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Abstract

The agricultural sector’s vulnerability to climate change, declining soil fertility, market fluctuations, and limited access to credit drives many
smallholder maize farmers to engage in non-farm activities for economic stability. However, the extent to which diversification improves welfare
remains underexplored. This study investigated the impact of livelihood diversification on the welfare of maize farming households in Nigeria.
Data from the General Household Survey (2018/2019) was used. Data on 875 maize farming households were extracted for the study. Descriptive
statistics, consumption expenditure approach, Simpson’s index, Tobit regression, and propensity score matching were employed for analysis.
Results showed that 83.54% of household heads were male, with a mean age of 49.76 years. About 49.14% of households diversified, with an
average diversification index of 0.3. The mean per capita expenditure was ¥16,367.4, and 88.34% of households had good welfare. Diversified
households engaged in trading (34.31%), non-agricultural businesses (32.02%), and transportation (15.58%). Access to credit, household
size, education, and monthly income positively influenced diversification. Livelihood diversification improved the welfare of the maize farming
households. Diversified households had an average increase of §744.43 in per capita expenditure. The study recommends promoting access to
credit through a well-managed cooperative society to strengthen rural financial institutions and microcredit schemes. This will empower maize
farmers to invest in alternative income-generating activities, thereby enhancing their capacity to diversify and improve welfare..
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Introduction

These old varieties are often favoured due to their familiarity,
perceived resilience to local conditions, and the lack of resources
required for transitioning to improved seed varieties. However,
these traditional varieties are typically low-yielding, more suscep-
tible to pests and diseases, and less adaptive to changing climatic
conditions compared to improved varieties [4]. Maize productivi-

Agriculture remains a cornerstone of Nigeria's economy, ac-
counting for approximately 25% of the Gross Domestic Product
(GDP) and serving as the main source of livelihood for over 70%
of its population [1]. The sector encompasses diverse activities,
including crop production, livestock farming, forestry, and fish-
eries, with crop production as the dominant subsector. Maize, in
particular, stands out as one of the most cultivated crops due to its
versatility as food, feed, and industrial raw material. Its high nutri-
tional value and adaptability across diverse agroecological zones
in Nigeria make it indispensable for both smallholder farmers and
agribusiness enterprises Food and Agriculture Organisation [2].

ty in Nigeria remains below its potential, with average yields stag-
nating at approximately 1.8-2.2 tons per hectare, far lower than
the achievable yield of 5-7 tons per hectare with improved tech-
nologies [2]. The low levels of productivity can be linked to several
factors, such as the adoption of outdated agricultural techniques,
dependence on traditional maize varieties, restricted availability

Despite its significance, maize farming in Nigeria faces multi-
ple challenges, including declining soil fertility, erratic rainfall pat-
terns linked to climate change, pest infestations, herders’ conflicts,
and limited access to modern farming technologies. Smallholder
farmers, who account for the bulk of maize production, often lack
the resources and infrastructure needed to achieve optimal yields

(3]-

Most smallholder maize farmers continue to rely on tradition-
al or old varieties of maize rather than adopting improved ones.

of quality inputs, deficient soil fertility, and insufficient irrigation
facilities [3]. Market price fluctuations and the persistent threat
of insecurity in rural areas exacerbate the vulnerabilities of these
farmers, thereby affecting their productivity and welfare [5]. The
low productivity and economic hardships faced by maize farmers
in Nigeria have far-reaching consequences on their welfare, con-
tributing to widespread hunger, negative health outcomes, and
restricted educational opportunities. With maize serving as both
a staple food and a cash crop, fluctuations in yield often lead to
severe food shortages at the household level, forcing families to
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adopt coping strategies such as reducing meal portions or con-
suming less nutritious food [2].

According to Osagie et al. [6], farmers are looking for differ-
ent options beyond just farming income to alleviate poverty. The
agricultural sector presents various risks and uncertainties that
can result in financial hardship, poor living conditions, and de-
creased food security for families engaged in farming. These chal-
lenges faced by farmers have led them to seek out various income
sources and consider alternative means of livelihood. Supporting
this viewpoint, Akaakohol et al. [7] pointed out that the majori-
ty of farmers are smallholders functioning at a subsistence level.
They frequently find it challenging to achieve satisfactory financial
returns from their crops due to factors such as insufficient stor-
age facilities, inadequate road infrastructure, subpar processing
methods, ineffective government policies, and natural disasters
like floods and droughts. Consequently, many farming households
look for additional income through off-farm activities. This sug-
gests that utilising off-farm options could offer a practical means
for rural individuals to break free from poverty.

Livelihood diversification has emerged as a critical strategy
for addressing these challenges. By participating in various in-
come-generating endeavours in addition to maize farming, fami-
lies can lessen their dependence on agriculture and improve their
economic stability. Diversification strategies include integrating
other crops, rearing livestock, engaging in trading or handicrafts,
and seeking off-farm employment opportunities [8,9]. Several
reasons have been adduced for maize farmers’ diversification; ac-
cording to Siaw et al. [10] and Seppelt et al. [11], maize farming is
seasonal and often subject to price fluctuations, pest infestations,
and variable yields. They affirmed that farmers diversify to reduce
the risk of total income loss due to crop failure, disease outbreaks,
or market shocks. Ma et al. [12] affirmed that diversification into
non-farm activities or other crops increases household income
and consumption stability. Proximity to towns and access to roads
increase opportunities in petty trading, artisanship, transport ser-
vices, etc. Skill acquisition or empowerment initiatives encourage
farmers to engage in new ventures [13,14]. In Nigeria, where ru-
ral poverty remains widespread and agriculture is vulnerable to
environmental and economic shocks, livelihood diversification is
increasingly seen as a pathway to sustainable development. How-
ever, the degree to which diversification enhances welfare is influ-
enced by elements like resource availability, education, infrastruc-
ture, and institutional backing [15].

Nigeria's agro-industrial sector relies heavily on maize pro-
duction (poultry, brewery, baby food and pharmaceuticals), but
farmers confront many obstacles, including climate variability
[16], deteriorating soil fertility, market price fluctuations, and re-
stricted access to agricultural inputs and credit constraints [17].
These issues contribute to rural poverty, food insecurity, and lim-
ited economic growth among farming households. In response,
many farmers support their incomes by engaging in non-agricul-
tural endeavours like trading, skilled labour, and paid employ-

ment. However, the effectiveness of these strategies in improving
the welfare of maize farmers remains underexplored. Although a
few studies have examined the impact of diversification on house-
hold income [18-23], most research has focused on the broader
challenges faced by rural farmers and the advantages of livelihood
diversification [24]. Despite the growing trend of diversification
among maize farmers, there is limited empirical evidence on how
such strategies affect the overall welfare of farming households
in Nigeria. It remains unclear whether livelihood diversification
serves as a pathway out of poverty or if it merely reflects the cop-
ing strategies of vulnerable households. Without clear insights into
this relationship, policymakers and development practitioners
may struggle to design effective interventions that enhance rural
livelihoods and agricultural productivity. Therefore, this study
seeks to investigate the impact of livelihood diversification on the
welfare of maize farming households in Nigeria, providing evi-
dence-based recommendations for poverty reduction, agricultural
development, and rural economic resilience. The study focuses on
understanding how diversification strategies influence key wel-
fare metrics, providing valuable insights to inform policies aimed
at promoting sustainable development and improving the living
conditions of maize farmers. Moreover, the study aligns with the
United Nations Sustainable Development Goals (SDGs). By identi-
fying effective livelihood diversification strategies, the study con-
tributes to SDG 1 (No Poverty) and SDG 2 (Zero Hunger), which
promote income stability and food security among maize farmers.
To achieve the objective of the study, the following research ques-
tions are raised:

i. What is the extent of livelihood diversification of maize
farmers in Nigeria?

ii. What is the welfare status of maize farmers in Nigeria?
iii. What factors influence diversification among maize
farmers?

iv. Does livelihood diversification affect the welfare of

maize farmers?
Theoretical framework and literature review

The theoretical framework of this study is based on the Sus-
tainable Livelihood Framework (SLF) and the Risk Management
and Coping Theory. The SLF emphasises the role of various as-
sets-human, social, natural, physical, and financial capital-in shap-
ing livelihood strategies [25,26]. It explains how farmers diversify
to improve resilience and welfare by engaging in off-farm activi-
ties [27,28]. The Risk Management and Coping Theory highlights
how households anticipate and respond to risks such as climate
change and market fluctuations by diversifying income sources
[29,30]. Farmers use both proactive risk management (diversifi-
cation) and reactive coping strategies (savings or borrowing) to
maintain economic stability [31,32].

Literature reveals that household welfare can be measured
using three approaches: household income, household expen-
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diture and asset-based wealth index. Ahmed et al. [33] affirmed
that household income is hard to measure in less-developed coun-
tries, as much of it comes from self-employment. According to
Getahun and Villanger [34], data on household income are likely
to be understated compared to consumption expenditures. For
instance, households may not remember everything they have
sold or money they have earned within a year. They may also be
unwilling to reveal their entire income for fear of taxation [35].
The growing importance of household assets as indicators of
household well-being in emerging nations is consistent with the
use of an asset-based approach to welfare measurement [36-38].
However, one major challenge faced in empirical research involv-
ing asset-based methods is the significant disparity in asset own-
ership among households [39]. This study adopted a household
consumption expenditure approach to household welfare. Accord-
ing to Balisacan et al. [40], household consumption expenditure
closely relates to long-term average well-being, making it an ex-
cellent proxy for welfare. The advantage of utilising consumer ex-
penditure as a proxy for household welfare is that it can provide
a steadier and accurate picture than income alone by reflecting
a household’s actual resource use and long-term living standards
[41].

Some of the methods used in studies to measure the extent
of livelihood diversification include Shannon [42-44] and Simpson
[45,46]. Herfindahl-Hirschman Index [47,48] lacks value-validity
property [49]. The study utilised the Shannon index. Unlike other
methods for measuring livelihood diversification, the Simpson in-
dex captures the degree of diversification among households by
examining the number of earning sources and their distribution
among those sources [50].

Several methods [Randomized Controlled Trials (RCTs):
Emerick et al. [51]; Magezi and Nakano [52]; Propensity Score
Matching:, Oladimeji et al. [53]; Sowunmi et al. [54]; Adebayo et
al. [55]; Tagel and van der, [56]; Shehu and Sidique [57]; Regres-
sion discontinuity: MacPherson and Sterck [58]; Casaburi et al.
[59]; Difference in difference, Kondylis and Loeser [60]; Fallah et
al. [61]; Chagas et al. [62]: Endogenous switching regression: Auci
and Pronti [63]; Fitawek and Hendriks [64]; Adela and Aurbacher
[65]; Ahmed et al. [33] have been used in literature to measure
impact in agriculture and related fields. Despite the strengths of
RCTs in establishing causality, they also have notable limitations.
Conducting RCTs in agricultural settings can be expensive and
time-consuming; ethical concerns also arise when withholding
potentially beneficial interventions from control groups. More-
over, RCTs may suffer from attrition bias if participants drop out
of the study over time, leading to incomplete data and potential
distortions in the estimated impact. According to Moss and Yeaton
[66], the regression discontinuity design utilises data that might
otherwise be disregarded. The estimated effects of RD design are
only unbiased if the functional form of the relationship between
the treatment and outcome is correctly modelled. According to
Columbia University [67], the difference-in-differences (DiD)

method has limitations, including the need for similar treatment
and control groups, the assumption of parallel trends, potential
bias from unobserved confounding factors, and difficulties in
identifying causal effects when treatment effects are heteroge-
neous [67]. Models with endogenous switching can be estimated
with one equation at a time, either by two-step least squares or
maximum likelihood estimation, which are inefficient [68].

This study utilised Propensity Score Matching. Propensi-
ty Score Matching contributes to the more precise estimation of
treatment response [69]. When randomisation is not practical,
propensity score matching reduces bias in observational research
by forming groups with comparable observed features, enabling
more reliable causal inference [70].

Analytical framework of Propensity score estimation

Following Rosenbaum and Rubin [71], Shenyang et al. [72],
Austin [73] and Umeokeke et al. [74], the mean effect of livelihood
diversification on the population of maize farming households will
be estimated and the propensity score computed using probit re-
gression models given as follows:

P(X)=Pr{D=1/X}=E{D/X} ... 1

Where D = (0, 1) is the indicator of exposure to treatment
characteristics (dependent variable). That is, D = 1 if exposed to
treatment, and D = 0 if not exposed. X is a multidimensional vector
of observed characteristics, also known as explanatory variables.
These are the variables that are expected to jointly determine the
likelihood of involvement in the treatment and the outcome. The
matched sample is used to compute the average treatment effect
on the treated. It is estimated as follows:

ATT = E(A/D =1, X ) eiiaciaaeaieaeenae 2
=E(Y, — Y,/ D =1.X ) 3
=E(Y,/D=1,X)-E(Y,/D=1X)..c..... 4

Where D = 1 denotes diversified maize farming households
(treatment), and X is a set of conditioning variables on which the
subjects will be matched. Is the mean of the counterfactual and
denotes what the outcome would have been among diversified
maize farming households had they not been included in the sam-
ple [72].

The following formulae are used to estimate the mean effect
of the treatment based on the mean difference in the outcomes of
the matched pairs:

ATT = E[Y,/D=1,P(X)|=E[Y, /D =0,P(X)]..cccevne..... 5

ATE = E[Y, /D =1,P(X)] - E[Y, / D = 0, P(X)]eovvvvrrrorccrrrrr. 6

The ATE is the average effect, at the population level, of moving
an entire population from untreated to treated. A related measure
of treatment effect is the average treatment effect for the treated
[75]. The ATT is the average effect of treatment on those subjects
who ultimately received the treatment.
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Methodology
Study area

The study was conducted in Nigeria. It is one of the Sub-Saha-
ran African countries located in West Africa that borders the Re-
public of Benin to the West, Cameroon and Chad to the East, and
Niger to the North. It lies between longitudes 40 and 140 North.
Nigeria has a landmass of 923,768 sq. km and a population above
211 million (World Bank, 2021). Nigeria is made up of 36 states
and the Federal Capital Territory (FCT). It is grouped into six geo-
political zones: North-Central, North-East, North-West, South-
East, South-South and South-West. The country’s agroecological
zones include the Sahel (marginal) savanna, Sudan savanna, Guin-

ea savanna, derived savanna, montane and rainforest zones, each
characterised by variations in rainfall, temperature, and soil types
[76]. Among these zones, the Guinea Savanna stands out as the
most suitable for maize production due to its favourable climate
and soil conditions (Figure 1). It receives annual rainfall ranging
from 900 mm to 1500 mm and experiences warm temperatures
between 21°C and 32 °C, which are ideal for maize cultivation.
Additionally, the zone’s well-drained loamy soils support opti-
mal root development and nutrient uptake, leading to high yields.
States within the Guinea Savanna, such as Kaduna, Niger, Benue,
and Kwara, are major maize-producing regions in Nigeria [77].
Compared to the humid Rainforest zone, the Guinea Savanna also
experiences lower pest and disease pressure, further enhancing
maize productivity [78].

Figure 1: Map of Nigeria’s vegetation.
Source: https://soilsnigeria.net
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Data type and source

This study used a secondary data set from the General House-
hold Survey (GHS) 2018/2019, jointly collected by the National
Bureau of Statistics (NBS) and the World Bank. The final cleaned
sample consisted of 875 maize farming households extracted from
the dataset. The data included information on socioeconomic
characteristics such as age, sex, educational level, household size,
marital status, credit access, monthly income, access to extension
services, and farm size, as well as household food and non-food
expenditures.

Analytical techniques

The study employed descriptive statistics to summarise the
data, Simpson’s Index of Diversity to measure the extent of liveli-
hood diversification, consumption expenditure analysis to assess

welfare status, Tobit regression to examine factors influencing di-
versification, and Propensity Score Matching (PSM) to analyse the
effect of livelihood diversification on welfare. The poverty thresh-
old was set at two-thirds of the mean per capita household expen-
diture (MPCHE) to classify households as poor or non-poor.

Variables utilised

The study includes both dependent and independent variables
to assess the impact of livelihood diversification on the welfare of
maize farming households in Nigeria. The dependent variables in-
clude the livelihood diversification index and welfare status. The
livelihood diversification index is measured using Simpson’s Index
of Diversity (SID), which quantifies the extent to which households
engage in multiple income-generating activities. A higher SID val-
ue indicates greater diversification. Welfare status is measured us-
ing per capita consumption expenditure, which includes both food
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and non-food household expenditures. Households are classified
as poor or non-poor based on a poverty threshold, defined as two-
thirds of the mean per capita household expenditure (MPCHE).

The independent variables are the socioeconomic and
farm-related factors. The sex of the household head is a categori-
cal variable measured as 1 for males and 0 for females. The age of
the household head is a continuous variable measured in years.
Marital status is categorical, coded as 1 for married and 0 other-
wise. Educational level is a continuous variable representing the
number of years of formal schooling. Household size is measured
as a continuous variable based on the total number of members
in the household. Farm size is a continuous variable measured in
hectares. Access to credit is categorical, with 1 indicating access
and 0 indicating no access. Similarly, access to extension services
is measured as a categorical variable, where 1 indicates access
and 0 indicates no access. Monthly income is a continuous vari-
able measured in Nigerian Naira (¥), representing total earnings.
Finally, the number of income sources is a continuous variable
reflecting the total number of different livelihood activities the
household is engaged in.

Empirical model

Descriptive statistics like frequency distribution, percentage
and mean were used to profile the socio-economic characteristics
of the maize farmers. Simpon’s livelihood diversification Index
was used to measure the diversity of strategies adopted by house-
holds in the study area. The formula for the Simpson index is in
equation 7:

i=l
The welfare status of maize farmers in the study area was as-
sessed using their consumption expenditure. Total Consumption
Expenditure=Food Consumption Expenditure + Non-Food Con-
sumption Expenditure

Construction of poverty line: Two-thirds of the Mean Per
Capita Household Expenditure (MPCHE) (see eq. 9) was used as
the poverty line. The category of the poverty line is given as:

i Poor: Those spending less than 2/3 of the MPCHE

ii. Non-poor: Those spending more than 2/3 of the MP-

CHE.

PercapitaTotal Expenditure = Total Household Expenditure

Household size

. . Total i1 dit
Mean Per Capita Household Expenditure = Ol: per capita expenaiiire . ©)
total number of households

Tobit Regression was utilised to determine the factors affect-
ing household choices to diversify their livelihoods within the
study region. The Tobit model used in this analysis was structured
as shown in equation (10):

Y = B0 + lel + BZXZ + BBXS + B4)(4 + BSXS + B6X6+ B7X7 + BSXS +
3 ST 1))

Where Y represents the Livelihood diversification index, X,

represents the age of the household head (years), X, represents
the marital status of the household head (Married 1, 0 if other-
wise), X, represents the educational level of the household head,
X, represents total monthly income (¥), X, represents the sex of
the household head (Male= 1, Female=0), X, represents access to
credit facility (No=0, Yes=1), X, represents farm size (Hectares), X,
represents household size, X, represents access to extension ser-
vices (No =0, Yes =1), B, to B, represents regression parameters or
coefficient, I, represents error term

Propensity Score Matching (PSM) approach

PSM was used to determine the impact of livelihood diversi-
fication on the welfare of maize farming households by employ-
ing the Average Treatment Effect (ATE) population parameter.
The propensity score is defined as the conditional probability of
receiving a treatment given the treatment characteristics (Lee,
2008). In the first step in PSM analysis, the propensity score was
obtained from probit regression for each maize farming household
that diversified and for farming households that did not diversify
on the basis of observed household characteristics. The second
step is to compare the MPCE of the diversified households with
that of the matched or similar non-diversified households (those
with similar propensity scores). According to Austin (2011), by es-
tablishing groups with comparable baseline characteristics, pro-
pensity score estimation aims to reduce bias in treatment effect
estimation by simulating a randomised controlled trial (RCT) in
observational studies. The PSM approach was used to adjust for
self-selection bias. By matching each unique user observation
with an observation from a group of non-diversified households
that share similar features, PSM creates a statistical comparison
group (Moyorga and Cartagena-Farias, 2017).

Following Kantar [79] and Kissell [80], probit regression was
employed to estimate limited dependent variables. Probit regres-
sion is a standard model applicable when the dependent variable
is binary. It incorporates normal distribution and differs only in
the assumed distribution of the error term and is, in practice, vir-
tually equivalent. The probit regression is given as:

Y=a,+aX +oX, +aX +aX +aX +aX +aX +aX +

Where Y=1 for diversified maize farming households, Y=0 for
maize farming households with no diversification, X, represents
sex (Male=1, Female=0), X, represents age, (years), X, represents
the household size, X, represents access to credit, (No =0, Yes = 1),
X, represents access to extension service, (No =0, Yes=1), X, rep-
resents farm size (hectares), X, represents the level of education,
X, represents number of income sources; X, represents education-
al level and the alphas (xK) and error term (u) are parameters to
be estimated.

Results and Discussion

Respondent’s diversification status by socioeconomic
characteristics

Table 1 highlights the distribution of respondents’ diversifica-
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tion status across socioeconomic characteristics such as sex, age,
and household size. Regarding sex, males dominate both diversi-
fied (88.14%) and non-diversified (79.10%) groups, suggesting
they have greater access to opportunities for livelihood diversifi-
cation. In contrast, females are more represented in the non-diver-
sified group (20.90%), likely due to barriers such as limited access
to resources, cultural norms, or household responsibilities. For
age, the largest proportion of diversified respondents falls with-
in the 39-48 years category (25.35%), followed closely by those
aged 29-38 years (22.79%) and 49-58 years (22.33%). This trend
reflects the active economic participation of middle-aged individ-
uals. Younger respondents (19-28 years) account for only 4.88%

of the diversified group, likely due to limited capital or experience,
while older individuals above 68 years (10.00%) are less involved,
possibly due to physical limitations or retirement. For household
size, most diversified respondents belong to households with 15
members (45.58%), followed by 6-10 members (41.86%). Larg-
er households (11+ members) are less likely to diversify, possibly
due to resource constraints. These results suggest the need for tar-
geted interventions to address gender disparities, empower youth
with resources and skills, and provide support to larger house-
holds to overcome resource limitations. This aligns with Adepoju
and Obayelu [81] and Barrett et al. [82].

Table 1: Respondents’ diversification status across their socioeconomic characteristics.

Diversified Non-diversified
Sex Frequency Percentage Frequency Percentage
Male 379 88.14 352 79.1
Female 51 11.86 93 20.9
Total 430 100 445 100
Age
19-28 21 4.88 26 5.84
29-38 98 22.79 92 20.67
39-48 109 25.35 85 19.1
49-58 96 22.33 100 22.47
59-68 63 14.65 71 15.31
Above 68 43 71 15.96
Household size
5-Jan 196 45.58 256 57.53
10-Jun 180 41.86 148 33.25
15-Nov 77 8.8 29 6.51
Above 16 6 1.39 12 2.69
Total 430 100 445 100

Source: Author’s Computation (2025).
Distribution of respondents’ other economic activities

The results in table 2 reveals respondents who engaged in
other activities asides maize farming showed that about 11.62%

Table 2: Distribution of other economic activities of the respondents.

are involved in processing of any crop or livestock, 34.41% were
involved in trading, 7.44% were involved in service, 3.48% were
involved in professional office job, 15.58% are involved in trans-
portation and 4.41% owned a bar, restaurant or a food stand.

Other economic activities Frequency Percentage
Process any crop/livestock 50 11.62
Trading 148 34.41
Service/Hawking 32 7.44
Other non-agricultural businesses 99 23.02
Transportation 67 15.58
Bar, restaurant or food stand 19 441
Professional services 15 3.48
Total 430 100

Source: Author’s Computation (2025).
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Extent of livelihood diversification among respondents

Table 3 presents the extent of livelihood diversification among
maize farming households using the Simpson Index of Diversi-
ty. The results show that 50.86% of households did not diversi-
fy. That is, the households relied entirely on income from maize
farming, making them highly vulnerable to economic shocks such
as price fluctuations, climate risks, and market failures. With more
than 80% of Nigerian farmers engaging in smallholder farming
[83], which is prone to climate shocks and the menace of cattle in-
vasion, the importance of diversifying livelihoods to prevent asset
depletion and alleviate poverty levels cannot be overemphasised.
Households relying solely on maize farming can lead to increased
vulnerability to climate shocks, food insecurity, and poverty, as
well as limited opportunities for income and asset accumulation
[84-86].

Also, 26.17% fall into the less diversified category, indicating

Table 3: Extent of livelihood diversification of respondents.

some level of additional income sources, but are still heavily de-
pendent on maize farming and other crops. Meanwhile, 22.97% of
households were moderately diversified. This indicates the house-
hold’s engagement in supplementary economic activities such as
trading or livestock farming, which may provide some financial
stability. However, no household falls into the highly diversified
category, revealing a lack of an extensive livelihood diversification
strategy among farmers. This suggests structural barriers such
as limited access to capital, poor market integration, and weak
rural infrastructure, which restrict diversification opportunities.
The mean value of 0.30 indicates an overall low level of livelihood
diversification. This is concerning as diversification is widely rec-
ognised as a strategy for improving rural welfare by spreading
income risks and enhancing economic resilience. The categori-
sation used aligns with previous studies, such as Werdofa et al.
[87], which highlight similar SID breakpoints in rural livelihood
research.

Livelihood index Extent of diversification Frequency Percentage
0.00 No diversification 445 50.86
0.01-0.30 Less diversified 229 26.17
0.31-0.7 Moderately diversified 201 22.97
Total 875 100
Mean 0.3

Source: Author’s Computation (2025).

Determination of welfare status among the respon-
dents

Table 4 reveals that a significant majority of the respondents
(88.34%) are classified as non-poor, while only 11.66% of the re-
spondents fall into the poor category. This distribution suggests
that most households in the survey are above the poverty line and
have relatively better access to resources, income, or consumption
to meet their basic needs. The poverty line for this survey is set at
¥10,913.4. Any respondent with a monthly consumption expen-
diture below ¥10,913.4 would be considered poor, while those

Table 4: Determination of Welfare status among the respondents.

above this threshold are classified as non-poor. Given that only
11.66% of respondents fall below the poverty line, the poverty
rate is relatively low, indicating a higher proportion of households
are meeting or exceeding their basic consumption needs. The av-
erage monthly per capita consumption expenditure is ¥16,367.4,
which is well above the poverty line of #10,913.4. This suggests
that, on average, the households have adequate resources to meet
their basic needs, with a substantial margin above the defined
poverty line. It supports the finding that most respondents are
non-poor based on their expenditure.

Welfare status Frequency Percentage
Non Poor 773 88.34
Poor 102 11.66
Total 875 100
MPCHE/Monthly N16,367.4
Poverty Line §10,913.4

Source: Author’'s Computation (2025).

Factors influencing livelihood diversification of maize
farming households

The log-likelihood of 400.09544 shows a reasonable fit. The
LR chi? statistic of 39.71, with a p-value of 0.0000, confirms that

007

the independent variables significantly explain livelihood diversi-
fication. The results of the analysis on factors influencing diversi-
fication by maize farmers reveal that various factors significantly
affect their likelihood of diversifying their income sources. Age,
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for instance, negatively influenced livelihood diversification, with
older farmers less likely to diversify compared to younger ones.
This is likely due to older farmers being more set in traditional
farming practices, which can limit their openness to new strate-
gies. Similarly, farm size also appears to have a slightly negative
effect on diversification, suggesting that larger farms may reduce
the need for diversification since they can generate stable income
from maize farming alone. This is consistent with Olaniyi (2020),
who noted that larger farms might rely less on diversification due
to their higher agricultural productivity.. On the other hand, fac-
tors such as household size, educational level, Number of income
sources, access to credit, and monthly income all have a positive
and significant impact on diversification. Larger households, for
example, have more labour available, enabling them to engage in
multiple activities and diversify their income. Additionally, higher

education levels are associated with a greater likelihood of adopt-
ing new farming practices and technologies, which can contribute
to diversification. The number of income sources is another key
factor, with farmers who already have multiple income streams
being more likely to diversify further. Access to credit and higher
monthly income also provide the necessary financial resources to
support diversification initiatives. Interestingly, marital status and
gender were found to have little to no significant impact on diver-
sification. These findings suggest that gender and marital status
are not major determinants of livelihood diversification among
maize farmers in this context. These findings align with previous
studies. Olayemi (2020) found that higher income is associated
with a greater ability to diversify agricultural and nonagricultural
activities.

Table 5: Tobit regression results of the factors that influence diversification by maize farmers.

Variable Coeff. P-value Dy/dx Std. Err
Age 0.002* 0.05 0.00157 0.000801
Sex 0.009 0.861 0.008618 0.049079
Marital status 0.028 0.163 0.028491 0.020425
Household size 0.006* 0.07 0.006424 0.003535
Educational level 0.011* 0.078 0.011407 0.010501
Number of income sources 0.038** 0.011 0.03788 0.014901
Farm size 0.004 0.544 0.004213 0.006935
Access to credit 0.049 0.142 0.049304 0.033567
Access to extension ser- 0.06 0.243 0.059724 0.051073
vices
Monthly income 3.57e07*** 0.0002 3.56E+07 1.14E+07
Constant 0.028
Prob> chi? 0
Log likelihood 400.0954
Pseudo R? 0.0473
LR chi?(10) 39.71

A*** p<.01, ** p<.05, * p<.1
Source: Author’s Computation (2025).

Impact of livelihood diversification on the welfare sta-
tus of the respondent

The diagnostic results of the probit regression confirm that
the model is statistically significant, as indicated by the Likeli-
hood Ratio (LR) Chi? value of 52.21 (p = 0.0000). This suggests
that the included variables collectively explain variations in live-
lihood diversification among maize farming households. Howev-
er, the Pseudo R? value of 0.043 (4.3%) indicates that the model
captures some influencing factors. Age has a negative effect, where
a one-year increase in age slightly reduces the probability of di-
versification, suggesting that younger farmers are more likely to
diversify, as older individuals may face physical or cognitive barri-
ers, also noted by Zhou et al. (2024), who found that ageing limits
the household capacity for diversified livelihoods. Household size
has a positive and significant effect, with each additional house-
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hold member increasing the likelihood of diversification, indicat-
ing that larger households may seek additional income sources
to meet financial needs. Education level also positively influenc-
es diversification, as an additional year of schooling increases
the chances of diversification. This suggests that more educated
farmers have better access to information and opportunities for
alternative livelihoods. The number of income sources has the
strongest effect, increasing diversification chances, and showing
that farmers with multiple income streams are more financially
stable and entrepreneurial [82].

Access to credit is a significant and positive determinant of
diversification, corroborating findings by Asfaw et al. [88], which
highlighted that credit is essential for enabling rural households
to invest in nonfarm activities, emphasising the role of financial
resources in enabling farmers to explore alternative income-gen-

How to cite this article: Fatai Abiola Sowunmi and Islamiyat Tejumade Adeyemi. Impact of Livelihood Diversification on the Welfare of Maize farming

Households in Nigeria. Agri Res & Tech: Open Access J. 2025; 29(3): 556447. DOI: 10.19080/ARTOAJ.2025.29.556447


http://dx.doi.org/10.19080/ARTOAJ.2025.28.556447

Agricultural Research & Technology: Open Access Journal

erating activities. However, factors such as sex, marital status,
farm size, and access to extension services do not significantly af-
fect diversification, implying that other structural and economic

Table 6: Probit regression results.

factors may be at play, consistent with Charoenkittayawut et al.
[89], who argued that socioeconomic contexts, rather than gender,
are more critical for livelihood decisions.

Variable Coefficient P value Dy/dx P value
Age 0.0053* 0.072 0.002 0.07
Sex 0.1121 0.532 0.042 0.532
Marital status 0.094 0.203 0.035 0.202
Household size 0.0243* 0.064 0.009 0.062
Educational status 0.0781* 0.054 0.029 0.052
Number of income 0.2378** 0.09 0
Farm size 0.0257 0.317 0.009 0.316
Access to credit 0.243* 0.06 0.092 0.059
Access t;’etr};eic“:‘e)‘tensmn 0.174 0.86 0.387 0.221
Constant 0.3632 0.277
LR chi?(9) = 52.21
Prob > chi? =0.0000
Log likelihood = 580.26
973
Pseudo R*? =0.043.

Source: Author’s Computation (2025).
Propensity score

Table 7 presents the propensity score estimates, indicating
that, on average, the likelihood of maize farmers engaging in oth-
er income-generating activities is 49% among the total sample of

Table 7: Propensity score estimate.

maize farmers. This means that if one maize farmer were random-
ly selected from the group of 875 maize farmers, there is a 49%
probability that the farmer would diversify to boost their per cap-
ita consumption expenditure.

Variable Observation Mean

Std.dev Min Max

Propensity score 875 0.491

0.0482 0.45 0.99

Source: Author’s Computation (2025).
Treatment effect estimation

Table 8 presents the results from the propensity score match-
ing analysis, which indicates the impact of treatment on per capita
expenditure (PCE), which serves as a proxy for welfare. In the un-
matched sample, the treated group (maize farmers who diversify)
has an average PCE of 2236.53, while the control group (maize
farmers who did not diversify) has an average PCE of 1438.10,
resulting in a raw difference of 798.43 with a standard error of
360.91. This raw difference reflects disparities between the groups
before accounting for covariates, highlighting the need for match-
ing to control for selection bias. After matching, the ATT (Average
Treatment Effect on the Treated) shows that the treated group has
an average PCE of 2244.92, while the matched control group has
an average PCE of 1500.49, resulting in a difference of 744.43 with
a standard error of 385.50. This indicates that treatment increases
PCE by 744.43 among those who received it. The ATU (Average
Treatment Effect on the Untreated) reveals that untreated house-

holds have an average PCE of 1439.58, but their predicted average
PCE would rise to 2774.87 if they were treated, with a difference
of 1335.29. This highlights the potential for greater welfare im-
provements among untreated households if they gain access to
treatment. The ATE (Average Treatment Effect) across the entire
sample, which includes both treated and untreated groups, is
1047.58, representing the overall expected increase in PCE if all
households were treated. The findings suggest that the treatment
intervention significantly improves welfare among treated house-
holds. This underscores the importance of expanding access to
the treatment to maximise overall welfare outcomes. This result
aligns with Abebe et al. [90] and Sisay [91] that livelihood diversi-
fication positively improves the welfare of the farmers.

Propensity score and common support for propensity
score estimation

Figure 2 illustrates the overlap in propensity scores between
the treated and control groups. A greater degree of overlap indi-
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cates a strong match between the treated and control groups. The
figure reveals a significant overlap in propensity scores between
maize farmers who diversify (treated group) and those who do
not (control group), suggesting that the matching is well-balanced
and satisfies the common support condition. The upper section

of the graph represents the propensity score distribution for the
treated group (diversified farmers), while the lower section dis-
plays the distribution for the control group (non-diversified farm-
ers). Additionally, the figure indicates that only a small number of
respondents fall outside the region of common support [92-95].

Table 8: Average impact estimates of propensity score matching of diversification.

Sample Treated Controls Differences S.E
PCE unmatched 2236.528 1438.099 798.4288 360.9055
ATT 2244924 1500.492 744.4325 385.4991
ATU 1439.576 2774.869 1335.293
ATE 1047.582
Source: Author’s Computation (2025).
s N
T T I T
2 4 d .8 1
Propensity Score
I Untreated: Off support I Untreated: On support
[ Treated: On support [ Treated: Off support
Figure 2: Propensity score distribution and common support for propensity score estimation.
N J

Conclusion and Recommendations

This study assessed the impact of livelihood diversification on
the welfare of maize farming households in Nigeria. Age, house-
hold size, education level, number of income sources, and access
to credit influenced the household’s likelihood to diversify. Nota-
bly, younger, larger, and more educated households with better
access to credit and multiple income streams are more inclined
to diversify their livelihoods. Furthermore, the study revealed that
livelihood diversification has a positive impact on the welfare of
maize farming households, as measured by per capita expendi-
ture (PCE). The diversified households experienced a welfare gain
of ¥744.43, while the non-diversified maize farming households
could potentially gain #1,335.29 if they chose to diversify. Trading,
other non-agricultural businesses, transportation and processing

of agricultural products (in descending order) were the most pre-
ferred diversified economic activities by the respondents. These
findings underscore the pivotal role of livelihood diversification
in improving household welfare and the need to address structur-
al barriers preventing its adoption, particularly among older and
resource-constrained farmers. The study recommends that access
to credit should be promoted through well-managed cooperative
societies to strengthen rural financial institutions and microcredit
schemes. This will empower maize farmers to invest in alternative
income-generating activities, thereby enhancing their capacity to
diversify and improve welfare. Moreover, given the positive influ-
ence of education on diversification, policies that improve access
to formal education and vocational training through specialised
NGOs will equip farmers with the skills and knowledge needed to
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explore and manage diversified livelihoods. The need for the Fed-
eral Ministry of Agriculture in collaboration with NGOs, to come
up with programmes aimed at enhancing diversification among
younger farmers and households with larger family sizes, who are
more likely to pursue multiple income sources to meet growing
needs, is also recommended [95-99].

Limitations of the Study

Despite the valuable insights generated from this study, sever-
al limitations should be acknowledged, which may affect the inter-
pretation and generalizability of the findings:

i. The use of secondary data (the 2018/2019 General
Household Survey (GHS) dataset), which, while nationally rep-
resentative, limited the inclusion of some important variables.
Qualitative factors such as farmers’ perception of risk, cultural
preferences, and social capital, known to influence diversification
decisions, could not be adequately captured.

ii. The data collection was cross-sectional, which con-
strains the ability to capture dynamic changes over time or estab-
lish causal inferences beyond statistical associations. Livelihood
diversification and welfare outcomes are inherently dynamic pro-
cesses influenced by seasonal and macroeconomic conditions.

iii. Welfare in this study was measured using per capita con-
sumption expenditure. While this is a widely accepted proxy for
welfare, it does not fully capture multidimensional aspects such as
health status, education, or subjective well-being, which may also
be affected by livelihood diversification.

iv. Despite the use of Propensity Score Matching (PSM) to
reduce selection bias, unobserved characteristics (e.g., motivation,
risk tolerance, entrepreneurial ability) may still influence both the
decision to diversify and welfare outcomes, potentially biasing the
results.

Future Research Directions

In light of the above limitations, future research can take sev-
eral directions to deepen understanding and guide effective policy
formulation:

i. Future studies should utilise panel data to better cap-
ture the temporal dynamics of livelihood strategies and welfare
outcomes. This will enable analysis of how shocks (e.g., climate
change, market volatility) or policy interventions influence diver-
sification behaviour and household resilience over time.

ii.  Future research should adopt a multidimensional wel-
fare framework that includes indicators such as nutrition, educa-
tion, health, and housing quality. This would provide a more ho-
listic understanding of how livelihood diversification affects rural
wellbeing.

Practical Significance

i Policy Guidance for Rural Development and Poverty Re-
duction:

. The study provides evidence that livelihood diversifi-
cation positively impacts household welfare. With the Average
Treatment Effect (ATE) showing a notable increase in per capi-
ta expenditure among diversified households, policymakers are
equipped with strong empirical justification to promote diversifi-
cation schemes as a tool for rural poverty alleviation.

. The finding that non-diversified households could ben-
efit even more if treated (ATU = ¥1,335.29 gain) emphasises the
untapped potential for improving welfare through targeted inter-
ventions.

ii.  Targeted Agricultural Extension and Credit Services:

. The study identifies key socioeconomic drivers of diver-
sification, such as education, household size, income, and access to
credit, which allows development agencies and government pro-
grams to target support where it’s most likely to facilitate diversi-
fication.

. Since access to credit and extension services signifi-
cantly influences diversification, practical interventions could in-
clude microfinance programs, farmer cooperatives, and training
schemes that ease constraints to entering non-farm enterprises.

iii. Mitigation of Climate and Economic Shocks:

. The low level of livelihood diversification among maize
farmers (mean SID = 0.30) signals high vulnerability to climate
variability, market shocks, and price fluctuations. The study
stresses the urgent need to reduce reliance on maize farming
alone, particularly given the increasing climate-induced risks in
Sub-Saharan Africa.

. Encouraging diversification into off-farm and non-farm
activities offers a resilience-building strategy for farming house-
holds.

iv.  Empirical Basis for Development Projects:

. NGOs, donor agencies, and agricultural development
programs can use this study’s PSM-based findings to design and
evaluate livelihood projects, simulate welfare outcomes, and set
benchmarks for expected welfare improvements from diversifica-
tion efforts.

Theoretical Significance
i. Validation of Livelihood Diversification Theories:

. The study supports existing livelihood theories, such as
the Sustainable Livelihood Framework (SLF), by empirically con-
firming that asset access (credit, education, household labour) en-
ables diversification, which in turn enhances welfare.

. It contributes to rural livelihood literature by linking the
multidimensional concept of livelihood diversification to tangible
welfare outcomes using robust econometric techniques.

ii. ~ Methodological Contribution:
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. The use of Simpson’s Index of Diversity, Tobit regression,
and Propensity Score Matching (PSM) represents a rigorous em-
pirical approach to analyse both the drivers and effects of diversi-
fication.

. The application of PSM provides a quasi-experimental
design that controls for selection bias, enhancing the causal inter-
pretation of the relationship between diversification and welfare.

iii.  Context-Specific Evidence from West Africa:

. This study adds geographically contextualised evidence
to a growing body of literature on African agricultural transforma-
tion, especially by focusing on the Guinea Savanna agroecological
zone, a key maize-producing region in Nigeria.

. It reinforces the need to tailor livelihood strategies to lo-
cal agroecological, socioeconomic, and institutional realities.
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