
Women empowerment and
adoption of climate-smart

agricultural practices in Nigeria
Funminiyi Peter Oyawole, Adebayo Shittu, Mojisola Kehinde,

Gbemisola Ogunnaike and Lois Toluwani Akinjobi
Department of Agricultural Economics and Farm Management,

Federal University of Agriculture, Abeokuta, Nigeria

Abstract

Purpose – This study assessed the extent of women empowerment and empirically investigated its effect on
the adoption of climate-smart agricultural practices at the plot level in Nigeria.
Design/methodology/approach – Using the empowerment score and women empowerment gap for each
household which were derived from the Abbreviated Women’s Empowerment in Agriculture Index, a
multivariate probit model which controlled for the influence of gender and women empowerment on climate-
smart agricultural practices’ adoption was estimated. The study made use of data from the ECOWAS-RAAF-
PASANAO survey conducted in Nigeria in 2017.
Findings – The results show that men are significantly more empowered than women in four out of the five
domains of empowerment and are more likely to adopt crop rotation. However, female plot managers have a
higher likelihood of adopting green manure and agroforestry, while no significant gender differences in the
adoption of organic manure and zero/minimum tillage were found.
Social implications – The results suggest that closing the empowerment gap between women and their
spouses would positively influence the adoption of agroforestry.
Originality/value –This study represents the first attempt to examine the adoption of these practices from a
gender perspective using a nationally representative plot-level dataset in Nigeria. Furthermore, this study
contributes to existing literature on how gender differences influence technology adoption by modelling the
effect of empowerment score for each plot manager, and the women empowerment gap for each household on
the adoption of five climate-smart agricultural practices.
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Introduction
The global climate is changing and is becoming more evident through increasing
temperatures, more unpredictable rainfall and more frequent extreme weather events
(Eckstein et al., 2019; Lobell et al., 2008). However, the adverse effects of climate changewill be
felt more by smallholder farmers in developing countries, who have low adaptive capacity to
cope with changing weather patterns due to their limited resources (Hundera et al., 2019; Goh,
2012; Morton, 2007). This is especially true in sub-Saharan Africa, where about 96% of the
total cropland is based on rain-fed systems which leave agricultural production, and the
livelihood of the people highly exposed to changes and fluctuations in climatic conditions
(Srivastava et al., 2017; Calzadilla et al., 2008). This necessitated the promotion of climate-
smart agricultural (CSA) practices as those that sustainably increase agricultural
productivity and incomes of farming households, build their resilience and capacity to
adapt to climate change and reduce or remove greenhouse gases emission while enhancing
national food security (Neufeldt et al., 2013).
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However, the adoption of CSA practices remains generally low, particularly in sub-
Saharan Africa (Abegunde et al., 2019; McCarthy and Brubaker, 2014), leading to a growing
body of literature on its determinants, with a view to identifying appropriate mechanisms by
which wide-spread adoption of CSA practices may be promoted to ensure improved
livelihood in the region (Tran et al., 2019; Mujeyi et al., 2019; Khatri-Chhetri et al., 2017;
Teklewold et al., 2013). However, most of these studies traditionally address adoption at the
household level, and thus assume that farm production and allocation decisions are taken
centrally either by the household head or jointly with him (Meinzen-Dick et al., 2019; Ndiritu
et al., 2014; Quisumbing and Pandolfelli, 2010), and presuppose that benefits of available
household resources are shared equitably, irrespective of gender (Agarwal, 1994). This is
contrary to reality in many African production systems as pointed out by Udry (1996), as
productive assets are not shared equitably, and farm households produce on different plots,
which are managed by different members of the household. Indeed, Asongu and Odhiambo
(2019) posit that globally, the highest level of gender exclusion exists in Africa. Therefore, the
assumption that the adoption decision is jointly made within a household may neglect
differences which exist in intra-household farming decisions, which could lead to wrong
conclusions and policy decisions (Gebre et al., 2019; Ndiritu et al., 2014).

This is particularly important as literature suggest that significant intra-household
disparities exist between women’s access to, ownership of and control over productive
resources compared to men (Meinzen-Dick et al., 2019; Kieran et al., 2017; Quisumbing and
Pandolfelli, 2010) as men are generally advantaged in owning assets due to gender norms
which govern its ownership. Specifically, women are constrained in terms of access to land
(Murugani and Thamaga-Chitja, 2019; Massay, 2019), access to credit and other financial
assets (Brixiov�a et al., 2020; Ali and Awade, 2019), education (Khoza et al., 2019), extension
services (Rola-Rubzen et al., 2020; Huyer, 2016) as well as other social perceptions about their
perceived lack of suitability as farmers (Rola-Rubzen et al., 2020). Obayelu, Ogbe and Edewor
(2020) also establish that female farmers’ agricultural productivity is negatively affected (up
to 25% compared to male counterparts) by this disparity in productive assets. Furthermore,
they are also more vulnerable to the loss of these assets and rights due to separation, divorce
or widowhood (Doss, 2018; Peterman et al., 2010; Fletschner, 2008). Given that it has been
estimated that if rural women have the same access to agricultural resources as men, yields
could increase by 20–30% and the total number of hungry people around the world reduced
by 12–17% (FAO, 2011), understanding how adoption decisions vary along gender lines
within and across households is of critical importance in order to provide better information
on the factors driving CSA practices’ adoption at the plot level, which will enable
policymakers better target policies and interventions to catalyse the diffusion of CSA
practices, towards the achievement of improved and sustainable livelihoods among farm
households in Nigeria.

This study addressed the knowledge gap around the extent of women empowerment, and
empirically investigated its potential effect on adoption of CSA practices at the plot level in
Nigeria. Specifically, this study analysed the adoption of a range of climate-smart practices
(green manure, agroforestry, organic manure, crop rotation, zero/minimum tillage) using the
Multivariate Probit (MVP) model, and controlled for the influence of women empowerment
among other covariates.

This study contributes to existing literature on two main fronts. Firstly, although the
literature show a growing number of recent studies which have attempted to investigate the
determinants of CSA practices’ adoption in Africa using plot level data, most of these have
been conducted in Eastern and SouthernAfrica (Mujeyi et al., 2019;Maguza-tembo et al., 2017;
Kassie et al., 2015; Ndiritu et al., 2014; Arslan et al., 2013; Teklewold et al., 2013), with a few
carried out in theWest Africa sub-region (Theriault et al., 2017; Asfaw et al., 2016) and none in
Nigeria to the best of our knowledge. Thus, this study fills a gap in existing literature by using
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a nationally representative plot-level dataset to examine the adoption of CSA practices in
Nigeria.

Secondly, while most of these studies controlled for gender differences in adoption by
including the gender of the plot manager and/or household head in the analysis (Ndiritu et al.,
2014), or estimating the adoption model for male and female managed plots separately
(Theriault et al., 2017), this study contributes to the on-going discussion by estimating the
empowerment score for each plot manager, as well as the women empowerment gap for each
household using the A-WEAImethodology. These two variables are included in the analysis,
in an attempt to robustly explore how gender differences influence adoption.

Methodology
Study area
Nigeria is the largest geographical country inWest Africa, and themost populous inAfrica. It
occupies a land area of approximately 923, 768 km2, and lies between Latitudes 40 to 140

North and Longitudes 202’ and 14030’ East. Nigeria is bordered in the South by the Atlantic
Ocean, in the West by the Republic of Benin, in the North by the Niger and in the East by the
Republic of Cameroon (National Bureau of Statistics (NBS), 2010). Nigeria has diverse agro-
ecological zones, ranging from the mangrove swamps and humid tropical forest zone of the
South that has longer rains to the Northern Savannah part of the country which experiences
lower rainfall and shorter rainy season. However, these natural agro-ecological zones have
been modified over time through the interaction of climate, human activities as well as man’s
pattern of land use. Based on the above, Nigeria’s agro-ecological zones can be classified into
Savannah zones (Sahel, Sudan, Northern Guinea, Southern Guinea and Derived) and the
humid rainforest (Shittu et al., 2018).

The population of Nigeria was estimated by the National Population Commission to be
186,939,754 people in 2015, with an average annual growth rate of about 2.8% (NBS, 2017). In
particular, Nigeria has the highest population growth among the 10 largest countries in the
world and is expected to become the third largest in the world by 2050 (United Nations
Department of Economic and Social Affairs (UNDESA), 2015). The natural endowment of the
country includes land, water, minerals, agricultural and forest resources through which its
population derive their livelihood. Nigeria is agrarian, as agriculture provides employment
for over 90%of the rural dwellers, who constitute about 70%of the total population. Nigeria’s
expansive 853 km coastline in the South (NBS, 2017), which predisposes farmers’ livelihoods
to floods, and her proximity to the Sahara Desert in the North where desertification is
advancing unabated, makes this study imperative, in order to mitigate the adverse effects of
climate change in the country, as well as reduce agriculture’s contribution to greenhouse
gases (GHGs) emissions wherever and whenever possible.

Data and sampling procedure
The data used for this study were drawn from a nationwide farm household survey, collected
by the Federal University of Agriculture, Abeokuta, in collaboration with the National
Cereals Research Institute for implementation of the project titled “Incentivising Adoption of
Climatic Smart Practices in Cereals Production in Nigeria: Sociocultural and Economic
Diagnosis”, which was sponsored by the ECOWAS – Regional Agency for Agriculture and
Food (RAAF) under its Support Programme for Food and Nutrition Security in West Africa
(PASANAO).

The sampling process was based on the World Bank–sponsored Agricultural
Development Programme (ADP) structure across the 36 States of Nigeria, which organized
farming communities into Cells (or Circles), Blocks and Zones. The cells are groups of farming
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communities assigned for coverage to an Agricultural Extension Officer under the Training
and Visit (T&V) Extension System adopted by various States’ ADPs in Nigeria. The Blocks
are groups of five to eight Cells, usually made up of the Cells in a Local Government Area
(LGA). A number of Blocks are brought together as a Zone, under the headship of a Zonal
Manager, with each state having three or four agricultural zones under the Programme
Manager (Shittu et al., 2018).

The respondents for this study were drawn in a multi-stage sampling process. The first
stage was a purposive selection of two States per agro-ecological zone, which are those
reputed as the leading producers of rice and maize in Nigeria. At the second stage, three (3)
agricultural blocks reputed for maize production were purposively chosen from each State
that had been selected (This was done in consultation with the States’ADPs, given the lack of
production data per block within the States). In stage three, two extension cells were
randomly selected from each block, while the last stage was a random selection of 10 maize
farmers from each of the selected cells. This process yielded a total of 1,747 rice and maize
farmers interviewed across 141 farming communities that were spread across 12 States and
six of the seven agro-ecological zones in Nigeria. However, after dropping households which
do not have a primary adult female, 998 households and 1,578 plots were left.

Analytical framework
Modelling the adoption decision
In this study, a farmer is considered to be an adopter of a CSA practice if he/she has used the
practice at least one planting season before the interview and was still utilizing such practice
as at the time of interview (Afolami et al., 2015). It is assumed that each plot manager (i.e.
individual family members) compares the CSA practices with the traditional technology and
adopts it if he/she perceives that the expected utility from adoption exceeds the utility of the
traditional technology (Awotide et al., 2016). Furthermore, it is assumed that farmers make
multiple adoption decisions at the same time, and attempting to model adoption of single
technologies separately using a Probit or Logit model ignores the potential correlation among
the unobserved disturbances in the adoption equations, thus leading to inefficient estimates
and thereby wrong inference (Theriault et al., 2017). Thus, this study utilized the MVPmodel,
as it models the influence of the set of explanatory variables on each of the different CSA
practices by estimating a set of binary Probit models simultaneously, while allowing the error
terms in those models to be correlated (Greene, 2008). TheMVPmodel for multivariate choice
decision problems can be represented by two systems of equations. First, a system of
equations with latent (unobservable) dependent variables are described by a linear function
of a set of observed household (h) and plot (p) characteristics (Xhp) and multivariate normally
distributed stochastic terms (εhp). Each equation in the system can be written as:

Y *

hpk ¼ Xhpβk þ εhp ðwhere k ¼ G; A; O; C; ZÞ (1)

where Y *

hpk denotes the latent dependent variables which can be represented by the level of

expected benefit and/or utility derived from adoption of greenmanuring (G), agroforestry (A),
organic manure (O), crop rotation (C), zero/minimum tillage (Z)

ε 5 Error term h 5 Household characteristics p 5 Plot characteristics
The second system of equations describing the observable dichotomous choice variables

of households is given as:

Yhpk ¼

(

1 if Y *

hpk > 0

0 otherwise
(2)

where Yhpk is the adoption of the kth CSPs by the hth household on plot p.
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Abbreviated Women’s Empowerment in Agriculture Index (A-WEAI)
The Abbreviated Women’s Empowerment in Agriculture Index (A-WEAI) is an abbreviated
version of the full WEAI, which was developed to improve it in response to feedback such as
its time-consuming nature, sensitivity and comprehension difficulty of some of its sections
(Malapit et al., 2015). A-WEAI has five domains of empowerment (5DE) and six indicators and
can be used to compute two important empowerment metrics, which are of interest in this
study (see Table 1).

The first is the empowerment score, which measures a woman’s achievement of
empowerment based on six weighted indicators. It is computed by assigning a value of one if
a woman (or man) achieved adequacy according to cutoffs defined by Alkire et al. (2013) or
zero otherwise. An empowerment score is then generated for her (or him), in which the
weights of those indicators in which she (or he) enjoys adequacy are summed to create a score
that lies between 0 and 100% (Seymour, 2017). According to Alkire et al. (2013), a woman or
man is defined as empowered in 5DE if she or he has adequate achievements in four of the five
domains or is empowered in some combination of the weighted indicators that reflect 80%
total adequacy or more.

The second metric is the empowerment gap which measures the differences in
empowerment between the primary male and primary female adult within each household,
i.e. measures a woman’s relative achievement of empowerment to that of her spouse. The
empowerment gap takes a value of zero if a woman’s empowerment score is greater than or
equal to that of her spouse, but equals the difference between her empowerment score and
that of her spouse if otherwise (Seymour, 2017). Thus, higher values reflect greater gender
inequality within the household. According to Alkire et al. (2013), in most but not all cases, the
primary and secondary male and female are husband and wife. However, men and women in
the same household can be classified as the primary male and female decision-makers
regardless of their relationship to each other.

Results and discussion
Description of explanatory variables
The explanatory variables in the empirical model are based on a review of empirical literature
on adoption of sustainable agricultural practices (Tran et al., 2019; Ehiakpor et al., 2019;
Abegunde et al., 2019; Oladele et al., 2019; Theriault et al., 2017; Wossen et al., 2017; Ndiritu
et al., 2014; Kassie et al., 2015). Table 2 presents the description and summary statistics of the
explanatory variables used in this study. The results show that the farmers weremostlymale
(88.0%) and married (99.7%), with a mean household size of ten persons. The average farmer
was about 45 years and had undergone eight years of formal education.

Furthermore, most (86.0%) of the farmers claimed to be natives of the community they
were domiciled in. Due to the complex nature of land tenure and property rights in Nigeria,
this is an important factor in the ease of accessing andmaintaining these rights. Most (69.0%)

Domain Indicator Weight

Production Input in productive decisions (AchmtProDec) 1/5
Resources Ownership of assets (AchmtAsset)

Access to and decisions on credit (AchmtCredit)
2/15
1/15

Income Control over use of income (AchmtIncCon) 1/5
Leadership Group membership (AchmtGrpMem) 1/5
Time Workload (AchmtWork) 1/5

Source(s): Malapit et al. (2015)

Table 1.
Domains, indicators
and their respective

weights in the A-WEAI
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of the farmers owned the landwhich they cultivate, a reasonable percentage (41.0%) of which
were lowlands. According to Farauta et al. (2012), this substantial cultivation of lowlands
could be as a result of farmers’ adaptation to climate change in Nigeria. Also, the average plot
was about an hour’s (56.18 min) journey from home on foot. This could have negative
implications for the adoption of sustainable practices that involve transporting bulky inputs
on farm plots farther away from home, relative to those closer to the homestead (Ndiritu
et al., 2014).

Description of dependent variables
Table 3 shows the distribution of CSA practices’ adoption by the gender of the plot manager.
A t-test was also conducted to determine if any difference observed in the adoption of the CSA
practices between male and female plot managers is significant, and the results are also
presented in Table 3. Interestingly, the results show that female plot managers adopted four
out of the five CSA practices considered more than their male counterparts. Specifically,
female plot managers adopted green manure (21.0%), agroforestry (71.0%), organic/compost

Variable Description
Expected
sign

Empirical
studies Mean (SD)

Age Age of the plot manager in years þ/� Tran et al. (2019),
Maguza-tembo
et al. (2017)

44.88 (12.06)

Gender If plot manager is female 5 1,
Male 5 0

� Theriault et al.
(2017)

0.12 (0.33)

Marital Status If the plot manager is
married 5 0; Otherwise 5 1

þ Ehiakpor et al.
(2019)

0.03 (0.17)

Years of
Schooling

Years of formal education of the
plot manager

þ Ghimire and
Huang (2016)

7.81 (5.83)

Extension
Contact

Number of visits by an
agricultural extension agent to
the plot manager or by the plot
manager to an extension service
office during last 1 year

þ Wossen et al.
(2017),
Abegunde et al.
(2019)

13.71 (42.63)

Off farm
income

Plot manager’s total off farm
income in the last year (in Naira)

þ Kassie (2017),
Coulibaly et al.
(2016)

98,308.15 (294,881.40)

Household size Number of household members þ Mujeyi et al.
(2019), Ndiritu
et al. (2014)

9.58 (6.04)

Native If plot manager is a native of the
community 5 1; Otherwise 5 0

þ Sanou et al.
(2019)

0.86 (0.35)

Land
ownership
status

If plot manager owns the
plot 5 1; Otherwise 5 0

þ Kassie et al.
(2015)

0.69 (0.46)

Farm size (Ha) Size of the plot being cultivated
by plot manager in hectares

þ Oladele et al.
(2019)

3.49 (6.14)

Plot Trekking
distance from
home

Number of minutes used in
trekking to the plot

� Ndiritu et al.
(2014)

56.18 (58.43)

Land type If plot is upland 5 0;
Lowland 5 1

� Mansaray et al.
(2019)

0.41 (0.49)

Fertilizer use If plot manager used inorganic
fertilizer 5 1; Otherwise 5 0

� Makate et al.
(2019)

0.71 (0.45)

Table 2.
Definition and
summary statistics of
independent variables
– Plot level

AJEMS



use (39.0%) and zero/minimum tillage (45.0%) more. This result corroborates earlier work on
CSApractices’ adoption in developing countries. For instance, Aryal et al. (2014) reported that
female-headed households in India are more likely to adopt CSA practices, while female
farmers adopted all the 17 CSA practices assessed by Bernier et al. (2015) more than male
farmers in Kenya. Conversely, male plot managers adopted crop rotation (23.0%) than their
female counterparts, probably because they can afford to rotate crops among multiple plots,
since they have access tomore land (Massay, 2019; Goh, 2012). However, the adoption of these
practices is fairly low across both genders, with the exception of agroforestry, thus
corroborating the findings of previous literature (McCarthy and Brubaker, 2014).

Gendered comparison of plot managers’ achievement in the domains of empowerment
As discussed earlier above, A-WEAI has two important empowerment metrics – the
empowerment score, which is the weighted sum of a woman’s achievement in the six
weighted indicators, and the empowerment gap, which measures a woman’s relative
achievement of empowerment based on a comparison of her empowerment score to that of
her spouse (or primarymale). Table 4 presents the results of these twometrics, disaggregated
by gender. A t-test was also conducted to determine if any difference observed in the
achievement of empowerment between male and female plot managers in any of the six
indicators is significant, and the results are also presented in Table 4.

The results show that male plot managers are significantly more empowered relative to
their female counterparts in all the indicators, except the workload indicator. Consequently,

Variables
Full sample

Male plot
managers

Female plot
managers

t-testMean S.D Mean S.D Mean S.D

Green manure 0.15 0.36 0.14 0.35 0.21 0.40 �2.05**
Agroforestry 0.55 0.50 0.53 0.50 0.71 0.45 �5.00***
Organic manuring 0.34 0.47 0.34 0.47 0.39 0.49 �1.41
Crop rotation 0.21 0.41 0.23 0.42 0.12 0.32 4.33***
Zero/Minimum tillage 0.42 0.49 0.41 0.49 0.45 0.50 �0.84
Sample size 1,578 1,388 190

Note(s): **, *** represent 5% and 1% level of significance respectively

Variables

Male plot
managers
(N 5 1,388)

Female plot
managers
(N 5 190)

Full sample
(N 5 1,578)

t-testMean S.D Mean S.D Mean S.D

AchmtAsset 0.91 0.28 0.67 0.47 0.88 0.32 6.84***
AchmtGrpMem 0.90 0.30 0.71 0.46 0.88 0.33 5.76***
AchmtProDec 0.86 0.35 0.71 0.46 0.84 0.37 4.41***
AchmtIncCon 0.81 0.39 0.54 0.50 0.78 0.41 7.36***
AchmtCredit 0.38 0.49 0.26 0.44 0.37 0.48 3.43***
AchmtWork 0.61 0.49 0.62 0.49 0.61 0.49 �0.18
Empowerment score 0.78 0.18 0.62 0.25 0.76 0.20 8.41***
Empowerment status 0.56 0.49 0.35 0.48 0.53 0.49 5.43***
Empowerment gap 0.23 0.24

Note(s): *, **, *** represent 10%, 5% and 1% level of significance respectively

Table 3.
Distribution of plot

managers’ adoption of
CSA practices

Table 4.
Achievement of plot

managers in five
domains of

empowerment
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female plot managers in the sample achieve adequacy in 62.0% of the weighted indicators on
the average, compared to male plot managers, who achieve adequacy in 78.0% of the
indicators on the average. Based on the 80% cutoff (representing adequate achievements in
four of the five domains or empowerment in some combination of theweighted indicators that
reflect at least 80%) defined by Alkire et al. (2013), only 35.0% of the female plot managers
qualify as empowered, relative to 56.0% of their male counterparts. This is consistent with
findings in literature that show that women are often less empowered and generally
advantaged in owning assets, taking decisions and getting credit due to gender norms (Rola-
Rubzen et al., 2020; Quisumbing and Pandolfelli, 2010; Goh, 2012). For instance, Alkire et al.
(2013) found that approximately 40% of women in Southwestern Bangladesh and Uganda,
and less than a third of women in the Western Highlands of Guatemala could be considered
empowered (SNV, 2017). Furthermore, the empowerment gap between a female and her
spouse on the average in this study was 23.0%. According to this measure, only 37.3% of
female plot managers have achieved gender parity within their households, which is similar
to the 37.5% reported by Seymour (2017) in Bangladesh.

Influence of gender and empowerment on adoption of CSA practices: Multivariate Probit
model results
The results of the MVP model are presented in Table 5. The Wald chi-square test statistics
(χ2(100)5 376.78) shows that the hypothesis that all regression coefficients in each equation
are jointly equal to zero is rejected at 1% (Prob > χ2 5 0.00), thus indicating the fitness of
the model with the data, and the relevance of the chosen explanatory variables in explaining
the model. The results further show that the likelihood ratio test (χ2(10)5 32.47), which tests
the hypothesis that the correlations between the error terms of the equations are all zero is
also rejected at 1% (Prob > χ2 5 0.00), implying that some interdependence exists between
some of the CSA practices considered. This supports the choice of the MVP model
overestimating five different Probit (or Logit) models, since the error terms are correlated.

The MVP results indicated that consistent with the results shown in Table 3, female plot
managers have a higher probability of adopting green manure and agroforestry, while male
plot managers were more likely to adopt crop rotation relative to their female counterparts.
This may be because male plot managers have access to more land (as presented in Table 4)
and can afford to rotate crops among their multiple plots, while their female counterparts
must utilize the relatively limited plot available for them to produce staple food items for
family consumption. Literature has also shown that women are often allocated marginal
lands (Amigun et al., 2011; Patel et al., 2014), which are closer to the homestead, which may
account for women’s higher likelihood of adopting soil restoring CSA practices such as green
manure and agroforestry, in a bid to replenish the fertility of the plot available for their use.

Furthermore, no evidence of a significant relationship was found between the
empowerment score and the adoption of any of the five CSA practices. However, the
empowerment gap (the difference in empowerment between the primary male and primary
female adult within each household) negatively influenced the adoption of agroforestry. This
implies that the likelihood of adopting agroforestry increased, with declining empowerment
gap in the household. This is in line with the assertion of Seymour et al. (2016), who argue that
households in which women are empowered tend to be more progressive in their beliefs, and
consequently more open to adopting new technologies. This resonates with the finding of
Seymour (2017), who reported that a narrowing of the empowerment gap between spouses is
associated with higher levels of technical efficiency in Bangladesh and Diiro et al. (2018), who
found that women’s empowerment in agriculture significantly increases maize productivity
on both female-managed and male-managed plots.
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Variables
Green manure Agroforestry Organic manuring Crop rotation Zero/Minimum tillage
Coeff Z Coeff Z Coeff z Coeff z Coeff z

Age 0.0059 1.49 �0.0017 �0.51 0.0053 1.51 �0.003 �0.86 0.0042 1.22
Gender 0.3399 2.13** 0.4807 3.17*** 0.1709 1.21 �0.500 �2.95*** 0.0249 0.18
Marital status �0.1826 �0.84 �0.0084 �0.05 0.1191 0.72 0.072 0.37 �0.1290 �0.78
Years of schooling 0.0190 2.24** 0.0006 0.08 �0.0088 �1.21 �0.009 �1.15 0.0076 1.03
Household size �0.0177 �1.90* 0.0081 1.09 0.0010 0.13 0.006 0.8 0.0040 0.57
Empowerment score �0.3059 �1.18 �0.0049 �0.02 �0.0312 �0.14 0.120 0.52 �0.2136 �0.94
Empowerment gap �0.1305 �0.59 �0.3888 �2.24** 0.2019 1.16 �0.190 �0.99 0.2129 1.18
Native �0.0687 �0.51 0.3263 2.8*** �0.2030 �1.78* 0.328 2.41** 0.0757 0.65
Land ownership status �0.0062 �0.06 0.4956 5.75*** �0.1708 �1.98** �0.079 �0.85 0.4630 5.14***
Farm size (Ha) �0.0120 �1.27 0.0007 0.11 0.0021 0.35 0.004 0.58 �0.0149 �2.03**
Land type 0.1105 1.14 �0.0360 �0.45 �0.1645 �2.02** 0.137 1.57 0.1541 1.89**
Extension contact 0.0001 0.12 0.0016 2.01** 0.0016 1.66* 0.000 0.38 �0.0005 �0.51
Off farm income 0.0000 1.05 0.0000 �0.03 0.0000 0.32 0.000 �0.99 0.0000 �0.44
Plot trekking distance from home �0.0005 �0.57 0.0007 0.97 �0.0006 �0.84 0.001 0.74 0.0003 0.41
Fertilizer use 0.0410 0.38 0.1205 1.39 0.1856 2.08** �0.112 �1.19 0.8123 8.59***
Derived Savannah 0.6579 1.89* 0.3269 1.58 �0.0294 �0.14 �0.095 �0.42 �0.0902 �0.42
Northern Guinea 0.6207 1.84* 0.3882 1.99** 0.1343 0.68 �0.095 �0.45 �0.0614 �0.31
Rainforest 0.8280 2.57*** 0.2582 1.39 �0.0102 �0.05 0.124 0.63 �0.0728 �0.39
Southern Guinea 0.4775 1.43 0.5231 2.75*** �0.0400 �0.21 0.069 0.34 �0.0207 �0.11
Sudan Savannah 0.9436 2.9 0.0823 0.44 0.2592 1.35 �0.193 �0.95 �0.2660 �1.37
Constant �1.8859 �4.15*** �0.7879 �2.42** �0.2808 �0.85 �1.015 �2.82*** �1.4736 �4.35***
Wald chi2(100) 376.7800
Prob > Chi2 0.0000
Log pseudo likelihood �3053.619
Likelihood ratio test of rho21 5 rho31 5 rho41 5 rho51 5 rho32 5 rho42 5 rho52 5 rho43 5 rho53 5 rho54 5 0: chi2(10) 5 32.4783, Prob > chi2 5 0.0003

Note(s): *, **, *** represent 10%, 5% and 1% level of significance respectively
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In addition to these variables of interest, other household and plot characteristics influence
the adoption of these practices, albeit heterogeneously. For instance, farmers who own the
land which they cultivate are more likely to adopt agroforestry and zero/minimum tillage.
This seems hardly surprising given that theoretically, secure land tenure is expected to
increase the incentives for a rational farmer to invest in technologies that yield future benefits
to him/her (Feder, 1988; Gavian and Fafchamps, 1996). However, there is no consensus
empirically, as different studies yield conflicting results (Abdulai et al., 2011; Zeng et al., 2018).
This result corroborates the theoretical standpoint, and asKassie et al. (2015) argue, this could
be an expression of Marshallian inefficiency, in which farmers use less inputs or make less
investments on rented plots compared to owned plots. Similarly, farmers who are indigenous
to the community are also likely to adopt agroforestry and crop rotation, probably as a result
of access to family and communal land, as well as the relative security of their tenure, given
their status as natives. Interestingly, the results show that landowners are less likely to adopt
organic manure. This could probably be a reflection of the fact that those who own land, are
the wealthier farmers, who can afford to use inorganic fertilizers which are more expensive,
but highly desired by farmers.

Furthermore, the importance of agricultural extension in diffusion and continued use of
technologies among farmers was underscored, as the results showed that frequency of
contact with extension agents positively influenced agroforestry and organic manure
adoption. This is consistent with earlier findings in literature (Umar et al., 2014; Kassie et al.,
2015; Wossen et al., 2017). Education also positively influences the likelihood of adopting
greenmanure, as farmers withmore years of education are characteristically expected to be
more enlightened, i.e. able to process information relating to new technologies, and adopt
faster relative to less educated farmers (Ghimire and Huang, 2016). However, the results
show that farmers with larger household sizes are less likely to adopt green manure. This
could be as a result of the unwillingness of farmers to allow an economically unproductive
fallow period, which would be an inefficient use of available family labour (Yusuf and
Yusuf, 2008).

Conclusion
The objective of this studywas to examine howCSA practices’ adoption decisions vary along
gender lines at the plot-level, within and across households in Nigeria. In order to achieve this,
the empowerment score for each plot manager was computed, as well as the women
empowerment gap for each household using the A-WEAI methodology. These two metrics,
together with the gender of the plot manager, were included as explanatory variables in the
MVP model estimated to identify determinants of CSA practices’ adoption in Nigeria. The
results show that men are significantly more empowered than women in four out of the five
domains of empowerment, while preliminary descriptive statistics indicate that female plot
managers adopted the CSA practices considered more than their male counterparts.
Econometric results confirm that female plot managers have a higher likelihood of adopting
green manure and agroforestry, while male plot mangers are more likely to adopt crop
rotation. However, no significant gender differences in the adoption of organic manure use
and zero/minimum tillage were found. The results also suggest that closing the
empowerment gap between women and their spouses would positively influence the
adoption of agroforestry. The findings of the study underscore the importance of women
empowerment in the drive for CSA practices’ adoption in Nigeria, as they are more likely to
adopt them relative to men, but are constrained in terms of productive resources. The study
concludes that policies that recognize gender differentials in access to these resources should
be made and targeted at improving women’s access in order to catalyse the diffusion of CSA
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practices, towards the achievement of improved and sustainable livelihoods among farm
households in Nigeria.
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