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ABSTRACT
The acceptance rate of agricultural diversiϐication as an effective strategy to mitigate climate change shocks

on smallholder farmers’ welfare is growing. However, many smallholder farmers in Oyo State, Nigeria, feel that
the proposed solutions to their ongoing welfare challenges lack sufϐicient information and guidance. Thus, this
study used descriptive statistics, the Herϐindahl‑Hirschman index, the double hurdle model and a sample selection
ordered probit regression model, to analyze the dataset elicited from 249 smallholder farmers through a multi‑
stage random sampling technique. These analytical techniques were applied to: describe farmers’ personal and
socio‑economic characteristics, examine the levels of diversiϐication in the different agricultural enterprises, deter‑
mine the correlates of agricultural diversiϐication, and investigate the causal effect of agricultural diversiϐication
and other unobserved factors on farmers’ welfare status in the study area, respectively. Results showed that the
average household size was ϐive persons. Similarly, the majority engaged in diversiϐied farming are operating at a
moderate level andwere classiϐied as having amoderatewelfare status. Furthermore, the double hurdle estimation
revealed that age, dependency ratio, market access, food security status, years of farming experience, per capita in‑
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come, and credit access signiϐicantly inϐluenced both the decision to diversify and the extent of diversiϐication. The
sample selection ordered probit regression estimation indicated that agricultural diversiϐication, household size,
per capita income, distance to market, and years of farming experience signiϐicantly inϐluenced farmers’ welfare
status. Findings also revealed the need to support smallholder farmers with policies that encourage them to diver‑
sify their farming activities to maximize their gains, experience improved life and contribute to rural development
in Oyo State, Nigeria.
Keywords: Agricultural Diversiϐication; Herϐindahl Hirschman; Double Hurdle Model; Sample Selection Ordered
Probit Model; Welfare Status; Nigeria

1. Introduction
Threats confronting agricultural systems include

climate change. Michler and Josephson [1] opined that
seasonal irregularities including but not limited to
drought, high temperatures, very low humidity and
precipitation are noticeable climate change impacts.
Makate et al. [2] also noted that climate change would
lower crop yield, deplete soil fertility and cause envi‑
ronmental degradation. Given the relationship between
climatic and ecological conditions, smallholder farmers
earning a livelihood from farming are expected to expe‑
rience more challenges and risks. In addition, Hansen
et al. [3] discovered and reported that risks induced by
climate change directly inϐluence the severity of poverty
in many rural areas. According to Larson, Muraoka and
Otsuka [4], rural areas in Africa and Nigeria are domi‑
nated by resource‑poor farmers who are susceptible be‑
cause they rely on rainfall, one of the climate change‑
controlled factors, to cultivate their crops.

The inϐluence of climate change, particularly on
rainfall, has altered farming seasons and lowered farm‑
ers’ ability to predict and plan appropriately for plant‑
ing and harvesting periods. For instance, prolonged
droughts occasioned by the absence of rainfall have not
only rendered some locations unsuitable for growing
certain crops [5], but have also increased heat stress with
a resultant decline in the crops harvested [6]. More of‑
ten than not, smallholder farmers are compelled to sell
their limited perishable produce at low prices to mid‑
dlemen, which often leaves them struggling with food
insecurity and variations in market forces. Further‑
more, Saleem et al. [6] documented a higher vulnerabil‑
ity tendency that resulted in lower productivity and se‑

vere health challenges for crops and livestock grown and
raised in warmer environments. In a recent develop‑
ment, there have been reports of terror unleashed in the
agrarian community, which has increased the state of
insecurity. Farmers have to pay to access their farms.
Where farmers resist, they are denied access to their
farms and/or inϐlicted with life‑threatening injuries by
an unidentiϐied group of persons.

Under the renewed hope agenda, the current
government has changed several provisions, including
those in the agricultural sector, to accelerate the pace of
agricultural productivity [7]. Establishing a feasible pol‑
icy framework capable of assisting smallholder farmers
to prosper using their existing resources is sacrosanct
to reducing food insecurity, improving poor welfare con‑
ditions, and dousing the wave of protests recently oc‑
curring in the nation due to economic instability. The
urgency to address various challenges and redress the
demands of the people, particularly in the agricultural
sector, has witnessed the establishment of the Agricul‑
tural Transformation Agenda (ATA) and the Agricultural
Promotion Policy (APP). These policies aim to free Nige‑
rians from hunger through the agricultural sector, pro‑
mote income growth, accelerate food and nutritional se‑
curity, generate employment, transform Nigeria into a
key player in world food markets and increase wealth
for many farmers [8, 9]. While these programs achieved
someof the reasons theywere established, Nigeria is still
not food secure (nationally, regionally, and locally), and
farmers have also registered discontent and worse wel‑
fare status with the reforms.

Nevertheless, ϐindings from previous re‑
search [10–12] assure that agricultural systems can still
meet the nutritional demand of the growing population
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and improve the welfare of smallholders. Ibid believes
that sufϐicient food production is achievable either by
expanding the area of land cultivated or intensifying
cultivation on the existing land [13, 14]. Again, Power [15],
Campbell et al. [16] and Giovanni [17] have all cautioned
that this approach is not sustainable amidst increasing
urbanization coupled with demand for land from other
sectors. In addition, increasing food production by ex‑
panding land‑cultivated areas has been identiϐied as the
primary driver of habitat and biodiversity loss, soil and
freshwater degradation, environmental pollution, and
greenhouse gas emissions globally.

Earlier reforms that established different pro‑
grammes aimed at revitalizing agriculture and provid‑
ing smallholder farmers with knowledge and guidance
to organize their farming process to earn decent welfare
were underpinned by available information. An effective
strategy would have been established if more had been
known. Thus, understanding how critical agricultural el‑
ements and other information interact would help build
the foundation of a robust policy framework to establish
programmes aimed at equipping smallholder farmers
with the knowledge and guidance to help them enhance
their welfare status and maximize the gains of innova‑
tive strategies. For instance, economic factors, such as
market demand and supply, are essential considerations
for smallholder farmers before adopting an innovative
approach. Geographic location and available resources
are essential variables controlling the supply side of agri‑
cultural production and impacting farmers’ access to vi‑
tal infrastructure, markets, and other socio‑economic el‑
ements. In contrast, selective choices, climate change,
and population exert pressure on agricultural systems
to shape or inϐluence the demand side [18]. Although
what appears effective towards improved welfare sta‑
tus of farmers in any farming system may be inϐluenced
by socio‑economic and geographic backgrounds, it is in‑
structive to understand initiatives, strategies, and ap‑
proaches put forward to improve smallholder farmers’
welfare status. According to Swarnam et al. [19], agricul‑
tural diversiϐication is a dynamic and holistic approach
to achieving economic beneϐits from existing farming
systems and improving the adaptive capacity of agricul‑
ture. Similarly, Michler and Josephson [1] and Moraine
et al. [20] reported that the agricultural diversiϐication

approach integrates livestock production and cultiva‑
tion of various crops, thereby mitigating risks associ‑
atedwithmonocropping, stabilizing income and improv‑
ing the welfare condition of farmers. According to In‑
oni, Gani and Sabo [21], agricultural diversiϐication also
offers a viable strategy for mitigating smallholder farm‑
ers’ challenges. In thewords ofNguyen [22] andMussema
et al. [23], integrating crops and livestock creates syn‑
ergies, while diversiϐication into agro‑processing and
value‑added activities increases proϐitability and stabil‑
ity. This strategy potentially ensures balanced diets, en‑
hances food security, and better utilizes resources. Fur‑
thermore, Makate et al. [2] contend that integrating aqua‑
culture, agroforestry, and non‑farming enterprises, in‑
cluding agro‑processing and rural tourism, establishes
this strategy’s versatility in enhancing its adopters’ liveli‑
hoods. Since smallholder farmers are among the most
vulnerable groups in society, their welfare outcomes
need to be interrogated from time to time, as such
investigations can guide sustainable agricultural prac‑
tices and policies, promoting environmental conserva‑
tion and long‑term food security. Importantly, having
accurate baseline information on the welfare of small‑
holder farmers provides an effective base for agricul‑
tural policies and support programs, which include but
are not limited to interventions to improve access to re‑
sources, credit facilities, and extension services. Simi‑
larly, improving the welfare of smallholder farmers can
lead to increased agricultural productivity, contributing
to rural economic growth and agrarian development.

Therefore, this study aims to assess the current
level of agricultural diversiϐication and welfare among
smallholder farmers, examine the factors inϐluencing di‑
versiϐication choices and the extent of diversiϐication,
and evaluate the impact of diversiϐication on farmers’
welfare. The study also hypothesizes that farmers’ socio‑
economic factors do not signiϐicantly inϐluence the di‑
versiϐication choices and extent of diversiϐication and
that agricultural diversiϐication does not positively im‑
pact smallholder farmers’ welfare.

1.1. Issues Faced by Smallholder Farmers

Smallholder farmers in developing countries, in‑
cluding Nigeria, encounter a myriad of challenges that
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hinder their productivity and overall well‑being. Many
smallholder farmers have restricted access to critical
resources such as quality seeds, fertilizers, and irriga‑
tion facilities, and this limitation often leads to subop‑
timal yields and low‑quality produce [24]. In addition,
inconsistent land tenure policies and practices can dis‑
courage long‑term investments in land improvements
and sustainable farming practices, and this land inse‑
curity often leads to reduced agricultural productivity
and limits the ability of farmers to expand their opera‑
tions [25]. Likewise, inadequate rural infrastructure, in‑
cluding poor road networks and lack of storage facili‑
ties, hampers farmers’ ability to access markets and sell
their produce at competitive prices. This often results
in post‑harvest losses and reduced income [26]. Similarly,
smallholder farmers frequently lack access to reliable
market information and face challenges in reaching prof‑
itable markets, while the presence of intermediaries or
middlemen who often exploit uninformed farmers and
reduce their proϐit margins, is also a signiϐicant chal‑
lenge [27]. Mango et al. [28] in a related study also empha‑
sized that limited access to credit and ϐinancial services
restricts smallholder farmers’ ability to invest inmodern
and improved farming techniques and purchase neces‑
sary inputs, thereby limiting the scale of their operations.
The unpredictable weather patterns, soil degradation,
and other environmental issues are other notable con‑
straints, negatively impacting farming activities, crop
yields and farmers’ income. According to Binswanger‑
mkhize and Savastano [29], most farmers who are small‑
holders often rely on rain‑fed agriculture, and given this,
they are particularly vulnerable to these events. While
many smallholder farmers also lack the technical know‑
how to adopt improved agricultural practices, the in‑
adequate provision of extension services further com‑
pounds this issue [21], limiting farmers’ capacity to in‑
crease productivity and efϐiciency, which invariably af‑
fects their welfare condition.

1.2. The Role of Diversiϐication in Address‑
ing These Challenges

Agricultural diversiϐication offers a viable strategy
to mitigate some of the challenges faced by smallholder
farmers. Through diversiϐication of agricultural activi‑

ties, farmers can achieve several beneϐits. Diversiϐica‑
tion reduces the risk associated with relying on a single
crop or farming activity. According to Inoni, Gani and
Sabo [21], diversiϐied farms canmaintain income through
alternative crops or livestock in the event of crop failure
due to pests, diseases, or adverse weather conditions.
This implies that engaging in multiple agricultural activ‑
ities allows farmers to tap into different income streams.
This diversiϐication can lead to more stable and poten‑
tially higher incomes, helping farmers to better manage
their ϐinances and invest in their farms. Importantly, by
growing a variety of crops and raising different livestock,
smallholder farmers can ensure a more balanced and
nutritious diet for their households [20]. This approach
also reduces dependency onmarket‑purchased food, en‑
hancing food security. Diversiϐication also enables farm‑
ers to make better use of available resources, such as
land, water, and labor. For instance, integrating crop and
livestock farming can create synergies, where livestock
manure enhances soil fertility for crops, while it also
provides opportunities for smallholder farmers to enter
niche markets, such as organic produce or specialized
crops [22]. Similarly, diversiϐication into agro‑processing
and other value‑added activities can equally increase the
proϐitability of agricultural produce, and achieve greater
economic stability, food security, and resilience to envi‑
ronmental and market ϐluctuations [23]. Also, it is impor‑
tant to reiterate that the concept of agricultural diversi‑
ϐication includes both horizontal diversiϐication, which
involves growing different types of crops within a given
period or area, and vertical diversiϐication,which encom‑
passes activities such as agro‑processing and value addi‑
tion. Diversiϐication can also extend to integrating live‑
stock, aquaculture, and agroforestry, thereby utilizing
land and resources more efϐiciently.

2. Theoretical Perspectives on Di‑
versiϐication andWelfare
Several theoretical perspectives that revolve

around economic theories on risk management and
income stabilization provide a proper understanding
of the relationship between agricultural diversiϐication
and smallholder farmers’ welfare. These theories collec‑
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tively highlight the nature of diversiϐication as a strategy
for improving household welfare, contributing to more
resilient and sustainable livelihoods through the spread‑
ing of risk, enhancing income stability, and improving
resource utilization in rural areas. This study draws
on these theoretical approaches to analyze the impact of
agricultural diversiϐication on thewelfare of smallholder
farmers. These theories as applied to this study are:

2.1. Portfolio Theory

Originating from ϐinance, and applied in several
ϐields, including agriculture, this theory posits that a
well‑diversiϐied farm portfolio can lead to more stable
and predictable returns, thereby stabilizing income and
enhancing household welfare [30]. Portfolio theory has
been applied to agriculture to explain diversiϐication as
a risk management strategy. Just as investors diversify
their portfolios to minimize risk, farmers diversify their
agricultural activities to reduce the impact of adverse
events on any single income source.

2.2. Risk Aversion Theory

This theory suggests that individuals are generally
risk‑averse and prefer to minimize uncertainty in their
income streams, and in agriculture, this translates to di‑
versiϐication as a means to spread risk across different
crops and activities [31]. This is to say that by not relying
solely on one crop or income source, farmers can protect
themselves against crop failures, price drops, and other
risks. This behavior is particularly relevant in the con‑
text of smallholder farmers who often operate under sig‑
niϐicant economic uncertainty.

2.3. Theoryof the FarmHousehold andUtil‑
ity

This theory integrates the production and con‑
sumption decisions of farm households. According to
Barnum and Squire [32], it posits that households maxi‑
mize utility by choosing a combination of activities that
balance income generation with risk management and
resource constraints. This is regarded as a strategy to
optimize household utility by balancing the beneϐits of
additional income against the risks and costs of engag‑

ing in new activities.

2.4. Economic Development and Structural
Change Theory

This theory examines how economic development
leads to changes in the structure of economies, including
the agricultural sector. As economies develop, there is
often a shift from traditional agriculture tomore diverse
and specialized forms of production, including high‑
value crops, livestock, and agro‑processing [33]. This shift
is facilitated by improvements in infrastructure such as
access to markets, which in turn enhance rural welfare.

2.5. Conceptual Framework

Figure 1 illustrates a conceptual frameworkwhere
agricultural diversiϐication is expected to augment farm
income mitigate the risks associated with climate va‑
garies and contribute to environmental and social sus‑
tainability goals. The institutional, legal and policy
framework interacts to form a comprehensive arrange‑
ment that prescribes permissible operation and the out‑
come within its purview.

Figure 1. Conceptual framework.

Conventional agricultural production systems, be‑
ing no exception to this standard, must comply with the
speciϐied guidance and regulations governing their oper‑
ation. Crop and livestock are the dominant agricultural
activities, practiced singularly or combined on a small
scale for subsistence. However, the spectre of climate
change exposes this conventional approach to unpre‑

462



Research onWorld Agricultural Economy | Volume 05 | Issue 04 | December 2024

dictable weather patterns and intense climatic events
that have threatened these systems, causing different de‑
grees of destruction to already vulnerable smallholder
farmers in the agrarian community.

An agricultural diversiϐied farming system even
amidst challenging climates, mitigates the devastating
effects of climate change by integrating crop and live‑
stock production synergistically and incorporating ad‑
ditional income‑generating activities including but not
limited to tourism, aquaculture, agroforestry, pasture
and hay processing and by‑product processing activities
to enhance farmers welfare, reduce associated climatic
risks, and promote the economic viability of farms and
the environment.

3. Brief Empirical Review of Liter‑
ature on Agricultural Diversiϐi‑
cation and Its Welfare Effect
Agricultural diversiϐication has been widely stud‑

ied across different regions of the world, with varying
contexts and outcomes. Globally, diversiϐication is rec‑
ognized as a crucial strategy for enhancing agricultural
sustainability and farmer resilience. In regions such as
South Asia and Sub‑Saharan Africa, studies have high‑
lighted the role of diversiϐication in mitigating risks as‑
sociated with climatic variability and market ϐluctua‑
tions [34]. For instance, research conducted in India has
shown that diversiϐication into high‑value crops, live‑
stock, and agro‑processing can signiϐicantly boost farm‑
ers’ incomes and reduce poverty levels [35]. Similarly,
studies in East Africa have demonstrated that diversiϐica‑
tion intohorticulture and cash cropshas improved small‑
holder farmers’ livelihoods by providing access to new
markets and increasing household income stability [36].
InWest Africa, including Nigeria, diversiϐication often in‑
cludes a mix of traditional staple crops and high‑value
crops like cocoa and oil palm [36]. Research has indicated
that in countries like Ghana and Nigeria, smallholder
farmers practicing diversiϐication are better positioned
to cope with economic shocks and climate change im‑
pacts [24, 37]. These studies emphasized the importance
of market access, infrastructure, and supportive policies
in facilitating successful diversiϐication. The welfare im‑

pacts of agricultural diversiϐication have been explored
in several empirical studies. Many of these studies focus
on indicators such as income levels, food security, nutri‑
tion, and overall livelihood resilience. For example, in
Southeast Asia, diversiϐication into ϐish farming along‑
side traditional rice cultivation has been linked to im‑
proved nutritional outcomes and increased household
incomes [34]. In Sub‑Saharan Africa, research has high‑
lighted the positive impacts of diversiϐication on food se‑
curity [38]. Studies conducted in Ethiopia and Niger have
found that households engaged in diverse agricultural
activities are less likely to experience food shortages and
are better able to meet their nutritional needs, which
is often attributed to the availability of a wider variety
of food products and more stable income streams [39, 40].
In Nigeria, Inoni, Gani and Sabo [21] showed that farm‑
ers’ age, farm income, credit access, extension contact, as
well as farm size inϐluenced farmers’ diversiϐication deci‑
sions and extent of diversiϐication, and these factors also
drive households’ welfare. Likewise in northern Ghana,
Baba and Abdulai [41] established the positive and signif‑
icant relationship between household food security and
diversiϐication; while Danso‑Abbeam et al. [38] also re‑
vealed that farmers’ age, farm size, extension service and
off‑farm employment make signiϐicant contributions to
farmers’ decision to diversify and extent of diversiϐica‑
tion into crop‑livestock diversiϐication in a mixed farm‑
ing system. Asante et al. [24] in their study in Ghana also
revealed that off‑farm income, farm size, use of tillage
equipment and good road network are major determi‑
nants of farmers’ decision todiversify into crop‑livestock
systems, while gender, credit access, extension service,
market information, stable income and good road net‑
work were reported to inϐluence farmers’ extent of di‑
versiϐication in their study. In the study conducted by
Mekuria and Mekonnen [27] in the central highlands of
Ethiopia, the ϐindings indicated that livestock holding,
land rented out, and soil fertility inϐluenced farmers’
decision on crop‑livestock diversity, while non‑farm in‑
come, livestock holding, farmland size, land rented out,
extension contact, cultivated irrigation land, soil fertility,
distance to asphalt road, distance to project ofϐice, and
improved seed inϐluenced the extent to which farmers
diversify crop‑livestock integrated farming systems.
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On the ϐlip side, some studies even suggested that
diversiϐication into non‑farm activities, such as petty
trading and agro‑processing, can signiϐicantly enhance
income levels and reduce vulnerability to agricultural
risks, and its success often depends on factors such as
access to credit, education, and infrastructure. But, agri‑
cultural diversiϐication goes beyond only crop diversiϐi‑
cation that is often considered in many related studies,
hence the need for this study to bridge the gap.

4. Materials and Methods

4.1. Study Area

The study was conducted in Oyo State, which is
predominantly an agrarian society situated in the south‑
western part of Nigeria. Agriculture plays a vital role
in the economy of the state, providing employment and
livelihoods to a signiϐicant portionof thepopulation. The
state is known for its diverse agricultural activities, in‑
cluding the cultivation of crops such as maize, cassava,
yam, and vegetables, as well as livestock farming. The
agricultural sector not only contributes to the state’s
Gross Domestic Product (GDP) but also ensures food se‑
curity and provides raw materials for agro‑based indus‑
tries. Other livelihood activities commonly practiced in
the study area include trading, vocational activities such
as carpentry, bricklaying, and crops, and livestock rear‑
ing, among many others. The state is mostly inhabited
by the Yoruba ethnic group and is homogenous in na‑
ture, with few other minority ethnic groups who are
spread across the state. Oyo State has 33 Local Gov‑
ernment Areas (LGAs), of which 28 LGAs are consid‑
ered rural and semi‑rural, and divided into 4 distinct
Agricultural Development Program (ADP) zones, namely
Ibadan, Ibarapa, Ogbomoso, and Oyo ADPs [42].

4.2. Sampling Procedure and Sample Size
Determination

Amultistage sampling techniquewas used to select
the sample size for this study. Oyo State is made up of 4
Agricultural Development Program (ADP) zones which
are structured based on different Local Government Ar‑
eas (LGAs), namely: Ibadan/Ibarapa zone with 9 LGAs,

Ogbomoso zone with 5 LGAs, Oyo zone with 5 LGAs, and
Saki zone with 9 LGAs. In the ϐirst stage, one‑third of the
LGAs in each zone were randomly selected to arrive at
10 LGAs in total. Because of the homogeneous nature of
the villages in the study area, the second stage involved
the random selection of 2 villages from each of the LGAs,
making 20 selected villages. The study also applied a
random proportionate to size sampling technique in the
third stage to select the sample size for this research, ow‑
ing to the variations that exist in the population of the
people across the selected villages. The sample size se‑
lection process was explicitly presented in the Table A1.

Importantly, there are three criteria to consider in
choosing a suitable sample size for any study: the level
of precision, conϐidence level and the degree of variabil‑
ity. Therefore, this research selected the representative
sample for this study through the validated method for
sample size determination for an unknown population,
using the conϐidence level technique of Z‑score [43]. This
is expressed as follows:

n0 =
z2 ×  p (q)

e2
(1)

The followings are also deϐined as:
n0 = Sample size to be estimated;
z2  = Selected critical value of desired level of con‑

ϐidence or risk;
p = Estimated proportion of an attribute that is

present in the population or maximum variability of the
population;

q = 1− p;
e = error margin.
Thus, at 0.05 error margin (95% conϐidence inter‑

val), the sample size was calculated as:

n0 =
(1.96)

2 × 0.5 (1− 0.5)

(0.05)
2 = 384.16 (2)

Of this ϐigure (384 farmers), two‑thirds of this es‑
timated value were used as the sample‑size because of
time and resource constraints. This translates to about
256 farmers who were used as the ϐinal representative
sample for this study. However, due to incomplete in‑
formation, responses from249 farmers entered the ϐinal
analyses, representing approximately a 97% response
rate.
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4.3. Research Design and Method of Data
Collection

Cross‑sectional study design was adopted for this
study. The cross‑sectional data were collected through
the use of a well‑structured interview schedule. This
was administered to the respondents to elicit necessary
information on their personal and socio‑economic fea‑
tures, participation in agricultural diversiϐication activ‑
ities, and the welfare state of the farmers in the area of
study.

4.4. Measurement of Diversiϐication by
Herϐindahl‑Hirschman Index Compu‑
tation

Variousmethods have been developed to conceptu‑
alize the diversiϐication or specialization of agricultural
activities. Their different approaches indicate the extent
of dispersion and concentration of activities in a given
time and space. According to Johns, Apsara and Lach‑
haman [44] as well as Narmadha and Karunakaran [45],
the extent of crop diversiϐication at a given point in
time may be examined by using several indices namely:
Herϐindahl‑Hirschman Index (HI), Simpson Index (SI),
Ogive Index (OI), Entropy Index (EI), and Modiϐied En‑
tropy Index (MEI). Prominent among the techniques is
the Simpson index of diversity which is an area‑based
metric that assesses horizontal diversiϐication based
on the proportionate areas allocated to different en‑
terprises, making it particularly effective for estimat‑
ing crop diversiϐication [24]. Of all, both the HI index
and the Ogive index can assess “agricultural diversiϐi‑
cation in terms of revenue generated from each enter‑
prise or domain”, making both approaches suitable for
assessing diversiϐication among crop, livestock and/ or
integrated crop‑livestock enterprises [24, 46]. It is impor‑
tant to reiterate that for comparative and standardiza‑
tion purposes, this study applied the HI formula to es‑
timate the Herϐindahl index using the revenue shares
(for each of the agricultural enterprises, namely, crop,
livestock, and crop‑livestock) of the total crop and/ or
livestock revenue for each farmer. The resultant indices
are subtracted from 1 to compute the diversiϐication in‑
dex across all three enterprises (details provided in the

methodology).
Following Asante et al. [24], computation of HI starts

from getting the revenue shares, which is:

Sk =
Rk∑n

k = 1Rk
(3)

Where:
Sk = revenue share of the kth crop or livestock in

the total revenue for a farm’s crops, livestock and/ or the
crop–livestock enterprises, respectively;

Rk  = revenue from the kth crop or livestock enter‑
prise for a sample farmer;∑n

i = 1Rk = total farm revenue for the crops, live‑
stock and/ or the crop–livestock enterprises, respec‑
tively;

k = 1, 2,…, n (number of enterprises involved in all
farmers’ farming operations).

Based on the method used by Asante et al. [24],
which is also in line with the technique used by Appiah‑
Twumasi and Asale [46], the Herϐindahl‑Hirschman index
was computed by taking the sum of squares of the crop
and/ or livestock revenue shares of the total crop and/
or livestock revenue for each of the farmers.

The Herϐindahl index is now speciϐied as:

HI =
∑n

k=1
S2
k (4)

TheHI technique, aswidely used in economic litera‑
ture to gauge enterprise diversiϐication or specialization,
facilitates cross‑comparison of ϐindings, which makes it
appropriate to use.

4.5. Methods of Data Analysis

Descriptive statistics such as contingency tables,
frequency distributions, percentages, and mean values
were used to explore the dataset and describe the re‑
spondents’ personal and socio‑economic characteristics.
Speciϐically, agricultural diversiϐication comprises of di‑
versiϐication into crops production, livestock production,
and/or integrated crop‑livestockproductionmix. There‑
fore, to compute agricultural diversiϐication among the
farmers in the study area, this study used the Herϐindahl
index (HI) technique. The ϐirst step is to calculate the
Herϐindahl index for each of the agricultural enterprises
using the revenue (which is assumed to be inϐluenced by
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quantities produced, quantities sold, prices, and trans‑
action costs) shares of the crops and/ or livestock from
the total crop and/or livestock revenue for each sam‑
ple of farmers. The use of revenue was adopted for the
sake of standardization, as mentioned earlier. Then, the
diversiϐication indices for each of the enterprises (crop
diversiϐication index (CDI), livestock diversiϐication in‑
dex (LDI), and the crop‑livestock diversiϐication index
(CLDI)) were computed by subtracting the estimated HI
for each of these enterprises from 1 (one). The resul‑
tant indices range from zero (0) to one (1), such that
higher values indicate a lower extent of diversiϐication
and vice versa. When there is no diversiϐication, it takes
the value 1, and as the diversity increases, it tends to
move towards 0. In other words, with an increase in di‑
versiϐication, the index would decrease, and vice‑versa.
This index takes a value of one when there is complete
concentration and approaches zerowhen diversiϐication
is ‘perfect’. According to Asante et al. (2018), a farmer is
said to be diversiϐied (1) in crops, livestock and/or inte‑
grated crop‑livestock farming systems if he/ she has a
CDI, LDI and CLDI > 0.5, respectively, and otherwise (0).
That is, CDI = 1 –HI (for crop); LDI = 1 –HI (for livestock);
CLDI (Agricultural diversiϐication for crop‑livestockmix)
= 1 – HI.

Going forward, the Cragg two‑step model, other‑
wise known as the double hurdlemodel (D‑Hmodel), [47]
was also applied to determine the correlates (internal
and external dynamics) of agricultural diversiϐication in
the study area, which explains why some farmers diver‑
siϐied and others did not, as well as the extent of agricul‑
tural diversiϐication among the farmers in the study area.
For this study, it is assumed that the two decisions were
made in different stages, and that the same factors have
different effects on these decisions. So, in the ϐirst step
of the estimation process for the D‑Hmodel, the discrete
decision to diversify (separately for each of the agricul‑
tural enterprises) was analyzed using the probit model,
and by default, this is simultaneously followed by an es‑
timation of the decision on the extent of diversiϐication
among the diversiϐied sub‑sample farmers using a trun‑
cated regression (tobit) model.

Similarly, the welfare index score approach was
adopted to examine farmers’ welfare status. This re‑

search followed the estimation approach of UNDP [48],
Gautum and Andersen [49] and UN‑DESA [50] to construct
the farmers’ welfare index score, using both economic
and non‑economic welfare components. Furthermore,
the Sample Selection Ordered Probit Regression Model
was applied to estimate the effect of agricultural diversi‑
ϐication and other observed and unobserved factors on
the levels of households’ welfare in the area of study.

Also, the composite score techniquewas used to ob‑
tain the ordinal categorization of farmers into high, mod‑
erate and low levels of agricultural diversiϐication and
welfare status levels (using the respective indices), as
previously used by Adepoju et al. [51]. The categorization
was achieved using:

High category/level = Scores between maximum
point (1) to (Mean + Standard Deviation) point

Moderate category/level = Scores between low and
high categories

Low category/level = Scores between lowest point
(0) to (Mean – Standard Deviation) point.

4.6. Model Speciϐication and Empirical
Strategies: Double Hurdle Model

The double‑hurdle model introduced in 1971 by
Cragg has been frequently used to model two‑stage de‑
cision processes [47]. An advantage of the double‑hurdle
model compared with the standard univariate Tobit
model is that it provides a more ϐlexible framework to
model the observed consumer behavior as a joint choice
of two decisions instead of a single decision. The double‑
hurdle model is designed to analyze instances of an
event that may or may not take place and if it takes
place, takes on continuous values. For this study, a de‑
cision on farmers’ involvement in agricultural diversiϐi‑
cation is made ϐirst, and then the decision on the extent
of involvement in agricultural diversiϐication activities
follows. That is, the double‑hurdle model was applied
to investigate the factors inϐluencing farmers’ decisions
to engage in agricultural diversiϐication, and the factors
driving the levels of agricultural diversiϐication among
the diversiϐied farmers. This model is chosen because
it assumes that households make two sequential deci‑
sions. Each hurdle is conditioned by the farmer’s socio‑
economic characteristics and other observed and unob‑
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served factors. In estimating the double‑hurdle model, a
probit regression (using all observations) is followed by
a truncated regression on the non‑zero observations [47].

The ϐirst hurdle is then represented by:

di∗ = Zi′+ ui (decision to engage in
agricultural diversiϐication (binary))

(5)

y∗ = Xi′+ v(extent of involvement
in agricultural diversiϐication (index))

(6)

di = 1 if d∗ > 0

di = 0 if d ∗ ≤0
(7)

The second hurdle closely resembles the Tobit
model, which is expressed as:

y∗ = max(yi ∗ ∗, 0) (8)

Finally, the observed variable, yi, is determined by
the interaction of both hurdles as follows:

y = diyi∗ (9)

ui N (0, 1) vi N (0, σ2)
If both decisions are made jointly (the Dependent

Double Hurdle), the error term can be assumed to have
a bivariate normal distribution deϐined as: (ui, vi) BVN
(0, ψ).

According toHe et al. [52], the two‑stage decision na‑
ture implies that participation in agricultural diversiϐica‑
tion and consumption (extent of involvement in agricul‑
tural diversiϐication) should bemodeled jointly, partly to
gain estimation efϐiciency.

4.7. Model Speciϐication and Empirical
strategies: Sample Selection Ordered
Probit

Following De‑Luca and Perotti [53], as well as Sunny
et al. [54], the sample selection ordered probit regression
model is expressed in two stage processes. Firstly, the
outcome equation can be expressed as:

Yj =
∑H

h=1
vh1 (kh−1 < xjβ + u1j ≤ kh) (10)

Where:
Yj = Outcome of interest (welfare status levels);
xj = Outcome covariates (explanatory variables);

β = estimated coefϐicient; and
u1j = a random‑error term.
Theobservedoutcomevalues v1,. . .,vH are integers

such that v1< vm for i<m. κ1,. . .,κH−1 are real numbers,
such that κi< κm for i < m. κ0 is taken as −∞ and κH is
taken as +∞.

On the other hand, the selection equation can be ex‑
pressed as:

Sj = 1 (zjγ + u2j > 0) (11)

Where:
Sj = 1 when observed yj and 0, otherwise (agricul‑

tural diversiϐication decision);
zj = the covariates used for modeling the selection

process (explanatory variables);
γ = the coefϐicient for the selection process;
u2j = a random‑error term.
Note: u1j , u2j have a bivariate normal distribution

with mean zero and variance matrix.

4.8. Description, Measurement and A‑
Priori Expectations on the Variables

TheTable 1 highlights the description, unit of mea‑
surement of the variables used in the analyses, as well
as the a‑priori expectations which have to do with the
anticipated direction of movement of the variables. To
estimate the parameters of the models of Equations (5),
(6), (9) and (10) for the two decisions (response vari‑
able in DHmodel) relating to agricultural diversiϐication,
and the estimation of the effects of agricultural diversiϐi‑
cation on the levels of farmers’ welfare status (response
variable in ordered probit sample selectionmodel), a set
of explanatory variables which are expected to inϐluence
the two decisions and the levels of farmers’ welfare sta‑
tus, respectivelywere highlighted inTable 1. These vari‑
ables were selected based on statistical evidence of rela‑
tionship and past related empirical studies. For instance,
the age of respondents which may have either a direct
or inverse inϐluence ondiversiϐication andwelfare status
has been reported to have non‑harmonious effects in the
literature [38, 40]. It is also a proxy for farming experience,
and a major determinant in farming household decision
making owing to the fact that older respondents have a
high likelihood of having accumulated experience (years
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of farming experience, noted to have a direct inϐluence
on diversiϐication decision and welfare status), access to
resources and information. All else equal, the propen‑
sity to engage in agricultural diversiϐication is high com‑
pared to the younger population of farmers. Years of
formal schooling which represent the educational sta‑
tus of farmers have been found to have positive effects
on diversiϐication [40]. Educated individuals are likely to
be better informed about alternative crops and/or live‑
stock adaptable to existing production conditions; thus,
a positive inϐluence on diversiϐication decisions was an‑
ticipated.

Likewise, household size which represents the size
of the family can also exert either a direct or inverse in‑
ϐluence on diversiϐication and welfare status [40]. While
a higher household size can have a positive inϐluence on
diversiϐication and farmers’ welfare given the availabil‑
ity of family labour, it can also have a negative effect
on household welfare, given the subsistence nature of
most of the farmers. Then, distance to market is an in‑
dicator of physical access to markets and proximity to
a place of economic engagement also has mixed effects
on diversiϐication [27]. Farmers closer to markets tend to
diversify to meet the changing market demand for vari‑
ous agricultural produce especially the perishable ones.
This positively affects the supply chain which may fur‑
ther encourage diversiϐication and by extension welfare
status among the farmers. On the other hand, greater
distances frommarkets may actually discourage diversi‑
ϐication and have a debilitating effect on farmers’ income
and general welfare status.

Frequency of extension visits typically hints at the
rate atwhich farmershave contactwith extension agents
for extension services. Extension service is a potent
source of information for farmers to be abreast of the
latest developments in farming systems in terms of
improved technologies which could induce positive di‑
versiϐication decisions and the extent of diversiϐication
among the farmers [21, 27]. Also, the dependency ratio,
which speaks to the ratio of dependants to the number
of economically active personswithin the household has
been reported to have a mixed effect on the extent of di‑
versiϐication. A greater number of dependants can in‑
duce a lower welfare status especially among resource‑

poor farmers and this in turn can also induce positive
diversiϐication decisions, with greater consequences on
the extent of diversiϐication, given the resource limita‑
tions [40].

In addition, food security status also exerts amixed
effects on the diversiϐication (both decision and extent)
and farmers’ levels of welfare status in that food secure
farmers may be induced to take more positive diversiϐi‑
cation decisions in a bid to maintain sustainable food se‑
curity status, which will evidently improve farmers’ lev‑
els of welfare status, and vice versa. With timely access
to agricultural credit, farmers will be able to procure the
needed inputs and other production resources to diver‑
sify more, and this is likely to have a positive effect on
farmers’ welfare status [40]. The mode of land acquisi‑
tion and per capita income also have mixed effects on
farmers’ decisions to diversify and the extent of diversi‑
ϐication, as well as farmers’ levels of welfare. Compared
to having access to a large hectare of farmland, land ac‑
quisition through inheritance always leads to fragmen‑
tation of farmland with negative consequences on farm
output, which evidently discourages positive diversiϐica‑
tion decisions and the extent of diversiϐication [38]. The
spillover effects fromsuch a situation are lower farmout‑
putwhich results in lower income andper capita income,
given the household size, as well as poor welfare condi‑
tions reϐlected in a vicious cycle of poverty and depriva‑
tion. Conversely, engaging in non‑agricultural activities
is expected to generate non‑farm income, and this could
provide farmers with additional income streams that
can be used to expand their farming business. There‑
fore, a higher non‑farm income could have amixed effect
on farmers’ diversiϐication decisions and their extent as
well as farmers’ levels of welfare status if a wrong deci‑
sion is made. This is because of the potential conϐlict in
decisionmaking on how to allocate resources among the
available alternative income generating activities.

5. Results and Discussion

5.1. Farmers’ Personal and Socio‑Economic
Characteristics

Table 2 presents the results from the data on the
farmers’ personal and socio‑economic features in the
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Table 1. Description and measurement of variables.

Variables Variable Type Measurement A‑Priori
Sign

Agric. Diversiϐication (Response) Categories
j0 Non‑diversiϐied = 0 0 N/A
j1 Low diversiϐication (diversiϐied = 1) 1 N/A
j2 Moderate diversiϐication (diversiϐied = 1) 2 N/A
Welfare status (Response)
j0 Low welfare category 0 N/A
j1 Moderate welfare category 1 N/A
j2 High welfare category 2 N/A
Explanatory variables
Age Continuous Years +/ –
Years of formal schooling Continuous Numbers of years spent in school +
Household size Continuous Total number of persons in the household +/ –
Access to market Dummy 1 if accessed, 0 if otherwise +
Distance to market (inverse) Continuous Kilometer (Km) +/ –
Frequency of extension visit Continuous Numbers of visits +
Dependency ratio Continuous Numbers of economically dependent people +/ –
Food security status Dummy 1 if food secure, 0 if otherwise +/ –
Access to credit Dummy 1 if accessed, 0 if otherwise +
Years of farming experience Continuous Numbers of years in farming +
Mode of land acquisition Dummy 1 if inheritance, 0 if otherwise +/ –
Non‑agric. diversiϐication Dummy 1 if diversiϐied in non‑farm, 0 if otherwise +
Log of per‑capita income Continuous Naira +/ –

Note: N/ A—Not applicable.
Source: Authors’ compilation.

study area. The ϐindings showed thatmost of the respon‑
dents weremale (71.9%), while the estimatedmean age
was 47.5 years. This points to the male dominance in
agricultural activities; hence the need for policies that
promote gender‑just inclusion programmes that can at‑
tract female individuals to engage in agriculture and
agricultural‑related activities. Also, the average age sug‑
gests that the farmers were still in their active and eco‑
nomically viable age which can promote positive diver‑
siϐication decisions. The mean years of formal school‑
ing and household size were found to be about 8 years
and approximately 5 persons, respectively. The implica‑
tion of this is that on average, farmers in the study area
have a basic level of education which can permit them
to read and write. Also, the results showed that there
are at least 5 individuals in each of the farming house‑
holds. The ϐindings also indicated that in each house‑
hold, there were about 3 persons who are employed. By
implication, this suggests that the working members of
the households can fairly cater to the responsibilities
and well‑being of their respective household members,
so that they can be better off in terms of welfare condi‑
tions.

Table 2. Distribution of farmers’ based on personal and socio‑
economic characteristics (n = 249).
Variables Frequency

Gender
Female 70 (28.1)
Male 179 (71.9)
Age‑group (years)
< 30 39 (15.7)
31–40 44 (17.7)
41–50 67 (26.9)
51–60 57 (22.9)
Above 60 42 (16.9)
Mean (47.5 years)
Years of education (years)
No formal education 50 (20.1)
< 6 63 (25.4)
7–12 103 (41.4)
Above 12 33 (13.3)
Mean (8.1)
Household size group
< 3 32 (12.9)
4–6 189 (75.9)
Above 6 28 (11.2)
Mean (4.9)
Numbers of employed members
< 2 187 (75.1)
3–4 60 (24.1)
Above 4 2 (0.8)
Mean (2.9)
Agricultural Diversiϐication
*Crop diversiϐication (CD) 112 (44.98)
*Livestock diversiϐication (LD) 152 (61.04)
*Crop‑Livestock diversiϐication (CLD) 227 (91.16)

Note: Figures in parentheses are percentage values;
*‑Non‑mutually exclusive events.
Source: Field survey, 2023.
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Given the agricultural diversiϐication domains’ val‑
ues obtained, it can be deduced that each event is non‑
mutually exclusive in nature. The results revealed that
almost 45% of the farmers concentrated on crop farm‑
ing and crop diversiϐication, while approximately 61%
focused on livestock farming alone. However, about 91%
of the farmers engaged in a crop‑livestock diversiϐica‑
tion mix. This suggests that most of the farmers in the
study area engaged in both crop production and live‑
stock rearing, which is expected to contribute positively
to the farmers’ levels of welfare status.

5.2. Levels of Agricultural Diversiϐication
andWelfare

Establishing the relationship between the level of
agricultural diversiϐication and welfare status supports
feasible policy formation strong enough to enhance
farmers’ prosperity. Thus, Table 3 presents the results
of the contingency evaluation of the respondents based
on the concepts of interest in this study.

Of the 249 sampled respondents, themajority (220
respondents accounting for 88.35 per cent of the sam‑
pled population) havemoderately diversiϐied their farm‑
ing activities. Furthermore, only 7 respondents repre‑
senting 2.81 per cent of the total sampled respondents
were found operating on a low diversiϐied farming sys‑
tem,while only 22 respondents (8.84per cent of the sam‑
ple respondents) are yet to diversify their farming activi‑
ties. Interestingly, we also found in Table 3 that a higher
level of agricultural diversiϐication resulted in a higher
welfare status for smallholder farmers. For instance,
most of the farmers who were found operating a moder‑
ately diversiϐied farming system have a moderate level
of welfare status. The results also indicated that across
all the levels of agricultural diversiϐication classiϐication,
the majority of the farmers were found in the moderate
level of welfare status. This reinforces the earlier expla‑
nation on the levels of agricultural diversiϐication in line
with the levels of welfare status among the sample farm‑
ers in the study area. This result suggests that if the
farmers are adequately empowered with the required
enlightenment and training, there is a good chance that
many farmers would fully diversify their agricultural ac‑
tivities, andby extension obtain an enhancedwelfare sta‑

tus.
It is very instructive to also state that where there

is no relationship between variables (H0) according to
Torres‑Reyna [55], then, the X2 (chi2) is expected to be
statistically signiϐicant for the null hypothesis to be re‑
jected; likewise, the foregoing statement also applies to
the likelihood ratio test value. Thus, a statistically signif‑
icant chi‑square test value of p < 0.01 according toTable
3 implies a differentiated association between the level
of agricultural diversiϐication and the welfare status of
smallholder farmers exists in the study area. In addition,
the Cramer’s V value (which ranges from 0 to 1) mea‑
sures the strength of association between the levels of
agricultural diversiϐication and levels of welfare status.
Higher values show a strong relationship, and vice versa.
Thus, the Cramer’s V value of 0.21 as shownbelowTable
3 reveals a weak association, and a plausible reason for
this could be themoderate involvement of farmers in the
diversiϐication of their farming activities.

5.3. Correlates of Agricultural Diversiϐica‑
tion

The double hurdle estimation eases the evaluation
of agricultural diversiϐication status and the extent of di‑
versiϐication among the smallholder farmers in the study
area. The model consists of two tiers. Tier 1 focuses on
the determinants ofwhether a farmer engages in agricul‑
tural diversiϐication or not, and gives an understanding
of the factors that inϐluence farmers’ decisions to diver‑
sify. Tier 2 focuses on farmerswho have diversiϐied their
farming system and examines the factors that inϐluence
the extent of diversiϐication. The results from the estima‑
tion are presented in Table 4 below.

Estimation from Tier 1 reveals the statistical sig‑
niϐicance of age at p < 0.01 with a coefϐicient of 0.025.
This suggests that holding other variables constant, a
unit increase in the age of the farmer is associated with
a 0.025 unit increase in the probability of transitioning
from a non‑diversiϐied farmer to a diversiϐied farmer.
Intuitively, the implication of this is that older farmers
are more likely to engage in agricultural diversiϐication,
given their accumulated farming experience over the
years. Our ϐinding is in tandem with the result from the
study by Inoni, Gani and Sabo [21], where a direct rela‑
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Table 3. Levels of agricultural diversiϐication and welfare status of the respondents.

Levels of Agricultural Diversiϐication Levels of Welfare Status
Low Moderate High Total

Non‑diversiϐied 4 15 3 22
18.18 68.18 13.64 100.0
10.81 8.82 7.14 8.84

Low 1 5 1 7
14.29 71.43 14.29 100.0
2.70 2.94 2.38 2.81

Moderate 32 150 38 220
14.55 68.18 17.27 100.0
86.49 88.24 90.48 88.35

Total 37 170 42 249
14.86 68.27 16.87 100.0
100 100.0 100.0 100.0

Note: Pearson‑chi2(4) = 37.5380, Pr = 0.000.
Likelihood‑ratio chi2(4) = 37.7754, Pr = 0.000, Cramér’s V = 0.2106.
Source: Data analysis, 2023.

tionship between age and farmers decision to diversify
was also reported, stating that experienced older farm‑
ers understand the need to diversify production to mit‑
igate the effect of climatic variability, price shocks and
total crop failure. On the contrary, our ϐinding is in con‑
trast with the report by Danso‑Abbeam et al. [38] where
older household headswere reported to be less involved
in integrated crop‑livestock farming owing to its multi‑
tasking nature, relative to the younger population.

From Table 4, the dependency ratio’s coefϐicient is
−0.120. This means that an increase in the dependency
ratio decreases the likelihood of adopting agricultural
diversiϐication by 0.120 units. This effect was found to
be statistically signiϐicant at (p < 0.1); while the nega‑
tive sign of the coefϐicient suggests that a higher depen‑
dency ratio relative to family income might deter farm‑
ers from diversifying agricultural activities. Put differ‑
ently, a high dependency ratio would likely limit the eco‑
nomic resources available to farmers for diversiϐication
activities. In a related study conducted in Ghana by As‑
ante et al. [24], the study found that an increased depen‑
dency ratio negatively inϐluences agricultural diversiϐica‑
tion, which also reinforces the ϐinding of this study.

The Table 4 also shows that farmers’ access to the
market is signiϐicant with a coefϐicient of 0.512. This re‑
sult indicates that at (p < 0.1), a unit increase in farmers’
accessibility to the output market increases the proba‑

bility of farmers adopting agricultural diversiϐication by
0.512 units. This result implies that proximity to mar‑
ket places creates a better opportunity for a farmer to
engage with other farmers, make better proϐits and ex‑
change ideas on the need for agricultural diversiϐication.
This ϐinding aligns with P.K. Joshi, K. Joshi and Birthal [56]
who emphasized that better market access reduces the
transaction ormarketing costs in South Asia, thereby en‑
hancing easy sales of agricultural produce. P.K. Joshi, K.
Joshi andBirthal [56] also reported that this assisted them
in reducing the risks of possible post‑harvest losses, par‑
ticularly for perishable agricultural products. On the
other hand, the conclusions from the study by Ibrahim
et al. [57] showed that farming households that are far‑
ther away from the main markets face high costs of
transportation to get their produce to the market and in
such instances, they only cultivate for subsistence rather
than commercial purposes. However, the study from
Sichoongwe et al. [34] reported otherwise in their study
conducted in Zambia where they found that an increase
indistance to themarket signiϐicantly increases theprob‑
ability of a farmer’s participation in crop diversiϐication;
this to some extent defeats the rationality principle in
economics.

Farmers’ food security statuswas found to be statis‑
tically signiϐicant at (p < 0.1) with a coefϐicient of 0.132.
This evidences that an increase in farmers’ food secu‑
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Table 4. Correlates of agricultural diversiϐication.

Coefϐicient
(dy/ dx)

Std. Error z p > |z|

Tier 1 (Agricultural diversiϐication decision)
Age 0.0250 0.0098 2.55*** 0.011
Years of formal schooling 0.0341 0.0232 1.47 0.142
Dependency ratio –0.1204 0.0725 –1.66* 0.097
Access to market 0.5123 0.2963 1.73* 0.084
Frequency of extension –0.0160 0.1132 –0.14 0.887
Food security status 0.1320 0.0729 1.81* 0.070
Mode of Land acquisition 0.2953 0.2753 1.07 0.283
Constant –0.1795 0.6843 –0.26 0.793
Tier 2 (Extent of Agricultural Diversiϐication)
Age 0.0010 0.0003 3.25*** 0.001
Years of formal schooling –0.0007 0.0008 –0.92 0.355
Mode of Land acquisition –0.0153 0.0100 –1.52 0.128
Years of farming experience –0.0012 0.0006 –1.90* 0.057
Log of per‑capita income –0.0321 0.0090 –3.56*** 0.000
Food security status 0.0316 0.0170 1.86* 0.063
Access to credit 0.0205 0.0102 2.00** 0.046
Constant 0.8395 0.1133 7.40 0.000
Sigma
Constant 0.0592 0.0027 21.31 0.000

Wald‑chi2 (7) = 13.61; prob > chi2 = 0.0586; *, ** and *** mean 10%, 5% and 1%, respectively.
Source: Data analysis, 2023.

rity is associated with an increase of 0.132 in the like‑
lihood of engaging in agricultural diversiϐication among
the farmers. This further suggests that farmers who
are food secure have a higher propensity to diversify
their agricultural activities, all things being equal. This
aligns well with utility theory because farmers tend to
engage in activities that return higher beneϐits and max‑
imize their satisfaction. Besides, Moraine et al. [20] re‑
ported in their study conducted in Europe that diversi‑
ϐied farms confer food security, improve dietary prefer‑
ence, increase household income, and reduce vulnerabil‑
ity to shocks. The motivation and drive to achieve these
beneϐits can positively inϐluence farmers’ decisions to di‑
versify their agricultural activity.

Considering the results in Tier 2 of Table 4, the age
of the household head has a coefϐicient of 0.001, suggest‑
ing that a unit increase in age is associated with a 0.001
unit decrease in the predicted extent of diversiϐication
among farmers operating a diversiϐied farming system.
This effect is statistically signiϐicant (p < 0.01), implying
that older farmers are less likely to put more effort into
increasing the extent of their agricultural diversiϐication

activities as a result of aging. This ϐinding agreeswith the
submission of Danso‑Abbeam et al. [38] in a related study
in Ghana.

Years of farming experience revealed a negative co‑
efϐicient of –0.0012, implying that a unit increase in farm‑
ing experience results in a 0.0012 unit decrease in the
predicted extent of diversiϐication among the farmers op‑
erating a diversiϐied farming system, and this effect is
marginally signiϐicant (p < 0.1). Therefore, the result im‑
plies that experienced farmers are less likely to engage in
additional diversiϐied agricultural activities as they may
be found directing their attention to a limited range of
agricultural activities. This result negates the ϐindings of
Ashfaq et al. [58] whonoted in Pakistan that years of farm‑
ing experiencepositively and signiϐicantly inϐluenced the
extent of diversiϐication among the farmers.

At (p < 0.01), the coefϐicient of –0.0321 associ‑
ated with per capita income indicates that a percentage
change (increase) in per capita income resulted in a de‑
crease of 0.0321 units in the predicted extent of diversi‑
ϐication among farmers operating a diversiϐied farming
system. This could imply that a higher per capita income
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could slightly narrow the range of agricultural diversiϐi‑
cation activities among farmers operating a diversiϐied
farming system. This ϐinding is in contrast to what As‑
ante et al. [24] reported in their study in Ghana where the
authors explained that farmers’ perception of assured
stable income through diversiϐication was found to be
positive and highly signiϐicant in determining the contin‑
uous diversiϐication decision.

The positive coefϐicient of 0.0316 associated with
farmers’ food security status is statistically signiϐicant
at (p < 0.1), suggesting that being food secure positively
and statistically inϐluenced the predicted extent of diver‑
siϐication among farmers operating a diversiϐied farm‑
ing system by 0.0316 units. This implies that improved
gains (in termsof being food secure) fromagricultural di‑
versiϐication are likely to inspire farmers to further diver‑
sify their farming operations, aiming for better returns.
ConsistentwithMoraine et al. [20], diversiϐication is often
driven by food security and income enhancement, thus,
motivating farmers to expandmore on their agricultural
activities.

The results also indicated that access to credit pos‑
itively and signiϐicantly (p < 0.05) inϐluenced the pre‑
dicted extent of agricultural diversiϐication among farm‑
ers operating a diversiϐied farming system by 0.0205
units. Compared to farmers without credit access, the
result hints that those farmers who accessed credit in‑
deed have a comparative advantage in terms of farm‑
ers’ engagement and extent of engagement in a broader
range of agricultural diversiϐication activities. This re‑
sult is as expected, and tallies with the ϐindings ofMango
et al. [28] and Danso‑Abbeam et al. [38] in their separate
studies conducted in Ghana and Malawi, respectively,
where they observed that access to supply‑side policy in‑
struments such as agricultural credit facilities assisted
farmers to diversify more than those without it. To di‑
versify agricultural production into crops and livestock,
a farmer requires ϐinancial liquidity to purchase addi‑
tional land and other inputs (e.g., labor) and equipment
for crop cultivation. Thus, the availability of ϐinance to
farmers in the form of cash or input supply could hasten
the process and extent of diversiϐication among the farm‑
ers.

ual standard deviation (sigma—δ) which represents the
variability of the unobserved factors affecting the extent
of diversiϐication among farmers operating a diversiϐied
farming system. The value of 0.059 shown inTable 4 im‑
plies that the observed values in the dataset are spread
around the predicted values with a standard deviation
of approximately 0.059. This value provides informa‑
tion about the unobserved heterogeneity (5.9%) not ac‑
counted for by the model, which may not present any
signiϐicant issue or distortion to the ϐindings. Then, the
post‑estimation test—Wald chi2 (7) returns a value of
13.61 and a Prob > chi2 of 0.0586 which is statistically
signiϐicant at the 5% probability level. This is an indica‑
tion that the estimates from the ϐitted D‑Hmodel appear
consistent and reliable.

5.4. Effect of Agricultural Diversiϐication
on the Levels of Farmers’ Welfare Sta‑
tus

Initiatives, schemes and/or innovative approaches
prescribed for farmers’ adoption should have the capac‑
ity to enhance farmers’welfare and livelihood. Thus, this
section presents the inϐluence of important farmers and
farm‑level attributes, including agricultural diversiϐica‑
tion impacts on farmers’ levels of welfare amidst chal‑
lenging environments. This was achieved by evaluating
a sample selection ordered probit regression model as
presented in Table 5, which requires the inclusion of
at least one distinctive variable in the explanatory vari‑
ables speciϐied for the selection equation (that is, agricul‑
tural diversiϐication decision) different from the explana‑
tory variables speciϐied for the outcome equation (levels
of welfare status) [59].

Therefore, the distinctive variable (frequency of ex‑
tension contacts) ϐitted in the selection equation (par‑
ticipation in agricultural diversiϐication) serves as a con‑
trol variable for unobservable factors such as farmers’ in‑
nate abilities and farmers’ knowledge that may bias the
effect of farmers’ involvement in agricultural diversiϐica‑
tion. This variable is expected to inϐluence farmers’ de‑
cision on agricultural diversiϐication directly but should
not directly inϐluence the outcome (levels of welfare sta‑
tus). The estimation results are presented in Table 5

Importantly, the estimation produced the resid‑ below.
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Table 5. Effect of agricultural diversiϐication on the levels of farmers’ welfare status.

Variables Coefϐicient Std. Error z p > |z|

Levels of welfare status (Outcome)
Agricultural diversiϐication 0.2029 0.0841 2.41** 0.016
Age 0.0053 0.0056 0.96 0.339
Years of formal schooling 0.0145 0.0160 0.91 0.363
Household size –0.1431 0.0696 –2.05** 0.040
Dependency ratio –0.0430 0.0533 –0.81 0.419
Log of per capita income –0.6154 0.2181 –2.82*** 0.005
Distance to market (inverse) 1.0883 0.4167 2.61*** 0.009
Non‑agric. livelihood diversiϐication 0.0944 0.3575 0.26 0.792
Years of farming experience 0.6898 0.3877 1.78* 0.075
Selection (participation decision)
Years of formal schooling 0.0291 0.0227 1.28 0.199
Log of per capita income 0.6216 0.2846 2.18** 0.029
Frequency of extension visits 0.0172 0.0104 1.66* 0.097
Non‑agric. livelihood diversiϐication –0.0709 0.1092 –0.65 0.516
Constant –6.5164 3.4798 –1.87 0.061
aux_lvl_welf (cut‑points for welfare levels)
_cut1 –7.4164 2.7227 –2.72*** 0.006
_cut2 –6.5176 2.7159 –2.40** 0.016
rho ‑ ρ (correction term) –0.0289 0.0145 –1.98** 0.047

Note: Log likelihood = –333.467;Wald‑chi2 (13) = 28.15.
Likelihood ratio test for rho = 0: chi2(1) = 2.94; Prob>=chi2 = 0.0866.
*, ** and *** mean 10%, 5% and 1% respectively.
Source: Data analysis, 2023.

Inferring from Table 5, the log‑likelihood value of
–333.467, Wald‑chi2 value of 28.15 at df‑13, and prob >
chi2 of 0.0086 afϐirm a statistically signiϐicant probabil‑
ity level at 5 percent. This implies that the ϐitted model
is reliable and mirrors the survey dataset. The values –
7.4164 and –6.5176 associated with the two cut‑points
in Table 5 are the threshold parameters and are statis‑
tically signiϐicant at 1 percent and 5 percent (p < 0.01,
p < 0.05) probability levels, respectively. According to
Ender [60], these threshold parameters indicate the ex‑
istence of two different equations in the ϐitted model,
but the results appear like a single model equation be‑
cause of how thedependent variable is ordered (levels of
farmers’ welfare status). In particular, the cut‑points or
thresholds deϐine the boundaries between the threewel‑
fare statuses, which permit the designation of individu‑
als to the appropriate classiϐication ofwelfare (low,mod‑
erate and high) based on their predicted latent scores
from the ordered probit regression model.

In Table 5, agricultural diversiϐication, household
size, per capita income, proximity to market (expressed

as an inverse value of the distance to market), and years
of farming experience contributed signiϐicantly to the
levels of welfare status in the study area. Other variables
(age, years of formal education, dependency ratio and
livelihood diversiϐication in non‑agricultural activities)
appeared as non‑signiϐicant factors.

The coefϐicient for agricultural diversiϐication is
positive and statistically signiϐicant (0.2029, p < 0.05).
This result hints that more positive decisions made on
agricultural diversiϐication by farmers lead to a signiϐi‑
cant increase in the odds of moving to a higher welfare
status category. This result is expected, and it implies
positive decisions on agricultural diversiϐication have a
welfare‑enhancing effect. This ϐinding is in tandem with
a‑priori expectation, and agrees with Mango et al. [28] in
their related study conducted in Malawi where the au‑
thors reported that farmers’ diversiϐication has a direct
effect on the farmers’ food security status (a proxyofwel‑
fare). The authorswent on to emphasize that individuals
with higher diversiϐication intensities are less food inse‑
cure compared to those with relatively lower diversiϐi‑
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cation intensities. Similarly, Tankari, Glatzel and Demm‑
ler [61] noted in a related study carried out in Niger that
diversiϐication had a negative impact on the poverty gap
(a proxy forwelfare). This is to say that diversiϐication re‑
duces thepoverty gap among the farmers, and thosewho
diversify beneϐit from diversiϐication decisions in terms
of reducing or closing the poverty gap more than those
farmers who did not diversify.

An increase in household size was discovered to
signiϐicantly decrease the odds of moving to a higher
welfare status category (–0.1431, p < 0.05). This tips
that farmers having large members size tend to have
lower welfare status. All things being equal, the chances
of farmers moving to a higher welfare status are very
slim, given theburdenof responsibilities associatedwith
a large family size. This ϐinding corroborates Tankari,
Glatzel and Demmler’s [61] ϐindings where it was re‑
ported that larger household sizes inNiger increased the
probability of being poor owing to a higher dependency
rate.

A strong and signiϐicant association (–0.6154, p <
0.05) that increases the odds of moving a farmer to a
higher level of welfare status was also observed for a
higher percentage change in per capita income. This re‑
sult suggests that higher income levels are a crucial de‑
terminant of improved welfare status among the farm‑
ers. This result agrees with the ϐindings of Asante et
al. [24] in their study in Ghana where the authors ob‑
served that farmers’ perception of generating stable in‑
come through diversiϐication was positive and signif‑
icant in driving a continuous diversiϐication process
which by extension has a welfare‑increasing effect.

As revealed in Table 5, an increase in distance to
the market (inverse value of the distance to market) di‑
rectly and signiϐicantly affects the farmers’ welfare level,
and this increases the odds of moving to a higher level of
welfare status (1.0883, p < 0.05). The implication of this
is that farmers closer to the markets tend to have better
welfare status. In addition, this hints thatmarket proxim‑
ity and investment opportunities can positively impact
farmers’ welfare status. While agricultural diversiϐica‑
tion has been established to signiϐicantly inϐluence the
levels of farmers’ welfare status in this study, Mekuria
and Mekonnen [27] in their study conducted in Ethiopia

emphasized proximity to the market as a motivating fac‑
tor for agricultural diversiϐication, which implicitly af‑
fects farmers’ welfare status. This is because shorter dis‑
tances (high proximity) between the farmers’ residence
and/or farmgate and themarket favor agricultural diver‑
siϐication compared to those residing far away from the
market, who, by their proximity, have a lower propen‑
sity to engage fully in agricultural diversiϐication activi‑
ties; apparently, this has a consequential effect on farm‑
ers’ welfare status. For the years of farming experience,
the variable showed a direct and statistically signiϐicant
effect on the levels of farmers’welfare status (0.6898, p <
0.1). All things being equal, an increase in years of farm‑
ing experience increases the odds of moving to higher
levels of welfare status. This is expected because years
of farming experience is a human capital resourcewhich
drives growth and development in individuals.

In the selection (participation decision) part of Ta‑
ble 5, years of formal schooling and participation in non‑
agricultural livelihood activities did not show any statis‑
tically signiϐicant effects on the likelihood of being se‑
lected into the sample. This posed no problem to the
model. However, per capita income and frequency of ex‑
tension contacts have signiϐicant effects on the selection
equation. The positive effects of per capita income and
frequency of extension contacts suggest that both vari‑
ables are likely to induce positive selection bias in the
model. That is, farmers with higher percentage change
in income and those with more contacts with extension
personnel are more likely to be selected into the sample.

The reality surrounding this suspicion is revealed
by the statistical signiϐicance of the selection correction
term—rho (ρ), which mitigates any potential bias and
ensures valid inference of the ϐitted model. From the re‑
sults, the correction factor showing the correlation be‑
tween the error terms in the two equations (selection
and the outcome equations) is –0.0289, and statistically
signiϐicant at p < 0.05. This implies that the correlation
or self‑selection bias in the model is very weak. Accord‑
ing to Certo et al. [62], thismight not be unconnectedwith
the estimation that observed a strong exclusion restric‑
tion and model identiϐication caveats required for the
model. Further, based on the submission of Baiyegunhi,
Hassan and Ortman [63], the negative correction factor—
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rho (ρ), which is signiϐicantly different from zero, also
reinforces the likely presence of selection bias from the
unobservable factors.

The results also revealed a likelihood‑ratio test for
rho(ρ) = 0, which also rejects the null hypothesis at the
5% (p < 0.05) probability level. In the context of a sam‑
ple selection model, the auxiliary equation in the third
panel, often referred to as the “Auxiliary Level Equa‑
tion” or simply “Auxiliary Equation” also plays a spe‑
ciϐic role. It deϐines the thresholds (cut‑points) that di‑
vide the ordinal dependent variable (levels of welfare)
into its different ordinal categories (low, moderate and
high), helping to determine how individuals are cate‑
gorized based on their predicted welfare latent scores.
Summarily, factors that signiϐicantly impact the levels of
farmers’ welfare status include agricultural diversiϐica‑
tion, household size, per capita income, distance to mar‑
ket and years of farming experience, while other factors
such as age, years of schooling, dependency ratio, and
participation in non‑agricultural activities did not show
any signiϐicant effects on the levels of farmers’ welfare
status in the study area.

6. Conclusions

The impact of agricultural diversiϐication on small‑
holder farmers’ levels of welfare status is multidimen‑
sional and driven by the interplay of economic, social
and institutional factors. Evidence from the ϐindings af‑
ϐirmed that agricultural diversiϐication holds signiϐicant
potential to enhance the well‑being of smallholder farm‑
ers in diverse ways in the study area. The ϐindings re‑
vealed that higher levels of agricultural diversiϐication
translate to a higher level of welfare status of the small‑
holder farmers, and most of the farmers who operated
at a moderate level of agricultural diversiϐication were
found to be at a moderate level of welfare status. This
implies that by embracing diversiϐied farming systems,
empowering the farmers according to their needs, and
instituting pro‑smallholder farmers supportive policies,
smallholder farmers’ livelihoods could be improved, en‑
hanced to be resilient to shocks, and contribute to sus‑
tainable rural development. This will ultimately lead
to a more equitable and prosperous agricultural sector,
as well as improved welfare conditions. The study also

showed that farmers’ welfare status is driven by agricul‑
tural diversiϐication, household size, per capita income,
distance to market and years of farming experience.

7. Policy Recommendations
Promotion and incentivizing agricultural diversiϐi‑

cation based on local needs (context‑speciϐic), which
considers the farmers’ needs and preferences should be
given attention, while policies that promote seamless ac‑
cess to credit and extension services, as well as market
access, should also be developed. These factors were
found to play critical roles in facilitating farmers’ adop‑
tion of diversiϐied farming systems and enhancing their
welfare outcomes. Another crucial aspect is the need
to invest in farmers’ education and training programs
which should focus on sustainable farming practices
leveraging an active extension services delivery system
to enhance farmers’ skills and knowledge. Investment
in rural infrastructure development, including a good
road network and market facilities should be given pri‑
ority, this could improve connectivity andmarket access
to transport agricultural products, reduce transaction
costs, and reduce the risks of post‑harvest losses, partic‑
ularly for perishable agricultural products. There is also
the need to integrate climate‑smart agriculture practices
into agricultural diversiϐication strategies, including con‑
servation agriculture, as well as other sustainable land
management practices. These practices are resilient to
climate variability and are gateways to achieving better
food security status. Another important aspect is that
household size was shown to have an indirect inϐluence
on smallholder farmers’ welfare status, hence, the ur‑
gent need for a mass enlightenment campaign against
uncontrolled procreation that increases household size
without any economic contribution to the rural farming
household. This may help to control the likely ϐinancial
burden that prevents smallholder farmers from fully di‑
versifying their farming operations, and which has also
impacted negatively on their welfare status.
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Appendix A

Table A1. Sample size selection procedure.
Oyo State ADP Zones Number of LGAs Selected in

Each ADP—First Stage
Number of Villages Selected
in Each LGA—Second Stage

Number of Respondents
Selected (Proportionate to

Size)—Third Stage

Ibadan/Ibarapa 3 6 69
Ogbomoso 2 4 60

Oyo 2 4 51
Saki 3 6 76
Total 10 20 256

Note: 249 responses were found suitable for the ϐinal analyses.
Source: Field survey, 2023.
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