 
Divisions for providing the district-level 
cocoa production data. Appreciation goes to 
Prof Martin Oteng-Ababio of the Department 
of Geography and Resouce Development, 
University of Ghana. Thanks to the BANGA‐
Africa Project on “Building a New Generation 

of Academics in Africa”, the Queen Elizabeth 
Scholarship Program with Carleton University, 
Canada and Centre for Climate Change and 
Sustainability Studies, University of Ghana, 
Legon for providing support to the lead author. 
Thanks to all the cocoa farmers and YGL. 

Author contribution 
EKD: research idea, design and 
conceptualization, methodology; data 
curation; formal analysis, manuscript writing; 
EMA and PBO: academic supervision and 
scientific review, FA-A, MM, DAB, BYFM 
and FB: scientific review. BYFM is the 
corresponding author. 

Conflict of interest statement
The authors declare that they have no conflict 
of interest.

Ethics statement 
This study was reviewed and approved 
(ECH 231/21-22) by the Ethics Committee 
for Humanities, University of Ghana. The 
participants provided their written informed 
content to participate in the study.

Consent
Before the study commenced, permission 
was sought from the chiefs and elders of the 
communities as well as participants. No one 
was exposed to any psychological or physical 
risk. 

Data Availability
Data is available upon request. 

79				                       West African Journal of Applied Ecology, vol. 33(1), 2025



Consent for publication
All authors have read and approved the 
publication of this manuscript.

References 

Adomaa, F.O. (2022). Improving Rural 
Women’s Access to Productive Resources: 
Are the Low Hanging Fruits Too Low to Make 
a Difference?, in: Tsikata, D., Charmaine, P., 
Sylvia, T., Chigudu, H., Manuel, S. (Eds.), 
Revisitng Gender in Rural Livelihoods and 
Development Interventions. Institute of 
African Studies University of Ghana, Accra, 
Ghana, p. 98.

Amanor, K.S. Yaro, J.A. and Teye, J.K. 
(2020). Long-term change and agricultural 
commercialisation in Ghanaian cocoa.

Amon-Armah, F. Domfeh, O. Baah, F. and 
Owusu-Ansah, F. (2021). Farmers’ adoption 
of preventive and treatment measures of 
cocoa swollen shoot virus disease in Ghana. 
Journal of Agriculture and Food Research 3. 
https://doi.org/10.1016/j.jafr.2021.100112

Amponsah-Doku, B., Daymond, A., 
Robinson, S., Atuah, L., and Sizmur, T. 
(2021). Improving soil health and closing 
the yield gap of cocoa production in Ghana – 
A review. Scientific African e01075. https://
doi.org/10.1016/j.sciaf.2021.e01075

Aneani, F., and Ofori-Frimpong, K., (2013). 
An Analysis of Yield Gap and Some Factors 
of Cocoa (Theobroma cacao) Yields in 
Ghana. Sustainable Agriculture Research 
2(4), 117. https: // doi .org/1 0.5 53 9/sar.v2 
n4p117

Asante, P.A., Rahn, E., Zuidema, P.A., 
Rozendaal, D.M.A., van der Baan, 
M.E.G., Läderach, P., Asare, R., Cryer, 

N.C., and Anten, N.P.R., (2022). The cocoa 
yield gap in Ghana: A quantification and 
an analysis of factors that could narrow the 
gap. Agricultural Systems 201(7), 103473. 
https://doi.org/10.1016/j.agsy.2022.103473

Asare, R., Afari-Sefa, V., Osei-Owusu, Y., 
and Pabi, O., (2014). Cocoa agroforestry for 
increasing forest connectivity in a fragmented 
landscape in Ghana. Agroforestry Systems 
88(6), 1143–1156. https://doi.org/10.1007/
s10457-014-9688-3

Asare, R., and  Anders, R., (2016). Tree 
diversity and canopy cover in cocoa systems 
in Ghana. New Forests. 47(2), 287–302. 
https://doi.org/10.1007/s11056-015-9515-3

Asare, R., Markussen, B., Asare, R.A., 
Anim-Kwapong, G., and  Ræbild, A. ( 2019). 
On-farm cocoa yields increase with canopy 
cover of shade trees in two agro-ecological 
zones in Ghana. Climate Development 11(5), 
435–445. https://doi.org/10.1080/17565529.
2018.1442805

Asase, A., and Tetteh, D.A., (2016). Tree 
diversity, carbon stocks, and soil nutrients 
in cocoa-dominated and mixed food crops 
agroforestry systems compared to natural 
forest in southeast Ghana. Agroecology 
Sustainable Food Systems. 40(1), 96–113. 
https://doi.org/10.1080/21683565.2015.111
0223

Asigbaase, M., Dawoe, E., Lomax, B.H., and 
Sjogersten, S., (2021). Biomass and carbon 
stocks of organic and conventional cocoa 
agroforests, Ghana. Agriculture, Ecosystems 
and Environment https: // doi.org/10.1016/j.
agee.2020.107192

Asigbaase, M., Lomax, B.H., Dawoe, E., and 
Sjogersten, S., (2020). Influence of organic 
cocoa agroforestry on soil physico-chemical 
properties and crop yields of smallholders’ 
cocoa farms, Ghana. Renewable Agriculture 

Doe E. K. et al:  Assessing gender and geospatial factors impacting cocoa productivity                                            80



Food Systems https : / / doi.org/10. 1 0 17 /
S1 74 2 170520000290

Asigbaase, M., Sjogersten, S., Lomax, 
H.B.,and  Dawoe, E., (2019). Tree diversity 
and its ecological importance value in 
organic and conventional cocoa agroforests 
in Ghana 1–19. https://doi.org/10.1371/
journal.pone.0210557

Bandanaa, J., Asante, I.K., Egyir, I.S., 
Schader, C., Annang, T.Y., Blockeel, J., 
Kadzere, I., and Heidenreich, A., (2021). 
Sustainability performance of organic 
and conventional cocoa farming systems 
in Atwima Mponua District of Ghana. 
Environmental Sustainability Indicators 
11(4), 100121. https://doi.org/10.1016/j.
indic.2021.100121

Bicksler, A., Trail, P., Bates, R.M., 
Burnette, R.R., and Thansrithong, B., 
(2022). Small Farm Resource Centers as 
Informal Extension Hubs in Underserved 
Areas: Case Studies from Southeast Asia. 
Journal of International Agricultural and 
Extension Education. 29(2), 74–90. https://
doi.org/10.4148/2831-5960.1060

Boncinelli, F., Bartolini, F., Brunori, G., and 
Casini, L., (2016). Spatial analysis of the 
participation in agri-environment measures 
for organic farming. Renewable Agriculture 
and Food Systems, 31(4). https://doi.
org/10.1017/S1742170515000307

Bonfiglio, A., and Arzeni, A., (2019). Spatial 
distribution of organic farms and territorial 
context: An application to an Italian rural 
region. Bio-Based and Applied Economics 
8(3), 297–323. https://doi.org/10.13128/
bae-9329

Bouma, J., (2020). Soil security as a roadmap 
focusing soil contributions on sustainable 
development agendas. Soil Security. 
1, 100 001. https: // doi.org/10.1 01 6 

/j.soisec.2020.100001
Bowyer-Bower, T.A.S., and Shiva, V., 

(1996). Staying Alive: Women, Ecology and 
Development. The Geographical. Journal 
162(1), 113. https : //d oi.org/10 .2307/30 
60276

Brevik, E.C., Slaughter, L., Singh, B.R., 
Steffan, J.J., Collier, D., Barnhart, and P., 
Pereira, P., (2020). Soil and Human Health: 
Current Status and Future Needs. Air, Soil and 
Water Research 13(2), 117862212093444. 
https://doi.org/10.1177/1178622120934441

Bryman, A., (2004). Quantity and Quality in 
Social Research. Social. Research Today,  
Vol. 18, p. 212. Retrieved from http://books.
google.nl/books?id=7pyt0yqQAcQC.

Conway, G.R., (1987). The properties of 
agroecosystems. Agricultural Systems 24(2), 
95–117. https://doi.org/10.1016/0 308-521 
X(87) 90056-4

Danso-Abbeam, G., Baiyegunhi, L.J.S., 
and Ojo, T.O., (2020). Gender differentials 
in technical efficiency of Ghanaian cocoa 
farms. Heliyon 6(5), e04012. https://doi.
org/10.1016/j.heliyon.2020.e04012

Daymond, A.J., Acheampong, K., Prawoto, 
A., Abdoellah, S., Addo, G., Adu-Yeboah, 
P., Arthur, A., Cryer, N.C., Dankwa, Y.N., 
Lahive, F., Konlan, S., Susilo, A., Turnbull, 
C.J., and Hadley, P., (2017). Mapping 
Cocoa Productivity in Ghana, Indonesia 
and Côte d’Ivoire, in: 2017 International 
Symposium on Cocoa Research (ISCR) 13-
17 November 2017. Lima, Peru, pp. 9–15.

Djokoto, G.J., Owusu, V., and Awunyo-
Vitor, D., (2017). Technical Efficiency in 
Organic and Conventional Agriculture - a 
Gender Comparison. Review of Agricultural 
Applied Economics 20(2), 3–11. https://doi.
org/10.15414/raae/2017.20.02.03-11

Doe, E.K., (2013). Cocoa Agroforestry 

81				                       West African Journal of Applied Ecology, vol. 33(1), 2025



Investment in Buffer Zones of a Forest 
Reserve-The Ghanaian Context. LAMBERT 
Academic Publishing, Germany, Germany.

Doe, E.K., (2006). Modelling Investment 
in Cocoa Agroforestry System for 
Sustainable Agro-Biodiversity in the 
Kakum Conservation Area. MPhil. Thesis-
Agricultural Economics. University of 
Ghana.

Doe, E.K., Attua, E.M., Dogbatse, J.A., and 
Fosu-Mensah, B.Y., (2022). Assessing the 
condition and capability of soils in cocoa 
districts of Ghana using geovisualization.  
Soil Security, 100 058. https: //doi.org/1 
0.1016/j.s oisec.20 22.100 058

Doe, E.K., Attua, E.M., Obour, P.B., Quaye, 
A.K., and Fosu-Mensah, B.Y.,( 2023). 
Soil health and synergy of ecological 
determinants of green cocoa productivity in 
different soil ecotypes in Ghana. Frontiers 
in Sustainable Food Systems. 7. https://doi.
org/10.3389/fsufs.2023.1169015

Elias, A., Nohmi, M., Yasunobu, K., and 
Ishida, A., (2014). Does Gender Division of 
Labour Matters for the Differences in Access 
to Agricultural Extension Services? A Case 
Study in North West Ethiopia. Journal 
of  Agricultural Science 7(1). https://doi.
org/10.5539/jas.v7n1p138

Fagerland, M.W., and  Sandvik, L., (2009). 
The Wilcoxon-Mann-Whitney test under 
scrutiny. Statistics in Medicine 28(10). 
https://doi.org/10.1002/sim.3561

Fairtrade International. (2025). Fairtrade 
standard for cocoa: Guidance document 
yield estimates (Version 2.1, updated April 
7, 2025 

FAO, (2023). Data Explorer Beta: SDGs 
Indicators Data Portal [WWW Document].

FAO, ITPS, (2015). The World’s Soil 
Resources: Main Report, Report.

FAOSTAT, (2021). Crops: Production 
quantities of cocoa beans by country average 
from 1994-2020 [WWW Document]. URL 

http://www.fao.org/faostat/en/#data/QC 
(accessed 7.1.21).

Fountain, A., and Huetz-Adams, F., (2020). 
Cocoa Barometer 2020.

Gaard, G., Gruen, L., (1993). Ecofeminism: 
Toward global justice and planetary health. 
Soc. Nat. 1–35.

Ghana Cocoa Board, (2018). Manual for 
cocoa extension in Ghana., 2th ed. CCAFS 
manual. Ghana Cocoa Board (COCOBOD), 
Accra, Ghana.

Giller, K.E., Hijbeek, R., Andersson, J.A., 
and Sumberg, J.,(2021). Regenerative 
Agriculture: An agronomic perspective. 
Outlook on Agriculture, 50(1). https: // doi.
org / 10.1177 / 003072702 1998063

Hailu, G., and James Deaton, B., (2016). 
Agglomeration effects in Ontario’s dairy 
farming. American Journal of Agricultural 
Economics, 98(4), 1055–1073.

Harrison, L., (1993). The impact of the 
agricultural industry on the rural economy 
- tracking the spatial distribution of the farm 
inputs and outputs. Journal of Rural Studies 
9(1), 81–88. https://doi.org / 10.1016 / 0743-
0167(93) 90007-7

Jamal, A.M., Antwi-Agyei, P., Baffour-Ata, 
F., Nkiaka, E., Antwi, K., and Gbordzor, 
A., (2021). Gendered perceptions and 
adaptation practices of smallholder cocoa 
farmers to climate variability in the 
Central Region of Ghana. Environmental. 
Challenges 5(9), 100293. https: // doi.org / 
10.1016 / j.envc.2021.100293

Larue, S., Latruffe, L., (2009). Agglomeration 
externalities and technical efficiency in 
French pig production.

Maduka, O.A., Obinna, L.O.,and  Maduka, 
A.G., (2023). Assessment of Gender Roles 
in Cocoa Production Activities in Abia State, 
Nigeria. Nigerian Agricultural Journal, 
54(1), 214–219.

Malek, Ž., Tieskens, K.F., and Verburg, 
P.H., (2019). Explaining the global spatial 

Doe E. K. et al:  Assessing gender and geospatial factors impacting cocoa productivity                                            82



distribution of organic crop producers. 
Agricultural Systems, 176(6), 102680. 
https://doi.org/10.1016/j.agsy.2019.102680

Martin, P., and Ottaviano, G.I.P., (2001). 
Growth and Agglomeration. International. 
Economic. Review, 42(4), 947–968. https: // 
doi.org /10.1111/1468-2354.00141

McGee, M., (2018). Case for omitting tied 
observations in the two-sample t-test and 
the Wilcoxon-Mann-Whitney Test. PLoS 
One 13. https://doi.org/10.1371/journal.
pone.0200837

Naazie, G. K., Agyemang, I., and  Tampah-
Naah, A. M. (2024). Spatial pattern and 
distribution of urban farms and climate 
change adaptation implications in urban 
Ghana. Cogent Food and Agriculture, 10(1), 
2320210. https://doi.org/10.1080/23311932.
2024.2320210

Okpokiri, C.I., Onwusiribe, C.N., and 
Onukwe, F.O., (2016). Productivity 
differentials along gender lines of cocoa 
farmers in Abia state, Nigeria. Scientific. 
Papers. Series-Management, Economic 
Engineering in Agriculture and Rural 
Development, 16(1), 361–365.

Oluyole, K.A., and Sanusi, R.A., (2009). 
Socio-Economic Variables and Cocoa 
Production in Cross River State, Nigeria. 
Journal of Human Ecology 25(1), 5–8. 
https://doi.org/10.1080/09709274.2009.119
06126

Popovici, E.-A., Damian, N., Grigorescu, 
I., and Persu, M., (2022). Indicator-based 
analysis of organic farming in Romania. 
Regional spatial patterns. International 
Journal of Agricultural Sustainability, 20(5), 
874–891. https://doi.org/10.1080/14735903.
2021.2008194

Quaye, A.K., Doe, E.K., Attua, E.M., 
Yiran, G., Arthur, A., Dogbatse, J.A., 
Konlan, S., Nkroma, Y.D., and Addo, 
D., (2021). Geospatial distribution of soil 
organic carbon and soil pH within the cocoa 

agroecological zones of Ghana. Geoderma 
386, 114921. https://doi.org/10.1016/j.
geoderma.2020.114921

R Core Team, (2019). A Language and 
Environment for Statistical Computing.

Ragasa, C., Berhane, G., Fanaye, T., and 
Taffesse, A.S. (2011). Quality Matters and 
Not Quantity: Evidence on Productivity 
Impacts of Extension Service Provision in 
Ethiopia. Journal of Gender, Agriculture 
and Food Security, 1(13), 1-22

Rajab, Y.A., Leuschner, C., Barus, H., 
Tjoa, A.,and  Hertel, D., (2016). Cacao 
cultivation under diverse shade tree cover 
allows high carbon storage and sequestration 
without yield losses. PLoS One 11. https://
doi.org/10.1371/journal.pone.0149949

Schmidtner, E., Lippert, C., Engler, B., 
Häring, A.M., Aurbacher, J., and Dabbert, 
S., (2012). Spatial distribution of organic 
farming in Germany: does neighbourhood 
matter? European Review of Agricultural 
Economics, 39(4), 661–683. https://doi.
org/10.1093/erae/jbr047

Schroth, G., and Harvey, C.A., (2007). 
Biodiversity conservation in cocoa 
production landscapes: An overview. 
Biodiversity and Conservation 16(8), 2237–
2244. https://doi.org/10.1007/s10531-007-
9195-1

Schroth, G., Jeusset, A., Gomes, A.S., 
Florence, C.T., Coelho, N.A.P., Faria, 
D.,and  Läderach, P., (2016). Climate 
friendliness of cocoa agroforests is 
compatible with productivity increase. 
Mitigation and Adaptation Strategies Global 
Change 21, 67–80. https://doi.org/10.1007/
s11027-014-9570-7

Self, S., Zhao, X., Zgodic, A., Overby, A., 
White, D., McLain, A. C.,and  Dyckman, 
C. (2024). A hypothesis test for detecting 
spatial patterns in categorical areal data. 
Spatial Statistics, 61, 100839. https://doi.
org/10.1016/j.spasta.2024.100839 

83				                       West African Journal of Applied Ecology, vol. 33(1), 2025



Shiva, V., (2016). Who Really Feeds the 
World? The Failures of Agribusiness and the 
Promise of Agroecology. The Society for the 
Study of Native Arts and Sciences, North 
Atlantic Books, Berkeley Califonia.

Shiva, V., and Mies, M., (2014). Ecofeminism 
(2nd ed.). London: Bloomsbury Publishing. 
https://www.perlego.com/book/2014326/
ecofeminism-pdf(accessed 4.6.24)

Singh, K., Sanderson, T., Field, D., Fidelis, 
C., Yinil, D., (2019). Soil security for 
developing and sustaining cocoa production 
in Papua New Guinea. Geoderma Regional 
17, e00 212. https://doi.org/10.1016/j.geo 
drs.2019.e0 02 12

Singh, K., Yu, F., Sanderson, T., Fidelis, 
C., Yinil, D., and Field, D.J., (2022). 
Building an impact pathway framework 
for a project through soil connectivity. Soil 
Security 100045. https://doi.org/10.1016/j.
soisec.2022.100045

Singh, R. K., Dey, D. and Dutta, S. (2022). 
Enhancing resilience through community-
based organic cocoa farming: Evidence 
from India. Sustainability, 14(9): 5400.

Sumberg, J., and Giller, K.E., (2022). What 
is ‘conventional’ agriculture? Global Food 
Security 32, 100 617. https: //doi.org/10.10 
16/j .gfs.2022.100617

Teye, J.K., (2012). Benefits, Challenges, and 
Dynamism of Positionalities Associated 
With Mixed Methods Research in 
Developing Countries. Journal of Mixed 
Methods Research, 6(4), 379–391. https://
doi.org/10.1177/1558689812453332

Tscharntke, T., Clough, Y., Bhagwat, 
S.A., Buchori, D., Faust, H., Hertel, D., 
Hölscher, D., Juhrbandt, J., Kessler, M., 
Perfecto, I., Scherber, C., Schroth, G., 
Veldkamp, E., and Wanger, T.C., (2011). 
Multifunctional shade-tree management 
in tropical agroforestry landscapes - a 
review. Journal of Applied Ecology, 48(3), 

619–629. https://doi.org/10.1111/j.1365-
2664.2010.01939.x

Tsikata, D., Charmaine, P., Sylvia, T., 
Chigudu, H.,and  Manuel, S., (2022). 
Revisitng Gender in Rural Livelihoods and 
Development Interventions. In D. Tsikata, 
P. Charmane, T. Sylvia, H. Chigudu, and 
S. Manuel (Eds.). Feminist Africa (Vol. 3). 
Accra, Ghana: Institute of African Studies 
University of Ghana, Accra, Ghana.

United Nations, (2015). Transforming our 
world: the 2030 Agenda for Sustainable 
Development. General Assembley 70 Sess. 
16301, 1–35. https://doi.org/10.1007/
s13398-014-0173-7.2

Vlados, C., Chatzinikolaou, D., (2020). 
Growth Poles and Clusters: Are There Useful 
Analytical Complementarities? Business 
and Economic Research 10(1), 155. https://
doi.org/10.5296/ber.v10i1.16307

Vroege, W., Meraner, M., Polman, N., 
Storm, H., Heijman, W., and Finger, R., 
(2020). Beyond the single farm – A spatial 
econometric analysis of spill-overs in farm 
diversification in the Netherlands. Land Use 
Policy 99(9), 105019. https:/ /doi.org/10.1 
016/j. landusepol.2 020. 105019

Walkley, A., and  Black., I.A., (1934). 
An Examination of a Rapid Methord for 
determination of organic carbon in sois-
effect of variation in Digestion conditions 
and Inorganic soil constituents. Soil Science

Williams, J.R., Jones, C.A., Kiniry, J.R., 
and Spanel, D.A., (1989). EPIC crop 
growth model. Transactions of the American 
Society of Agricultural Engineers, 32(2).

Wrigley-Asante, C., Owusu, K., Egyir, 
I.S., and Owiyo, T.M., (2019). Gender 
dimensions of climate change adaptation 
practices: the experiences of smallholder 
crop farmers in the transition zone of Ghana. 
African Geographical Review, 38(2) https://
doi.org/10.1080/19376812.2017.1340168

Doe E. K. et al:  Assessing gender and geospatial factors impacting cocoa productivity                                            84


