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Diversification is a strategy adopted by farming households to meet several 
challenges. However, there is a lack of empirical evidence to support these positions. 
We contribute to filling this research gap by providing quantitative evidence of the 
impact of diversification on the additional income of cocoa-producing households. 
This study aims to analyze income from the diversification strategies of cocoa 
producers by building the typology of the most common systems and assessing 
their impacts on household income. A survey of 303 households across five 
Côte d’Ivoire regions reveals that cocoa producers have four distinct types of 
production systems, namely: (1) simple cocoa production systems; (2) cocoa 
production systems with crops in association; (3) cocoa production systems 
combined with income generating diversification on the additional plot; and 
(4) cocoa production systems, and food cropland. Of the four systems, type 3 
is the most widely adopted by cocoa producers, generating higher income per 
household than the other types due to the large part of perennial income that 
requires a larger area. Furthermore, type 2 presents the best cocoa yield. We also 
assessed differences per population group. Thus, the results show that women 
adopt type 2 and type 4 systems with less surface area and are more devoted 
to the production of subsistence crops. Non-Ivorian producers have systems 
with higher cocoa yields and income from diversification than Ivorian producers. 
However, only 7% of producers have access to financing enabling them to invest in 
diversification crops. The findings demonstrate that crop diversification strategies 
can successfully improve households’ living income and ensure the sustainability 
of cocoa production.
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1 Introduction

West Africa’s leading role in global cocoa production dates back to the chocolate boom in 
the twentieth century (Staritz et al., 2023). In 2020, global cocoa production was estimated to 
be more than 5 million tons, with 2.2 million tons coming from Côte d’Ivoire, representing 45 
percent of total global production (Bermudez et al., 2022; ICCO, 2021).
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The cocoa sector employs two-thirds of the country’s active 
population, comprising at least 843,798 (95%) smallholder farmers, 
while supporting 6 million people directly or indirectly (Kouassi et al., 
2021). Ivorian cocoa producers are characterized as smallholders with 
a farm size ranging from 2 to 5 hectares (Kouassi et al., 2021). Despite 
the importance of cocoa to the national economy, it is estimated that 
only 7% of Ivorian cocoa farmers earn a Living Income (LI), meaning 
a sufficient income to afford a decent standard of living for all 
household members (Rusman et al., 2018). The LI has been widely 
adopted for agrifood commodities as a concept and a poverty 
benchmark that goes beyond economic income to recognize the need 
to fulfill human rights to food, shelter, housing, healthcare, education, 
transport, clothing, and provision for unexpected events (Living 
Income Community of Practice, 2024). Additionally, most cocoa 
farmers still have a very low standard of living due to income strongly 
linked to the effects of climate change, cocoa diseases, and the 
fluctuation of cocoa prices (Amfo and Ali, 2020). This can ultimately 
result in reduced yields, negatively affecting both farmers and the 
environment (Jagoret et  al., 2017; Tondoha et  al., 2015). 
Acknowledging the devastating environmental and social effects of 
dominant models of cocoa production and the need for more 
sustainable natural resource management and poverty reduction 
(Wessel and Quist-Wessel, 2015; Losch, 2001), in 2010, the Ivorian 
government started promoting diversification strategies, particularly 
agroforestry (Hatløy et al., 2012; Kouadio, 2021). Indeed, following the 
agreement between the United Nations Environment Program 
(UNEP) and the Rainforest Alliance for a sustainable change in cocoa 
production practices, the Ivorian government, like other program 
countries, received support for sustainable cocoa production, 
including efforts to improve the living conditions of farming families 
(Reinecke et al., 2012). Moreover, most existing private and public-
private initiatives supporting cocoa farmers have adopted the narrative 
that diversifying income is key to combat poverty to the extent that, 
in 2022, it was even reported as the cocoa sector’s second strategy after 
increasing cocoa productivity (Fountain and Huetz-Adams, 2022). 
The idea is that low cocoa income due to low and unstable farm gate 
prices as well as low productivity levels must be complemented by the 
diversification of farm revenues to reduce cocoa income dependency 
(Bymolt et al., 2018; Laven et al., 2017; Waarts and Kiewisch, 2021). 
In this way, farming systems have been pushed toward diversification 
to overcome households’ dependence on cocoa income and ensure 
their sustainability (Bymolt et al., 2018; Ruf and Schroth, 2015; Gyau 
et al., 2014). Indeed, crop diversification is a known practice, but not 
yet very efficient. Furthermore, following the adoption of the 2010 
Ivorian policy on agroforestry, crop diversification, and capacity 
building, several strategies have been developed including capacity 
building and training in good agricultural practices that enable 
producers to diversify their production systems and their income 
(Komla et al., 2022; Kouadio et al., 2021; Kraft et al., 2021; Gyau et al., 
2014; Reinecke et al., 2012). Although promoting agroforestry and 
crop diversification are considered important steps for sustainable 
cocoa production, the success of such efforts requires considering the 
various factors that influence farmers’ choice of crop systems (Adou 
Yao et al., 2016; Gockowski and Sonwa, 2011; Owusu and Frimpong, 
2014). In addition to these different approaches and diversification 
programs promoted by policies, there is a lack of sufficient financial 
or technical incentives to encourage cocoa producers to diversify their 
crops. This suggests the need to rethink the prevailing policy, which 

focuses narrowly on increasing productivity and commercializing 
cash crops as the main way to improve household incomes the ability 
of a household to diversify is shown to depend not just on economic 
characteristics but also on its demographic, physical, and social 
contexts (Johny et al., 2017). Diversification efforts require important 
investment from cocoa farmers, resulting in risky decisions made by 
already resource-limited households (Fountain and Huetz-Adams, 
2022; Waarts and Kiewisch, 2021). Additionally, often it remains 
unclear if there are sufficient market opportunities for certain crops at 
the scale necessary to benefit cocoa farmers (Fountain and Huetz-
Adams, 2022).

Currently, few studies have assessed diversification products and 
the resulting income of cocoa producers at the scale of their 
production systems, taking into account the different factors that 
influence household decision-making (Kouadio et al., 2021; Folefack 
et al., 2015; Cerda et al., 2014). To develop effective diversification 
strategies for sustainable cocoa production, this study aims to 
contribute to an enhanced understanding of smallholder cocoa 
farmers’ decision-making regarding diversification and related income 
effects, thus informing future decision-making and policy advice. In 
this context, this study identifies different types of production systems, 
assesses their income potential, and discusses various diversification  
strategies.

1.1 Contextual background

Cocoa farming is facing economic (price instability, lack of 
agricultural credit), social (decline in cultivable land, lack of labor), and 
ecological (variation in climatic parameters, crop diseases, soil poverty) 
challenges that have a considerable impact on household income (Amfo 
and Ali, 2020; Barima et  al., 2020). Agricultural diversification is 
identified as one of the mechanisms for managing household food 
security and reducing poverty, as it spreads risk across multiple 
production systems or plots and provides a range of food products to 
households (Djokoto et al., 2017; Nandi et al., 2024; He et al., 2019; 
Asante et al., 2018). Three general types of diversification are identified 
(Johny et  al., 2017; Alobo Loison, 2015): (i) farm diversification is 
observed when the producers diversify their income through agricultural 
products; (ii) value-added diversification when the producers diversify 
their income through processing agricultural products; and (iii) service 
diversification when the producers diversify their income through 
agricultural products service delivery for on-farm or off-farm 
engagement (informal or formal work). Farm diversification integrates 
a diversity of crops and varieties into smallholder systems (He et al., 
2019). McCorda et al. (2015) suggest that the production systems of 
smallholders present greater spatial and temporal complexity, such as 
polycultures, monoculture, and intercropping systems. Of these farm 
diversification strategies, Manlosa et al. (2019) identify that smallholder 
farm households, to increase their well-being, choose to commercialize 
crops or raise them for domestic needs. The diversification strategies rely 
on a mix of subsistence and cash crops to generate income, enabling 
households to achieve sustainable food and financial security (Manlosa 
et al., 2019; Basantaray et al., 2024). The decisions to diversify and which 
crops to grow are impacted by different drivers, including the aim of 
making the most of limited areas, seeking income stability, particularly 
via agronomic risk mitigation, and responding to consumer demand for 
marketing channels (Johny et al., 2017; Alobo Loison, 2015; Adetoye et 
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al., 2018). Moreover, factors such as market access, the perceived risk of 
crop failure or a market price crash, different labor demands for each 
crop, climate, and soil conditions, as well as crop seasonality might play 
important roles in the diversification strategies selected by the farmers 
(Bymolt et al., 2018). Although cash crops illustrate higher economic 
benefits, in certain regions, this strategy does not provide the means to 
ensure food security and a living income. For example, the production 
of cotton in Zimbabwe and Ghana and palm oil in Indonesia provided 
potential economic benefits to households (Manlosa et al., 2019), but did 
not enable households to ensure their food and financial security. Koffi 
and Oura (2019) identified diversification crops in the Côte d’Ivoire 
cotton-growing zone. They show that producers were more interested in 
cash crops with a more commercial objective than subsistence crops. At 
a parallel point, studies show that diversification is still very low among 
cocoa farmers in households that rely heavily on cocoa as their main 
source of income (Bymolt et al., 2018; Balineau et al., 2016). Thus, few 
studies investigate diversification strategies according to their spatial and 
temporary distribution in production systems and their income in 
cocoa-producing areas. In this study, in addition to identifying the 
diversification strategies, the type of production system and the income 
derived from diversification by type of system are evaluated. In the 
Ivorian agricultural context, the majority of local practices remain 
unstable and inefficient, keeping household incomes low and risks high 
(Rusman et al., 2018; Balineau et al., 2016; Michler and Josephson, 2016). 
Thus, it is important to note that the impact of local practices on 
household incomes and risks varies according to the specific context and 
locality. Nevertheless, efforts to promote more stable, efficient local 

practices are necessary to help to improve people’s living conditions. 
In-depth analyses are needed to understand local dynamics in the 
context of diversification strategies (McCorda et al., 2015). Indeed, in this 
study, we  focus on farm diversification, including perennial crops, 
subsistence crops, vegetables, fruit, and livestock on farms (Waarts and 
Kiewisch, 2021; Johny et al., 2017; Stilmant et al., 2019).

In our study, we examine farmers’ diversification strategies, based 
on acreage management and each crop’s income potential, and identify 
the socioeconomic factors influencing these strategies.

2 Materials and methods

2.1 Study area

The study was conducted in five regions of Côte d’Ivoire: 
Abengourou, Aboisso, Agboville, Divo, and Yamoussoukro (Figure 1). 
These are five out of the 13 regional divisions of the Ivorian Coffee-
Cocoa Council (Gbongué et al., 2021). The council is the national 
regulator of the coffee-cocoa sector and its role is to ensure the 
management, control, and implementation of all activities relating to 
the Coffee-Cocoa Sector in Côte d’Ivoire these regions belong to the 
three main cocoa growing areas corresponding to the successive 
“loops” of cocoa production in Côte d’Ivoire (Adji et al., 2020). The 
so-called cocoa loops define the epicenter and shifts in cocoa growing 
areas. The East and South-East (Abengourou and Aboisso, Agboville) 
are characterized by a senescent orchard and a strong dynamic of 

FIGURE 1

Project region, phases I and II.
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diversification toward other perennial crops (loop 1), the Center zone 
(Yamoussoukro) is marked by the cessation of cocoa expansion, the 
aging of the orchard and a decline in soil fertility (loop 2), and the 
South-West zone (Divo) is characterized by expansion development of 
cocoa farming (loop 3). The study areas were chosen according to the 
three cocoa loops and their heterogeneous characteristics and where 
the diversification dynamic is increasingly strong. Diversification is a 
response to structural environmental degradation and also to the 
dynamics of production systems (Schroth and Ruf, 2014).

2.2 Data collection

To assess cocoa farmers’ diversification models and related decision-
making factors, a household survey of cocoa smallholders was conducted 
in June and July 2022. The survey focused on questions relating to good 
agricultural practices on farms, on-farm income, production costs, and 
training received. Data was also collected on farmers’ management 
practices, associated crops, livestock, yields, and selling prices. Farmers 
were all members of cooperatives participating in the PRO-PLANTEURS 
project. The project aims to enable cocoa-producing families in selected 
areas of Côte d’Ivoire to improve their socio-economic living conditions 
and contribute to conserving natural resources through good 
agricultural training and technical support. The project is active in two 
different regions, whereby in one (project region A) activities started in 
2015 and region B in 2020 with a total of 30,000 farmers linked to 46 
cooperatives. For this study, a total of 303 households were randomly 
sampled from the baseline database of the PRO-PLANTEURS project 
(2020) for the first regions (Abengourou, Aboisso, and Agboville) with 
13 cooperatives and 158 households – hereby region A – and from the 
list of cooperatives targeted by the second phase of the project in two 
new regions (Divo and Yamoussoukro) with 9 cooperatives and 144 
households surveyed – hereby region B (Table 1).

In region A, we selected randomly four to six cooperatives depending 
on the number of available cases (Farmers interviewed in 2020) per 
cooperative. We  randomly selected 20 households per cooperative, 
including a gender filter, if available, to include at least 6 women per 
cooperative. For some cooperatives, fewer than 20 farmers were 
represented in the baseline, so here only a smaller number of respondents 
could be  selected. In the second region, cooperatives were sampled 
randomly based on the list of new cooperatives targeted by the project. 
Each cooperative was asked to gather about 15 farmers for interviews, 
including a range of young and older farmers, as well as men and women. 
The survey was conducted using the Kobo Toolbox, a free and open-
source data collection tool, and performed in French by an international 
team of researchers that was supported by local research assistants who 
eased the introduction to the respective villages and provided translation 
to local languages as needed. Interviews averaged 45 min. Interviewees 
were informed about the purpose of the study and participated voluntarily.

2.3 Data analysis

Descriptive analyses of variables and statistical tests of regression 
are performed for this study. The production systems were further 
categorized and characterized into four categories guided by 
agronomic information related to land use and the distribution of 
plots for cocoa and other diversification products.

2.3.1 Indicators of economic profitability
The economic analysis of diversification products took into 

account all agricultural products in the household production system 
(Kouadio et al., 2021; Assiri et al., 2012; Kpenavoun et al., 2018).

2.3.1.1 Mean annual yield of cocoa MAYC
The mean annual yield of cocoa trees corresponds to the ratio 

between the total cocoa production and the total area in hectares (kg 
an−1 ha−1). It is given by the following Equation 1:

 ( )1 1MAYC kgha an Total cocoa production / Total area− − =
 

(1)

2.3.1.2 Production cost of cocoa
Although fixed costs are important, the production costs taken 

into account in this study are variable costs to avoid estimation bias 
(Impact Institute, 2022; Tyszler and Ríos, 2020). Variables costs 
represent expenditure on chemical inputs (insecticides, herbicides, 
fungicides), remuneration of occasional labor, and other expenses 
(harvesting, denting, transportation) in the 2021–2022 season. It is 
calculated following Equation 2:

 PC CV= ∑  (2)

Where CV represents the variable costs related to expenses. It 
takes into account labor, inputs, application fees, and. Most producers 
remember monetary expenses but have difficulty estimating services. 
Thus, we monetized non-cash costs when producers reported having 
purchased food for an activity with a support group.

2.3.1.3 Mean gross income from cocoa production 
MGICP

This is the product of the total cocoa production and the mean 
purchase price per kilogram during the 2021–2022 season. It is given 
by the following Equation 3:

TABLE 1 Sampling procedure in the regions.

PRO-PLANTEURS 
regions

Number of 
cooperatives 

selected

N = 303

Agboville 5 N = 51

Men = 39

Women = 12

Aboisso 5 N = 60

Male = 55

Women = 05

Abengourou 3 N = 47

Men = 38

Women = 09

Divo 5 N = 75

Men = 63

Women = 12

Yamoussoukro 4 N = 69

Men = 61

Women = 8
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 MGICP Total cocoa production Purchase price∗=  (3)

Gross cocoa margin (GCM): The total gross margin (GCM) 
corresponding to the annual profit from cocoa production was 
determined from the annual cocoa income and the cost of production. 
It is given by the following Equation 4:

 GCM MGICP CP= −  (4)

2.3.1.4 Gross income from other crops
The gross average income from products derived from the 

production system. For each product including livestock, the number 
and the quantity of product harvested per individual were reported. 
The prices attributed to the different sale units (bag, diet, bunch…) on 
the local market were applied to the quantities harvested by 
the farmers.

2.3.1.5 Mean total gross income of the farm MTGIF
Total gross mean income (MTGIF). This was determined from the 

mean gross income from cocoa production, the amount of prime 
cocoa received, and the other crops on the farm. It was calculated 
using the following Equation 5:

 MTGIF MFICP GIOC Prime cocoa= + +  (5)

2.3.2 Statistical analysis
The measured and calculated parameters were subjected to 

descriptive analyses of the different variables. To better assess possible 
variations between the income from each product, the type of 
production system, and the region, variance analysis tests (ANOVA) 
were applied. The Tukey’s multiple comparison test was then applied 
to identify the differences. For data without normality or homogeneity, 
the Kruskal–Wallis test was applied instead. The 5% significance level 
(p = 0.05) was chosen for all these analyses. The multinominal 
regression analysis between the socio-economic characteristics of the 
producer cocoa yield and income from diversification was applied. 
We used SPSS 25, XLSTAT 2014, and R 4.2.1. software programs.

The limitations of this study must be acknowledged, as the data 
was based on what farmers recalled about their experiences and 
practices. This reliance on memory introduces the possibility of recall 
bias, which can result in inaccurate or incomplete information. 
Specifically, farmers’ recall of yields, prices received, components of 
past training, diversification revenues, and field sizes may be impacted 
by a variety of factors, including the amount of time that has passed 
since the events occurred. While the study provides valuable insights 
into farmers’ practices, the results must be interpreted with caution 
and the limitations of relying on recall data should be  taken 
into account.

3 Results

We analyzed diversification strategies adopted by the producers 
based on producer and farm characteristics: farm, household size, 
gender, type of production systems, and the diversity of crops from 

diversification. Results are presented in four sub-sections. First, in 3.1, 
we  present characteristics of producers and production systems; 
subsequently, in 3.2, we analyze the diversification product managed 
by the producers; in 3.3, we  assess income from diversification 
products, and, finally, we analyze household income from cocoa in 3.4.

3.1 Characteristics of the surveyed 
producers and their farms in the 5 regions 
of the study

3.1.1 Profile of the respondents
Table 2 presents an overview of the socio-demographic factors of 

the producers. Of the 303 producer interviewees, 25.1% were from 
Divo and the majority (85.1%) were male-headed households. Further, 
62.5% of the producers are between 40–60 years old and 77.9% are 
Ivorian. The majority of producers are married (56.2%) while a small 
proportion is divorced (1.3%). Most – 34.6% – producers have at least 
a secondary education level and only 3.7% have Koranic education. In 
terms of labor used by the producers, 74.3% employ salaried workers 
versus 24.7% who use family labor. The mean household size is 8 
people per household.

3.1.2 Structure of the farms
Producers have an average of two cocoa plots with an average of 

4.3 ha. In addition to the cocoa area, most producers also have 2 plots 
for other crops with an average of 3.44 ha. Regarding land acquisition, 
seven types of land acquisition have been identified, of which 
acquisition by inheritance dominates (58.8%), against rental (0.4). 
Producers were asked whether their cocoa was certified, with 81.5% 
reporting certification, compared with 18.5% who were not. When 
we asked producers about the use of input and pesticides, 50% replied 
input in their cocoa system. Chemical fertilizer was applied by 45.53%, 
biofertilizers such as organic manure applied by 6.61%, and compost 
applied by 14.40%. Table 3 shows that 42.80% used fungicides, 91.05% 
insecticides, and 9.73 herbicides. As regards the cocoa cultivars, the 
majority of farmers surveyed have a mixture of different cocoa 
varieties, with All varieties (including the different types of cocoa 
cultivars on the farm whose names are unknown to the producers), 
Mercedes-All varieties, and Amelonado-All varieties being the most 
common (Table 3).

To analyze the diversity of agricultural products and management, 
four types of systems are classified according to the number of plots 
and the income from diversified products (Table 3):

 • Type 1: Simple production systems where producers only 
produce cocoa with few shade trees, and no income from 
diversification (4% of producers).

 • Type 2: Production systems in association with cocoa. These are 
systems where producers have a single cocoa plot but associate 
other crops and shade trees in the same cocoa plot either 
following intercropping strategies, as temporary shade plants, or 
on the edge of cocoa trees (25% of producers).

 • Type 3: Production systems with crop extension generating 
income. These are systems where producers have cocoa plots and 
other plots for diversification (66% of producers).

 • Type 4: Production systems with crop extension for household 
consumption. These are systems where producers have cocoa 
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plots and other plots for diversification. The producer does not 
earn income from these plots but grows for household 
consumption only (5% of producers).

Farmers were asked to list the types of crops diversified in their 
systems. According to the four system types, type 1 systems are 
dominated by fruit trees acting as shade trees in a few densities. Type 
3 is dominated by the adoption of perennial crops and livestock, while 
system 2 is dominated by shade and subsistence fruit trees (Figure 2). 
In addition to cocoa, the producers surveyed cultivate other crops for 
sale and/or domestic consumption, depending on gender (Figure 3). 
Perennial crops, such as rubber and palm oil, are the most produced 
and most adopted by men. Income from perennial crops is mainly 
(89%) managed by men (Figure 4). Vegetable and food crops are 
associated with cocoa in its young development cycle to allow the 
young cocoa tree to resist the effects of the sun and, at the same time, 
to protect the soil. As far as subsistence crops are concerned (Figure 3), 
cassava (92%) and maize (78%) are adopted more frequently by 
women than men; men tend to raise bananas (91%) and rice (43%). 
Most household heads (44%) manage income from subsistence crops. 

Vegetable crops, like tomatoes, peppers, and eggplant, are often 
produced on small separate areas of fields or in association with yams 
on new land for cocoa. Of the vegetable crops, eggplants are the most 
adopted by women (Figure 3). These crops are mainly managed and 
sold by the wife of household heads (Figure 4). Fruit trees are also a 
type of agricultural production for households. Fruit trees are mainly 
located within cocoa plots as part of an agroforestry system and are 
consumed by farm household members and/or sold locally. Of the 
fruit trees, orange and avocado are the most common in the 
production systems (Figure 3). In the majority of households (50%), 
the head’s wife is responsible for selling the fruit and managing the 
income (Figure 4). Cocoa producer households also raise livestock for 
their consumption and occasionally for sale. This practice is more 

TABLE 2 Producers characteristics.

Variables Region A Region B Total

Region Abengourou 29.6 0 15.5

Aboisso 38.4 0 20.1

Agboville 32.1 0 16.8

Divo 0 52.8 25.1

Yamoussoukro 0 47.2 22.4

Gender Men 83.6 86.8 85.1

Women 16.4 13.2 14.9

Education Secondary 34.4 34.7 34.6

None 30.6 34.7 32.6

Primary 22.9 27.1 24.9

High school 6.4 2.1 4.3

Koranic school 5.7 1.4 3.7

Producer age 20–40 12 24.5 17.9

40–60 65.2 59.4 62.5

60–80 21.5 16.1 18.9

>80 1.3 0 0.7

Resident status Ivorian 78.6 77.1 77.9

No-Ivorian 21.4 22.9 22.1

Marital status Married 45.2 47.2 56.2

Concubinage 44.6 41 42.9

Single 3.8 6.3 5

Widowed 6.4 2.8 4.7

Divorced 0 2.8 1.3

Labor Family labor 15.1 35.5 24.7

Salaried workers 84.9 64.5 75.3

Household size 

(Means±SD)

8.33 ± 4.81 6.74 ± 4.7 7.58 ± 4.82

**SD: standard deviance.

TABLE 3 Farms characteristics.

Variables Region A Region B Total

Land 

acquisition

Inheritance 70.3 43.8 58.8

Purchase 8.2 31.4 18.3

Donation 13.3 16.5 14.7

Work sharing 5.7 4.1 5

First occupant 1.9 2.5 2.2

Others 0.6 0.8 0.7

Rental 0 0.8 0.4

Production 

systems 

N = 301

Type 1 4.4 4.23 4.32

Type 2 21.38 28.17 24.58

Type 3 69.81 62.68 66.45

Type 4 4.4 4.93 4.65

Input N = 257 91.8 93.3 92.4

Chemical fertilizer 47.59 43.24 45.53

Biological fertilizer 6.21 7.21 6.61

Compost 11.03 18.92 14.4

Insecticides 91.72 90.99 91.05

Fungicides 48.97 35.14 42.8

Herbicides 5.52 15.32 9.73

Cocoa 

variety

All varieties 61.4 57.6 59.8

Mercedes-all 

varieties

11.8 16.9 14.0

Amelonado-all 

varieties

7.2 14.4 10.3

Amelonado 9.2 3.4 6.6

Mercedes 7.8 6.8 7.4

Amelonado-

Mercedes

2.6 0.8 1.8

Cacao plot 

number

Means±SD 1.65 ± 0.94 1.38 ± 0.71 1.52 ± 0.85

Cocoa area 4.84 ± 4.35 3.67 ± 2.82 4.3 ± 3.76

Others crops 

plot

1.6 ± 1.49 1 ± 1.05 1.31 ± 1.33

Others crops 

area

3.93 ± 3.82 2.58 ± 2.17 3.44 ± 3.36

**SD: standard deviance.
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FIGURE 2

Diversification products adopted by production systems.

FIGURE 3

Overview of diversification products adopted by producers according the gender.
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adopted by men; except among the goats, where women are more 
dominant. In terms of livestock income management, male household 
heads (64%) are the main managers (Figure 4).

3.1.3 Distribution of diversification products in 
the production system

Diversification products adopted by production systems shown in 
Figure 2

3.1.4 Distribution of diversification products by 
gender

Overview of diversification products adopted by producers 
according the gender shown in Figure 3.

3.1.5 Share of household self-consumption and 
commercialization

Self-consumption applies mainly to subsistence crops, vegetables, 
fruit, and some livestock products. Although most crops are produced 
for self-consumption, in addition to perennial crops, subsistence crops 
are also produced for commercialization purposes (Table 4).

3.2 Diversification products managed by 
the producers

3.2.1 Certification and access to finance
Farmers were invited to answer a series of questions about cocoa 

certification and access to finance (Table 5). Most cocoa farmers (94%) 
depend on agricultural activities for their income, of which 79.86% are 
directly dependent on cocoa production, versus 14.13% of producers 
who depend on income from other crops (Table 5). In region B, 84.92% 
of producers depend on cocoa income. On the other hand, 17.20% of 
producers in region A depend on income from other crops. In parallel 
to the income generated by household farming systems, producers 
were asked about access to formal and informal financial credit 

(Table 5). The results show that only 38% of producers use financial 
credit, with a significantly higher proportion in region A (46.3%). For 
the source of financial credit, 62% of farmers take out loans from their 
cooperatives, compared with 7% from formal financial institutions 
(Table  5). The largest share of these financial loans is allocated to 
children’s schooling (56.8%) and agricultural inputs (13.1%).

3.2.2 Management of diversification products by 
household members

Producers were asked to determine responsibility according to the 
type of diversification products and the family members involved. The 
head of the household mostly takes decisions on diversification 
products. However, family members contribute to the production and 
financial management of these diversification products.

3.3 Income from diversification products

Farmers were implicated in their gross income from agricultural 
products other than cocoa and, due to incomplete data or imprecise 
responses, only products for which respondents provided information 
are considered in this section. The results allow us to gain knowledge 
about the range of gross incomes that can be  earned by cocoa 
producers with different crops, based on the quantities sold excluding 
production costs. Table  6 highlights the household income from 
diversification products in US$ according to the production system, 
gender, and producer origin. Regarding the production systems, Type 
3 generates more income from diversification products, with 
significant differences between systems except for income from fruit. 
Similarly, for gender, men generate more income from diversification, 
with significant differences between systems, except income from fruit.

In terms of income from diversification products by producer 
origin, we observe that, except for fruit, non-Ivorians generate more 
income than nationals, with significant differences in perennials, 
subsistence, and livestock (Table 6).

FIGURE 4

Income management of diversification products by household members.
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3.3.1 Household income from diversification 
products by production system and region

Of the four types of production systems identified in this study 
(Figure 5), the production system of type 3 generated the highest 
income (US$1869 per household), while the production system of 
type 2 generated the lowest income (US$716 per household). 
According to the average area, the producers of the production system 
of type 3 have a large area of non-cocoa crops (4 ha), while the 
producers of production systems of type 4 show a smaller area (3 ha). 
In terms of household size, production system type 3 has a larger 
average household size (8 members per household) than production 
system type 1 and type 2 (6 members per household). According to 
the estimated income from diversification products following the 
region and the production system, the producers of region A generate 
more income from type 3 (US$2261 per household) than the 
producers of region B, where type 2 generates the greatest income 
(US$844 per household).

3.3.2 Results of multinomial regression analysis of 
diversification and socio-economic 
characteristics

It is hypothesized that income from diversification products 
varies according to producer characteristics. The multinomial 
regression analysis aims to identify those factors that explain and 
drive production performance income for each crop (Table 7). The 
regression analysis between area and perennial crop income and 
livestock shows a significant positive relationship, which means that 

as area increases, so does perennial crop income (p = 0,0001) and 
so does livestock income (p = 0.004). The adjusted R-squared of 
0.42 indicates a moderate relationship and that approximately 42% 
of the variation in the income of perennial is explained by the 
producers and the farm characteristics listed, while 58% of the 
variation in the income of perennial is explained by other factors, 
such as price. However, only 10% of the variables explain the 
income of livestock variation. The significant positive relationship 
with total diversification income could be explained by the large 
share of perennial crop income in diversification income and only 
47% of the variables listed explain the income of diversification  
variation.

As for income from subsistence crops, a positive relationship was 
observed with access to credit (p = 0.03) and region (p = 0.02). This 
explains that farmers with access to credit according to agroecological 
region have more income from subsistence crops and invest more in 
subsistence crop production. However, only 13% of the factors listed 
explain this relationship, the remaining 87% of this variation is due to 
other factors (Table 7). Additionally, the type of labor and income 
from perennial crops show a positive relationship (p = 0.05), which 
means that households in this study with a workforce have more 
income from perennial crops (Table 7). Concerning gender, we noted 
a positive relation with income from total diversification (p = 0.01). 
This result suggests that the men in this study have more income from 
diversification. This can also be  explained by the significant 
contribution of income from perennial crops to total diversification 
income, of which men are the main producers (Figure 4).

TABLE 4 Household self-consumption and commercialization by agricultural products (frequency of citation).

Agricultural products Consumption % Commercialization %

Perennial N = 121 Palm oil 34 85

Subsistence N = 202 Rice 100 17

Cassava 94 40

Banana 93 40

Maize 91 34

Other 94 11

Vegetable N = 105 Eggplant 100 23

Pepper 100 22

Cabbage 100 0

Okra 97 28

Other 95 1

Fruit N = 108 Orange 100 24

Mango 100 0

Avocado 99 21

Papaya 97 0

Other 98 1

Grapefruit 0 0

Livestock N = 156 Chicken 33 22

Sheep 14 15

Guinea fowl 0 0

Pork 0 0

Beef 0 0
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3.4 Cocoa production

3.4.1 Cocoa yield and costs
From cocoa production to the commercialization of cocoa 

beans, producers invest to obtain a high cocoa yield. The average 
cocoa yield in our study area is 519.1 ± 338.11 kg ha − 1. The highest 
level of productivity recorded was 1727 kg/ha and the lowest 
reported productivity was 62.5 kg ha − 1. Productivity is overall 
higher in the A regions, with 524.63 kg ha − 1, compared with 
511.46 kg ha − 1  in the B regions. According to the production 
system, type 2 yields more cocoa (553.34 ± 362.67 kg ha−1) while 
type 4 (434.13 ± 141.25 kg ha−1) yields less cocoa. Regarding the 
origin of producers, non-Ivorians have greater cocoa yields than 
Ivorian producers (586.53 ± 384.62 kg ha − 1). In terms of 
distribution, 38.21% of growers have yields between 500 and 
750 kg ha − 1/ha, and only 7.72% have yields between 250 and 
500 kg ha − 1 (Table 8).

Concerning the cost of cocoa production for the 2021–2022 
season, the costs related to production from cleaning to the point 
of sale are presented in Table 9. These include costs of packaging, 
fertilizer, crop protection products, herbicides, pruning, cleaning 
and harvesting equipment, labor, and other miscellaneous costs. 
The production costs of cocoa plantations averaged 
US$150.23 ha−1 with most attributable to labor costs (US$ 
120.44 ha−1); packaging and pruning are the least expensive 
component (US$11.39 ha−1).

TABLE 5 Certification and access to finance.

Variables Region A Region B Total

Cocoa 

certification

No 11.6 27.6 18.5

Yes 88.4 72.4 81.5

Access credit No 53.7 70.3 62.1

Yes 46.3 29.7 37.9

Principal 

source of 

revenue 

N = 283

Cocoa 75.8 84.92 79.86

Others 

agricultural 

products

17.2 10.32 14.13

Commercial 

and artisanal 

activities

3.82 3.17 3.53

Money 

transaction

0.64 0 0.35

Others 2.55 1.59 2.12

Credit source 

N = 100

Bank 

institution

10 2.5 7

Cooperative 66.7 55 62

Family 18.3 30 23

Other 5 12.5 8

Credit 

purpose 

N = 99

Education 47.7 76.3 58.6

Health 24.6 13.2 20.2

Agricultural 

input product

14.8 10.5 13.1

Other 13.1 8.1
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3.4.2 Multinomial regression analysis of 
producers and farm characteristics on cocoa 
yield and costs

Multinomial regression analysis was used to identify those factors, 
such as producer and farm characteristics, that influence cocoa yield 
and production costs (Appendix). The results show a significant 
relationship between cocoa profit and cocoa area (p < 0.0001). This 
result suggests that larger cocoa plots provide more income. From the 
cocoa coast, only 36% of the variables listed in this study explain the 
variation. Thus, 64% of this variation is possibly due to other factors 
such as good climate and soil quality. So far, we noted that the cocoa 
yield increased with the use of chemical fertilizer and according to 
gender (p = 0.0029; p = 0.002). Regarding household size, and access 
to credit, we observed a positive relationship with cocoa production 
costs, respectively, (p = 0.008; p = 0.053). This result suggests large 
households’ size, producers with access to credit tend to have more 
cocoa costs during cocoa production. This can be explained by the fact 
that, in addition to cocoa costs, the household must buy food for all 
its members during the cocoa activities while the credit allows 
producers to acquire the phytosanitary and labor needed to improve 
cocoa production.

4 Discussion

4.1 Producers’ and farms’ characteristics

Most surveyed producers are men (85.1%) versus women (14.9%). 
Indeed, several studies identify and discuss gender inequalities, such 
as differences in women’s participation rates in cocoa production 

activities (Bymolt et  al., 2018; Adou Yao et  al., 2016). Across all 
regions, the majority of surveyed cocoa farmers (62.7%), are between 
40 and 59 years old, in line with the averages ranging from 45 to 54 
found in the literature (Bymolt et al., 2018). Correspondingly, there is 
a low proportion of young farmers aged 20 to 39 years (18%). This low 
rate of youth could also be  explained by the movement of young 
people to urban areas. This assertion is confirmed by Kouassi et al. 
(2021) and Reinecke et al. (2012), who emphasize that the exodus of 
young people is due to problems with access to school education, the 
fact that there are no opportunities to learn a trade, and the low wages 
in the villages.

The results show an average area of 4.3 ha dedicated to cocoa, in 
line with the findings of Ruf et al. (2020), who estimated an average 
area of 4.6 ha dedicated to cocoa, and 4.4 to 5.7 ha found by Kouassi 
et al. (2023). It should be mentioned here that slight differences can 
be attributed to potential over or underestimation by farmers, mainly 
due to a lack of knowledge of the size of their plots. However, the 
average size of cocoa plots in our study area is larger than in other 
major cocoa-producing countries: 2.3 ha in Nigeria, 3.3 ha in 
Cameroon, and 1.5 ha in Indonesia (Fountain and Huetz-
Adams, 2022).

4.2 Diversification strategies

The diversification strategies adopted and analyzed in this study 
depend on local conditions, available markets, and farmer preferences. 
Our analysis shows that women adopt more subsistence crops in their 
systems than men. As far as income, men have more income from 
subsistence crops than women. This could be because men, having 

FIGURE 5

Production system and share income from diversification (US$).
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TABLE 7 Results of multinomial regression analysis of diversification and producers’ socio-economic characteristics.

Dependent 
variables

Perennial Subsistence Vegetable Fruits Livestock Total diversification

Explanatory 
variables

Coefficient p-
value

Coefficient p-
value

Coefficient p-
value

Coefficient p-
value

Coefficient p-
value

Coefficient p-value

Number others plot −0.037 0.971 1.817 0.071 0.676 0.500 −0.139 0.889 −0.344 0.731 0.474 0.636

Area others plots 8.02 < 0,0001 0.41 0.68 0.00 1.00 0.81 0.42 2.92 0.00 8.47 < 0,0001

Household −1.17 0.25 1.81 0.07 0.71 0.48 1.33 0.18 0.80 0.43 0.42 0.68

Labor (laborer = 1 

family labor = 0)

−1.96 0.05 1.78 0.08 1.98 0.05 −1.04 0.30 0.27 0.79 −0.97 0.33

Gender (men = 1 

female = 0)

−0.66 0.51 1.90 0.06 0.64 0.52 1.40 0.16 1.25 0.22 0.01 0.99

Education 

(koranic = 0 

none = 1 

2 = primary 

3 = secondary 

4 = high)

0.99 0.32 −0.81 0.42 −1.26 0.21 1.00 0.32 −1.24 0.22 −0.07 0.94

Credit (yes = 1 

no = 0)

0.63 0.53 −2.21 0.03 −1.28 0.20 0.22 0.82 −0.70 0.49 −0.44 0.66

Region (A = 1 

B = 0)

1.23 0.22 −2.38 0.02 −0.93 0.35 −1.22 0.22 0.01 0.99 0.41 0.68

R2 0.42 0.13 0.04 0.06 0.10 0.45
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better access to land, invest more in diversification crops, enabling 
them to get a better profile and higher yields. Additionally, in most 
cases, male-headed households have better access to labor and 

agricultural credit, allowing them to cultivate a larger land area and 
diversify their crops. In the Ivorian context, most land is acquired 
through inheritance and this acquisition option limits women’s access 
to land. On the other hand, as women are largely responsible for 
domestic work and childcare, they have less time to devote to their 
farming activities and to get the best out of them. Our results 
corroborate those of Kouassi et al. (2023), who report that women 
adopt diversification for household food security. Improved access to 
resources, particularly land, can strengthen women’s autonomy and 
socio-economic status in their households, also increasing their 
interest in more profitable activities [Food and Agriculture 
Organization (FAO), 2023]. In the production system, both men and 
women are involved in household food production, but their roles are 
different following the crops (Bah and Laven, 2019). In this study, 
we examine household member differences in income management 
of crops other than cocoa. The results show that within the household, 
women are more likely to manage income from subsistence crops, 
vegetables, and fruit, while men are more likely to manage income 
from perennial crops and livestock. As expected, food crops are the 
most widely grown, followed by fruit trees, vegetables, and, finally, 
perennial crops. This trend can be attributed to the greater emphasis 
that rural women place on household food security, prioritizing the 
management of income from subsistence crops to ensure the 
availability of food for the family and additional income. These same 
observations were also made by Bah and Laven (2019). Moreover, 
managing income from subsistence crops can give women a degree of 
autonomy. However, it should be  noted that within male-headed 
households, women also participate in cocoa production and are often 
responsible for growing other crops, so these results should 
be interpreted with caution (Bymolt et al., 2018).

Regional differences were also observed in the choice of crops. 
Cassava and plantain are grown by over two-thirds of farmers in both 
regions. This demonstrates how households adopt diversification as a 
strategy to ensure household food security and additional income. 
This confirms the result of Waarts and Kiewisch (2021) as well as Bah 
and Laven (2019), who argue that subsistence crops are of high 
importance to farming households. These results are supported when 
we look at crop distribution by gender. We can see that type 2 and 4 
systems are used more for subsistence crop production and are kept 
mainly by women. Additionally, as these systems are, on average, 
small, this means that women with no access to land grow substance 
crops intercropped with cocoa or in small areas near the cocoa plot. 
Depending on the origin of the growers, non-Ivorian growers have 
much higher incomes than Ivorian growers. Non-Ivorian producers 
who have migrated to work in production systems are likely to 
be better able to manage the plots of land entrusted to them and, thus, 
diversify to a wider range of crops (Kouassi et al., 2021; Ruf et al., 
2020). Having access to the land through leasing or shared plots, 
alongside having a longer time to use the land, they might devote 
more effort to producing more profitable crops for more profitable 
profits. Non-Ivorian producers may be more open to innovation and 
more willing to take risks in adopting new crops, which can lead to 
productivity and income gains. Concerning the socio-cultural 
structure and division of labor of households, in the majority of cases, 
all family members of non-Ivorian producers actively participate in 
production system activities. This type of system management could 
be at the root of the increase in productivity and, therefore, income. 
Region A seems to be characterized by farmers growing perennial 

TABLE 8 Average cocoa yield (kg ha−1).

Variables Mean Minimum Maximum

Region Region A 524.63 ± 315.41 62.5 1727.27

Region B 511.29 ± 369.24 70 1700

Overall 519.1 ± 338.11 62.5 1727.27

Production 

systems

Type 1 504.02 ± 272.64 257.5 900

Type 2 553.34 ± 362.67 85 1,625

Type 3 512.84 ± 340.58 62.5 1727.273

Type 4 434.13 ± 141.25 160 637.5

Producers’ 

origin

Ivorian 494.88 ± 317.44 70.00 1727.27

No Ivorian 586.53 ± 384.62 62.50 1625.00

Cocoa 

yield 

interval

Producers’ 

percentage

Region A Region B Overall

0–250 19.44% 26.47% 22.36%

[250–500] 4.86% 11.76% 7.72%

[500–750] 38.19% 38.24% 38.21%

[750–

1,000]

22.22% 17.65% 20.33%

>1,000 19.44% 26.47% 22.36%

TABLE 9 Cost of cocoa production and net income.

Cocoa 
production 
(US$ ha−1)

Minimum Maximum Mean Standard 
Error

Cost of 

packaging

0.54 362.20 11.27 0.60

Cost of fertilizers 0.04 563.42 63.03 0.46

Cost of 

phytosanitary 

products

0.07 1593.66 37.07 0.36

Cost of cocoa 

pruning

0.03 88.22 11.39 0.78

Cost of materials 0.08 165.08 16.40 0.41

Others cost 1.61 364.88 18.94 0.65

Cost of 

herbicides

1.88 40.24 12.40 1.18

Labor costs 0.08 1663.41 120.44 0.37

Overall costs 0.03 1910.78 150.23 0.31

Price cocoa high 

season 

(US$kg−1)

0.16 1.61 1.42 0.30

Price cocoa light 

season 

(US$kg−1)

0.64 1.61 1.20 0.30

Net income 

(US$ha−1)

−981.15 3427.98 538.37 0.32

https://doi.org/10.3389/fsufs.2025.1524997
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Tokou et al. 10.3389/fsufs.2025.1524997

Frontiers in Sustainable Food Systems 14 frontiersin.org

crops, like rubber and coffee, at a considerably higher level than region 
B, which grows more palm oil and cashew nuts. It could be explained 
by the fact that, as a result of the old age of the cocoa plantations and 
the disease attacks suffered by cocoa plantations in this region (First 
cocoa loop), producers have turned to other cash crops, such as 
rubber and palm oil. This expansion can also be seen in terms of 
acreage, where growers in region A have large areas of perennial crops, 
managed mainly by men. Ruf et al. (2019) already point to an increase 
in cashew cultivation in the Centre-West cocoa-growing regions in 
response to climate variability. Kouassi et al. (2023) also reports that, 
due to the challenges of cocoa farming, some producers are converting 
their cocoa plantations to alternative crops such as palm oil.

More than half of the farmers surveyed derive their main source 
of income from cocoa production and 14.13% from other crops, 
compared with 6% who derive their main source of income from 
non-agricultural activities. This rate is lower than that of Ochoa et al. 
(2019), who report a rate of 28% of Ecuador cocoa producers who 
derive their income from non-agricultural activities. However, the 
income from diversification per household remains significant as 
additional income. The different diversification strategies adopted by 
the producers of the study demonstrate that cocoa provides insufficient 
income to cover household needs (US$538.37 ha−1 year−1). The study 
also shows that the income from the diversification of cocoa producers 
evolves according to the type of diversified products. This contribution 
of income from agricultural products other than cocoa could reach or 
exceed that of cocoa when limitations linked to the marketing of these 
products and investment limitations for these products are overcome. 
Waarts and Kiewisch (2021) and Bymolt et al. (2018) argue that the 
solution for farmers to break free from cocoa dependence is a result 
of low cocoa incomes due to low and unstable farm gate prices and 
low levels of productivity. When analyzing the income from 
diversification products by the production system, perennial crops 
generate more income per household than the income from fruits in 
both regions. This can be explained by the fact that perennial crops, 
in addition to being produced in monocultures over large areas, 
generate a regular income throughout the year. For example, rubber 
trees are harvested monthly, and palm oil every four months. Also, the 
significant gain in perennial crops, such as rubber and oil palm, could 
be due to the organization of points of sale and the fact that purchase 
prices are controlled by the buying society. Tano (2012) states that 
these perennial crops seem to be more profitable and provide more 
stable incomes than cocoa. The diversification of income streams 
through additional products from intercropping trees or food crops 
contributes to farmers’ livelihoods (Kouassi et al., 2023).

4.3 Cocoa production

In terms of cocoa production, the average yield for this study was 
519.1 ± 338.11 kg ha−1, which is a little higher than the estimated 
national average of 498 kg ha-1 for the 2021 season (FAOSTAT, 2021). 
However, 22% of producers in our study achieved the commonly cited 
potential yield of 1,000–1900 kg ha-1 (Bymolt et al., 2018), which 
expresses a clear margin of potential yield increase for the rest of the 
surveyed farmers. This performance of 22% of the sample could 
be  explained by the producer’s participation in good agricultural 
practices training (75.8%), while Bymolt et al. (2018) note that only 
17% of farmers in Côte d’Ivoire received training on cocoa farming. 

Good practices influence cocoa yields when inputs, maintenance, 
proper harvesting, and fermentation are correctly applied at the 
appropriate time (Kouassi et al., 2023; Makhloufi et al., 2018). The 
average yield in our study is higher than what Kalischek et al. (2023) 
found for Ghana (320 kg ha−1) as well as what Kouassi et al. (2023) 
found in western Côte d’Ivoire. Nevertheless, the average cocoa 
production in our study area is lower than that found by Jagoret et al. 
(2017) in Cameroon (737 kg ha−1). Differences in yields can 
be explained by the fact that Jagoret et al. (2017) assess the potential 
yield by counting and weighing cocoa nuts on the plantation while our 
work assesses self-reported yield through surveys. Self-reported yields 
are easier to collect in larger surveys but show limitations in terms of 
assessing agricultural losses and recall biases that can lead to over- and 
under-estimations. Furthermore, the regional difference was observed 
in terms of cocoa yield. In region A, the first cocoa loop characterized 
by aging cocoa systems with low yields presents higher yields than 
region B. The low yield of region B could be explained by the fact that 
it includes an area (loop 2), where low yields are reported due to the 
cessation of cocoa expansion, the aging of the orchard, and the decline 
in soil fertility (Kouadio et al., 2021; Adji et al., 2020). Additionally, 
the low yield can be due to the cocoa diseases perceived by 19.41% of 
the producers in region B. According to the production system, type 
1 production systems (504.02 ± 272.64 kg ha−1), considered in this 
study as single production systems, should have higher cocoa yields 
than the type 2 system an associated (553.34 ± 362.67 kg ha−1). 
However, several studies show that simple cocoa systems have a higher 
yield than association systems. Simple systems have a higher yield 
than association systems when the Mercedes or full sun variety is 
adopted, followed by the application of synthetic fertilizer and good 
practices (Assiri et al., 2012; Kouassi et al., 2021; Kouadio et al., 2021). 
Indeed, the similarity of cocoa yields between the different production 
systems could be  explained by the homogeneity of the variety 
combination adopted by producers. Varietal heterogeneity within 
cocoa plots makes it difficult to isolate the effect of each variety on 
yield. An experimental approach, controlling for variation factors, will 
be necessary to establish a clear link between the cocoa yield and the 
cocoa variety. Furthermore, the high yield of type 2 could be explained 
by the fact that intercropping promotes better soil health and also by 
the diversity of species that, by decomposing their leaves, fruits, or 
other organs, produce humus in the soil, creating nutrient availability 
for cocoa trees. This idea is supported by Dumont et al. (2014) and 
Orozco-Aguilar et  al. (2021), who mentions that trees and crops 
associated with cocoa have a good capacity to improve the soil and 
create a favorable humid environment. Madountsap et al. (2020) also 
mention the ability of intercropping trees to control diseases through 
biocontrol and, thus, reduce pest-related yield losses.

4.4 Distribution of cocoa production costs 
and net income

The production costs of our study area (US$150.23 ha−1) are much 
higher than the production costs (US$68.09 ha − 1) found by Kouadio 
et al. (2021). This high cost of production could be explained by the 
increase in the cost of inflation, thus leading to an increase in the price 
of inputs and labor (Bermudez et al., 2022). In addition, promoting 
the use of agricultural products that respect the environment could 
be the reason for high chemical prices on the market. Similarly, the 
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production costs are lower than those found by Krain (2022) in a 
recent study on modeling the income of cocoa production in the same 
(US$199.6 ha−1) area as our study. This difference in high costs could 
be explained by the fact that the producers may not have been able to 
buy the same quantities of inputs and hire the same amount of labor 
due to the high costs of the products on the market and of the local 
services. Moreover, the real income is lower than that found 
(US$590 ha−1) by Krain (2022). However, net income is influenced by 
production costs and the average selling price (True Price, 2018; Assiri 
et  al., 2012). This difference in income could be explained by the 
difference in purchase prices. According to Ingram et al. (2018), low 
cocoa purchase prices hurt household income and can lead producers 
to “put to sleep” their cocoa plantations; that is to say, to abandon 
them completely or temporarily, or else, stop monetary investments. 
The positive relationship between production costs and cocoa area 
indicates that households with larger areas spend more in terms of 
producer costs. This specifically includes costs in terms of salaried 
labor and pesticides. In addition, there is also a significant positive 
relationship between area and cocoa income, which could be explained 
by the fact that the larger the farm, the more resources are required in 
terms of labor and other inputs, and the greater the yield. Thus, the 
results of this study suggest that there is no statistically significant 
relationship between cocoa area and cocoa yield, but rather between 
production costs and yield. As for the non-significant effect of farm 
size on yield, this could be explained by the fact that not all declared 
production areas may be used for cocoa production due to the lack of 
labor. Additionally, a lack of access to finance can lead to low cocoa 
yields due to a lack of investment.

In terms of access to finance, 38% of producers surveyed have 
access to finance, with only 7% loans from banks, compared with 27% 
of producers who have loans from national banks in Ochoa et al. 
(2019). Of this rate, few producers use their loans to purchase products 
for cocoa production. Once again, this shows that more needs to 
be done to facilitate producers’ access to finance, enabling them to 
better invest in their production systems. Access to finance allows 
farmers to invest in quality inputs, such as fertilizers, pesticides, tools, 
and labor at the right time to enhance productivity and quality. Thus, 
with adequate finance, farmers can add value to their products 
through the processing of diversification products (tomatoes, bananas) 
thereby diversifying their sources of income (Johny et al., 2017; Alobo 
Loison, 2015). The positive relationship between the use of insecticide 
and yield also reflects the high incidence of disease in cocoa systems, 
which means that more insecticides were applied. When it comes to 
the positive relationship between yield and compost use, the first thing 
to note is the effectiveness of the compost applied by the producers, 
thus contributing to the sustainable production of the systems. 
Additionally, given the high cost of inputs cited by more than half of 
the respondents, producers are taking the initiative, in addition to 
training in good farming practices, to produce their fertilizers, making 
them innovators.

Optimized fertilization and pest control are the pillars of 
recommended farm management practices. Survey results show that 
almost all farmers apply fertilizers and use insecticides on their farms. 
The rate of farmers using fertilizers is high compared to results found 
in secondary literature, which estimate that between 16 and 37% of 
Ivorian cocoa farmers use fertilizers in their fields (Bymolt et al., 2018; 
Ruf et  al., 2020). Balineau et  al. (2016) also point out that if the 
majority of farmers do not use them, it is mainly due to a lack of 

financial means. Concerning pesticides, Bymolt et al. (2018) results 
for the use of insecticides and fungicides are also lower with producer 
rates of 75 and 15%, respectively, while herbicide use is higher with 
32% of farmers. Raising awareness and strengthening training 
programs can improve farmers’ knowledge of the benefits and 
appropriate use of agricultural inputs.

5 Conclusion

Ensuring household needs is a challenge facing cocoa farmers. 
This study shows how diversification strategies enable cocoa farmers 
to diversify their income and to adapt in the face of cocoa challenges. 
Perennial, food, vegetable crops, fruit, and livestock are the main 
forms of diversification, reflecting households’ efforts to adapt to the 
uncertainties of the cocoa market and strengthen their resilience. 
Diversification generates additional household income for producers, 
showing that cash crops are the most important income source from 
diversification. Producers in our study area manage their systems for 
yield and income complementarity according to their objectives and 
land availability. Taking into account producers’ objectives, 
preferences, and constraints in diversification can help develop 
strategies and policies to support diversification strategy decisions. 
Study results show producers with limited land access are adopting 
intercropping strategies to improve their cocoa production, as well as 
growing crops in association with other farmers, which generates 
significant annual income. Despite women’s limited access to land, 
they use the small areas at their disposal for crop production, 
especially food crops, and thus potentially contribute to household 
food security. Although the cash crops included in diversification 
generate higher incomes, we note that producers in the area primarily 
invest financial credits in subsistence crops. Another important point 
to emphasize is that non-Ivorian producers are getting by with very 
high cocoa yields and income from diversification. Land tenure 
allows migrant farmers to make investment decisions without fear 
that they might weaken their hold on their land. Male-headed 
households with low-yield cocoa, produce more perennial crops 
while women adopt more food crops. However, food crops, in 
addition to household consumption, are marketed and also generate 
considerable additional income. The average cocoa yield in this study 
is still higher than the national average for the past few years. This 
could be  attributed to the growing adoption of good farming 
practices. Our results underline that intercropping systems present 
the best cocoa yields. Despite these good practices, farmers cited the 
spread of pests and diseases, climate variability, and high input prices 
as the main threats to yields. Additionally, limited access to 
agricultural inputs and markets, as well as to agricultural credit, are 
major challenges for cocoa farmers. Further analysis of the type of 
land allocation and work time, the real value of shade trees on the 
farms, and the share of self-consumption could provide a better 
understanding and knowledge of producer profitability. 
Diversification strategies do not appear to significantly improve 
income from cocoa production in the systems observed. It is therefore 
recommended that cocoa farmers in Côte d’Ivoire, when renovating 
or restoring their old plantations, opt for sustainable cocoa varieties 
that are better adapted to the current challenges of integration into 
diversified farming systems. Co-learning of knowledge could 
be facilitated between producers of diversified cocoa plots and other 
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producers with lower diversification rates in each locality. It can 
enable farmers to share their experiences and best practices, leading 
to the adoption of more efficient and sustainable farming methods 
and reducing costs. Also, by working together, farmers can 
collectively address challenges such as climate variability, pests, and 
market fluctuations. Policies should aim to encourage producers to 
have easier access to credit for more diversification into food crops, 
to guarantee food security. Further studies could explore the market 
influence of diversification products and their impact on household 
income. Our work contributes to recent research on household 
strategies to increase resilience in cocoa production systems.
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