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ARTICLE INFO ABSTRACT
Keywords: Cocoa farmers in Nigeria adopt crop diversification to safeguard the food security of their
Credit access households. Although credit and land are thought to play a vital role in crop diversification, they

Crop diversification
Cocoa producing households
Food security

continue to have limited access to credit and land. This study investigated the linkages between
access to credit, land use, crop diversification, and food security with a focus on cocoa farming
Land use households. A multistage sampling procedure was used to obtain data for the study. Data were
Ordered logit model analyzed with the aid of descriptive statistics, the Heifindahl index, the Tobit regression model,
Tobit model the food consumption score, and the ordered Logit regression model. The results for the entire
respondents showed mean values of 55 years for age, 31 years for farming experience, 6 people
for household size, and 5 ha for farm size. Heifindahl index shows 38.67 % of the respondents had
low crop diversification in the study area. Tobit regression model reveals that access to credit,
farming experience, cooperative organization, access to extension service, farm size, distance to
farms, and labour are the main albeit significant factors that determine crop diversification
among cocoa farming households. Food consumption score revealed that 46.67 % were poor,
30.67 % were at the borderline and about 27.67 % were within the acceptable threshold. The
ordered logit model revealed that crop diversification index, formal education, access to credit,
farm size, land use, and farming experience have a significant influence on the food security of
households. The study concluded that there is a positive relationship between access to credit,
land use, crop diversification, and food security. Therefore, the government and financial in-
stitutions should make credit facilities accessible to cocoa farmers to improve their livelihood.

1. Introduction

Food is a fundamental right and basic human necessity as without food, the survival of human beings is impossible. Food security
has become a global challenge with many dimensions. Ensuring the production of adequate food supplies, maximizing stability in the
flow of supplies, and ensuring access of households to available supplies have been critical in many parts of the world [1]. Food se-
curity exists when all people always have physical, social, and economic access to sufficient, safe, and nutritious food that meets their
dietary needs and food preferences for an active and healthy life [2]. Nevertheless, food insecurity remains a challenge in all devel-
oping countries of the world. The most recent report on the State of Food Security in the World. Studies such as [1,3] revealed very
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worrying statistics: nearly 690 million people are hungry. In reality, in 2019, nearly 750 million people, or about one in ten people
worldwide, were at risk of severe levels of food insecurity. Further, the number of people facing chronic and persistent food insecurity
and malnutrition has been steadily increasing in the past decade [1,4]. Thus, the world is not on track to achieve Sustainable
Development Goal (SDG) 2: Zero Hunger by 2030 [5]. If recent trends continue unabated, the number of hungry people will exceed 840
million by 2030. Unsurprisingly, many of these people live and work in sub-Saharan Africa (SSA) [5]. SSA is home to more than
one-third of the malnourished people in the World [1]. About 17 million people are currently food insecure in Nigeria alone [5]; this
could be due to a series of challenges that hamper people’s ability to ensure their household’s food security. Of course, many of these
people live in rural areas of Nigeria, where cocoa is the primary source of income [6,7].

Cocoa is essential to the lives of farmers in Nigeria [8-10]; therefore, the farm area planted with cocoa, the cocoa yield, and the
price farmers receive for their cocoa beans all have a significant impact on overall household income. Cocoa farming households often
rely heavily on cocoa sales revenue, which accounts for 66 % of the total household income [11,10]. Despite high export values, cocoa
producers frequently earn less than a liveable wage [12], receiving just 40-50 % of the global market price and 6 % of the chocolate
price paid by final customers. Nevertheless, many cocoa farmers struggle to earn a living wage and, as a result, are locked in a cycle of
food insecurity. Cocoa growing in Nigeria is plagued by structural hurdles, making it extremely difficult for farmers to provide a stable
living wage for themselves and their families [13,14]. For example, their farms are often small and have low production; also, their
income base is minimal. This, in turn, reduces agricultural investment, trapping these farmers in a cycle of poor productivity and low
income [15]. Therefore, almost all cocoa in Nigeria is produced by smallholder farmers, many of whom are poor [16,17]. Cocoa has
sometimes been described as a ‘poor man’s crop’, as some recent studies have calculated that a large proportion of cocoa farmers live in
extreme poverty [16,18,19]. For cocoa farmers to get out of the poverty cycle, one narrative that has been gathering pace is that
farmers should diversify further into other crop options. Proponents of this narrative suggest that diversification can be useful for
mitigating food insecurity, particularly outside of the main cocoa season [20], among smallholder farmers whose main livelihood is
dependent on cocoa [21,22]. Owing to the various merits of diversification, some farmers have diversified away from cocoa to other
crops, including vegetables.

Crop diversification refers to a mix of farming systems rather than the shift from one given enterprise to another [23,24,25,26,27].
It is a veritable strategy for mitigating risks in small-scale subsistence agriculture as farmers allocate their resources to diverse sub-units
of production areas for sustainable food supply among farm families [28,29,30]. In other words, crop diversification gives a broader
choice in the production of different varieties of crops in each area of land to boost household food production [31]. Farmers practice
crop diversification to maximize the use of land and other resources [32], by planting varieties of crops on their farmland to avoid the
risk of monoculture and to minimize the uncertainty of climatic and biological vagaries [33,34,35]. Land use intensification refers to
the extent to which land is used and how available resources have been used to achieve the desired goal. Literature substantiates the
role of diversification with food crops in the improvement of incomes and food which provides two capital dimensions of food security:
the availability and accessibility of food [28,1,36,37,38,39]. Chiefly, crop diversification provides farmers with different crops that
they cannot access either because of the cost or because of poor infrastructure constraints [18,40,41,42]. This is because studies have
shown that food availability in the household increases with crop diversity [43,44,45,27]. In line with this, crop diversification has
been promoted by different food security interventions [46,47]. Despite the growing importance of crop diversification, very little is
known in Nigeria about the role it plays in improving the food security status of farming households.

The tendency for cocoa farming households to engage in crop diversification is often noticeable, but few attempts have been made
to investigate crop diversification and the food security status of farming households in Nigeria. Notable ones include [7], who
concluded that there exists no relationship between farm diversity and household dietary diversity among subsistence farmers. Much
empirical evidence suggests a relationship between crop diversification and food security [48,49,50,51,52,53]. Nevertheless, the
findings highlighted above seem contradictory regarding the impact of crop diversification on food security. Some studies suggest a
positive relationship between crop diversification and food security while others suggest a negative relationship. This current study
therefore tries to establish a link between crop diversification and food security. Furthermore, less emphasis has been given to access to
credit as a determinant of crop diversification strategies among households. Credit access may facilitate the household’s capacity to
acquire more inputs for crop diversification. Studies such as [54,55] acknowledged that when credit is made available to farmers, they
are given the chance to make better use of it to acquire the right input mix for production. Nevertheless, access to credit by smallholder
farmers is still hugely hindered [56]. Poor access to credit prevents farmers from expanding their farms and lowers their ability to bear
the cost of recommended agronomic practices [57]. However, until now, many cocoa farmers continue to lack access to credit in their
quest to diversify. Though issues on access to credit have received considerable research attention, it remains inconclusive and unclear
to which extent access to credit influences crop diversification. Thus, studies that relate access to credit and crop diversification
strategies are scarce despite the potential relationship between the two concepts.

Considering the foregoing, the paper is prompted by the need to resolve the following questions: How does farmers’ access to credit
contribute to crop diversification among cocoa farming households? Does land use and crop diversification ensure the food security of
cocoa farming households? Thus, an important goal of this study is to evaluate the linkages between access to credit, land use, crop
diversification, and food security with a focus on cocoa farming households. This study hypothesizes a positive relationship between
access to credit, land use, crop diversification, and food security. This paper presents policy implications for addressing challenges
associated with credit access, crop diversification, and food security in cocoa-producing households. The failure of many food security
interventions in Nigeria has been because they ignored the great diversity in the range of crop mix in which they engage to generate
income. It thus becomes important for policymakers to understand the cropping systems that rural households engage in to generate
incomes and how these cropping systems affect their food security status. The outcome of this study is of benefit to firms granting
credits, policymakers, and other agricultural stakeholders to realize the dynamics in accessing credit by cocoa farmers and their quest
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Table 1

Distribution of food items by group and weight.
No  Food groups Weight
1 Cereals (bread, rice, maize, barley) and tubers (potatoes, sweet potatoes) 2
2 Pulses and nuts (beans, lentils, peas, peanuts, etc.) 3
3 Vegetables 1
4 Fruits 1
5 Meat and fish (all types) 4
6 Dairy products (milk, yogurt, cheese, other milk products) 4
7 Sugar, honey 0.5
8 0il, fat, butter 0.5
9 Condiments/Spices (tea, coffee/cocoa, salt, garlic, spices, yeast/baking powder, tomato/sauce, meat or fish as a condiment, condiments includingasmall ~ 0.5

amount of milk/tea coffee.)

to diversify their crop production to ensure food security. Furthermore, this study may contribute to existing knowledge on credit
accessibility and crop diversification. It will provide information for researchers for further studies.

The paper is structured into four sections. Section two presents the literature review. Section three presents the data and the
methods. Section four presents and discusses the empirical findings, while section five concludes.

2. Literature review

Food security can be ensured by meeting three conditions: food stock at every level from family to nation, stable food stocks for
households, and inexpensive food availability for families at all times [58]. Food insecurity is defined as a lack of access to nutritional
food in households or countries. It manifests itself in two ways: chronic and transitory food insecurity [59]. Chronic food insecurity
arises when food supply is consistently insufficient to provide essential nourishment for all people. However, transitory food insecurity
arises when there is a temporary lack of access owing to hardship, such as food production instability, price changes, or decreased
income [60,61]. Food security, in whatever shape it takes, is one of the most pressing challenges in developing countries. One of the
major issues faced by cocoa farming households is establishing food security, and one approach to do so is to diversify their crop
production systems on a sustainable basis. Crop diversification is the growing of two or more crops on a piece of land or different land
and at different locations by a farmer or in a group farming system. It is a strategy that is used to maximize the use of land, water, and
other resources, thus providing farmers with feasible options to grow different crops on their available land [62]. The factors that lead
to farmers’ decisions to diversify are many but include reducing the risk of crop failure, responding to changing consumer demands,
changing government policy, and, more recently, as a consequence of climate change, among others. Crop diversification practices can
include higher crop diversity [45], more diverse crop rotations [63], mixed cropping [64,34], cultivation of grain legumes in otherwise
cereal-dominated systems [65], perennially or grassland [66,67,68] and regionally adapted varieties or variety mixtures [69,70]. It
can be a measure to develop more sustainable production systems, develop value chains for minor crops [71], and contribute to
socio-economic benefits [72].

Crop diversification of any region is linked to the food security of the people of that region. The tendency of farmers to depend on
just one crop can have serious consequences thereby leaving farmers in a more vulnerable situation [73]. For example, the income of
the monoculture farmer can be reduced as a result of a slump in the market value of a particular crop thus leaving the farmer in ruins.
On the other hand, if farmers diversify, they can reduce over-dependency on one crop and they can avoid the risks associated with it.
The reviewed literature categorically explains the determinants of crop diversification in three ways [74,75,76,63]. Economic factors
consist of all economic and financial side factors. Social factors consist of social factors that make a farmer decide on diversification
depending on the condition of risk aversion, income enhancement, and increase in productivity or subsistence. Biological factors have
all those factors that come into natural factors for crop production. A farmer can go towards crop diversification depending on the
absence or availability of any factor mentioned above. Literature has provided us with several benefits of crop diversification ranging
from short run to long run. The short-run benefits are: improvements in food security, shifts in consumption patterns, increase and
assurance in the availability of sustainable income, risk mitigation, employment generation, poverty alleviation, improvements in
productivity and efficiency in scarce resources use (e.g, drip irrigation or vertical gardening), export promotion, conservation of

Table 2
Food consumption thresholds.
Food consumption Food Consumption Description
groups Score
Poor 1-28 An expected consumption of staples 7 days, vegetables 5-6 days, sugar 3—4 days, oil/fat 1 day a week, while
animal proteins are absent
Borderline 28.1-42 An expected consumption of staples 7 days, vegetables 6-7 days, sugar 3—-4 days, oil/fat 3 days, meat/fish/egg/
pulses 1-2 days a week, while dairy products are absent
Acceptable >42 As defined for the borderline group with a greater number of days a week eating meat, fish, egg, oil, and

complemented by other foods such as pulses, fruits, milk
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Table 3

Socio-economic characteristics of cocoa farmers.
Variables Cocoa Farmers
Male (%) 98.7 %
Age (years) 55.15(+13.40)
Married (%) 91.3
Formal education (%) 97.3
Household size (#) 6.35 (+2.88)
Primary Occupation (%) 97.3
Years of farming experience 31.86(+13.20)
Commercial type of farming 82.0
Farm size (ha) 4.8(+3.9)
Cooperative membership (%) 14.7
Credit access 84.7
Extension Agent (%) 44.0

Source: Field survey, 2021,

natural resources (particularly land and water), switch of farmers from illegal narcotic-producing crops (like cocaine) to alternative
crop production for their livelihood. These short-run benefits of crop diversification ensure long-run benefits such as regional equity,
growth prospects in agriculture, and sustainable farming systems.

To sum up, the literature underscores the linkages between access to credit, crop diversification, and food security. From the
reviewed works of literature, it is understood that crop diversity ensures two dimensions of food security, namely: food accessibility
and food absorption/utilization. It is clear from the works of literature that farming households with more than one crop are more
secure in terms of food supplies and income. As much as crop diversification improves food security, knowing the impact of credit
access on crop diversification is vital so that they can be addressed appropriately. As far as literature is concerned and to our
knowledge, no study has been conducted to explore the linkages between access to credit, crop diversification, and food security. The
theory underpinning this study is sustainable livelihood framework (SLF) which builds on identifying assets and capabilities, seeking to
address the barriers and vulnerabilities to improving food security. The core of SLF is the assessment of the finance capital (credit
access) that is deemed to affect livelihood diversification strategies (crop diversification) to improve livelihood outcomes (Food se-
curity). The theoretical framework emphasizes that access to credit by farmers forms the basis for the development of strategies such as
crop diversification against food insecurity situations. That is, households can diversify their livelihood using strategies, for instance,
crop diversification [77], in their struggle for survival and to improve their way of life and standard of living [78]. By establishing this
theoretical groundwork, the study aims to empirically investigate the relationship between access to credit, crop diversification, and
food security. This will provide a better understanding of how access to credit could help to enhance crop diversification to ensure food
security in Nigeria.

3. Material and methods
3.1. Study area

This study was carried out in Osun State, Nigeria. The State is located in South-Western Nigeria and lies within latitude 7.0° and
9.0° N and longitude 2.8° and 6.8° E above the sea level with a large gentle and undulating landscape. Farming is the major occupation
of the people, particularly those living in the study areas. The State experiences two seasons annually (rainy and dry seasons) usually
from November to March and the average rainfall ranges from 1125 mm in the derived savannah to 1475 mm in the rainforest belt. The
mean annual rain temperature ranges from 27.2 °C in the month of June to 39.0 °C in December. The soil types are arid, but most
contain a high proportion of clay and sand and are mainly dominated by laterite. The area is mainly agrarian. Cash crops and food
crops are predominant in the area; these include cocoa, maize, vegetables, etc. There exists mono-cropping, the mixed or intercropping
system of farming. There are thirty local government areas in the State. The study area for this research covered only two local
governments which are Ife East and Ife North Local Governments selected purposively.

Table 4

Crop diversification profile of the respondents.
Level Number of crops grown Frequency Percentage %
Low 1-4 58 38.67
Moderate 5-8 83 55.33
High 9-12 9 6.00
Total 12 150 100

Source: Field survey, 2021, Crop Diversification Index (CDI) = 0.53
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Table 5

Land use for crop production.
Farm size (ha) Mean Std. Deviation
Cocoa production 7.67 +6.593
Tree crops production 0.74 +0.82
Arable crop production 0.84 +0.72
Vegetable Production 0.48 +0.54

Source: Field survey, 2021

3.2. Sampling procedures

This study was carried out in Osun State, Nigeria between August and November 2021 through personal interviews. Multi-stage
sampling procedure was used to select the respondents for this study. The rationale behind the selection of the procedure is that it
can reduce the possibility of systematic errors in the selection of respondents. In the first stage, there was a purposive selection of the
Ife-Ijesa Agricultural Development Programme Zone based on the concentration of cocoa farming households in the zone. In the second
stage, Ife East and Ife North Local Government Areas (LGAs) were purposively sampled based on the concentration of cocoa farming
households in the LGAs. In the third stage, a list of about 186 villages under each local government was obtained from the local
government secretariats and a total number of 5 cocoa-producing villages was randomly selected out of the existing cocoa-producing
villages from each LGA making a total of 10 villages. In the final stage, 15 households were randomly sampled from each selected
village using a simple random sampling technique. This study used a total of 150 respondents. This study utilized primary data. The
study collected the primary data using a pretested and well-structured questionnaire. The data collected from the cocoa-farming
households include their socio-economic characteristics such as age, level of education, gender, size of the house members, and
farming experience, among others. The respondents included in the household survey were a person in charge of food/meal prepa-
ration and/or household heads in respective sample households [79]. Enumerators who live in the area, fluent speakers of the local
language (Yoruba), well acquainted with local and cultural contexts, and working within the selected LGA were recruited for the data
collection. They were trained on the contents of the interview schedule and data collection techniques. A pre-test on non-sample
respondents was also made under the supervision of the researchers. Finally, the formal data collection was conducted on sample
respondents after necessary modifications and adjustments were accommodated as per the result obtained from the pre-test.

3.3. Analytical techniques

Data were analyzed with the aid of descriptive statistics, the crop diversification index, the Ordered Logit regression model, the
food consumption score, and the Tobit regression model.

3.4. Descriptive statistics

Descriptive statistical tools such as mean, standard deviation, frequency, and percentages were used to describe the socio-economic
characteristics of the households and the level of crop diversification among the households.

3.5. Crop diversification index

The crop diversification index was used to describe the level of crop diversification in cocoa farming households. The extent of crop
diversification can be determined by using several indices such as Simpson’s index (SI), Margalef index (MI), Entropy index (EI),

Table 6

Effect of access to credit on crop diversification among cocoa farming households.
Variables Coefficient Std. Error T P>t Marginal Effect
Age 0.000 0.002 —0.09 0.926 0.000 0.002
Formal Education —0.004 0.005 —0.95 0.346 —0.004 0.005
Household size —0.009 0.007 -1.23 0.220 —0.009 0.007
Farming Experience 0.005 0.002 2.55 0.012%* 0.005 0.002
Cooperative Organization 0.083 0.041 2.02 0.045*%* 0.083 0.041
Access to credit 0.032 0.046 2.69 0.003*** 0.032 0.046
Extension service 0.057 0.034 1.70 0.092* 0.057 0.034
Labour 0.076 0.041 1.87 0.064* 0.076 0.041
Farm Size 0.022 0.006 3.47 0.001*** 0.022 0.006
Distance —0.005 0.001 -3.43 0.001%** —0.005 0.001
Off-farm income —0.030 0.029 —1.05 0.295 —0.030 0.029

LR chi2(11) = 42.56, Prob > chi2 = 0.0000, Log likelihood = 43.484158, Pseudo R2 = 0.6583 ***Significant at 1 % **Significant at 5 % *Significant
at 10 %.
Source: Data analysis, 2021
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Table 7
Food consumption score.
Food Consumption Threshold Score Frequency Percentage (%) Cumulative %
Poor 1.0-28.0 70 46.67 46.7
Borderline 28.1-42.0 46 30.67 77.3
Acceptable >42 34 22.67 100.0
Total 150 100
Cereal 39.7
Pulses 22,5
Vegetables 69.5
Fruits 29.0
Meat/Fish 31.4
Dairy products 7.5
Sugar/Honey 26.5
Oil/Fat/Butter 39.3

Source: Data analysis, 2021

Modified entropy index (MEI), Ogive index (OI), Composite entropy index (CEI), and Berger-Parker index (BPI) [80,81,82,25,83,84].
However, this study used the crop diversification index because it is the most used index in many kinds of literature on crop diver-
sification and it addresses the degree of crop diversification [85,86,87,88,84]. The crop diversification index (CDI) was computed from
the Herfindahl index to measure the extent of crop diversification for all diversified farmers using a method developed by Ref. [89].
The CDI values were obtained by subtracting the HI from 1 to 0. Moreover, a 0 value of the crop diversification index indicates perfect
specialization and a movement toward 1 shows an increase in the extent of crop diversification [90]. Generally, the value of CDI
increases with the increase in diversification and assumes 0 value when farmers grow and cultivate only one crop.

To compute the Herfindahl index, the study used the total cropped land (ha) of diversifiers and the proportion of land allocated for
growing each crop (ha) in the year 2021 harvest[ed] season. HI (the sum of squares of all n proportions) and CDI (1-HI) were computed
using the formula developed by Ref. [89] (Equations (1)-(3))

pi—_ A a
S P2
i-1
Z;':lAi = Total cropped areas, (ha),andi=1,2,3 ... ... .... ... ... n (number of crop).
i _ no_.
Heifindahl Index (HI) = Zi: lPl 2
Crop diversification index =CDI = 1 — HI 3)

3.6. Tobit regression model

A Tobit model was used to determine the effect of access to credit and land use on crop diversification. Tobit model is the most
suitable because it uses all observations, both those at the limit, usually zero (e.g., who chose a particular crop), and those above the
limit (e.g., who did not choose a particular crop) to estimate a regression line as opposed to other techniques that use only observations

Table 8

The effect of crop diversification and land use on food security among cocoa farming households.
Variables Coefficients Z Marginal effects

Poor Borderline Acceptable

CDI 2.866%** 3.12 0.262 0.265 0.248
Formal education 2.358%** 3.32 0.197 0.192 0.179
Access to credit 1.272* 1.78 0.208 0.218 0.136
Extension service 0.224 0.99 0.078 0.158 0.140
Household size -0.779 —1.47 —0.589 —-0.649 —0.308
Marital status 1.832 0.31 0.304 0.241 0.113
Farm size 0.799%** 4.15 0.243 0.443 0.541
Land use 0.198** 2.12 0.169 0.160 0.182
Cooperative organization 2.531 1.54 0.369 0.460 0.379
Farming Experience 1.591** 2.49 0.406 0.410 0.381
Off-farm income 1.506 1.49 0.278 0.427 0.729
_cons 1.103%** 3.93

LR chi2(11) = 134.26, Prob > chi2 = 0.0000, Log likelihood = —371.63646, Pseudo R-Squared = 0.0396 ***Significant at 1 % **Significant at 5 %
*Significant at 10 %.
Source: Data Analysis, 2021
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that are above the limit value [91]. The procedure also captures the latent level of intensity of potential farmers who decide not to
choose a particular crop. Another feature of the Tobit model is that it is a truncated regression model where the values above the
threshold can be continuous. For example, in our case, the threshold is 0 (i.e. lower limit) and all values above that limit are
continuous, i.e. the actual level of profit derived from growing the chosen crop with no upper limit set [92]. Therefore, in cases where
zero observations are a norm (e.g. when a farmer does not choose a certain crop), the use of a truncated regression model is more
appropriate than the Ordinary Least Square model. The justification for selecting the analytical model is obvious: because not all
households diversified despite having the opportunity to do so, employing OLS would result in selectivity bias. To reduce this bias, a
limited dependent variable regression model (Tobit) was used to quantify the impact of credit availability and land use on crop
diversification among cocoa farming households. According to Refs. [93,94], the Tobit model is the most appropriate because some
farmers who were highly diversified in a specific period may not diversify during the survey period due to a variety of factors such as
current crop prices, pressure from farm work, and health, among others. Also, conventional regression methods fail to consider the
qualitative difference between zero and continuous observation. Therefore, the Tobit model assumes that all zeros are attributable to
standard corner solutions. As such, zero observations are accounted for, and the censored regression provides a more accurate
estimation.
Hence, the Tobit model takes the following specifications in equation (4):

Y =pXi +p; (C))
Y=Y, ,if ¥} >0
Y,=0,if ¥; <0

Y; is observable and Y; is the latent dependent variable. A latent variable can be observable whenever it is positive. Once the latent
variable is negative, the observation becomes censored, and one can simply observe, Y; = 0. In this study, the data are left-censored.
The subscript i run from 1 to n which was used to index the observations of a sample. The total number of observations is denoted by n.
X; is the vector of independent variables, # is a vector of unknown coefficient, and y; is an independent distributed error term or
unobservable variable that affects Y; assumed to be normal with a mean zero and constant variance. However, Y; is observed if Y; > 0
and is not observed if Y; < 0.

Then, the observed Y; is defined as in equation (5):

Yi=Y; =pXi+p; if¥; >0 i=1,23 (5)
Y, =0,ifY; <0

where Y; is observed dependent variable, in this case, the value of crop diversity; X; is the independent variable affecting the dependent
variable and its intensity; p is the coefficient[s], and y; are residuals that are independently and normally distributed with mean zero
and a common variance. The model parameters were estimated by maximizing the Tobit likelihood function (equation (6)).

1/Y; - pX; X
L= HY>OfE (Tﬂ> Iy<oF (%) (6)

where f and F are the distribution and density function of Y}, respectively; ITy<o is product over those i for which ¥; < 0 and ITy. is the
product over those i for which Y; > 0.
The empirical model is specified as follows:

Y =0y + 51 X1 + PoXo + P3Xs + puXa + fsXs + ... + 11 X1 + & @

The definitions of independent variables are X; = Education (years of education); X, = Off-farm income (¥); X3 = Farm experience
(years of farming experience), X4 = Access to extension service (Yes = 1, No = 0), X5 = Age (age of household head in Years), X¢ =
Farm size (hectare), X; = Household size(number of people), Xg = Distance (Average distance between land parcel in Km), Xg = Labour
(man-day); Xj9 = Access to credit (Yes = 1, No = 0), X;; = Cooperative organization (member = 1, otherwise = 0).

The inclusion of these independent variables in the model was based on a previous expectation of the variable used and a review of
the literature. The literature argues that farmers’ socioeconomic traits are major predictors of crop diversification [26,95]. Farming
experience is thought to improve crop variety. It is assumed that experienced farmers are more knowledgeable about farming pro-
cedures and agricultural difficulties [96]. Household size serves as a proxy for agricultural labour availability in the household.
Household size can have a mixed impact on diversification. In some circumstances, crop diversification can be increased due to dif-
ferences in preferences and labour availability [97]. In contrast, several studies have found that household size has a detrimental effect
on crop diversification [97,98]. Farmers’ ages are commonly used as proxies for their agricultural experience and play a major role in
determining their output decisions. On the one hand, older farmers are more likely to diversify since they have better access to
productive resources and information [85]. Younger farmers, on the other hand, may be more educated and have access to a broader
range of information on agricultural breakthroughs, making them more eager to experiment with novel crop varieties. Thus, the
impact of age on diversity might be favourable or negative. In addition, access to off-farm revenue is used as a control. Off-farm income
provides the farmer with additional funds to support production activities. However, significant off-farm income may reduce farmers’
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desire to grow agricultural investment (Rahman, 2008). Thus, this variable’s impact on diversification could be good or negative. The
distance to the farm is used as a proxy for transport costs, which may have a negative impact on crop diversification. The farther the
parcel is from the farmer’s residence, the higher the transaction or marketing costs. Furthermore, a longer distance to a farm increases
the danger of postharvest loss. Furthermore [97], discovered that proximity to the road and market has a good impact on diversifi-
cation. Farmers who live far from roads and markets, on the other hand, may diversify their production to fulfill their food re-
quirements [97,99]. Crop diversification improves with farm size [97]. Farmers with large farms have greater flexibility in assigning
acreage to different crops [85]. Crop diversification may be influenced by education, either positively or negatively. Education can
have a good impact on diversification if it improves farmers’ access to agricultural information and managerial capacity [62,100,101,
102,98,103]. However [97], discovered that education has a negative impact on crop diversification. Crop diversification is linked to
greater utilization of both family and hired labour. When farming households do not have enough domestic work, hired labour is
recruited to supplement their efforts. In most situations, hired labour is sought from within the community, with wages provided in
kind or cash. As a result, this variable is projected to boost crop diversification. Farmers who belong to cooperative groups have a better
and greater chance of getting credit than farmers who do not belong to any. The reason given for this conclusion is that farmers can
obtain credible information by joining a farmer association to engage in crop diversification. Cooperative organizations can also
guarantee that members receive loans to diversify.

3.7. Food consumption score (FCS)

The FCS is considered a proxy indicator of the food security of households, and it was used to estimate the status of food security
among cocoa farming households. FCS is a good measure of household food security because it gives a general overview of the amount
of food consumed by the household. This indicator is useful for categorizing and tracking households’ food security across time,
specifically as a proxy for the quantity dimension (i.e. household caloric sufficiency) of food security. The FCS is a more complex
indicator of the food security status of a household, as it considers not only dietary diversity and food frequency but also the relative
nutritional importance of different food groups. On the other hand, its use of a relatively long period (i.e. 7 7-day recall period) might
make the data less precise.

Dietary diversity is the number of individual foods or food groups consumed over the past seven days. Food frequency is the number
of days (in the past 7 days) that a specific food item has been consumed by a household. Household food consumption is the con-
sumption pattern (frequency * weight) of households over the past seven days Table 1.

3.8. Calculation of FCS and household food consumption groups (Table 1)

. Using standard 7-day food frequency data, group all the food items into nine specific food groups.

. Sum all the consumption frequencies of food items of the same group and recode the value of each group above 7 as 7.

. Multiply the value obtained for each food group by its weight and create new weighted food group scores.

. Sum the weighed food group scores, thus creating the food consumption score (FCS). The most diversified and best consumption
with maximal FCS at 112 means that all food groups are eaten 7 days a week.

4. Using the appropriate thresholds, recode the variable food consumption score, from a continuous variable to a categorical variable,

to calculate the percentage of households of poor, borderline and acceptable food consumption.

WN R~ =

The FCS is calculated based on the past 7-day food consumption recall for the household and classified into three categories: poor
consumption (FCS = 1.0 to 28); borderline (FCS = 28.1 to 42); and acceptable consumption (FCS = > 42.0). The FCS is a weighted sum
of food groups. The score for each food group is calculated by multiplying the number of days the commodity was consumed and its
relative weight.

The following thresholds of FSC are used to categorize households into three food consumption groups — Poor, Borderline, and
Acceptable (Table 2).

3.9. Ordered logit regression model

The ordered logistic regression model is used to analyze ordinal dependent variables. The ordinal regression model is a preferred
modeling tool that does not assume normality or constant variance but requires the assumption of parallel lines across all levels of the
outcome variable. It is rooted in the general framework of generalized linear models meant for the analysis of ordinal dependent
variables. The ordinal regression model describes the relationship between an ordered response variable and a set of explanatory
variables which may be continuous or discrete. Similarly, the ordinal logistic regression procedure empowers one to select the pre-
dictive model for ordered dependent variables. In the current study, the ordinal regression method of analysis was used to meet the
objectives set since the response variable has four ordered categories and the value of each category has meaningful sequential order.
The study also used the logit link function which is generally suitable for analyzing the ordered categorical data when all categories are
evenly distributed [104].

The ordered logit regression model was used to assess the effect of land use and crop diversification on the food security status of
cocoa farming households based on the results of the FCS. The rationale for selecting the model is that an ordered logit model could be
used to model relationships between a polytomous response variable which has an ordered structure and a set of regressor variables. In
this study, the variable of interest takes integer values ranging from O to 3, and thus, an ordered logit model is used. The formulation of
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the model is such that the responses are represented by a variable Yi which denotes an average FCS. The average FCS score presents the
level of the food consumption gap and food insecurity among cocoa farming households. In this case, the explained variable is grouped
and ranked based on the level of the FCS. The FCS denotes that the higher its value, the higher the level of food security, and the other
way round. The FCS rank will be applied for all households i, and it takes the following four (4) ordered values (j =0, 1, 2, 3). However,
these observed values are assumed to derive from some unobservable latent variable Yi*, which is expressed in this equation as follows:

Yi=pXi + & ®

Y; is the hypothesized predictor of food insecurity, s is a vector of parameters to be estimated and is an error term that is assumed to be
normally distributed (Greene, 2003).
The probability of choice for category i:

PrPr(Outcome;_;) = Pr (KH <P Xaj+ PoXoj + ...+ fiXag + 1 < Ki Q)

It is assumed to be distributed logistically in ordered logistics, where: pi = parameters coefficienti =1, ...k K; = cut points/limits-i,
i =1, ...k X;; = dependent variable category-i observations-j k = the number of categories As pointed out earlier, category i = 1 is
defined as the lowest value, i = 0 as the next level, and so forth. The probability of an individual to choose category i is:

Py =PrPr(y;—i)Pr (Ki1 <X+ u <K;

Tltew (iKi +Xh) 1+exp( 71KH +X;p) (10
where Kj is defined as very small (-o0) and Ky very big (+o0)

Log-likelihood is L = " wj > lity:)In Py an

i=1 j=1

i=1 j=1

where w; is an optional weighting, and

Ii(yj) = {l,ifyj =10, other
The values for the observed variable Yi are assumed to be related to the latent variable Yi* in the following manner:

Y =0 = foodinsecure, ifY* < p,wherey = 0
Y =1 = poorconsumptionif 0 < Y* < y,
Y =2 = borderlineifu, <Y* <y,

Y =3 = Acceptableify, < Y* < u,

p means the unknown threshold parameters. For the estimated cut-off points, p follows the order y; < pi, < pi5. Using the maximum
likelihood estimate technique, the values for the s parameters can be estimated.
The empirical model is specified as follows:

Y =By + pr1X1 + PoXo + B X3 + fuXa + PsXs + ... + fiXu1 + & (12)

The dependent variable is the FCS of the cocoa farming households (1 = Poor consumption; 2 = Borderline; 3 = Acceptable).

The definitions of independent variables are: X; = Off farm income (N); X5 = Marital status (1 = married; 0 = single); X3 = Ed-
ucation (years of education); X4 = Household size(number of person); X5 = Farm experience (years of farming experience); X¢ =
Cooperative organization (member = 1, otherwise = 0); Xy = Access to credit (Yes = 1, No = 0); Xg = Access to extension service (Yes
=1, No = 0); X9 = CDI (index generated from Heifindahl index); X;o = farm size (hectare); X;; = land use (1 = mixed crop; 0 =
monocrop).

The inclusion of these independent variables in the model was based on a prior anticipation of the variable and a review of the
literature. Access to finance has a significant impact on rural households’ food security. Access to finance allows farmers to buy or
afford inputs such as fertilizer, insecticides, herbicides, machinery, livestock, and so on, which boosts output levels and raises the
likelihood of a household being food secure [105]. Off-farm income refers to money earned by households from sources other than
their principal occupation, farming. Money from a household’s off-farm activities can have an impact on food security, but whether the
consequences are negative or positive is determined by the quantity of profits from the other activity. This is because increased
participation in off-farm activities can generate more money, improving household food security. On the other hand, engaging in other
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off-farm activities can have a negative impact on household food security status, particularly when households spend more of their
time in non-farm labour at the expense of working on their farm, resulting in revenue that is insufficient to meet the household’s food
needs. Farm size correlates positively with household food security. According to a review of selected literature, large farm sizes
increase household food production, which not only increases food availability but also provides income for the purchase of food items,
thereby positively affecting households’ food security situations [105]. The vast area of farmed land results in higher production,
increasing the possibilities of household food security. A household head’s educational level improves, increasing the likelihood that
the home will be more food secure [106]. supported these findings, reporting that families with heads who had at least an intermediate
level of education were more food secure than those who were illiterate or had a low level of education. Another study conducted in
Nepal supported these findings, reporting that the educational level of the household head improves working efficiency, competency,
income diversification, and technological adoption, all of which have a positive impact on better living conditions and food security
[107]. Land usage has a favourable and considerable impact on household food security. Access to land is an important tool for
alleviating rural poverty and ensuring food security [107]. Households’ access to extension agents has a favourable and significant
impact on food security. Extension services are intended to increase a household’s access to better agricultural production techniques,
improved inputs, and production incentives that boost farm productivity and output [108,109]. Farming experience significantly
improves a household’s food security. An experienced home manager is expected to have more knowledge and the ability to diversify
his or her production to reduce the risk of food shortage. He is more likely to understand pests, disease management, and weather
[110]. Household size is an important factor in food accessibility, and it is typically a negative predictor. A large household puts
pressure on households for food, increasing food insecurity [111]. Larger households are more likely to be food insecure than smaller
households, and when there are more dependents, more food is required, like in Nigeria [105]. [112] predict that participation in
cooperatives will improve household food security. This experience also prepares farmers to better manage diverse crop enterprises
and achieve high yields. Crop diversification which entails growing multiple crops, including both food and cash crops, will help
improve food security. Farmers who diversify their crops will increase their revenue through cash crop sales, as well as their food
security through personal consumption and the purchase of food crops with cash crop sales proceeds. Marital status is likely to have
either a positive or negative effect on household food security since weddings provide an opportunity to expand the support base for
managing the family farm. There is also a view that marriage increases the load on household heads because there are more mouths to
feed. The duty to provide for a family forces households to try a variety of businesses to meet their responsibility of caring for their
entire family.

4. Results and discussion
4.1. Socio-economic characteristics of the respondents

The socio-economic characteristics of the respondents are presented in Table 3. The majority of the farmers (98.7 %) are male. This
shows that cocoa production is dominated by men. This could be because farming activities, especially the cultivation of permanent
crops such as cocoa, in rural areas are mainly carried out by male farmers who mostly have title to land and have access to productive
assets as compared to their female counterparts who are mostly involved in processing and marketing of agricultural products. This
encourages crop diversification to cater to the food security level of the households. This finding corroborates the expression of [16,
113,114] that men dominate cocoa production. The mean age of the respondents was 55.15 + 13.4 years. This indicates that most of
the respondents are in their old age but still productive to engage in agricultural production to ensure the food security of their family
members. This finding corroborates the expression of [115,116,117] that an average cocoa farmer in the Southwest is old. The ma-
jority of the cocoa farmers (91.3 %) are married. The fact that most of the cocoa farmers are married shows that they will be more
concerned with the issue of food security of their family members as well as other substantial household responsibilities such as family
upkeep, education, and healthcare. Meeting these household needs might necessitate the cocoa farmers to engage in crop diversifi-
cation as well as putting their farmlands to different uses in the study area. This finding corroborates the expression of [9,118-120].
This study revealed that the majority (97 %) of the respondents have a formal education. This implies that literate farmers are involved
in cocoa production in the study area. Education of the cocoa farmers may play an important role in their decision to seek information
on what crop to diversify into and also on the most productive use to put their farmland to enhance the food security of family
members. This finding agrees with [121,122] who revealed a high literacy rate among cocoa farming households. The average
household size of the respondents is 6.35 + 2.88 members. From the result in Table 3, the household size is fairly large, suggesting that
there may be the availability of family labour for their occupations. However, large family sizes may come with the extra costs of high
family expenses on food and other consumables. Hence, a household with more family members needs to be crop diversified, engage in
intensified use of land for production, and also get the possibility of having various streams of income-generating activities to meet
family needs and to stay food secure. This finding agrees with [ 8; 81; 70]. Cocoa farming is the main occupation of the respondents
(97.3 %). This showed that cocoa farming is the predominant source of income among rural cocoa farmers. This is in line with the
findings of [123,124] who posited that farming is the main occupation of the rural dwellers in Southwest Nigeria. The mean farming
experience of the respondents is 31.86 + 13.21 years in the study area. This shows that the respondents have been engaged in farming
activities for more than 5 decades. This is in line with the findings of [125,16,2] stating that an increase in the number of years of
farming experience could lead to a productive increase in their farming output which could be attributed to the fact that years of
farming experience may lead to a better chance of mastery of farming methods and seasons by farmers. The majority (82 %) of the
cocoa farmers were into commercial farming systems. This explains that the farmers in the study area are not into food production for
self-consumption only but majorly for-profit maximization. The average farm size in the study area was 4.8 + 3.9 ha. This implies that
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the farmers in the study area operated on a small scale. This could be attributed to the land tenure system in the study area. This makes
them operate at a subsistent level. This supports the findings of [116,126] who posited that in Southwest Nigeria, the farmers operated
on a small scale and farmed on land between 0.1 and 5.99 ha. The majority (85.3 %) of the respondents were members of farmer’s
associations or cooperative societies. This implies that farmers would have access to information on various farming methods, and
income-generating opportunities as well as training programs provided for farmers by or through the cooperative societies. This
supports the findings of [122,123]. The majority (84.7 %) of the respondents had no access to credit. This implies that there was
limited access to credit among the respondents which may reduce the opportunities of diversifying into various agricultural activities
and engaging in other activities capable as measures to stay food secure. This supports the findings of [2,127]. About 56 % of the
respondents have never been visited by any extension agent. Thus, based on the percentages, cocoa farming households have limited
relevant information on farm business to increase their output and, hence, their income.

4.2. Crop diversification profile of the respondents

The crop diversification profile of the respondents is presented in Table 4. The CDI value of 0.53 implies that a larger percentage of
the cocoa farmers were moderately diversified. Furthermore, the results of the Table show that 38.67 % of the respondents had low
crop diversification, 55.33 % had moderate crop diversification, and 6.00 % had high crop diversification in the study area. This
implies that the majority (55.30 %) of cocoa farmers cultivate between 5 and 8 crops in their farms in a planting season. This finding
suggests that there is a need to assist cocoa farming households in improving their livelihood activities and revenue production in the
study area. Furthermore, these households may be provided with skills to generate additional revenue from different sorts of food
crops. This practice could enable cocoa farming households to smoothen their sources of income all year round. This result is in line
with the findings of [128] who reported that food crop farmers in the South-western part of Nigeria were more diversified in their
cropping pattern and contrary to Ref. [32] who stated that variation in weather conditions of zones led to specialization on the growth
of crops that thrive well in the prevailing weather condition in the North-central zone of Nigeria.

4.3. Land use for crop production

From Table 5, the average land use for Cocoa production is 7.67 + 6.593 ha. This result proves that a larger percentage of the
farmers used their land for cocoa production. For this reason, they tended to direct their focus and resources more into cocoa pro-
duction which in turn contributed greatly to their income and well-being of the households towards achieving food security and fewer
resources to others. The average land use for other tree crop production excluding cocoa is 0.74 + 0.82 ha. This result proves that a
larger percentage of farmers do not engage in tree crop production. The average land use for Arable crop production was 0.84 + 0.72
ha. This result shows that a larger percentage of farmers do not engage in arable production. The average land use for vegetable crop
production is 0.48 £ 0.54 ha. This result shows that a larger percentage of farmers do not engage in vegetable production. It is evident
from the result that the farming households devote land to cocoa at the expense of growing food crops, hence heightening the risk of
food insecurity among cocoa-growing households.

4.4. Effect of access to credit on crop diversification among cocoa farming households

The effect of credit access on crop diversification among cocoa farming households is shown in Table 6. Table 6 shows the results of
the estimated Tobit model. The chi-square statistic is statistically significant (LR chi2(11) = 42.56, Prob > chi2 = 0.0000, Log like-
lihood = 43.484158). This justifies the rationale for using the Tobit model. In addition to access to credit, the results reveal that
farming experience, cooperative organization, access to extension service, farm size, distance to farms, and labour are the main albeit
significant factors that determine crop diversification among cocoa farming households.

The coefficient of farm size (p = 0.022, p < 0.001) is positive and significant. This implies that the larger the farm sizes, the higher
the probability of crop diversification among the farmers. An increase in the size of the farm by 1 unit will increase the probability of
crop diversification by 0.022 units. This means that an increase in the size of landholding will better enable a farmer to diversify. With
the extra landholding, the farmer can decide how many crops to grow based on his or her production decisions. This corroborates the
findings of [129,130] who stated that the larger the farm size, the more likely to produce more from the farmland. Furthermore, the
findings of the study are consistent with those of [62] who found that the more access a farmer has to additional land, the more likely
he or she is to engage in crop diversification. However [85,131], discovered that farm size does not have a statistically significant effect
on crop diversity. The coefficient of farming experience (§ = 0.005, p < 0.01) is positive and significant. This implies that as the farmer
increases in years of farming by 1 unit, this tends to improve his level of diversification by 0.005 units. This suggests that those re-
spondents who have been into farming for many years have a higher probability of diversifying their income than their inexperienced
counterparts. The most plausible explanation is that farmers with many years of farming experience are more aware of income
diversification opportunities in the farming sector. Furthermore, cocoa farmers with greater agricultural expertise are more naturally
attracted to numerous income sources as a result of their previous experience with a single income-generating activity. This is also
corroborated by the work of [132]. The coefficient of cooperative organization (p = 0.082, p < 0.05) is positive and significant. The
result implies that as farmers become members of cooperative societies by 1 unit, it increases his or her crop diversification by 0.082
units. This implies that farmers who are members of cooperative societies are more likely to engage in crop diversification as compared
to their counterparts who are non-members. The most obvious reason for this result is that most cooperative societies provide farmers
with access to credible information and opportunities, as well as other benefits, to support and improve their crop diversification
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prospects. The report of [133] supports this as well.

The coefficient of labour is (§ = 0.076, p < 0.01) positive and significant. This implies that the higher the number of labour
available for use, the higher the level of crop diversification. An increase in the labour input by 1 unit would increase the possibility of
being crop diversified by 0.076 units. The idea could be that households with more labour would provide greater assistance in
improving household resources to engage in various farming operations. The finding is also consistent with the conclusion of [102]
that several factors, including household labour, have a significant influence on the ability of farmers to produce various crops. This
study, however, contradicts the findings of [43] who found that labour size has a negative impact on crop diversification. The coef-
ficient of Distance (p = —0.005, p < 0.001) was negative and significant. A one-unit increase in the distance would reduce the chance of
being diversified by 0.005 units. This suggests that the greater the distance between the farm location and the household, the less likely
crop diversification is, as this incurs a high cost of transportation as well as a higher cost in the mobility of labour and other resources
required for successful and efficient production. As a result, a farm that is adjacent to a homestead offers more advantages in terms of
crop diversification and food security for the farmer. This explains why, in terms of time, labour, safety, and management, households
may choose to vary their produce on the neighbouring farm. This finding is consistent with those of [85,88] who found that households
living far away from their farms manage less crop diversity. The coefficient of access to credit (§ = 0.032, p < 0.001) is positive and
significant. The result implies that as farmers have access to credit by 1 unit, it increases his or her crop diversification by 0.032 units.
This means that farmers who have access to loans are more likely to diversify their crops than those who do not. The possible argument
could be that access to credit increases the ability of farmers to obtain additional inputs for crop diversification. Access to trustworthy
sources of finance to purchase inputs is required to continue in the new production activities will undoubtedly increase the tendency to
embrace crop diversification farming systems. Thus, the more a farmer has access to credit facilities with more reasonable terms, the
more he or she will invest in diverse productive crop enterprises. These findings are consistent with a report by Ref. [134].

The coefficient of access to extension services (f = 0.057, p < 0.01) is positive and significant. The result implies that as farmers
have access to extension services by 1 unit, it increases their crop diversification by 0.057 units. This means that farmers who have
access to extension services are more likely to diversify their crops than those who do not. This could be linked to the extension system
which aims to increase farmer productivity and profitability. Crop diversification is favoured by extension service providers since they
are generally aware of its function in risk minimization. The findings are comparable with those of [43] who discovered a positive link
between household crop diversification and access to extension services.

4.5. Food consumption score

The food consumption score for the past seven (7) days based on each category of food is presented in Table 7. The Table shows that
39.7 % of the respondents consumed Cereals (including root and tubers). The food consumption score for other categories are as
follows: Pulses (22.5 %), Vegetables (69.5 %), Fruits (29.0 %), Meat/Fish (31.4 %), Dairy products (7.5 %), Sugar/Honey (26.5 %), and
0Oil (including Fat and Butter) (39.3 %). From this, the thresholds for estimating and scoring the households based on their partici-
pation or nonparticipation in the food groups were calculated. It was discovered that 46.67 % were poor, 30.67 % were at the
borderline and about 27.67 % were within the acceptable threshold. This suggests that many cocoa-producing households in the study
area are food secure. This is comparable to the findings of [135]. Furthermore, this suggests that food insecurity remains prevalent
among farming households in the study area.

4.6. Effect of crop diversification and land use on food security among cocoa farming households

Table 8 shows the results of the estimated ordered logit model. The chi-square statistic is statistically significant (Wald Chi2 (11) =
134.26; Prob > Chi2 = 0.000). This justifies the rationale for using the ordered logit model. According to all the diagnostics measures,
we are confident to infer that the model is a good fit. The result of the model estimation also shows that 5 of the 10 explanatory
variables have a significant influence on the food security of households. These variables include crop diversification index, formal
education, access to credit, farm size, and farming experience.

The coefficient of the crop diversification index (f = 2.866, p < 0.001) has a positive and significant influence on the food security
of cocoa-producing households. This means that people who produce multiple crops on a given area of land are more likely to be food
secure than those who specialize in only one or a few crops. Households with high crop diversity are more food secure than those with
low crop diversity. This result could be explained by the fact that households that engage in multiple cropping diversify their risk of a
specific crop failure in a given season and have more access to food than those who practice monocropping. For example, if one crop
does not produce well in a given season, other crops may fare better, and farmers may rely on them for survival. Multiple crop farmers
may also produce cash crops alongside food crops, allowing the cash crops to be utilized to generate revenue for the household to cover
other food needs that cannot be met on their farm, as well as other non-food needs. This result is in agreement with the findings of [95,
32,35]. The result of this study however departs from the findings of [136]. The coefficient of farm size (f = 0.799, p < 0.001) has a
positive and significant influence on the food security of cocoa-producing households. Households with larger farms have a better
chance of planting more crops than those with smaller farms. This is because the ability to cultivate larger areas allows farmers to grow
a wider variety of crops, ensuring that the household has enough food to avoid food insecurity. This finding is also consistent with that
of [137] who stated that food security increases as the area under cultivation grows. Also [130,138], concluded that increasing farming
size is one strategy to achieve food security.

The coefficient of education (f = 2.358, p < 0.001) has a positive and significant influence on the food security of cocoa-producing
households. This means that as the level of education of household heads rises, so does the food security of the household. A higher
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level of educational attainment in a household allows the household to learn more about how to make agriculture a viable business to
ensure food security in their households. The ability of a farmer to read and write boosts his chances of becoming food secure since he
can embrace timely and new ways of doing things to maximize productivity. This finding is consistent with the findings of [136] who
discovered that educated individuals are more likely to want to learn about farming and other ways to make money, as well as to use
agricultural extension services and experiment with approaches to ensure they have enough food to eat. This finding agrees with that
of [139,140,141] who stated that the level of education has a significant and positive association with the food security status of the
household, and also agrees with the study of [142]. The coefficient of access to credit (p = 1.272, p < 0.01) has a positive and sig-
nificant influence on the food security of cocoa-producing households. This is consistent with a priori expectations that as access to
credit increases, households will be more likely to obtain resources to finance farming activities and other off-farm income-generating
activities that will allow them to diversify their crops and improve their level of food security, particularly in situations where many
other household members are unable to generate any income and rely solely on the household head. Furthermore, access to credit
increases household purchasing power and company investments, hence improving household financial capacity in Nigeria [143].
Thus, access to credit reduces the likelihood of food insecurity in rural households. This is consistent with recent findings by Refs. [135,
2,144] who found that farmers’ access to finance improves their food security status.

The coefficient of farming experience (f = 1.591, p < 0.05) has a positive and significant influence on the food security of cocoa-
producing households. This is because an experienced household head is believed to have greater awareness and ability to diversify his
or her production to reduce the risk of a food shortage. An experienced household head is more likely to have a sufficient under-
standing of pests, disease control, and weather to maintain food security in their household [145]. However, these results contradict
that of [125] who indicated that increasing years of farming experience of respondents could result in a productive rise in their farming
production, hence ensuring food security. The coefficient of land use (f = 0.198, p < 0.05) has a positive and significant influence on
the food security of cocoa-producing households. This suggests that as the farmer uses more area for agricultural output, his food
security increases. This is attributed to the possibility that land usage may guard against household food insecurity and access to land is
a critical method for alleviating rural poverty and ensuring food security [107].

5. Conclusion

This study investigated the linkages between access to credit, land use, crop diversification, and food security with a focus on cocoa
farming households. A multistage sampling procedure was used to obtain data for the study. Data were analyzed with the aid of
descriptive statistics, the Crop diversification index, the Tobit regression model, the food consumption score, and the ordered Logit
regression model. The results for the entire respondents showed mean values of 55 years for age, 31 years for farming experience, 6
people for household size, and 5 ha for farm size. The study concluded that the majority of the cocoa farmers were male, small-scale,
and at the peak of their productive age. The CDI value of 0.53 implies that a larger percentage of the cocoa farmers were moderately
diversified. About 38.67 % of the respondents had low crop diversification, 55.33 % had moderate crop diversification and 6.00 % had
high crop diversification in the study area. The average land use for Cocoa production is 7.67 + 6.593 ha. This result proved that a
larger percentage of the farmers used their land for cocoa production. Tobit regression model reveals that access to credit, farming
experience, cooperative organization, access to extension service, farm size, distance to farms, and labour are the main albeit sig-
nificant factors that determine crop diversification among cocoa farming households. Food consumption score revealed that 46.67 %
were poor, 30.67 % were at the borderline and about 27.67 % were within the acceptable threshold. The ordered logit model revealed
that crop diversification index, formal education, access to credit, farm size, land use, and farming experience have a significant in-
fluence on the food security of households. This study concluded that food insecurity remains prevalent among the farming households
in the study area. Also, there is a positive relationship between access to credit, land use, crop diversification, and food security.
Consequently, access to credit in no small measure improves crop diversification of the cocoa farming households. This will in turn
improve their household’s food security.

6. Policy implications
Given the above conclusion, the following are recommended.

i. Extension agents should raise awareness about crop diversity and its impact on farmer productivity. This will motivate farmers
to enhance their crop choices and cultivation practices on their farms, resulting in increased crop output and food security.

ii. Encourage households to combine crop enterprises for increased income and improved food security. Policies should be
implemented to educate farmers on how to diversify into high-value crops such as fruits and vegetables, as well as traditional
crops such as arable and cash crops. This unique encouragement has the potential to increase farm households’ income and
improve their nutrition/diet intake.

iii. Household education levels impact food security status. Raising awareness of the importance of food components, nutrition and
health can help more families achieve food security. In addition, ideal conditions should be established to encourage educated
people to choose farming careers.

iv. Smallholder farmers can benefit from social networking and collaboration to increase crop variety and food security. Household
members’ participation in cooperative groups will also serve to encourage crop diversification and food security through
efficient resource management (capital and production inputs), as well as the marketing of their product through collaborative
efforts based on mutual interest. Such engagement will help increase access to credit facilities, hence improving household food
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security. Smallholder farmers must also engage in social networking and teamwork to generate social capital for crop diver-
sification and food security.

7. Limitation of the study

The main limitation of this study is its reliance on cross-sectional household data; thus, a study based on regional-level data may
provide clearer and consolidated conclusions, particularly for an extended national image. The limitation of the study is also that the
sample size is rather small in comparison to the population under consideration in this study, which could pose a problem with data
representativeness. In general, this study attempted to generate the results of the analysis within a specific scope, but there are still
many questions to be answered. Future researchers must focus on providing fundamental knowledge on the social, political, natural,
and environmental dimensions that influence food security status and livelihood strategy selection, as well as descriptive data on food
insecure purchasing patterns and specific characteristics that make rural poor people more vulnerable to food insecurity.

Ethical declaration

All participants (or their proxies/legal guardians) provided informed consent to participate in the study. All participants/patients
(or their proxies/legal guardians) provided informed consent for the publication of their anonymized case details and images. The
respondents’ participation was voluntary, and the data analysis does not reflect specific personal sensitive information. Review and/or
approval by an ethics committee was exempted.

Data availability

Data are available with the corresponding author at (kehindeayodeji8@gmail.com): upon reasonable request.
CRediT authorship contribution statement

Adewumi Titus Adesiyan: Writing — review & editing, Writing — original draft, Supervision, Investigation, Conceptualization.
Ayodeji Damilola Kehinde: Writing — original draft, Methodology, Formal analysis, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

References

[1] FAO, IFAD, UNICEF, WFP and WHO, The State of Food Security and Nutrition in the World 2021. Transforming Food Systems for Food Security, Improved
Nutrition and Affordable Healthy Diets for All, FAO, Rome, 2021.

[2] A. Kehinde, M. Kehinde, The impact of credit access and cooperative membership on food security of rural house-holds in south-western Nigeria, Journal of
Agribusiness and Rural Development 57 (3) (2020) 255-268.

[3] FAO, Ifad, UNICEF, WFP, and WHO, The state of food security and nutrition in the world, in: Building Climate Resilience for Food Security and Nutrition, FAO,
2018 (2018).

[4] U. Sanga, A. Sidibé, L.S. Olabisi, Dynamic pathways of barriers and opportunities for food security and climate adaptation in Southern Mali, World Dev. 148
(2021) 105663.

[5] Food and Agriculture Organisation (FAO), The state of food security and nutrition. http://www.fao.org/3/a-17695epdf, 2023 on 26th of July, 201.

[6] S.C. Onya, Effect of crop diversification on food security status among arable crop farmers in Ikwuano Local Government Area, Abia State, Nigeria, Nigeria
Agricultural Journal 52 (1) (2021) 53-60.

[7]1 K.T. Sibhatu, V.V. Krishna, M. Qaim, Production diversity and dietary diversity in smallholder farm households, Proc. Natl. Acad. Sci. USA 112 (34) (2015)
10657-10662.

[8] T.F. Adesiyan, O.A. Yesufu, A.D. Kehinde, Impact of certification on market performance of cocoa industry in Osun state, Social Science and Humanities Open
8 (2023) 100692.

[9] R. Adeyemo, A.D. Kehinde, L.O. Oyenpemi, Assessing resource use efficiency and investment in cocoa enterprise: a case of Osun state, Nigeria, Agricultura
113-114 (1-2) (2020) 260-269.

[10] R. Bymolt, A. Laven, M. Tyzler, Demystifying the Cocoa Sector in Ghana and Cote d’Ivoire, The Royal Tropical Institute (KIT), Amsterdam, The Netherlands,
2018.

[11] Y.B. Akande, A.A. Tijani, A.D. Kehinde, L.O. Oyenpemi, Impact of compliance with European union (EU) regulations on the income of actors along the cocoa
supply chain in Osun state, Nigeria, Sustainable Futures 6 (2023) 100120.

[12] Y.R. Waarts, V. Janssen, V.J. Ingram, M.A. Slingerland, F.C. van Rijn, G. Beekman, J. Dengerink, J.A. van Vliet, E.J.M.M. Arets, M. Sassen, W.J. Guijt, A Living
Income for Smallholder Commodity Farmers and Protected Forests and Biodiversity: How Can the Private and Public Sectors Contribute?: White Paper on
Sustainable Commodity Production (No. 2019-122), Wageningen Economic Research, 2019.

[13] A.D. Kehinde, T.O. Ojo, A.S. Ogunleye, A.A. Ogundeji, Impact of access to cash remittances on cocoa yield in southwestern Nigeria, Sustainable Futures 7
(2024) 100168.

[14] L.O. Oyenpemi, A.A. Tijani, A.D. Kehinde, What determines a sustained use of approved pesticides for cleaner production and its impact on yield? Evidence
from the cocoa industry in Osun State, Nigeria, Cleaner and Responsible Consumption 9 (2023) 10011.

[15] F. Hiitz-Adams, C. Huber, 1. Knoke, P. Morazan, M. Miirlebach, Strengthening the competitiveness of cocoa production and improving the income of cocoa
producers in West and Central Africa, SUDWIND eV Kaiserstr 1 (2016) 1-15. Bonn, Germany.

[16] A.D. Kehinde, R. Adeyemo, Probit analysis of factors affecting improved technologies dis-adoption in cocoa-based farming systems of southwestern Nigeria,
International Journal of Agricultural Economics 2 (2) (2017) 35-41.

14


mailto:kehindeayodeji8@gmail.com
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref45
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref45
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref69
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref69
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref46
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref46
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref117
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref117
http://www.fao.org/3/a-17695epdf
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref103
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref103
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref123
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref123
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref7
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref7
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref9
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref9
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref37
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref37
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref19
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref19
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref128
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref128
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref128
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref76
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref76
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref105
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref105
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref135
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref135
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref8
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref8

A.T. Adesiyan and A.D. Kehinde Heliyon 10 (2024) 35844

[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]
[29]

[30]
[31]

[32]
[33]

[34]
[35]
[36]

[37]
[38]

[39]
[40]
[41]
[42]
[43]
[44]

[45]
[46]

[47]
[48]

[49]
[50]

[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]

[61]
[62]

A.C. Fountain, F. Hiitz-Adams, Cocoa barometer 2015-USA edition, Available at : http://www.cocoabarometer.org, 2015. /International_files/Cocoa%
20Barometer%202015%20USA.pdf.

A.D. Kehinde, A.A. Ogundeji, Distributive impacts of non-farm income on output and farm income of cassava farmers in southwestern Nigeria, Scientific
African (2023) e01535.

N. Oomes, B. Tieben, A. Laven, T. Ammerlaan, R. Appelman, C. Biesenbeek, E. Buunk, Market Concentration and Price Formation in the Global Cocoa Value
Chain, SEO-rapport, 2016, pp. 2016-2079.

T.L. Anderman, R. Remans, S.A. Wood, K. DeRosa, R.S. DeFries, Synergies and tradeoffs between cash crop production and food security: a case study in rural
Ghana, Food Secur. 6 (2014) 541-554.

A.D. Kehinde, A.A. Tijani, Effect of access to livelihood capitals on the adoption of European union (EU) approved pesticides among cocoa-producing
households in Osun state, Nigeria, Agric. Tropica Subtropica 54 (OV) (2021) 57-70.

D. Mauricio, N. Alonso, M. Gratacos, Chronic diabetes complications: the need to move beyond classical concepts, Trends Endocrinal Metab 31 (4) (2020)
287-295, https://doi.org/10.1016/j.tem.2020.01.007. Epub2020 Feb4. PMID: 32033865.

Abdullah, F. Rabbi, R. Ahamad, S. Ali, A.A. Chandio, W. Ahmad, I. Uddin, Determinants of commercialization and its impact on the welfare of smallholder rice
farmers by using Heckman’s two-stage approach, Journal of the Saudi Society of Agricultural Sciences 18 (2) (2019) 224-233.

B. Dembele, H.K. Bett, .M. Kariuki, M. Le Bars, K.O. Ouko, Factors influencing crop diversification strategies among smallholder farmers in cotton production
zone in Mali, Advances in Agricultural Science 6 (3) (2018) 1-16.

H. Hauggaard-Nielsen, P. Ambus, E.S. Jensen, Interspecific competition, N use and interference with weeds in pea-barley intercropping, Field Crops Res. 70 (2)
(2001) 101-109.

C. Makate, M. Makate, N. Mango, Sustainable agriculture practices and livelihoods in pro-poor smallholder farming systems in southern Africa, African journal
of science, technology, innovation and development 9 (3) (2017) 269-279.

K. Waha, M.T. Van Wijk, S. Fritz, L. See, P.K. Thornton, J. Wichern, M. Herrero, Agricultural diversification as an important strategy for achieving food security
in Africa, Global Change Biol. 24 (8) (2018) 3390-3400.

G.0. Adjimoti, G.T.M. Kwadzo, Crop diversification and household food security status: evidence from rural Benin, Agric. Food Secur. 7 (1) (2018) 1-12.
M. Aheibam, R. Singh, S.M. Feroze, N.U. Singh, R.J. Singh, A.K. Singh, Identifying the determinants and extent of crop diversification at household level:
evidence from Ukhrul district, Manipur, Econ. Aff. 62 (1) (2017) 89-95.

A.S. Lithourgidis, C.A. Dordas, C.A. Damalas, D. Vlachostergios, Annual intercrops: an alternative pathway for sustainable agriculture, Aust. J. Crop. Sci. 5 (4)
(2011) 396-410.

C. Barbieri, E. Mahoney, Why is diversification an attractive farm adjustment strategy? Insights from Texas farmers and ranchers, J. Rural Stud. 25 (1) (2009)
58-66.

M.A. Ojo, A.O. Ojo, A.I. Odine, A. Ogaji, Determinants of Crop Diversification Among Small-Scale Food Crop Farmers in North Central, Nigeria, 2014.
A.E. Agbongiarhuoyi, E.O. Aigbekaen, S.0. Adeogun, E.O. Uwagboe, 1. Ndagi, S. Adebiyi, Intercropping combination and information sources among kola
farmers in Osun State, Nigeria, J. Agric. Food Inf. 13 (2) (2012) 169-179.

E. Malézieux, Y. Crozat, C. Dupraz, M. Laurans, D. Makowski, H. Ozier-Lafontaine, B. Rapidel, S. De Tourdonnet, M. Valantin-Morison, Mixing plant species in
cropping systems: concepts, tools and models: a review, Sustainable agriculture (2009) 329-353.

P.A. Saraswati, H. Basavaraja, L.B. Kunnal, S.B. Mahajanashetti, A.R.S. Bhat, Crop diversification in Karnataka: an economic analysis, in: Department of
Agricultural Economics, University of Agricultural Sciences, Dharwad Karnataka, India, 2011.

M. Gil, Y. Jaramillo, C. Bedoya, S.M. Llano, V. Gallego, J. Quijano, J. Londono- Londono, Chemometric approaches for postharvest quality tracing of cocoa: an
efficient method to distinguish plant material origin, Heliyon 5 (5) (2019) e01650.

C. Heumesser, H.A. Kray, Productive Diversification in African Agriculture and its Effects on Resilience and Nutrition, 2019.

M. Jjaz, A. Nawaz, S. Ul-Allah, M.S. Rizwan, A. Ullah, M. Hussain, S. Ahmad, Crop diversification and food security, in: Agronomic Crops, Springer, Singapore,
2019, pp. 607-621.

M. Kumar, R. Kumar, K.L. Rangnamei, A. Das, K.L. Meena, D.J. Rajkhowa, Crop diversification for enhancing the productivity for food and nutritional security
under the Eastern Himalayas, Indian J. Agric. Sci. 89 (7) (2019) 1157-1161.

B.J. Neog, B.K. Sahoo, Rural non-farm diversification, agricultural feminisation and women’s autonomy in the farm: evidence from India, Aust. J. Agric.
Resour. Econ. 64 (3) (2020) 940-959.

M.N.I. Sarker, M. Wu, G.M. Alam, R.C. Shouse, Livelihood vulnerability of riverine-island dwellers in the face of natural disasters in Bangladesh, Sustainability
11 (6) (2019) 1623.

M.N.L Sarker, M. Wu, G.M. Alam, R.C. Shouse, Livelihood resilience of riverine island dwellers in the face of natural disasters: empirical evidence from
Bangladesh, Land Use Pol. 95 (2020) 104599.

B.O. Asante, R.A. Villano, I.W. Patrick, G.E. Battese, Determinants of farm diversification in integrated crop-livestock farming systems in Ghana, Renew. Agric.
Food Syst. 33 (2) (2018) 131-149.

L. Pellegrini, L. Tasciotti, Crop diversification, dietary diversity and agricultural income: empirical evidence from eight developing countries, Canadian Journal
of Development Studies/Revue canadienne d’études du développement 35 (2) (2014) 211-227.

D. Renard, D. Tilman, National food production stabilized by crop diversity, Nature 571 (7764) (2019) 257-260.

M. Abraham, P. Pingali, Transforming smallholder agriculture to achieve the SDGs, in: L. Riesgo, S. Gomez-Y-Paloma, K. Louhichi (Eds.), The Role of Small
Farms in Food and Nutrition Security, Springer, New York, 2017.

P. Pingali, Agricultural policy and nutrition outcomes-getting beyond the preoccupation with staple grains, Food Secur. 7 (3) (2015) 583-591.

M. Chinnadurai, K.R. Karunakaran, M. Chandrasekaran, R. Balasubramanian, M. Umanath, Examining linkage between dietary pattern and crop
diversification: an evidence from Tamil nadu, Agric. Econ. Res. Rev. 29 (conf) (2016) 149-160.

S. Lovo, M. Veronesi, Crop diversification and child health: empirical evidence from Tanzania, Ecol. Econ. 158 (2019) 168-179.

E.M. Njeru, Crop diversification: a potential strategy to mitigate food insecurity by smallholders in sub-Saharan Africa, Journal of Agriculture, Food Systems,
and Community Development 3 (4) (2013) 63-69.

A. Romeo, J. Meerman, M. Demeke, A. Scognamillo, S. Asfaw, Linking farm diversification to household diet diversification: evidence from a sample of Kenyan
ultra- poor farmers, Food Secur. 8 (6) (2016) 1069-1085.

M. Saaka, J. Oladele, A. Larbi, I. Hoeschle-Zeledon, Household food insecurity, coping strategies, and nutritional status of pregnant women in rural areas of
Northern Ghana, Food Sci. Nutr. 5 (6) (2017) 1154-1162.

K.T. Sibhatu, M. Qaim, Farm production diversity and dietary quality: linkages and measurement issues, Food Secur. 10 (1) (2018) 47-59.

A.H. Abdallah, Agricultural credit and technical efficiency in Ghana: is there a nexus? Agric. Finance Rev. 76 (2) (2016) 309-324.

M.S. Rahman, Credit risk management practices in Banks: an appreciation, Journal of Islamic Economics, Banking and Finance 7 (3) (2011) 37-62.

V.L. Bogan, C.G. Turvey, G. Salazar, The elasticity of demand for microcredit: evidence from Latin America, Dev. Pol. Rev. 33 (6) (2015) 725-757.

S. Sekyi, B.M. Abu, P.K. Nkegbe, Farm credit access, credit constraint and productivity in Ghana: empirical evidence from Northern Savannah ecological zone,
Agric. Finance Rev. 77 (4) (2017) 446-462.

Y. Khan, U. Daraz, S. Bojnec, Enhancing food security and nutrition through social safety nets: a pathway to sustainable development, Sustainability 15 (19)
(2023) 14347.

B.S. Gani, J.K. Olayemi, O.E. Inoni, Livelihood diversification strategies and food insecurity status of rural farming households in North-Eastern Nigeria,
ExonoMuka nossorpuspene 66 (1) (2019) 281-295.

Y. Khan, S. Bojnec, U. Daraz, F. Zulpiqar, Exploring the nexus between poor governance and household food security, Econ. Change Restruct. 57 (2) (2024) 92.
Y. Gautam, P. Andersen, Rural livelihood diversification and household well- being: insights from Humla, Nepal, J. Rural Stud. 44 (2016) 239-249.

M. Ashfaq, S. Hassan, M.Z. Naseer, L.A. Baig, J. Asma, Factors affecting farm diversification in rice-wheat, Pakistan J. Agric. Sci. 45 (3) (2008) 91-94.

15


http://www.cocoabarometer.org
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref68
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref68
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref104
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref104
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref20
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref20
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref75
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref75
https://doi.org/10.1016/j.tem.2020.01.007
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref2
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref2
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref40
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref40
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref56
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref56
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref85
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref85
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref129
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref129
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref10
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref13
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref13
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref83
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref83
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref30
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref30
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref100
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref12
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref12
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref87
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref87
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref118
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref118
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref52
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref52
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref58
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref62
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref62
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref136
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref136
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref95
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref95
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref119
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref119
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref120
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref120
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref23
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref23
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref106
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref106
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref114
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref4
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref4
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref108
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref38
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref38
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref84
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref96
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref96
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref115
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref115
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref116
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref116
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref122
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref1
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref110
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref36
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref121
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref121
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref80
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref80
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref137
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref137
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref79
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref138
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref26

A.T. Adesiyan and A.D. Kehinde Heliyon 10 (2024) 35844

[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77]
[78]
[79]
[80]
[81]
[82]
[83]
[84]
[85]
[86]
[87]
[88]
[89]
[90]
[91]
[92]
[93]
[94]
[95]
[96]
[971

[98]
[99]

[100]
[101]

[102]
[103]

[104]
[105]
[106]
[107]

[108]
[109]

M. Reckling, G. Bergkvist, C.A. Watson, F.L. Stoddard, P.M. Zander, R.L. Walker, A. Pristeri, I. Toncea, J. Bachinger, Trade-offs between economic and
environmental impacts of introducing legumes into cropping systems, Frontiers in plant science 7 (2016) 669.

L. Bedoussac, E.P. Journet, H. Hauggaard-Nielsen, C. Naudin, G. Corre-Hellou, E.S. Jensen, L. Prieur, E. Justes, Ecological principles underlying the increase of
productivity achieved by cereal-grain legume intercrops in organic farming. A review, Agron. Sustain. Dev. 35 (3) (2015) 911-935.

C.A. Watson, M. Reckling, S. Preissel, J. Bachinger, G. Bergkvist, T. Kuhlman, F.L. Stoddard, Grain legume production and use in European agricultural
systems, Adv. Agron. 144 (2017) 235-303.

E. Haughey, M. Suter, D. Hofer, N.J. Hoekstra, J.C. McElwain, A. Liischer, J.A. Finn, Higher species richness enhances yield stability in intensively managed
grasslands with experimental disturbance, Sci. Rep. 8 (1) (2018) 1-10.

D.C. Phelan, M.T. Harrison, G. McLean, H. Cox, K.G. Pembleton, G.J. Dean, C.L. Mohammed, Advancing a farmer decision support tool for agronomic decisions
on rainfed and irrigated wheat cropping in Tasmania, Agric. Syst. 167 (2018) 113-124.

P. WeiBhuhn, M. Reckling, U. Stachow, H. Wiggering, Supporting agricultural ecosystem services through the integration of perennial polycultures into crop
rotations, Sustainability 9 (12) (2017) 2267.

P. Vijaya, D. Sreelatha, B. Padmaja, P. Rajaiah, Performance of planters under different tillage practices on growth, yield, energy use efficiency, and economics
of rabi maize, International Journal of Environment and Climate Change 12 (11) (2022) 2289-2299.

C. Yang, G. Miao, Y. Pi, Q. Xia, J. Wu, Z. Li, J. Xiao, Abatement of various types of VOCs by adsorption/catalytic oxidation: a review, Chem. Eng. J. 370 (2019)
1128-1153.

Meynard, Jean-Marc, Francois Charrier, M’hand Fares, Marianne Le Bail, Marie-Benoit Magrini, Aude Charlier, Antoine Messéan, Socio-technical lock-in
hinders crop diversification in France, Agron. Sustain. Dev. 38 (2018) 1-13.

D. Feliciano, A review on the contribution of crop diversification to Sustainable Development Goal 1 “No poverty” in different world regions, Sustainable
development 27 (4) (2019) 795-808.

N.J. Sitko, A. Chapoto, S. Kabwe, S. Tembo, M. Hichaambwa, R. Lubinda, D. Nthani, Technical Compendium: Descriptive Agricultural Statistics and Analysis
for Zambia in Support of the USAID Mission’s Feed the Future Strategic Review, 2011.

R.O. Babatunde, A.E. Omoniwa, O.D. Oluyemi, Efficiency of intercropping system under smallholder farmers in Osun state, Nigeria, East African Journal of
Sciences 13 (1) (2019) 1-6.

R.O. Babatunde, O.A. Omotesho, O.S. Sholotan, Socio-economic characteristics and food security status of farming households in Kwara State, North- Central
Nigeria, Pakistan J. Nutr. 6 (1) (2007) 49-58.

R.D. Pope, R. Prescott, Diversification in relation to farm size and other socioeconomic characteristics, Am. J. Agric. Econ. 62 (3) (1980) 554-559.

G.W. Kassie, S. Kim, F.P. Fellizar Jr, Determinant factors of livelihood diversification: evidence from Ethiopia, Cogent Social Sciences 3 (1) (2017) 1369490.
A. Kassegn, E. Endris, Review on socio-economic impacts of ‘triple threats’ of COVID-19, desert locusts, and floods in East Africa: evidence from Ethiopia,
Cogent Social Sciences 7 (1) (2021) 1885122.

E. Becquey, Y. Martin-Prevel, Micronutrient adequacy of women'’s diet in urban Burkina Faso is low, The Journal of nutrition 140 (11) (2010) 2079S-2085S.
V. Acharya, R. Engle, M. Richardson, Capital shortfall: a new approach to ranking and regulating systemic risks, Am. Econ. Rev. 102 (3) (2012) 59-64.
N.H. Bazaz, I.U. Hagq, Crop diversification in Jammu and Kashmir: pace, pattern and determinants, IOSR J Humanities Social Sci 11 (5) (2013) 1-7.

D. Goshu, B. Kassa, M. Ketema, Is food security enhanced by agricultural technologies in rural Ethiopia? African Journal of Agricultural and Resource
Economics 8 (311-2016-5611) (2013) 58-68.

R. Mussema, B. Kassa, D. Alemu, R. Shahidur, Determinants of crop diversification in Ethiopia: evidence from Oromia region, Ethiopian Journal of Agricultural
Sciences 25 (2) (2015) 65-76.

K. Sisay, Impact of irrigated agriculture on households’ income and food security: evidence from the south-west region of Ethiopia, Irrigat. Drain. 73 (2) (2024)
676-693.

K.O. Asante, N. Kugbey, J. Osafo, E.N.B. Quarshie, J.O. Sarfo, The prevalence and correlates of suicidal behaviours (ideation, plan and attempt) among
adolescents in senior high schools in Ghana, SSM-population health 3 (2017) 427-434.

U.K. De, M. Chattopadhyay, Crop diversification by poor peasants and role of infrastructure: evidence from West Bengal, J. Dev. Agric. Econ. 2 (10) (2010)
340-350.

M.J. Kanyua, G.K. Ithinji, A.S. Muluvi, O.E. Gido, S.K. Waluse, Factors influencing diversification and intensification of horticultural production by smallholder
tea farmers in Gatanga District, Kenya, Curr. Res. J. Soc. Sci. 5 (4) (2013) 103-111.

K. Sichoongwe, L. Mapemba, D. Ng’ong’ola, G. Tembo, The determinants and extent of crop diversification among smallholder farmers: a case study of
Southern Province, Zambia, Intl Food Policy Res Inst 5 (2014).

A.O. Hirschman, The paternity of an index, Am. Econ. Rev. 54 (5) (1964) 761-762.

D.P. Malik, I.J. Singh, Crop diversification-An economic analysis, Indian J. Agric. Res. 36 (1) (2002) 61-64.

S. Rahman, C.D. Chima, Determinants of food crop diversity and profitability in southeastern Nigeria: a multivariate tobit approach, Agriculture 6 (2) (2016)
14.

W.H. Greene, Econometric analysis, 71e, Stern School of Business, New York University, 2012.

W.H. Greene, Econometric Analysis, Pearson Education India, 2003.

A.D. Kehinde, Does credit access improve adoption intensity of improved maize seed varieties? Cercetari Agronomice in Moldova 184 (4) (2020) 434-444.
C. Makate, R. Wang, M. Makate, N. Mango, Crop diversification and livelihoods of smallholder farmers in Zimbabwe: adaptive management for environmental
change, SpringerPlus 5 (1) (2016) 1-18.

A. Belay, J.W. Recha, T. Woldeamanuel, J.F. Morton, Smallholder farmers’ adaptation to climate change and determinants of their adaptation decisions in the
Central Rift Valley of Ethiopia, Agric. Food Secur. 6 (2017) 1-13.

S. Benin, M. Smale, J. Pender, B. Gebremedhin, S. Ehui, The economic determinants of cereal crop diversity on farms in the Ethiopian highlands, Agric. Econ.
31 (2-3) (2004) 197-208.

M.E. Van Dusen, J.E. Taylor, Missing markets and crop diversity: evidence from Mexico, Environ. Dev. Econ. 10 (4) (2005) 513-531.

H.M. Chan, K. Fediuk, S. Hamilton, L. Rostas, A. Caughey, H. Kuhnlein, E. Loring, Food security in Nunavut, Canada: barriers and recommendations,
International journal of circumpolar health 65 (5) (2006) 416-431.

D. Gauchan, R. Sapkota, M. Upadhyay, B.K. Joshi, B. Baniya, A. Subedi, B. Sthapit, Policy Issues and Gaps for in Situ Conservation of Agrobiodiversity in Nepal,
2006, pp. 19-22.

H. Ibrahim, S.A. Rahman, E.E. Envulus, S.0. Oyewole, Income and crop diversification among farming households in a rural area of north central Nigeria,
Agro-Science 8 (2) (2009).

S.A. Rahman, Women’s involvement in agriculture in northern and southern Kaduna State, Nigeria, J. Gend. Stud. 17 (1) (2008) 17-26.

B.E. Bravo-Ureta, D. Solis, H. Cocchi, R.E. Quiroga, The impact of soil conservation and output diversification on farm income in Central American hillside
farming, Agric. Econ. 35 (3) (2006) 267-276.

A.D. Kehinde, A.A. Tijani, Effect of cooperatives membership on farmers’ preference for improved maize variety attributes in Oyo State, Nigeria, Acta
Scientiarum Polonorum. Agricultura 20 (1) (2021) 3-15.

F.F. Ahmed, C.E. Eugene, P.O. Abah, Analysis of food security among farming households in Borno State, Nigeria, Journal of Agricultural Economics,
Environment and Social Sciences 1 (1) (2015) 130-141.

A. Sultana, A. Kiani, Determinants of food security at household level in Pakistan, Afr. J. Bus. Manag. 5 (34) (2011) 12972-12979.

G.R. Joshi, N.B. Joshi, Determinants of household food security in the eastern region of Nepal, SAARC Journal of Agriculture 14 (2) (2016) 174-188.

T. Aragie, S. Genanu, Level and determinants of food security in north wollo zone (amhara region-Ethiopia), Journal of Food Security 5 (6) (2017) 232-247.
T. Leza, B. Kuma, Determinants of rural farm household food security in boloso sore district of wolaita zone in Ethiopia, Asian J Agric Ext Econ Sociol 5 (2)
(2015) 57-68.

16


http://refhub.elsevier.com/S2405-8440(24)11875-0/sref113
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref113
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref32
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref32
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref130
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref130
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref57
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref57
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref107
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref107
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref131
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref131
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref25
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref25
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref132
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref132
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref92
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref92
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref47
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref47
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref126
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref126
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref28
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref28
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref29
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref29
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref109
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref139
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref140
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref140
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref141
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref5
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref31
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref53
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref53
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref93
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref93
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref125
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref125
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref24
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref24
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref39
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref39
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref64
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref64
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref124
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref124
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref59
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref88
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref112
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref112
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref55
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref54
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref65
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref86
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref86
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref33
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref33
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref34
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref34
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref127
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref142
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref142
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref51
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref51
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref61
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref61
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref111
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref143
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref143
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref144
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref144
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref15
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref15
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref145
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref63
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref21
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref82
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref82

A.T. Adesiyan and A.D. Kehinde Heliyon 10 (2024) 35844

[110]
[111]
[112]
[113]
[114]
[115]
[116]
[117]
[118]
[119]
[120]
[121]
[122]
[123]
[124]
[125]
[126]
[127]
[128]
[129]
[130]
[131]
[132]
[133]
[134]
[135]
[136]
[137]
[138]
[139]
[140]
[141]
[142]
[143]
[144]

[145]

D.D. Zeray, D. Dawit, Determinants of rural household food security in Wolaita Zone: the case of Humbo Woreda, Journal of Poverty, Investment and
Development 32 (1) (2017) 2422-2846.

N. Mango, C. Makate, L. Mapemba, M. Sopo, The role of crop diversification in improving household food security in central Malawi, Agric. Food Secur. 7 (1)
(2018) 1-10.

W. Adzawla, P.S. Bindraban, W.K. Atakora, O. Camara, A. Gouzaye, Economic viability of smallholder agriculture in the Savannah and transitional zones of
Ghana: implications of farm output commercialization and farm diversification, Sustainability 14 (18) (2022) 11548.

A.D. Kehinde, A.A. Ogundeji, The simultaneous impact of access to credit and cooperative services on cocoa productivity in South-western Nigeria, Agric. Food
Secur. 11 (1) (2022) 1-21.

J.T.O. Oke, A.D. Kehinde, A.J. Akindele, Determinants of access to credit by cocoa farmers in Osun State, Nigeria, Int. J. Agric. Res. Innovat. Technol. 9 (2)
(2019) 57-61.

K.B. Faloni, A.A. Tijani, A.D. Kehinde, Economic impact of cocoa farmers’ compliance to EU pesticide regulations in Osun state, Agric. Conspectus Sci. 87 (2)
(2022) 165-180.

A.D. Kehinde, Agricultural cooperatives and improved technologies adoption among smallholder farmers in cocoa-based farming systems of Southwestern
Nigeria, Int. J. Agric. Manag. Dev. 11 (4) (2021) 467-483.

M.A. Kolawole, A.A. Tijani, A.D. Kehinde, Impact of a growth enhancement support scheme on cocoa yield and income of cocoa farmers in Osun State, Nigeria,
Acta Sci. Pol. Agricultura 19 (1) (2020) 41-49.

0O.G. Abidogun, B.R. Olajide, B.J. Amujoyegbe, A.S. Bamire, A.D. Kehinde, I. Gaya, Gender involvement in cocoa farming activities in SouthwestSouthwest
Nigeria, Ife Journal of Agriculture 31 (1) (2019) 53-62 (Nigeria).

A.D. Kehinde, R. Adeyemo, B.J. Amujoyegbe, A.S. Bamire, L. Idrissou, Gender differentials and fertilizer adoption among smallholder farmers in cocoa based
farming system of southwestern Nigeria, Int. J. Agric. Pol. Res. 4 (12) (2016) 276-281.

A.S. Ogunleye, A.D. Kehinde, A. Kolapo, Effects of social capital on income of cocoa farming households in Osun state, Tanzania Journal of Agricultural Science
19 (2) (2020) 131-137.

A.D. Kehinde, Access to trade credit and its impact on the use of European Union (EU) approved pesticides among smallholder cocoa farmers in Ondo State,
Nigeria, Heliyon (2022) e12409.

A.D. Kehinde, A.A. Ogundeji, Social capital networks (SCNs) reducing the poverty in cocoa producing households: evidence from Osun and ondo states of
southwestern Nigeria, Tropical and Subtropical Agroecosystems 25 (2022). #082.

A.D. Kehinde, R. Adeyemo, A.A. Ogundeji, Does social capital improve farm productivity and food security? Evidence from cocoa-based farming households in
South-western Nigeria, Heliyon 7 (3) (2021) e06592.

0O.A. Omotayo, Economic synergy between rural off- income and household’s poverty in Ekiti State, Nigeria, J. Hum. Ecol. 106 (2016), https://doi.org/
10.1080/09709274.2016.11907043.

A.B. Adeniyi, A.S. Daud, O. Amao, A.O. Omotayo, Determinants of rural women’s livelihood in Ibarapa North local government area of Oyo State, Nigeria,
J. Hum. Ecol. 56 (1-2) (2016) 84-90.

A.D. Kehinde, R. Adeyemo, J.T.O. Oke, A.S. Ogunleye, Effects of access to credit and membership in farmers’ cooperatives on improved technologies adoption
categories in cocoa-based farming systems of southwestern Nigeria, International Journal of Cooperatives Studies 7 (2) (2018) 22-29.

G. Kelani, T. Alimi, B.J. Amujoyegbe, A.S. Bamire, A. Onwuemele, A.D. Kehinde, Gender differentials and optimal combination of crop enterprises under
limited resource conditions in southwestern Nigeria: a case study of cocoa-based farming systems, Asian Research Journal of Agriculture 12 (2) (2020) 27-38.
K. Ogundari, Crop diversification and technical efficiency in food crop production: a study of peasant farmers in Nigeria, Int. J. Soc. Econ. 40 (3) (2013)
267-287.

M.A. Benmehaia, F. Brabez, The propensity to cooperate among peasant farmers in Algeria: an analysis from bivariate approach, Int. J. Food Agric. Econ. 4 (4)
(2016) 79-92.

O.W. Ibok, I.C. Idiong, I.N. Brown, L.E. Okon, U.E. Okon, Analysis of food insecurity status of urban food crop farming households in Cross River state, Nigeria:
a USDA approach, J. Agric. Sci. 6 (2) (2014) 132.

W. Mesfin, B. Fufa, J. Haji, Pattern, trend and determinants of crop diversification: empirical evidence from smallholders in eastern Ethiopia, J. Econ. Sustain.
Dev. 2 (8) (2011) 78-89.

M.A. Akaakohol, G.C. Aye, Diversification and farm household welfare in makurdi, benue state, Nigeria, Development Studies Research. An Open Access
Journal 1 (1) (2014) 168-175.

M.H. Ahmed, H.M. Mesfin, The impact of agricultural cooperatives membership on the wellbeing of smallholder farmers: empirical evidence from eastern
Ethiopia, Agricultural and Food Economics 5 (1) (2017) 1-20.

D.A. Arega, V.M. Manyong, G. Omanya, H.D. Mignouna, M. Bokanga, G.D. Odhiambo, Smallholder Marketed Surplus and Input Use under Transactions Costs:
Maize Supply and Fertilizer Demand in Kenya, 2008.

A.M. Durba, A. Adewumi, U.S. Mohammed, C.O. Adebayo, Effects of SG- security status in kaduna state, Nigeria, FUDMA Journal of Agriculture and
Agricultural Technology 5 (1) (2019) 197-202.

P.K. Nkegbe, B.M. Abu, H. Issahaku, Food security in the Savannah Accelerated Development Authority Zone of Ghana: an ordered probit with household
hunger scale approach, Agric. Food Secur. 6 (1) (2017) 1-11.

R. Aidoo, J.O. Mensah, T. Tuffour, Determinants of household food security in the Sekyere-Afram plains district of Ghana, Eur. Sci. J. 9 (21) (2013).

E. Najafi, Global Food Security under Climate-Water-Energy Nexus (Doctoral Dissertation, 2020. The City College of New York.

T. Assefa, E. Beyene, Determinants of food insecurity in rural households: a case study of lemo district, southern Ethiopia, in: Southern Ethiopia, 2022.
September 27, 2022.

A.K. Edriss, E. Aisay, Determinants of food insecurity in addis Ababa City, Ethiopia, J. Econ. Sustain. Dev. 3 (2020) 2222-2855.

M. Khakpour, A. Khorshahi, M.R.P. Charvadeh, N. Omidvar, R. Engler-Stringer, M. Koc, J. Garcea, J. White, C. Henry, M. Nematy, H. Vatanparast, The
association between Afghan refugees’ food insecurity and socio-economic factors in Iran: a case study of Khorasan Razavi province, Border Crossing 11 (1)
(2021) 51-66.

M.L. Gaiser, A.S. Winkler, S.J. Klug, S. Nkurunziza, D. Stelzle, Determinants of stunting among children under age five in Burundi: evidence from the
2016-2017 Burundi Demographic and Health Survey (BDHS 2016-17), Food Sci. Nutr. 11 (7) (2023) 4100-4112.

F.F. Ahmed, P.O. Abah, Determinants of food security among low-income households in Maiduguri Metropolis of Borno State, Nigeria, Asian J. Soc. Sci.
Humanit. 3 (1) (2014) 4-86.

E.S. Yisa, A.A.A. Coker, LK. Etonihu, A. Adewunmi, Effects of Conflicts on Food Security and Poverty Status of Irish Potato Farmers in Plateau State, 2019.
Nigeria.

F. Dizon, A. Josephson, D. Raju, Pathways to better nutrition in South Asia: evidence on the effects of food and agricultural interventions, Global Food Secur.
28 (2021) 100467.

17


http://refhub.elsevier.com/S2405-8440(24)11875-0/sref134
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref134
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref89
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref89
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref11
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref11
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref67
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref67
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref101
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref101
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref44
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref44
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref70
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref70
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref81
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref81
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref3
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref3
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref72
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref72
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref99
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref99
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref66
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref66
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref71
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref71
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref73
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref73
https://doi.org/10.1080/09709274.2016.11907043
https://doi.org/10.1080/09709274.2016.11907043
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref6
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref6
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref74
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref74
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref77
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref77
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref98
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref98
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref35
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref35
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref60
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref60
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref91
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref91
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref18
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref18
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref16
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref16
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref22
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref22
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref42
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref42
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref97
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref97
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref17
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref94
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref27
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref27
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref43
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref78
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref78
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref78
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref50
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref50
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref14
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref14
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref133
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref133
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref41
http://refhub.elsevier.com/S2405-8440(24)11875-0/sref41

	Is there a LINKAGE between credit access, land use, and crop diversification in achieving food security? Evidence from coco ...
	1 Introduction
	2 Literature review
	3 Material and methods
	3.1 Study area
	3.2 Sampling procedures
	3.3 Analytical techniques
	3.4 Descriptive statistics
	3.5 Crop diversification index
	3.6 Tobit regression model
	3.7 Food consumption score (FCS)
	3.8 Calculation of FCS and household food consumption groups (Table 1)
	3.9 Ordered logit regression model

	4 Results and discussion
	4.1 Socio-economic characteristics of the respondents
	4.2 Crop diversification profile of the respondents
	4.3 Land use for crop production
	4.4 Effect of access to credit on crop diversification among cocoa farming households
	4.5 Food consumption score
	4.6 Effect of crop diversification and land use on food security among cocoa farming households

	5 Conclusion
	6 Policy implications
	7 Limitation of the study
	Ethical declaration
	Data availability
	CRediT authorship contribution statement
	Declaration of competing interest
	References


