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Abstract

Despite strong policy emphasis on improved cassava varieties, productivity gains across Africa
remain below potential due to a persistent gap between farmers’ awareness and actual adoption.
Most previous studies rely on probit or logit models which lead to potentially biased policy
recommendations. This study overcomes this limitation by applying an Endogenous Switching
Poisson Regression (ESPR) to obtain more reliable causal estimates of the determinants of
awareness and adoption of improved cassava varieties. Primary data were collected from 288
cassava farmers using a multistage sampling technique and a structured questionnaire. Descriptive
statistics and ESPR were used for analysis, results showed that 41% and 44% of farmers had access
to extension service and were aware of improved cassava varieties, yet only 18% had adopted
TME 419. The ESPR results indicate that awareness was significantly influenced by age (p<0.01),
marital status (p<0.01), farming experience (p<0.10), household size (p<0.10), and access to
improved inputs (p<0.01). Adoption was significantly driven by extension contact (p<0.001), age
(p<0.01), education (p<0.01), secondary income (p<0.01), access to inputs (p<0.05), cultivated
area (p<0.10), and awareness status (p<0.01). The study concludes that awareness alone is
insufficient for adoption. Bundled interventions are recommended to enhance adoption outcomes.

Introduction

Today, cassava remains one of the most significant staple and industrial crops in sub-Saharan
Africa, providing important food security, income and livelihood support for rural households.
Several improved cassava varieties, developed through breeding programmes for yield, disease
resistance, adaptability to climate change and processing qualities, have been produced over the
years [24]. Despite the availability of these technologies, evidence across Africa suggests that the
productivity gains associated with improved cassava varieties have not been fully realized because
of persistent gaps between farmers’ awareness and actual adoption. Empirical studies consistently
show that while many farmers are aware of improved varieties, utilization rates remain
considerably lower [20, 13, 31, 19, 1]. This indicates that awareness alone may not necessarily
translate into adoption decisions, particularly where institutional, socioeconomic, and market-
related constraints exist.

Significant welfare gains from the use of improved cassava varieties and technologies have
been well documented. For instance, in Ghana, the adoption of improved cassava varieties
significantly increased farm yields among adopters and non-adopters under counterfactual



conditions [3]. The same result was found in Nigeria, where adoption mitigated the probability of
farming households facing negative production shocks and poverty incidence [37, 4]. Beyond
cassava, studies on improved sorghum varieties and quality seed technologies have also revealed
positive effects on household income, productivity, and welfare outcomes [ 16, 39]. These findings
reinforce the importance of improved agricultural technologies in enhancing rural livelihoods.
However, the relatively low adoption rates, however, suggest that there is a lack of knowledge
about the pathways from awareness to adoption, even though benefits have been documented.
The available evidence also demonstrates that a combination of socioeconomic, institutional, and
market considerations affect awareness and adoption. Educational attainment has consistently been
found to be a key influencer of awareness and adoption, and more-educated farmers tend to be
better equipped to process information and consider new technologies [20, 31, 37]. Extension
contact is also a key player in disseminating information and enabling technology uptake [7, 16,
4]. Likewise, cooperative membership, access to credit, farm size, market proximity, and access
to planting materials have been found to affect farmers' choices of improved varieties [30, 25, 19].
Other information dissemination mechanisms, including demonstration plots, farmer-to-farmer
interactions, media and extension visits have also been identified as important mechanisms shaping
technology diffusion [19, 35, 32]. However, there are significant differences in the effectiveness
of these mechanisms in different contexts, indicating that awareness formation is a complex
process shaped by household characteristics and institutional conditions.

While awareness is often recognized as an important precursor to adoption, many studies
do not explicitly model the specification of awareness as a behavioral decision. In the majority of
empirical studies, awareness is either considered a dependent variable in adoption models or
treated as a pre-existing factor prior to making adoption decisions [3, 4, 16]. However, evidence
from several studies suggests that high awareness does not necessarily lead to the corresponding
adoption levels. For example, in Benue, Rivers, and Ghana, high awareness levels were reported
with moderate/low adoption of improved cassava varieties [31, 13, 19]. This disconnect implies
that awareness and adoption may be influenced by different factors, and should not be treated as a
single homogeneous decision process. Failure to distinguish between these stages may therefore
conceal important behavioral and institutional dynamics affecting technology uptake.

In terms of methodological approaches, the literature on better technology adoption is still
largely based on conventional binary response models (e.g., probit and logit regressions) [20, 30,
31]. These strategies can be useful into looking for correlates in adoption, but may assume that
adoption decisions are exogenous and uninfluenced by unobserved selection processes.
Consequently, such models may generate biased and inconsistent estimates, in which farmers
select awareness or adoption categories based on observed and unobserved characteristics. Recent
studies have attempted to address this limitation by applying Endogenous Switching Poisson
Regression (ESPR) models to estimate treatment effects and counterfactual outcomes [3, 37, 38].
The studies found that there was indeed a selection bias and that Endogenous Switching
Regression (ESR) was valuable in eliminating unobserved heterogeneity. However, within the
literature on endogenous switching regression (ESR), awareness is rarely treated as the primary
endogenous outcome. Instead, ESR has largely been applied to estimate the welfare impacts of
adoption rather than the determinants of awareness itself [16, 39, 14].

Although there is an increasing empirical interest in better cassava technologies, there are
significant gaps in knowledge that need to be addressed. First, limited attention has been paid to
awareness as a distinct stage within the technology adoption pathway. Second, many of the
existing studies are based on descriptive analysis or rely on a binary adoption model that fails to



capture the selection bias and unobserved heterogeneity [18]. Third, there is a lack of evidence
from Ogun State, even though it plays a significant role in cassava production in southwestern
Nigeria [11, 27]. Addressing these gaps is essential because farmers cannot adopt technologies
they are unaware of, and the determinants of awareness may differ substantially from the
determinants of adoption. Therefore, this study contributes to the literature by modelling the
awareness of improved cassava varieties as an endogenous decision process using an Endogenous
Switching Poisson Regression framework. This study reduces the effects of potential selection bias
and unobserved heterogeneity, thereby providing a stronger picture of how socioeconomic and
institutional characteristics affect farmers’ awareness and adoption decisions in Ogun State.

Literature review

Theoretical review

This study is anchored on the Diffusion of Innovations (DOI) Theory proposed by Rogers [34],
which explains how new technologies are communicated and adopted within a social system over
time. The theory conceptualizes adoption as a sequential process comprising knowledge
(awareness), persuasion, decision, implementation, and confirmation. According to Rogers [34],
awareness is the first stage of the innovation-decision process and constitutes a necessary
prerequisite for technology adoption because individuals cannot evaluate or adopt innovations of
which they have no prior knowledge. Although developed several decades ago, the DOI theory
remains one of the most widely applied theoretical frameworks for explaining agricultural
technology adoption and innovation diffusion [26, 6].

The DOI theory posits that farmers acquire knowledge of agricultural innovations through
formal and informal communication channels, including agricultural extension services, research
institutions, farmer organizations, demonstration plots, social networks, and mass media.
Following awareness, farmers assess the innovation based on its perceived relative advantage,
compatibility, complexity, trialability, and observability, which subsequently influence their
adoption decisions [34]. Recent empirical evidence demonstrates that information access,
extension contact, farmer training, and social learning remain among the strongest drivers of
agricultural technology adoption across developing countries [6, 32]. Likewise, Rizzo et al. [33],
in a systematic review of sustainable agricultural innovations, concluded that effective knowledge
dissemination and institutional support are critical for accelerating farmers' adoption of improved
technologies.

The DOI theory provides an appropriate conceptual foundation for this study because
awareness and adoption of improved cassava varieties are inherently sequential processes. Farmers
must first become aware of improved cassava varieties before they can evaluate their agronomic
and economic benefits and subsequently decide whether to adopt them. Consequently, awareness
is unlikely to be randomly distributed among farmers but is influenced by socioeconomic
characteristics and institutional factors such as education, farming experience, extension contact,
cooperative membership, access to credit, and farm size. These factors not only determine farmers'
exposure to improved cassava varieties but also shape their subsequent adoption behaviour.

This theoretical perspective is consistent with the awareness—adoption framework
proposed by Diagne and Demont [10], who demonstrated that conventional adoption models may
produce biased estimates when they fail to distinguish between farmers who are unaware of an
innovation and those who are aware but choose not to adopt it. Their framework established that
awareness is a prerequisite for adoption and should therefore be explicitly incorporated into
empirical analyses of agricultural technology adoption. This proposition has received considerable



empirical support in cassava production systems. For example, Afolami et al. [5] found that
farmers' awareness significantly influenced the adoption of improved cassava varieties in
southwestern Nigeria, emphasizing the central role of extension services and information
dissemination in promoting varietal diffusion.

The DOI theory therefore provides the theoretical justification for the empirical strategy
adopted in this study. Consistent with the innovation-decision process described by Rogers [34],
awareness of improved cassava varieties constitutes the initial stage of technology diffusion, while
adoption represents the subsequent behavioural outcome. Since awareness is endogenous to the
adoption process, the Endogenous Switching Poisson Regression model is employed to jointly
estimate awareness and adoption decisions, thereby accounting for potential selection bias and
generating consistent estimates of the determinants of adoption intensity. Consequently, the
conceptual framework underpinning this study links information and institutional factors to
farmers' awareness, awareness to adoption decisions, and adoption to improved agricultural
productivity and household welfare.

Conceptual framework

The conceptual framework as shown in Figure 1 illustrates the pathways through which farmer
and farm characteristics, together with information and institutional sources, influence farmers’
awareness and subsequent adoption of improved cassava varieties in Ogun State, Nigeria. The
framework is anchored on the premise that awareness is a prerequisite for adoption, and that
adoption decisions are conditional upon farmers first becoming aware of the technology.

At the first stage, farmers’ awareness of improved cassava varieties is determined by a
combination of socioeconomic and farm-level characteristics, including age, education, farming
experience, household size, farm size, extension contact, access to credit, cooperative membership,
market access, distance to input sources, and the sex of the household head. In addition, awareness
is shaped by information and institutional sources, such as agricultural extension services, research
institutions, farmer organizations and cooperatives, fellow farmers and social networks, and mass
media and digital platforms. These channels serve as the primary mechanisms through which
knowledge about improved cassava varieties is disseminated to farming households.

The framework recognizes that awareness is endogenous rather than randomly distributed
among farmers. Farmers with better access to information, institutional support, or favourable
socioeconomic characteristics are more likely to become aware of improved varieties. Ignoring
this non-random selection into awareness may lead to biased estimates of adoption behaviour
because the same unobserved factors influencing awareness may also affect adoption decisions.

To account for this awareness-adoption gap, the study employs the Endogenous Switching
Poisson Regression (ESPR) model. The first component of the ESPR estimates the selection
equation, which models the probability that a farmer is aware of improved cassava varieties. Based
on the outcome of this stage, farmers are separated into two groups: those who are aware and those
who are not. Only farmers who are aware are assumed to have the opportunity to make an adoption
decision.
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Fig 1. Conceptual framework linking awareness to adoption

The second component of the framework models the adoption equation, where the outcome
is measured as the number of improved cassava varieties adopted. Because adoption is represented
as a count variable, the adoption intensity among aware farmers is estimated using a Poisson
regression model. Farmers who are not aware are excluded from the adoption decision because
they cannot adopt technologies they do not know exist. This distinction explicitly captures the
awareness-adoption gap that characterizes the diffusion of agricultural technologies.

Finally, the framework links adoption of improved cassava varieties to agricultural
outcomes. Increased adoption intensity is expected to improve cassava productivity, raise farm
income, strengthen household food security, and enhance sustainable livelihoods. By modelling




awareness and adoption jointly while correcting for endogenous selection into awareness, the
ESPR framework provides a more reliable assessment of the determinants of improved cassava
variety adoption and highlights the critical role of information access and institutional support in
promoting agricultural technology uptake among cassava farmers in Ogun State.

Materials and methods

Description of the study area

The study was conducted in Ogun State in the Southwestern region of Nigeria. The State lies
between latitudes 6°N and 8°N and longitudes 3°E and 5°E. Bordered by the Republic of Benin to
the west, Ondo State to the east, Oyo State to the north, and Lagos State and the Atlantic Ocean to
the south, Ogun State spans approximately 16,762 square kilometers, approximately 1.81% of
Nigeria’s landmass [11].
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Fig 2. Map of Ogun State

Traditionally, the State is agrarian, producing crops such as maize, cassava, yam, rice,
cocoa, rubber, and palm kernel. Fish farming and lumbering also thrive because of the abundance
of waterways and forest resources [11]. Urban and rural residents engage in trade, industry, and
public services. The state’s proximity to Lagos and Ibadan has enhanced its commercial and
industrial development, including sectors such as food processing, textiles, chemicals, and metal
products. Ogun State is divided into four agricultural zones (Ilaro (Yewa), Abeokuta (Egba),



Ikenne (Remo), and Ijebu Ode (Ijebu)) by the Ogun State Agricultural Development Programme
[27].

Sampling technique and sampling size

A multistage sampling procedure was used for this study; the first stage involved a purposive
selection of Ijebu East and I[jebu North-East Local Government Areas (LGA) out of the 20 Local
Government Areas in the state due to the massive production of cassava in these areas; the second
stage was a random selection of six cassava producing wards from each of the 10 political wards
in the LGAs, and the third involved a purposive selection of two communities from each selected
ward on the basis of the presence of cassava farmers within the community. The final stage
involved random selection of 12 cassava farmers from each of the selected communities making a
total sample size of 288 cassava farmers. However, only 274 observations were fit for the data
analysis. This represents 95.1% response rate. Primary data were used in this study, and the data
collected were analyzed using descriptive statistics and an endogenous switching Poisson
regression (ESPR) model.

Ethical clearance for this study was obtained from the Postgraduate Committee of Michael
Okpara University of Agriculture (MOUAU), Nigeria. Written informed consent was obtained
from all participants prior to data collection. Participants were informed of the study purpose,
voluntary nature of participation, and their right to withdraw at any time without penalty.

Endogenous switching Poisson regression (ESPR) model

This study employed the Endogenous Switching Poisson Regression (ESPR) model to analyze the
factors influencing cassava farmers’ awareness and uptake of improved cassava varieties in Ogun
State, Nigeria. The choice of the ESPR model is informed by the nature of the outcome variable
and the potential endogeneity associated with farmers’ awareness of the improved cassava
varieties. Specifically, awareness is treated as an endogenous selection variable, while the number
of improved cassava varieties adopted is specified as the outcome variable, measured in count
form. Since the adoption variable represents the number of improved cassava varieties adopted by
farmers, the Poisson framework is appropriate for modelling non-negative integer outcomes [12].
However, awareness and adoption decisions are likely to be jointly determined by observable and
unobservable factors, thereby necessitating an endogenous switching framework to correct for
selection bias and endogeneity.

The conventional Poisson regression model assumes the exogeneity of explanatory
variables and fails to account for selection bias arising from farmers’ self-selection into awareness
status. Farmers who are aware of improved cassava varieties may systematically differ from those
who are unaware of both observed and unobserved characteristics, such as managerial ability,
access to information, innovativeness, and social networks. Failure to control for endogeneity may
produce biased and inconsistent parameter estimates [21]. The endogenous switching regression
framework addresses this concern by jointly estimating the awareness equation and adoption
outcome equations under different regimes while accounting for the correlation between the error
terms of the selection and outcome equations [22, 21].

The ESPR framework is particularly suitable in agricultural technology adoption studies
because farmers’ awareness of improved technologies often conditions their adoption behavior.
Several empirical studies have applied endogenous switching regression approaches in agricultural
technology adoption analyses to account for both observable and unobservable heterogeneity
between adopters and non-adopters [2, 9, 14].



The analytical framework assumes that a farmer first decides whether to become aware of
improved cassava varieties. Conditional on awareness status, the farmer decides the number of
improved cassava varieties to adopt. The awareness decision is modeled as a latent variable,
specified as: 4, = X.a +¢, (1)
where:

A’ is the latent variable representing the propensity of the i farmer to be aware of improved

cassava varieties,

X is a vector of explanatory variables influencing awareness;
a is a vector of the parameters to be estimated; and

&i 1s the random error term.

The observed awareness status is defined as:

. *
I 0, otherwise 2)
Farmers who are aware of improved cassava varieties constitute one regime, whereas those
who are not aware constitute the alternative regime. Conditional on the awareness status, the

adoption outcome equations are specified using Poisson regression models. For farmers aware of
improved cassava varieties

Y, =X,p+m, , if 4,=1 (3)
For farmers who are not aware of improved cassava varieties:
Yo, =Xo. B0+ My » If 4y =0 4)

Y1i and Yoi represent the number of improved cassava varieties adopted under the aware and non-
aware regimes respectively;

X10 and Xo; are vectors of explanatory variables affecting adoption;

pii and poi are stochastic disturbance terms.

As the dependent variable is count-based, the conditional mean of adoption is modeled
using the Poisson specification:

E(Y,/ X;) = exp(X. ) )

The error terms (&, [L1i, Hoi) were assumed to follow a trivariate normal distribution with
zero means and a non-zero covariance structure. The presence of significant covariance terms
indicates endogenous switching arising from selection bias. The Full Information Maximum
Likelihood (FIML) estimation procedure is employed to jointly estimate the selection and outcome
equations simultaneously because it produces efficient and consistent estimates under endogenous
switching conditions [21].

The empirical specification of the awareness equation is therefore expressed as:

A =ay + o, X, +0,X, + 0 Xy . ta,X, +¢, (6)



Similarly, the adoption outcome equations are specified as:
Y =08, +8X +6X,+ X+ +p8,X,+ ¢ (7)

where:

Xi= age of household heads (years).

Xo= sex (1=male, O=otherwise).

X3=household size (number of persons).

X4= marital status (1=married, O=otherwise).

Xs= income from secondary occupation (}¥).

Xe= years of formal education (years).

X7= cooperative membership (1=member, 0=otherwise).

Xs= membership of farmers’ association (1=member, 0=otherwise).
Xo= ownership of farmland (1=own farmland, O=otherwise).

X10= farming experience (years).

X11= credit access (1=had access, 0=otherwise).

Xi2= extension contact (number of contacts).

X13=access to improved farm inputs (1=had access, O=otherwise), and
Xi4= area of farmland cultivated (hectare).

3 Results

Socioeconomic attributes of the cassava farmers

The results of the distribution of the socioeconomic attributes of cassava farmers are presented in
Table 1. The average age of cassava farmers was approximately 47 + 12.85 years, indicating that
most farmers are within their productive age, which may positively influence their ability to adopt
new cassava farming practices. This finding is consistent with Abdoulaye et al. [1], who reported
that most cassava farmers in Nigeria fall within the 41-60 years age range. About 64% of the
cassava farmers were male, indicating male dominance in cassava production. This may be
attributed to the energy-intensive nature of cassava production, which is often more readily
undertaken by men, as well as their greater responsibility for household provisioning. These
findings align with Ojeleye et al. [28] and Mato et al. [23]. The gender disparity may also be linked
to differential access to productive assets such as land, which tends to favour men [5].

The mean household size was approximately 6 + 2.01 persons, suggesting relatively large
household sizes that may enhance labour availability and support adoption of improved cassava
varieties. This is consistent with typical household sizes reported in Nigeria, although it is lower
than the 11-15 members reported by Mato et al. [23] in Abuja. About 91% of the farmers were
married, which may be associated with greater household labour availability, as family members
are often engaged in farm activities [1, 5, 23]. The average monthly income from non-cassava
activities was ¥¥25,208.07 + ¥4,908.46. This additional income may enhance financial capacity
for technology adoption, although it may also reduce reliance on cassava production.

The average years of formal education was approximately 4 + 4.46 years, indicating
generally low educational attainment among cassava farmers. This aligns with Mato et al. [23],
who reported that most cassava farmers in Abuja had only primary education. Low education
levels may constrain farmers’ ability to access and process information on improved technologies.
About 25% of farmers belonged to cooperative associations, a relatively low proportion compared
with Mato et al. [23], suggesting limited access to collective resources such as credit and inputs,



which may negatively affect adoption. However, 41% belonged to farmers’ associations, which
may enhance awareness and diffusion of improved practices.

About 74% of the farmers owned the land they cultivated, suggesting secure land tenure
that may encourage experimentation with improved cassava varieties. This is consistent with Mato
et al. [23] but contrasts with Ojeleye et al. [28], who found no significant effect of ownership on
adoption. The average farming experience was approximately 18 + 9.81 years, indicating
substantial experience in cassava farming. This aligns with John and Johnny [15] and Mato et al.
[23], and suggests that farmers may rely heavily on past experience, potentially limiting openness
to new technologies.

Access to credit was low (23%), which may constrain farmers’ ability to invest in improved
practices. Similarly, only 41% had access to extension services, indicating limited exposure to
agricultural innovations, although extension contact is generally associated with higher adoption
[28]. About 44% of farmers were aware of improved cassava varieties, implying that a majority
remain unaware of available technologies, which may limit adoption [5]. In addition, only 38%
had access to improved farm inputs such as cassava stems, fertilizers, herbicides, and pesticides,
which may further constrain adoption due to input scarcity.

Finally, the average farm size was 2.37 + 1.05 hectares, indicating that most cassava
farmers are smallholders. This may limit their ability to experiment with improved varieties on a
large scale, thereby constraining adoption of new technologies.

Table 1. Demographic attributes of the cassava farmers

Variable Mean Std. Dev. Min Max
Age 46.62 12.85 0 78
Sex 0.64 0.48 0 1
Household size 5.90 2.01 2 14
Marital status 0.91 0.28 0 1
Income from secondary occupation 25208.07 4908.46 0 250000
Years of formal education 4.08 4.46 0 14
Cooperative membership 0.25 0.43 0 1
Membership of farmers association 0.41 0.49 0 1
Ownership of farmland 0.74 0.44 0 1
Farming experience 17.47 9.81 3 50
Credit access 0.23 0.42 0 1
Extension contacts 0.41 0.49 0 1
Awareness of new cassava varieties 0.44 0.50 0 1
Access to improved farm inputs 0.38 0.49 0 1
Area of farmland cultivated 2.37 1.05 0.2 5

Source: Field Survey Data Analysis, 2026.

Awareness of improved cassava varieties

The results on farmers' awareness of improved cassava varieties are presented in Table 2. Among
the improved varieties, TME 419 recorded the highest level of awareness, with 37.23% of the
farmers indicating that they were aware of the variety. This was followed by TMS 98/0505
(29.93%), TMS 30572 (24.09%), and TMS 98/0581 (19.71%), while TMS 01/1368 had the lowest
awareness level at 6.57%. Overall, awareness of the improved cassava varieties remained low



across all the varieties considered, indicating that a substantial proportion of cassava farmers had
limited knowledge of the available improved planting materials.

The generally low level of awareness suggests inadequate dissemination of information on
improved cassava varieties through extension services, farmer organizations, and other agricultural
information channels. Limited awareness is likely to constrain adoption because farmers cannot
evaluate or adopt technologies of which they have no knowledge. This finding supports the
awareness—adoption hypothesis of agricultural technology diffusion, which posits that awareness
is a necessary prerequisite for adoption. The result is consistent with [10], who argued that failure
to distinguish between awareness and adoption may lead to biased estimates of adoption rates
because farmers who are unaware of an innovation cannot be considered potential adopters.
Similarly, the finding corroborates [5], who reported that awareness significantly influenced the
adoption of improved cassava varieties among rural households in southwestern Nigeria,
emphasizing the importance of effective information dissemination and extension services in
promoting technology uptake. Consequently, strengthening extension delivery systems, farmer-
based organizations, demonstration activities, and other communication platforms is essential for
improving awareness and accelerating the adoption of improved cassava varieties among
smallholder farmers in Ogun State.

Table 2. Awareness of improved cassava varieties

Variable Frequency* Proportions (n=274)
TME 419 102 37.23
TMS 98/0505 82 29.93
TMS 98/0581 54 19.71
TMS 30572 66 24.09
TMS 01/1368 18 6.57

Source: Field Survey Data Analysis, 2026.
* Indicates multiple responses

Adoption of improved cassava varieties

The results on the adoption of improved cassava varieties are presented in Table 3. The findings
indicate that TME 419 was the most widely adopted improved variety, with 17.88% of farmers
cultivating it. However, this adoption rate is substantially lower than the 60.2% and 60.6% reported
among cassava farmers in Ogun/Osun and Ondo States, respectively, by [5] and [29]. Similarly,
12.77% of the respondents adopted TMS 98/0505, which is slightly higher than the 10.3% reported
by [5] for southwestern Nigeria. Adoption of TMS 98/0581 and TMS 30572 remained low at
8.03% and 8.39%, respectively, while TMS 01/1368 recorded the lowest adoption rate of only
1.82%.

Overall, adoption of improved cassava varieties was generally low across all varieties
considered, despite the availability of these technologies. The low adoption levels suggest that
awareness alone is insufficient to stimulate widespread uptake, as farmers may continue to face
constraints such as limited access to planting materials, inadequate extension support, financial
limitations, and risk aversion. This finding reinforces the view that technology adoption is
influenced by both informational and institutional factors rather than awareness alone. Similar
observations have been reported in previous studies, which found that although improved cassava
varieties offer significant productivity and welfare benefits, their adoption remains constrained by



socioeconomic and institutional barriers [5, 20, 28, 31]. The findings underscore the need to
strengthen extension services, improve farmers' access to certified planting materials and
agricultural credit, and promote farmer-based organizations to accelerate the diffusion and
adoption of improved cassava varieties.

Table 3. Adoption of improved cassava varieties

Variable Frequency* Proportions (n=274)
TME 419 49 17.88
TMS 98/0505 35 12.77
TMS 98/0581 22 8.03
TMS 30572 23 8.39
TMS 01/1368 5 1.82

Source: Field Survey Data Analysis, 2026.
* Indicates multiple responses

Distribution of number of improved cassava varieties adopted by the farmers

As shown in Figure 1, the kernel density estimates of the number of improved cassava varieties
adopted reveal a highly right-skewed distribution, indicating that adoption is concentrated at the
lower end. The density peaks sharply around zero, showing that a large proportion of smallholder
farmers adopt no or very few improved cassava varieties. This suggests a generally low adoption
intensity within the study area.

Kernel density estimate

0 1 2 3 4 5
varietiesnumber

kernel = epanechnikov, bandwidth = 0.2171

Fig 3. Kernel density estimate of improved cassava varieties adopted
Source: Field Survey Data Analysis, 2026.



A noticeable but smaller peak around one variety indicates that some farmers are beginning to
adopt improved cassava technologies. However, adoption remains limited and not diversified. The
density steadily declined as the number of varieties increased from two to five, reflecting that only
a small fraction of farmers adopted multiple improved cassava varieties simultaneously. This
pattern highlights that, while awareness or initial adoption may exist, broad and sustained adoption
across several varieties is uncommon. The presence of a long, thin right tail confirms that very few
farmers are high adopters, experimenting with a wider range of improved varieties. These farmers
are likely to have better access to resources such as improved stems, extension services, credit, or
information networks, which enable them to diversify their adoption choices.

Factors influencing awareness and adoption of improved cassava varieties

The results of the endogenous switching regression of the factors influencing cassava farmers’
awareness and uptake of improved varieties are presented in Table 4. The findings indicate that
awareness of improved cassava varieties is truly endogenous, as shown by the significant Wald
Chi-square statistic (85.12), which is significant at the 1% (p < 0.01) level. The correlation
coefficient (rho) between awareness and adoption was 0.949, which is positive and significant at
the 1% level, indicating a strong positive association between awareness and adoption decisions.
The model generated two sets of estimates: the first explains the determinants of awareness of
improved cassava varieties, while the second explains the determinants of adoption of improved
varieties, with awareness treated as an endogenous variable. The average treatment effect (ATE)
indicates that, on average, farmers would adopt about 72.4% more improved cassava varieties if
they were aware of them. Similarly, the average treatment effect on the treated (ATET) shows that
farmers who were aware of improved varieties would have adopted about 61.1% more varieties
had they not been aware, highlighting the substantial role of awareness in adoption intensity.

The results of the Endogenous Switching Poisson Regression model are presented in Table
4. The findings indicate that age has a negative and statistically significant effect (p < 0.01) on
both farmers' awareness and adoption of improved cassava varieties. This suggests that older
farmers are less likely to become aware of or adopt improved varieties, possibly because they rely
more on established farming practices and are generally less receptive to new technologies. This
finding contrasts with those of Abdoulaye et al. [1] and Syafrial et al. [36], who reported no
significant relationship between age and adoption.

Household size exerts a negative effect on awareness (p < 0.10) but a positive effect on
adoption (p < 0.01). This implies that farmers from larger households are less likely to be aware
of improved cassava varieties, yet, once aware, they are more likely to adopt them. The greater
household labour availability and the need to enhance food production and household income may
explain this positive adoption effect. This finding differs from the results reported by Abdoulaye
et al. [1] and Mato et al. [23], who found no significant influence of household size on adoption.

Marital status positively and significantly influences awareness (p < 0.001), indicating that
married farmers are more likely to be aware of improved cassava varieties than their unmarried
counterparts. This may reflect stronger social networks and greater participation in community and
agricultural activities, which enhance access to agricultural information. In contrast, income from
secondary occupations negatively affects adoption (p < 0.01), suggesting that farmers with
alternative income sources are less dependent on cassava production and therefore less inclined to
invest in improved cassava varieties. This finding is consistent with Afolami et al. [5].

The results further reveal that education positively and significantly influences adoption (p
< 0.01), indicating that farmers with higher levels of formal education are more likely to adopt



improved cassava varieties because they are better able to acquire, process, and utilize agricultural
information. This finding is consistent with Mato et al. [23]. Similarly, farming experience
positively affects awareness (p < 0.10), suggesting that experienced farmers are more likely to
have encountered information on improved varieties through years of engagement in cassava
production. However, its negative, though statistically insignificant, coefficient in the adoption
equation suggests that experienced farmers may remain attached to conventional production
practices despite being aware of improved technologies. This finding supports Ojo and Ogunyemi
[29] but contrasts with Afolami et al. [5].

Table 4. ESPR estimates of factors influencing awareness and adoption of improved cassava
varieties

Coef. Std. Err. Z Coef. Std. z

Err.

Variable Awareness of improved varieties Adoption of improved varieties

Age -0.019%**  0.007 -2.79 -0.024*** 0.009 -2.58

Sex 0.030 0.203 0.15 0.244 0.271 0.90

Household size -0.096* 0.05 -1.90 0.249% %% 0.061 4.07

Marital status 2.078***  0.649 3.20 0.162 0.525 0.31

Income from secondary occupation ~ 9.61E-07  2.07E-06  0.46 -7.84E-06*** 2 41E-  -3.25
06

Years of formal education -0.026 0.026 -1.00 0.125%%** 0.036 3.47

Cooperative membership 0.072 0.181 0.40 0.005 0.245 0.02

Membership of farmers association  -0.063 0.21 -0.30 0.076 0.294 0.26

Ownership of farmland -0.21 0.26 -0.81 0.059 0.321 0.18

Farming experience 0.020* 0.01 1.92 -0.019 0.012 -1.53

Credit access 0.069 0.222 0.31 0.272 0.323 0.84

Extension contacts -0.422 0.274 -1.54 2.081%** 0.326 6.39

Access to improved farm inputs 1.130***  0.236 4.79 0.616** 0.276 2.23

Area of farmland cultivated -0.148 0.099 -1.50 0.200* 0.117 1.72

Awareness 0.722%* 0.349 2.07

Constant -2.598*** (.759 -3.42 -1.362%* 0.734 -1.86

ATE 0.724 0.334 2.16

ATET 0.611 0.323 1.89

Diagnostic statistics

/athrho -1.819** 0.798 -2.28

/Insigma -0.825%* 0.417 -1.98

Rho 0.949***  0.080

Sigma 0.438 0.083

Wald chi? (15) 85.120%**

Prob > chi® 0.000%**

Log likelihood -403.388

Number of obs 274

Source: Field Survey Data Analysis, 2026.
% %% and * indicate the variables are significant at 1%, 5% and 10% respectively



Institutional factors also play a significant role in technology uptake. Extension contact has
a positive and highly significant effect on adoption (p < 0.01), highlighting the critical role of
extension services in disseminating information, providing technical support, and encouraging the
use of improved cassava varieties. This finding corroborates earlier studies by Abdoulaye et al.
[1], Charles et al. [8], and Mato et al. [23]. Likewise, access to improved farm inputs significantly
increases both awareness (p < 0.01) and adoption (p < 0.05), indicating that the availability of
improved planting materials and complementary inputs facilitates both exposure to and utilization
of improved cassava varieties. This result agrees with Afolami et al. [5].

Furthermore, farm size positively influences adoption (p < 0.10), implying that farmers
operating larger farms are more likely to adopt improved cassava varieties because they possess
greater production capacity and are better able to bear the risks associated with experimenting with
new technologies. This finding is consistent with Mato et al. [23] and Ojeleye et al. [28]. Finally,
awareness of improved cassava varieties has a positive and statistically significant effect on
adoption (p < 0.05), confirming that awareness is a fundamental prerequisite for technology
uptake. Farmers cannot adopt innovations of which they are unaware, emphasizing the importance
of effective information dissemination in the adoption process. This finding provides empirical
support for the awareness—adoption framework advanced by Diagne and Demont [10] and is
consistent with evidence reported by Afolami et al. [5].

Discussion

This study provides empirical evidence on the awareness—adoption dynamics of improved cassava
varieties in Ogun State, Nigeria, with particular attention to socioeconomic characteristics, varietal
awareness and adoption patterns, and the role of endogeneity in farmers’ decision-making
processes. The findings contribute to the growing literature on agricultural technology adoption in
Sub-Saharan Africa by demonstrating that awareness and adoption are jointly determined and
structurally distinct behavioural stages.

The socioeconomic profile of cassava farmers indicates a relatively young and
economically active farming population, with an average age of 47 years. This suggests that most
farmers are still within their productive years and potentially capable of engaging with improved
agricultural technologies. This finding aligns with Abdoulaye et al. [1], who reported that cassava
farming in Nigeria is dominated by middle-aged farmers. However, while productive age structure
is generally expected to favour adoption, age was found in the ESPR results to negatively influence
both awareness and adoption, suggesting that accumulated experience may reinforce reliance on
traditional practices and reduce openness to new technologies. This supports Syafrial et al. [36]
and contrasts with studies that found no significant effect of age on adoption behaviour. The
dominance of male farmers (64%) reflects gendered access to productive resources in cassava
production systems. This pattern is consistent with Ojeleye et al. [28] and Mato et al. [23], and
may be explained by gender disparities in access to land and labour-intensive farm activities, as
noted by Afolami et al. [5]. The implication is that structural inequalities in resource access
continue to shape participation in cassava production systems and may indirectly influence
technology uptake.

Household structure also plays a significant role in production decisions. The average
household size of six members suggests relatively large family labour availability, which may
reduce labour constraints associated with cassava production. Interestingly, the ESPR results
indicate that larger households are less likely to be aware of improved cassava varieties but more
likely to adopt them. This apparent paradox suggests that while information constraints may limit



awareness formation, labour availability and consumption needs may encourage adoption once
awareness is achieved. This finding contradicts Abdoulaye et al. [1] and Mato et al. [23],
highlighting the importance of distinguishing between awareness and adoption stages. Marital
status was positively associated with awareness, suggesting that married farmers may benefit from
broader social networks and information exchange, which enhances exposure to agricultural
innovations. This reinforces the role of social embeddedness in technology diffusion processes in
rural farming systems. Education emerged as a key determinant of adoption behaviour. Farmers
with more years of formal education were more likely to adopt improved cassava varieties,
consistent with Mato et al. [23]. Education enhances cognitive ability, information processing, and
risk evaluation, thereby improving decision-making under uncertainty. However, the relatively
low average education level (approximately four years) indicates limited capacity for technical
interpretation of improved agricultural information, which may slow the diffusion of innovation.

Institutional variables further explain adoption constraints. Low cooperative membership
(25%) and moderate participation in farmer associations (41%) suggest weak collective action
structures. These institutions are critical for credit access, input distribution, and information
sharing. Similarly, limited access to credit (23%) constrains farmers' liquidity and reduces their
ability to invest in improved technologies. These findings reinforce earlier evidence that financial
and institutional constraints remain major barriers to agricultural technology uptake in Nigeria.
Farm ownership (74%) and an average farm size of 2.37 hectares indicate that cassava production
is largely smallholder-based. While land ownership is expected to encourage investment in long-
term technologies, the small farm size may limit experimentation and mechanisation, thereby
constraining large-scale adoption of improved varieties. Farming experience was found to increase
awareness but not necessarily adoption, suggesting that experiential knowledge may enhance
exposure but simultaneously reinforce conservative production behaviour, as also observed by Ojo
and Ogunyemi [29].

The descriptive results on awareness levels show generally low exposure to improved
cassava varieties. Awareness rates for specific varieties such as TME 419 (37.23%) and TMS
98/0505 (29.93%) remain modest, while awareness of other varieties is even lower. This confirms
that information dissemination remains incomplete and uneven across farming communities.
Consistent with Diagne and Demont [10] and Afolami et al. [5], the results reaffirm that awareness
is a prerequisite for adoption but is not sufficient in itself to guarantee uptake. Adoption rates are
even lower than awareness levels across all varieties. TME 419 recorded the highest adoption
(17.88%), yet this remains far below reported regional benchmarks. The relatively higher adoption
of TME 419 may be attributed to its agronomic advantages, including higher yield potential,
disease resistance, and lower moisture content. However, the overall low adoption rates across all
varieties indicate persistent constraints beyond awareness, including limited access to improved
planting materials, financial limitations, and institutional inefficiencies.

The ESPR results provide strong evidence that awareness is endogenous in the adoption
process. The significant Wald chi-square statistic confirms the joint determination of awareness
and adoption decisions, while the high positive correlation coefficient (p = 0.949) indicates strong
interdependence between both stages. This justifies the use of an endogenous switching framework
and confirms that ignoring selection effects would produce biased estimates. The estimated
treatment effects further demonstrate the critical role of awareness in technology uptake. The
average treatment effect suggests that farmers would adopt approximately 72.4% more improved
cassava varieties if they were aware of them, while the average treatment effect on the treated
(ATET) indicates a 61.1% increase among already aware farmers under counterfactual conditions.



These results highlight awareness as a major binding constraint in the adoption pathway and
reinforce the importance of effective information dissemination mechanisms.

The determinants of awareness and adoption further confirm the dual-stage nature of farmers'
decision-making. Extension contacts significantly increased adoption, consistent with Abdoulaye
et al. [1], Charles et al. [8], and Mato et al. [23], highlighting the importance of agricultural
advisory services in reducing information asymmetry and promoting technology uptake. Similarly,
access to improved inputs positively influenced both awareness and adoption, confirming that
input delivery systems serve as important channels for both information dissemination and
technology diffusion. Farm size positively influenced adoption, indicating that farmers operating
larger farms possess greater capacity to experiment with and absorb the risks associated with
improved technologies, consistent with Ojeleye et al. [28]. Conversely, higher income from non-
farm activities reduced the likelihood of adoption, suggesting labour reallocation away from
agriculture and reduced dependence on cassava production as a primary livelihood source.
Importantly, awareness itself significantly increased the probability of adoption, reinforcing its
role as a necessary prerequisite for technology uptake. This finding aligns with Diagne and Demont
[10] and confirms that policy interventions aimed at increasing farmers' awareness can generate
substantial improvements in the adoption of improved cassava varieties.

Conclusions

This study was carried out to estimate the factors influencing awareness and adoption of improved
cassava varieties while addressing the endogeneity between awareness and adoption using
endogenous switching Poisson regression. Awareness of improved cassava varieties was
considered endogenous, while adoption was considered as the outcome variable. The findings
revealed that most of the cassava farmers were male, married, within their productive age, and had
a large household size. It was also revealed that most of the farmers had a basic education, did not
belong to cooperative or farmers associations, and did not own their farmlands. Furthermore, most
farmers did not have access to credit facilities, and less than half of the farmers did not have contact
with extension agents or were aware of new cassava varieties.

The results revealed that TME 419 had the highest awareness and adoption rate, although
there is an there was an awareness-adoption gap: 44% of farmers were aware of improved varieties,
yet only 17.88% adopted TME 419. The study found that the awareness of cassava farmers was
influenced by the age of household heads, marital status, farming experience, and access to
improved farm inputs. Similarly, the adoption of improved cassava varieties was influenced by
age, household size, income from secondary occupations, years of formal education, extension
contact, access to improved farm inputs, area of farmland cultivated, and awareness. The
counterfactual treatment effects further reveal asymmetry in adoption gains. Adopters would have
recorded 72.4% lower adoption intensity had they not adopted while non-adopters would have
increased adoption intensity by 61.1% if they had adopted. This suggests the existence of
unobserved constraints that prevents non-adopters from translating awareness into adoption
despite their potential gains.

The study concluded that an increase in awareness, being a member of a cooperative
association, contact with extension agents, access to improved farm inputs, and increasing the area
of farmland cultivated will increase the adoption of improved cassava varieties. To increase the
adoption of new varieties among cassava farmers, the study recommends that policy intervention
must move beyond generic awareness creation to bundled, adoption-focused strategies. First,



extension services should be strengthened by reducing the extension-farmer ratio and training
agents on varietal specific information to facilitate farmer trial and learning. Second, access to
certified planting materials and credit must be improved as input constraints remain binding for
adoption. Third, cooperative membership should be promoted to lower transaction costs and
enhance collective access to information and input. Lastly, policies that discourage land
fragmentation and support consolidation should be encouraged, as larger cultivated area increase
adoption intensity. Without addressing these adoption-specific barriers, investment in cassava
varietal development will continue to yield suboptimal returns at the farm level.
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