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ABSTRACT

Forest Landscape Restoration (FLR) has gained significant attention as a global initiative to address
forest and land degradation. While most studies emphasize the diverse benefits of FLR, very few
have investigated the extensive nature of its adoption. This study investigates the drivers that
determine the adoption and intensity of FLR practices among smallholder farmers in central Togo.
Using multivariate probit (mvprobit) and ordered probit models, we analyze the socioeconomic,
ecological, and biophysical determinants of FLR adoption. The data was collected from 313 house-
holds in the Tchamba prefecture through a two-stage sampling technique. The FLR practices
considered in this study include agroforestry, woodlot plantations, compost application, conserva-
tion agriculture, soil and water conservation, and farmer-managed natural regeneration. The
mvprobit results indicate that gender, age, marital status, household size, land degradation status,
land acquisition mode and perceived plot land values significantly influence FLR adoption.
Furthermore, gender, residence status, household size, land degradation status, association mem-
bership, and the perceived plot land value are critical drivers of FLR adoption intensity. These
findings underscore the importance of enhancing land tenure security, especially for women and
marginalized groups, and expanding financial support through credit and subsidies. Strengthening
agricultural extension services is also crucial for effective FLR implementation.
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1. Introduction
effort aims to rehabilitate degraded landscapes, enhan-

Environmental degradation, including deforestation,
forest degradation, soil erosion, land degradation and
desertification, poses significant threat to biodiversity
and human well-being (Ekka et al., 2023; Eshetu et al,,
2024; Jain et al., 2024; Jiang et al., 2020; Pravalie, 2021).
Globally, unsustainable land practices lead to losing
24 billion tons of fertile soil annually, harming agricul-
ture and ecosystem resilience (Abdel Rahman, 2023;
Weeraratna, 2022). At the same time, the world has
experienced a staggering loss in tree cover, with
a dramatic decline from 13.4 million hectares in 2001
to 28.3 million hectares in 2023 (WRI, 2024). In
response to this increasing concern, the Bonn
Challenge, initiated in 2011, originally aimed to restore
150 million hectares of degraded land by 2020, which
was then increased to 350 million hectares by 2030
under the New York Declaration on Forests in 2014
(Djenontin et al., 2021; Stanturf et al., 2019). This global

cing ecosystem services and community well-being
(Mansourian et al., 2017). Many Sub-Saharan African
(SSA) countries have actively joined this effort, commit-
ting to restoring over 100 million hectares under the
African Forest Landscape Restoration Initiative
(AFR100). This initiative aligns with the Sustainable
Development Goals (SDGs) by promoting rural devel-
opment, climate resilience, and poverty reduction
(Owusu et al, 2021). Forest landscape restoration
(FLR) further supports these goals by enhancing ecosys-
tem services, sustaining livelihoods, and fostering social
cohesion through collaborative land management
efforts (Ullah, 2024).

Like many other SSA countries, Togo faces severe
land degradation and deforestation driven by agricul-
tural expansion, illegal logging, and charcoal production
(Hounkpati, Adjonou, et al., 2024). Across the entire
country, forest cover declined from 49.9% in 1985 to
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23.8% in 2020, with a deforestation rate of —2.11%
per year, equivalent to 422.15 km” annually (Kombate
et al., 2022). To address this, Togo pledged to restore
1.4 million hectares of degraded land by 2030 as part of
the Bonn Challenge, aiming to reverse land degradation
and improve livelihoods (Hounkpati et al, 2022).
Restoration efforts prioritize smallholder farmers
through sustainable land management in the National
Reforestation Programme (PNR), enhancing ecosystem
services such as biomass energy, water management,
and biodiversity (FAO, 2023). These initiatives are cru-
cial for addressing declining ecosystem services in
regions like Tchamba Prefecture (Hounkpati,
Adjonou, et al., 2024). Complementing these global
restoration pledges, Togo also aims to reforest
one billion trees and increase vegetation cover to 25%
by 2030 and 30% by 2050, using participatory
approaches to empower local stakeholders, especially
smallholder farmers, to combat high deforestation
rates and land degradation (Hounkpati, Moluh Njoya,
et al., 2024).

Successful adoption of new agricultural and environ-
mental practices, including FLR, requires attention to
farmers’ socioeconomic status. Research has shown that
factors such as education level, income, land tenure
security, and availability of extension services play
a crucial role in shaping farmers’ willingness and ability
to adopt innovative land management practices (Ali,
2021; Anang et al., 2021; Asante et al., 2024; Belachew
et al., 2020; Camara et al., 2023; Drescher et al., 2024;
Kifle et al., 2022; Musafiri et al., 2022; Oduniyi, 2022).
For instance, educated farmers tend to be more likely to
understand the benefits of FLR practices (Hounkpati,
Moluh Njoya, et al., 2024; Li et al, 2023), such as
agroforestry or reforestation, and thus be more inclined
to implement them. Higher-income levels can also pro-
vide the financial resources needed to invest in restora-
tion activities, including the purchase of seedlings,
acquisition of tools, and hiring labor (Li et al., 2023).
Also, secure land tenure encourages farmers to engage
in long-term land management practices, as they have
greater assurance that they will reap the future benefits
of their investments in restoration (Djenontin et al.,
2022). Moreover, the availability of extension services
and participation in farmer cooperatives or local orga-
nizations can facilitate the adoption of FLR practices by
offering technical expertise, resources, and peer support
(Ullah et al., 2024). Social networks such as farmer
associations and community involvement also play
a crucial role, as information sharing and collective
action can enhance the uptake of restoration practices
(Ullah, 2024). However, many FLR initiatives in SSA
continue to pay more attention to ecological factors in

FLR, often overlooking the socioeconomic drivers,
which can lead to less effective implementation
(Mansourian et al., 2024; Yuan et al., 2024). Gaining
insight into how these factors impact the uptake of FLR
practices is essential for developing restoration pro-
grams that are both inclusive and effective.

Many studies have examined the FLR and its ecolo-
gical, social, and economic impacts. For example, FLR
has been shown to combat soil erosion in the Lake
Abaya catchment in Southern Ethiopia (Eshetu et al.,
2024), foster social cohesion and enhance livelihoods in
Pakistan (Ullah, 2024), and offer large-scale restoration
potential in the Amazon (da Silva et al, 2023).
Additionally, cost-benefit analyses of FLR in China
(Wang et al., 2023), the evaluation of the sustainability
of existing agricultural systems to promote FLR adop-
tion (Moluh Njoya et al.,, 2024) and the role of social
learning in restoration in North Africa (Derak et al.,
2024) reflect the diverse benefits of FLR. While these
examples underscore the broad advantages of FLR prac-
tices, most studies focus on their drivers and benefits
rather than quantifying the extent and intensity of their
adoption. Few studies assess how farmers adopt multi-
ple FLR practices simultaneously and what factors influ-
ence their level of adoption (Djenontin et al., 2022;
Etongo et al., 2018; Nigussie et al., 2017; Rotich et al.,
2024). In the Tchamba district, research has primarily
explored the general drivers of FLR adoption. However,
it has not examined how these drivers influence the
adoption of specific practices or the extent to which
they are adopted (Hounkpati, Moluh Njoya, et al,
2024). Additionally, methodological limitations, such
as the reliance on univariate models, often fail to capture
the possibility that farmers may adopt multiple technol-
ogies simultaneously (Hounkpati, Moluh Njoya, et al.,
2024; Owusu et al, 2021). This limitation hinders
a nuanced understanding of the combined adoption of
multiple practices and their drivers. This research thus
focuses on the adoption pattern and intensities of FLR
practices in Togo, particularly within smallholder farm-
ing systems. Understanding these trends is important
for designing sustainable restoration initiatives that
align with ecological goals and community socioeco-
nomic realities (Djenontin et al., 2022).

Therefore, the present study aims to assess the dri-
vers that determine the adoption and intensity of FLR
practices among smallholder farmers in central Togo.
We assume that the socioeconomic status of farmers
and their households may correlate positively with
adopting FLR practices. Using the Tchamba prefecture
as a case study, we employ a multivariate probit model
(mvprobit) to estimate the likelihood of smallholder
farmers adopting different FLR practices on farmer-



managed land, considering factors such as socioeco-
nomic, biophysical, environmental, cognitive, geogra-
phical and institutional. Similar econometric methods
have been applied in prior studies, such as Chang and
Andersson (2021); Ngaiwi et al. (2023). The findings
provide empirical insights into the drivers and con-
straints affecting FLR adoption, enabling policymakers
and practitioners to design restoration programs that
address socioeconomic barriers through targeted sup-
port, such as training, financial incentives, and secure
land tenure. By making restoration efforts more targeted
and inclusive, these initiatives can help advance Togo’s
restoration commitments under the Bonn Challenge
while contributing to sustainable rural development,
poverty alleviation, and resilience in degraded
landscapes.

2. Forest landscape restoration practices

SSA’s land use and management strategies, including
diverse restoration measures, are highly context-
dependent (Djenontin et al., 2018). Restoration prac-
tices are important for achieving conservation goals by
increasing vegetation cover and restoring agroecological
functions. Thus, it is important to understand the var-
ious restoration practices that farmers implement on
their plot lands. Numerous studies explore forest and
agricultural landscape restoration practices and climate
change mitigation strategies among farmers in SSA.
These include studies on tree planting and agroforestry
practices (Amadu et al., 2020; Gupta et al., 2020; Sida
et al., 2018) and farmer-managed natural regeneration
(FMNR) (Binam et al., 2015; Camara et al., 2023).
FMNR is a simpler and less expensive method for
restoring vegetation cover on degraded land, compared
to reforestation (Camara et al., 2023). SSA extensively
supports it as an economical method to rehabilitate
degraded land in arid and semi-arid regions, tackling
the low survival rates sometimes linked with tree plant-
ing (Chomba et al.,, 2020). Also, agroforestry practices,
effectively improve soil fertility, conserve biodiversity,
enhance carbon sequestration, and provide climate
change mitigation and adaptation (Gupta et al., 2020).
While FMNR focuses explicitly on managing existing
tree and shrub root systems for natural regeneration,
agroforestry encompasses a broader range of practices
that integrate trees into agricultural systems.

Efforts to restore forest and land degradation also
take into account non-tree-based restoration practices,
such as diverse and sustainable land management
(SLM) strategies that involve soil and water conserva-
tion (SWC) techniques (Muriu-Ng’ang’a et al.,, 2017;
Okeyo et al., 2014) and conservation agriculture (CA)
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practices (Mandal et al., 2021). SWCs consist of small
water retention and soil stabilization technologies and
infrastructures, such as rainwater harvesting or soil
infiltration methods for cultivated crops (Wolka et al.,
2018). These are essential in many rural settings in SSA,
such as Tchamba Prefecture, where rainfed agriculture
dominates, helping mitigate soil erosion, prevent land
degradation, and sustain farming systems. SWC techni-
ques positively impact yield, enhance farming sustain-
ability, prevent degradation, and reduce soil erosion
(Darkwah et al., 2019). Similarly, CA practices—such
as no or minimum tillage, mulching with cover crops or
crop residues, crop rotation, and intercropping—are
widely adopted by smallholder farmers in SSA to
enhance soil fertility, ensure stable crop yields, and
bolster resilience against climate change and variability
(Ali, 2021; Masvaya et al., 2017; Ward et al., 2018). In
Tchamba, these techniques, alongside agroforestry and
FMNR, are integral to restoring degraded lands and
ensuring sustainable agriculture. Whilst much research
assesses impacts of different practices, this study further
evaluates the barriers to their adoption and explores
strategies to address these challenges (Baade et al,
2024).

Building on these broader practices, this study
focuses on the primary FLR practices promoted in
Tchamba Prefecture: agroforestry and woodlot planta-
tions. During fieldwork, farmers reported nine restora-
tion practices: agroforestry, woodlot plantations,
compost application, intercropping, crop rotation,
mulching, minimum tillage, contour farming, and
FMNR. To facilitate analysis and alignment with exist-
ing FLR frameworks, these practices were categorized
into six groups based on their functional and ecological
characteristics. First, agroforestry was classified as
a distinct group due to its role in integrating trees into
farming systems. Woodlot plantations were also treated
separately, reflecting their focus on establishing mana-
ged tree plantations. FMNR formed another category,
focusing on the management of existing tree and shrub
root systems for natural regeneration. The practices of
intercropping, crop rotation, mulching, and minimum
tillage were grouped under CA because of their shared
emphasis on sustainable soil and crop management.
Similarly, contour farming was categorized as part of
SWC practices focusing on water retention and soil
stabilization. Finally, compost application was classified
separately due to its specific role in enhancing the ferti-
lity of soil through the use of organic materials.

The grouping process was essential for analytical
clarity and to ensure consistency with the literature.
For example, CA practices—though distinct—are often
applied in combination, making their collective analysis
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more meaningful. Likewise, contour farming aligns well
with broader SWC techniques. This study investigates
how these six grouped FLR practices contribute to sus-
tainable land use in Tchamba. By linking the practices to
local conditions and farmer realities, this research
evaluates the barriers to their adoption and explores
strategies to address these challenges. It provides
a comprehensive understanding of FLR adoption pat-
terns and their implications for restoration programs.

3. Methodology
3.1. Study area

The study focuses on the Tchamba district in central
Togo (Figure 1), spanning 3,166 km?, accounting for
23.5% of the central region and 5.6% of the country’s
total area. Tchamba has a tropical semi-humid
climate of the Sudano-Guinean type characterised by
a monomodal rainfall pattern, with a prolonged rainy
season from April to October and a dry season from
November to March (Hounkpati, Adjonou, et al., 2024).
The average annual rainfall is between 1200 and
1300 mm, supporting a mosaic landscape of savanna
forests, dry semi-deciduous forests, woodlands, and gal-
lery forests rather than continuous dense forest cover
(Bassan et al., 2020). The Forét Classée d’Abdoulaye,

covering over 30,000 hectares, represents a Guineo-
Congolian forest remnant, emphasizing the presence
of natural forest formations in the region before increas-
ing anthropogenic pressures.The district’s land use is
dominated by crops and fallow land (52.27%), followed
by open forests and wooded savannahs (19.32%), forest
and agroforestry plantations (7.09%), and dense forests
and gallery forests (13.70%) (Hounkpati, Adjonou,
et al., 2024). While tropical savannas hold significant
ecological and biological value, historical records indi-
cate that forested ecosystems were integral components
of this landscape before degradation due to agricultural
expansion, shifting cultivation, and extensive firewood
extraction (Moluh Njoya et al., 2024). The restoration
efforts in Tchamba, therefore, do not aim to replace
naturally open savannas with dense forest cover, but
rather to rehabilitate degraded forest ecosystems and
restore essential ecosystem services, such as biodiversity
conservation, soil protection, and carbon sequestration.

Many restoration efforts in the region incorporate
agroforestry as a key strategy, recognizing its conserva-
tion benefits and role in improving soil fertility, water
retention, and carbon sequestration. While agroforestry
is often viewed as a sustainable land-use practice rather
than direct ecological restoration, in Tchamba, it serves
as a vital mechanism for landscape rehabilitation,
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particularly in previously forested areas that have
experienced degradation. Given the balance required
between conservation and livelihoods, these restoration
initiatives align with the principles of FLR, which seek to
restore ecological integrity while supporting local socio-
economic needs. The region’s history of forest degrada-
tion and ongoing restoration initiatives make it
a valuable case study for understanding adoption pat-
terns and challenges in landscape restoration.

3.2. Sampling and data collection

This study is primarily based on cross-sectional data
gathered through a household survey conducted in the
Tchamba district of Togo’s central region during
August and September 2023. The data collection
involved face-to-face interviews with heads of farm
households, conducted in French, the official language
of Togo. Surveyors provided translation assistance for
farmers who did not speak or understand French. All
surveyors could speak the local language. The interviews
typically lasted between 45 to 55minutes. The data
collection process was executed by trained surveyors
with experience in farm household surveys, who were
hired explicitly for this study. In addition, field observa-
tions were made to identify socioeconomic drivers and
farming practices. A two-stage sampling technique was
used to select the participants for this research. Due to
the predominance of agriculture in Tchamba and the
widespread distribution of farmers, in the first stage, we
divided the population of farmers into 3 clusters (Affem
and Alibi in Tchambal, Bago and Koussountou in
Tchamba 2 and Goubi in Tchamba3). In the second
stage, we determined the sample size using Cochran’s
formula (Cochran, 1977). Then we applied the propor-
tional allocation technique to distribute the sample
across the three clusters based on their population
weight. Specifically, the sample size for each cluster
was determined as a proportion of its share in the total
farmer population of Tchamba. This resulted in
75 households from Tchamba 1, 158 from Tchamba 2,
and 80 from Tchamba 3. Households were then ran-
domly selected within each cluster to ensure representa-
tiveness. We collected data during the peak period of
agricultural activities using a questionnaire designed in
the Kobo Toolbox survey software and administered
offline via smartphones (Leisher, 2014; Tate et al., 2021).

We use descriptive statistics and mvprobit econo-
metric model to analyse the data. We used descriptive
statistics to outline the socio-demographic characteris-
tics of smallholder farmers and identify the number of
practices adopted by the individual households
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(hereafter referred to as adoption intensity). Given the
tendency in SSA farming systems for farmers to adopt
multiple technologies simultaneously to restore
degraded land (Ali, 2021), multinomial logit and probit
models are often applied to estimate the equations sepa-
rately. However, the negative binomial model presents
mathematical limitations, as it fails to ensure that the
sum of the predicted values aligns with the sum of the
input values (Ngaiwi et al., 2023), leading to inconsis-
tencies. To address this, we use the mvprobit and
ordered probit models to correct this bias. These models
effectively capture both the adoption process and the
intensity of FLR technology adoption. The mvprobit
model is an efficient extension of the probit model for
simultaneously estimating several correlated binary out-
comes (Chanie Haile et al., 2024). Compared to the
multivariate logit model (mvlogit), the mvprobit is
often considered more accurate, as it does not assume
the independence of irrelevant alternatives.
Additionally, it accounts for error correlations, making
it a more efficient choice than the multivariate logit
model (Ngaiwi et al., 2023).

3.3. Specification of the econometric model

3.3.1. Multivariate probit model
We used a mvprobit model to examine the drivers
influencing the adoption of various FLR practices
among smallholder farmers in Tchamba district. The
mvprobit approach is particularly suitable for analyzing
farmers’ decision-making processes, as it allows for
simultaneously modelling the influence of a set of expla-
natory variables on multiple practices (Teklewold et al.,
2019). This approach captures potential correlations
between the unobserved factors influencing the adop-
tion of different FLR practices, which can arise due to
complementarity or substitutability among the prac-
tices. By using the mvprobit model, we can account for
the interdependencies in adoption decisions, as farmers
may choose more than one practice based on their
circumstances. This distinguishes the mvprobit from
single-equation models where the adoption of one prac-
tice is considered independently of others. For instance,
in a single-equation approach, adopting one FLR prac-
tice does not affect the likelihood of adopting another.
However, the mvprobit model enables a more flexible
correlation structure for unobserved factors across dif-
ferent practices, ensuring that the potential relation-
ships between practices are considered.

We follow the random utility framework to model the
observed outcome of the adoption of FLR practices.
Theoretically, adopting restoration practices depends on
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farmers’ expected utility in responding to forest and land
degradation, climate change, and socioeconomic condi-
tions (DiFalco et al., 2011; Khonje et al., 2018). Using
a combination of practices can enable resource-
constrained farmers—lacking access to capital—to
enhance their productivity and income without relying
on costly inputs while preserving the resources they
depend on. In line with this idea, the study operates on
the assumption that R; is a nonempty and finite set of
potential restoration practices where j represents the
adoption of Agroforestry (A), woodlot olantations (W),
compost (M), Conservation agriculture (C) soil and water
conservation (R) and FMNR (I). By maximizing expected
utility, a risk-averse farmer i will choose to adopt
a restoration practice j if the expected utility from that
practice, E(U(R;)), exceeds the utility they would obtain
without implementing any restoration measures,
E(U(R¢)). This is a comparative behaviour analysis
based on the following equation.

E(U(R,))>E(U(Ro)) (1)

Where E(U(R,)) is the expected utility derived from
adopting the restoration practice R; while E(U(Ry))
the expected utility that a farm household would gain
in the absence of any restoration measures, Ry. The
utility associated with adopting a particular restoration
practice j is not directly observable; instead, it is a latent
variable that reflects the likelihood of adoption for prac-
tice j. This can be expressed as follows:

Where f3 is a vector of parameters to be estimated, and
Z; represents a vector of exogenous variables that may
influence the farm household’s decision to adopt
a restoration practice, the term ¢ denotes the error
term. The binary observed dependent variable is
whether or not to adopt j™ restoration practice by the
i farmer (Ujj). where U; = 1 for adoption of restoration
practice and U;=0 for non-adoption of restoration
practice, is related to Uj; as follows:

Lif U;> 0

Uy = { 0 otherwise. Wherej = A, W,M,G,R,1, ()

Assuming j restoration practices, Equation (2) can be
rewritten as follows:

U; = ﬂAZiA + &ia

Uip = BrZir + &ir

U; = ﬂjZ,-j -+ sij

Where Uy, Uy, Uy are the probabilities that farmer

i adopts restoration practices 1, 2, or j, respectively.

1 pAW pAM pAC pAR pAI ]
pWA 1 pWM pWC pWR pWI
0— pMA  pMW 1 pMC pMR pMI
pCA  pCW pCM 1 pCR  pCI
pRA pRW  pRM pRC 1 PRI
| pIA pIW  pIM  pIC  pIR 1]
(4)

Where rho (p) is a pairwise correlation between any
two FLR practices, the sign of p between any two prac-
tices shows the relationship. As mentioned previously,
a positive sign signifies complementary relationships,
while a negative sign denotes substitutive ones.

The off-diagonal elements in the covariance matrix
are particularly important as they capture the unob-
served correlations between the stochastic components
of different FLR practices. This assumption implies that
Equation 3 forms a mvprobit model, which simulta-
neously models the adoption decisions for various FLR
practices. By incorporating non-zero off-diagonal ele-
ments, this specification allows for cross-correlation
between the error terms. These error terms represent
unobserved factors influencing the choice of different
FLR practices. When analyzing adoption determinants,
we account for the potential impact of unobservable
household characteristics on these decisions. For exam-
ple, there might be a correlation between plot-specific
factors, such as managerial ability, and the choice to
adopt a particular FLR practice.

3.3.2. Ordered probit model

In our analysis, the mvprobit model conceptualizes that
a farm household evaluates the net benefits of adopting
one or more FLR practices relative to the benefits of
non-adoption before making a decision. The utility
derived from prior adoption influences the likelihood
of adopting additional FLR practices. However, while
the mvprobit model effectively estimates the determi-
nants of FLR adoption and accounts for interdependen-
cies between practices, it is limited in assessing the
intensity of adoption (Musafiri et al., 2022; Ngaiwi
et al., 2023). To evaluate the extent of adoption, we
used the ordered probit model, which allows us to
analyze the number of FLR practices implemented at
the farm household level as an ordinal outcome. This
approach is suitable because it captures the sequential
nature of adoption decisions, where the likelihood of
adopting additional practices may vary based on the
experience and perceived benefits from earlier adop-
tions. Unlike Poisson regression, which assumes the



same probability for all adoption events, the ordered
probit model accommodates variations in adoption
intensity due to factors such as labor requirements,
practical knowledge, initial investments, and expected
benefits (short-term or long-term) (Musafiri et al,
2022). Therefore, the adoption intensity—measured as
the number of FLR practices adopted by a household—
is treated as an ordinal variable, representing categories
of adoption levels (e.g. adopting one, two, or more
practices). The ordered outcomes are modeled as
a latent variable U*, where U* is an underlying unob-
served measure of households’ adoption intensity, with
the sequential nature of adoption decisions reflecting
different levels of commitment to FLR practices as
described in Equation 5.

Uj* = )(]ﬁ + uj (5)

For a jth farm household, where normalisation pre-
sumes that the regressors x exclude an intercept, the adop-
tion intensity of FLR practices adoption escalates with an
increase in the latent variable U*. For lower values of U*,

Table 1. Definition and description of the variables
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the adoption of FLR is low. For U* > 1, the number of FLR
increases, for U* > 2, adoption increases further, and the
number of adopted FLR practices continues to increase
incrementally. In a typical ordered probability model, the
equation below represents the likelihood of observing
a particular adoption outcome, denoted as j.

Pr(outcome i = j) = Pr (nj_; <X;f+u; < %) (6)

The coefficients 1,0, ... ,pj—1 are estimated together
with the cut points a;,a,, ... ,aj, where j represents the
number of possible outcomes. It is assumed that the error
term u; follows a normal distribution with a standard
normal cumulative distribution function. This research
used a pooled ordered probit model, supposing that
unobserved heterogeneity is not correlated with the inde-
pendent variables. In contrast, previous research has
often utilized plot-level analyses, using fixed or pseudo-
fixed effect models to account for unobserved heteroge-
neity (Kpadonou et al., 2017), this approach is not applic-
able here due to the nature of the data we have. Table 1
details the variables of the model.

Expected
Variables Description Nature sign
Outcome variable
Agroforestry Adoption of agroforestry (1 = yes, 0 = no) Dummy +
Woodlot plantations Adoption of woodlot (1 = yes, 0 = no) Dummy +
Compost application Adoption of compost (1 = yes, 0 = no) Dummy +
Conservation Agriculture (CA) Adoption of CA (1 = yes, 0 = no) Dummy +
Soil and Water Conservation (SWC) Adoption of SWC (1 = yes, 0 = no) Dummy +
Farmer-managed natural regeneration (FMNR) Adoption of FMNR (1 = yes, 0 = no) Dummy +
Explanatory variables
Gender Gender of the Head of Household (1 = Male, 0 = Female) Dummy +
Age Age of the head of household (years) Count +
Residence status Residence status of the head of household in the locality (1 = native 0 = non-  Dummy +
native)
Marital status 1 = married 0 = non married Dummy +
Education status 1 = Educated, 0 = Not Educated Dummy +
Household size The number of people in the household Count +
Active members Count of Household Members Currently Engaged in farm activities. Count +
Plot land is degraded Plot land is perceived as degraded (1 = yes, 0 = no) Dummy +
Credit access The head of the household has access to credit (1 = yes, 0 = no) Dummy +
Access to extension services Contact with extension agent (1 = yes, 0 = no) Dummy +
Membership in Association Engaging in The head of household is a member of the Association engaging in Ecological  Dummy +
Ecological Activities Activities (1 = yes, 0 = no)
Membership in Association Engaging in The head of household is a member of the Association engaging in Economic ~ Dummy +
Economic Activities Activities (1= yes, 0= no)
Farm size Farm size of the household (Hectares) Count +
Livestock owned The number of animals the household has Count +
Distance from home to farm Distance between farm household and farmland (Km) Count -
Farm experience Number of year of experience of household head (years) Count +
Land Acquisition mode : Purchased land The head of household acquired the land through purchase (1 = yes, 0 = no).  Dummy +
Land Acquisition mode: Inherited land The head of household acquired the land through inheritance (1 = yes, 0 = no) Dummy +
Land Acquisition mode: Donation The head of household acquired the land through donation (1 = yes, 0 = no). ~ Dummy +
Land Acquisition mode: Rented land The head of household acquired the land through rental (1 = yes, 0 = no). Dummy +
Land Acquisition mode: Finance arrangement The head of household acquired the land through Finance arrangement (1 = yes, Dummy +
0 =no)
Harvest of non timber forest producs (NTFPs) Additional Harvest of NTFPs Dummy +
Fuelwood harvest Fuelwood as additional harvest (1 = yes, 0 = no) Dummy +
Plot is crucial for Food security Plot land is seen as crucial for Food security(1 = yes, 0 = no) Dummy +
Plot land is crucial for Energy Plot land is seen as crucial for Energy Dummy +
Plot land is crucial for climate change Plot land is seen as crucial for climate change Dummy +
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3.4. Data analysis

Farmers reported nine distinct land management prac-
tices for restoring farmland. Based on our literature
review, we categorized the strategies into six groups.
We ran our mvprobit model in Stata 16 using the con-
ditional mixed process estimator (‘cmp’ command).
Aligning with Roodman (2011), we used this package
estimator because of its ability to handle the extensive
computing requirements for optimizing the log-
likelihood function and attaining convergence. We
inform cmp about the natures of the dependent vari-
ables and which equations apply to which observations
by including the ‘indicators ()’ option after the comma
in the cmp command line, as Roodman (2011) suggests.
The cmp command first fits each equation individually
to provide an optimal entry point for the overall model
fitting process.

4. Results

4.1. Descriptive statistic of the socioeconomic
status of smallholder farming households

Most households of this study are male-headed, with the
average age of the household head around 43 years,
indicating a predominantly middle-aged demographic.
Most of these household heads are married (81%), and
59% have received a formal education. Households are
relatively large, average composed of approximately 7
members, with an average of 4 individuals contributing

Table 2. Socioeconomic variables description

to household labor. 65% of respondents report having
access to credit, and 66% benefit from extension ser-
vices. Additionally, 65% of respondents participate in
associations focused on ecological initiatives, while 47%
are involved in economic associations.

Farm assets reveal significant potential for the adop-
tion of FLR, characterized by an average farm size of
5 hectares, albeit with considerable variability in land
holdings. The average ownership of livestock and poul-
try—6.32 and 8.71, respectively—indicates a diversified
livelihood approach, which may both facilitate and pose
challenges to FLR initiatives. With an average of about
15 years of experience, farmers bring valuable insights
into traditional land management practices. However,
the average distance of almost 5 km from home to farm
may impede implementing practices requiring frequent
visits.

The land acquisition modes indicate that most land is
inherited, purchased, or donated, which may influence
tenure security and investment in FLR. Moreover, plot
lands are perceived as key for household well-being,
with a substantial majority considering them crucial
for food security (85%), energy (77%), and climate resi-
lience (79%). These functions translate into a strong
intrinsic motivation for sustainable land use. Table 2
shows that factors such as education, access to
resources, social networks, and the value placed on
land are pivotal in understanding FLR practice adoption
trends. These factors highlight specific opportunities
and challenges unique to Tchamba’s agroecological

Variables Mean Std.Dev Min Max
Gender 0.66 0.47 0 1
Age 42.77 13.76 20 82
Residence status 0.69 0.46 0 1
Marital status 0.81 0.39 0 1
Education status 0.59 0.49 0 1
Household size 6.61 3.22 1 25
Household labor 341 237 0 17
Perception of plot land degradation 0.53 0.49 0 1
Credit access 0.65 0.48 0 1
Access to Extension services 0.66 0.47 0 1
Association Engaging in Ecological Activities 0.65 0.48 0 1
Association Engaging in Economic Activities 0.47 0.50 0 1
Household total farm size 5.05 3.77 0.25 40
Livestock owned 6.32 8.27 0 70
Poultry 8.71 11.75 0 80
Experience in Farming 15.88 10.02 0 51
Distance household to farm 49 3.77 0.4 23
Land Acquisition mode: Purchased land 0.69 0.46 0 1
Land Acquisition mode: Inherited land 0.68 0.47 0 1
Land Acquisition mode: Donation 0.67 0.47 0 1
Land Acquisition mode: Rented land 0.37 0.48 0 1
Land Acquisition mode: Finance arrangement 0.33 0.47 0 1
Additional Harvest of NTFPs 0.78 0.42 0 1
Fuelwood as additional harvest 0.78 0.42 0 1
Plot land is seen as crucial for Food security 0.85 0.35 0 1
Plot land is seen as crucial for Energy 0.77 0.42 0 1
Plot land is seen as crucial for climate change 0.79 0.40 0 1




context, providing a foundation for analyzing the
dynamics of restoration efforts in the region.

4.2. Factors determining adoption of FLR practices

In the Tchamba District, smallholder farmers show sig-
nificant commitment to various FLR practices, high-
lighting their dedication to sustainable land
management. According to Figure 2, agroforestry is
the most widely adopted practice, embraced by 80.19%
of farmers. This widespread adoption is likely due to the
economic benefits of integrated tree-crop systems,
which provide both food and marketable produce.
FMNR and SWC practices are utilized by 72.2% and
70.61% of farmers, respectively. Woodlot plantations
are practiced by 67.09% of farmers, indicating an aware-
ness of the ecological advantages of increased tree cover.
CA practices, including reduced tillage and crop rota-
tion, are implemented by 65.5% of farmers, reflecting
efforts to maintain soil structure and resilience. Even
though compost application is more labour-intensive, it
remains a practice adopted by 53.99% of households,
emphasizing the importance of improving soil fertility
through organic methods. Overall, adopting these dif-
ferent practices demonstrates a strategic integration of
FLR practices aimed at optimizing productivity while
managing environmental challenges in the region.
Table 3 displays the coefficient estimates from the
mvprobit model, illustrating the interdependence
among the six FLR practices adopted by smallholder
farmers in the Tchamba District. The notable log-
likelihood ratio (LR) of —916.42, along with a Wald chi-
squared value of 430.70 (p <0.01), suggests that the
model fits well. This significance indicates that the deci-
sion-making process for adopting various FLR strategies
is interconnected and likely influenced by shared, unob-
served household factors that simultaneously affect mul-
tiple adoption choices. These findings reinforce that
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common underlying socioeconomic or environmental
factors can drive the concurrent adoption of restoration
practices, as noted in similar studies (Oyetunde Usman
et al., 2021).

The results of the mvprobit analysis indicate that
demographic, socioeconomic, and land-related factors
influence the adoption of different FLR practices in the
agricultural landscapes of Tchamba Prefecture. Gender
plays a significant role, with male-headed households
demonstrating a higher likelihood of adopting agrofor-
estry, woodlots, and FMNR practices. This trend may
reflect traditional gender roles in land management and
labor allocation within the study area. Women often
face structural barriers, including limited access to
land, tenure insecurity, and restricted rights to natural
resources, which hinder their ability to invest in long-
term restoration practices. Additionally, cultural norms
and labor constraints may further restrict their engage-
ment in FLR adoption. Age also has a nuanced impact
on FLR practices. While older farmers are less likely to
adopt agroforestry, they tend to favor soil-enriching
methods such as compost application and FMNR. This
pattern suggests that older farmers, who may possess
greater farming experience, prioritize practices that pro-
vide immediate enhancements to soil fertility and yield
stability, thus balancing long-term sustainability with
immediate agricultural needs.

Household dynamics—including size, labor availabil-
ity, and marital status—play a critical role in the adop-
tion of FLR practices. Larger households with more
available labor tend to engage in labor-intensive activ-
ities such as compost applications and SWC, suggesting
that household capacity directly influences these prac-
tices. Additionally, marital status is associated with
a higher likelihood of adopting agroforestry, SWC, and
FMNR, indicating that family responsibilities may moti-
vate sustainable land use and intergenerational resource
conservation. Socioeconomic factors, including access

Agroforestry | 80.19
FMNR . 72.2

FLR practices

swc I 70.61
Woodlot plantations I 67.09

CA I 65.5
Compost application NN 53.99

0 20

Figure 2. FLR practices of smallholder farming households.

40 60 80 100

Percentage of adoption
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Table 3. Multivariate probit estimates of the adoption of FLR practices in agricultural landscapes of the study area

Variables Agroforestry Woodlot Compost applications CA SWC FMNR
Gender 1.003*** 0.655*** 0.163 0.237 0.202 0.386**
(0.360) (0.172) (0.169) (0.174) (0.174) (0.181)
Age —0.033*** 0.004 0.015** 0.005 0.001 0.018**
(0.013) (0.007) (0.007) (0.007) (0.007) (0.007)
Residence status 0.957** -0.023 0.196 0.290 —-0.006 0.421**
(0.380) (0.191) (0.186) (0.189) (0.194) (0.199)
Marital status 0.685** —-0.049 0.280 -0.210 0.491** 0.436*
(0.3417) (0.220) (0.219) (0.228) (0.224) (0.224)
Education status 0.207 —-0.002 0.064 0.323* —-0.142 —-0.005
(0.386) (0.177) (0.176) (0.178) (0.184) (0.187)
Household size 0.093 —-0.011 0.073** —-0.043 0.078** —-0.009
(0.070) (0.032) (0.034) (0.031) (0.034) (0.034)
Household labor 0.200** 0.022 0.020 0.010 —-0.008 -0.027
(0.094) (0.042) (0.043) (0.041) (0.043) (0.045)
Degradation status 0.350 —-0.103 0.619*** —0.152 0.025 0.208
(0.343) (0.157) (0.153) (0.155) (0.160) (0.165)
Credit access 0.627* 0.091 0.169 0.050 0.173 0.039
(0.352) (0.170) (0.167) (0.168) (0.177) (0.179)
Access to Extension services 0.373 0.185 0.304* —-0.057 0.224 —-0.193
(0.382) (0.186) (0.183) (0.186) (0.184) (0.194)
Association Engaging in Ecological Activities 0.632* —-0.093 0.137 —-0.020 —-0.029 —-0.142
(0.368) (0.182) (0.181) (0.184) (0.189) (0.195)
Association Engaging in Economic Activities —-0.198 0.077 —-0.071 0.209 0.292* 0.457**
(0.376) (0.169) (0.165) (0.168) (0.175) (0.181)
Household farm size —-0.064 0.007 0.057** -0.011 0.037 0.003
(0.041) (0.022) (0.027) (0.022) (0.026) (0.022)
Livestock owned —-0.004 —0.019* 0.011 0.004 —-0.005 —-0.006
(0.027) (0.011) (0.011) (0.010) (0.011) (0.010)
Poultry 0.036* 0.007 —-0.000 —-0.002 0.012 0.010
(0.022) (0.008) (0.007) (0.007) (0.008) (0.008)
Experience in Farming 0.034* 0.004 0.000 0.021** —0.005 —-0.010
(0.021) (0.009) (0.009) (0.009) (0.009) (0.009)
Distance household to farm —0.082* 0.004 —0.029 —0.021 —-0.019 —0.020
(0.048) (0.022) (0.021) (0.027) (0.027) (0.021)
Land Acquisition mode: Purchased land 0.144 —-0.141 —-0.030 0.154 0.179 -0.129
(0.381) (0.193) (0.185) (0.185) (0.186) (0.199)
Land Acquisition mode: Inherited land —-0.403 —0.086 0.391** 0.157 —-0.162 0.449%*
(0.428) (0.189) (0.190) (0.190) (0.196) (0.210)
Land Acquisition mode: Donation 0.069 0.425%* 0.289 —0.302 —-0.298 0.153
(0.373) (0.182) (0.184) (0.188) (0.195) (0.194)
Land Acquisition mode: Rented land 0.193 —0.033 —-0.185 0.307* 0.023 —-0.229
(0.443) (0.176) (0.177) (0.183) (0.184) (0.183)
Land Acquisition mode: Finance arrangement —0.886** —-0.130 0.049 0.209 0.233 —-0.035
(0.368) (0.180) (0.173) (0.180) (0.189) (0.189)
Additional Harvest of NTFPs —-0.254 0.098 -0.213 -0.170 0.290 —-0.145
(0.423) (0.229) (0.226) (0.235) (0.228) (0.243)
Fuelwood as additional harvest 1.184%** —0.143 —-0.279 —0.108 0.119 —0.276
(0.416) (0.246) (0.245) (0.251) (0.249) (0.260)
Plot land is perceived as crucial for Food security 0.502 0.100 0.198 0.638** 0.048 0.669***
(0.456) (0.245) (0.253) (0.253) (0.252) (0.259)
Plot land is perceived as crucial for Energy 0.783** 0.160 0.169 0.058 —-0.364 0.344
(0.390) (0.238) (0.236) (0.247) (0.253) (0.249)
Plot land is perceived as crucial for climate change 1.130%** 0.118 0.246 —-0.166 0.109 —-0.007
(0.405) (0.221) (0.219) (0.229) (0.233) (0.237)
Constant —2.686** —-0.598 —1.499*** —-0.537 0.134 —0.923*
(1.116) (0.512) (0.509) (0.509) (0.520) (0.529)

Likelihood-ratio test for all null correlations (rho_12 =rho_13 =rho_14 =rho_15 = rho_16=rho_23 =rho_24 =rho_25 =rho_26 = rho_34 =rho_35 =rho_36

=rho_45=rho_46 = rho_54=0).
LR chi2(162) = 430.70.
Prob > chi2 =0.0000.
Log likelihood = —916.41702
Observations = 313.

Standard errors in parentheses. Level of significance: ***p < 0.01, **p < 0.05, *p < 0.1.

to credit and association membership, also emerge as
crucial drivers of FLR adoption. Households with access
to financial resources are more inclined to pursue agro-
forestry, underscoring the importance of economic sup-
port for tree-based initiatives. Moreover, participation

in ecological and economic associations is positively
correlated with the adoption of practices such as agro-
forestry, SWC, and FMNR, highlighting the significance
of social networks and community engagement in pro-
moting sustainable practices.



The findings indicate that the mode of land acqui-
sition significantly influences the adoption of FLR
practices. Households that inherit land are more
inclined to use compost and FMNR, likely due to
their long-term perspective and commitment to pre-
serving and enhancing the soil quality of their family
land for future generations. In contrast, households
that acquire land through financing arrangements
tend to be less engaged in agroforestry, which may
be attributed to financial constraints or an emphasis
on short-term returns needed to repay debts, making
it difficult to invest in practices that provide benefits
over the long run. Households that obtain land as
donations are more likely to adopt tree-planting
initiatives, possibly because they feel a heightened
sense of responsibility to maintain and improve the
land’s ecological value as part of their stewardship.
Additionally, the trend for rented land shows
a higher adoption rate of conservation agriculture,
suggesting that renters may prefer practices that
enhance soil quality without making long-term
investments in tree-based strategies, as they may
not benefit from such efforts if they ultimately
leave the land.

These variations highlight the impact of land acqui-
sition methods on households’ perceptions of invest-
ment security and long-term planning, which
influences their choices regarding the adoption of
FLR practices. Customized strategies considering
these distinct circumstances could enhance adoption
rates by aligning interventions with land tenure reali-
ties and fostering increased investment confidence
among farmers. Moreover, the significance of land
for meeting household needs—such as food security,
climate resilience, and energy provision—plays
a critical role in shaping FLR adoption decisions.
Households that regard their land as vital for food
security or climate adaptation are more likely to
embrace conservation agriculture and FMNR, inte-
grating their agricultural activities with broader liveli-
hood objectives. Similarly, households that focus on
fuelwood harvesting tend to prefer agroforestry,
reflecting a strategic land management approach that
addresses both ecological and practical requirements.

These findings highlight the complex interactions
among household characteristics, access to resources,
and perceptions of land utility. To effectively promote
FLR practices, it is essential to consider these various
factors. Tailoring interventions to address specific
household dynamics and how land value is perceived
could improve the adoption of sustainable practices,
ultimately supporting broader environmental and liveli-
hood goals in the region.
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4.3. Extend of FLR adoption

Smallholder farmers must intensify their adoption of FLR
practices to improve agricultural yields, increase income,
and mitigate the impacts of climate change. Our findings
indicate that the model employed is statistically signifi-
cant, as demonstrated by the Wald chi® (27) = 145.15 and
Prob > chi® = 0.0000. This high significance level under-
scores the reliability of the ordered probit model in eval-
uating the factors influencing the intensity of FLR
adoption. With a pseudo-R* of 0.139 and a log pseudoli-
kelihood of —428.04, the model effectively captures the
variability in adoption intensity, emphasizing the crucial
role of socioeconomic and land-related factors in shaping
smallholder adoption behaviors.

The robustness of these results was further corrobo-
rated using an ordered probit model as an additional
validation measure, which confirmed the consistency of
key variables. In both the primary model and the robust-
ness check, these variables maintained their significance
and direction, reinforcing the stability of our findings. For
instance, the perception of plot land as essential for food
security, participation in economic associations, and land
acquisition through inheritance remained significant pre-
dictors of higher adoption intensity. This consistency
across models highlights the reliability and robustness
of these socioeconomic and land tenure factors in influ-
encing FLR adoption (Table 4).

The ordered probit model presented in Table 4 iden-
tifies several key socioeconomic and land-related factors
that influence the intensity of adoption of FLR practices.
Notably, gender is a significant factor, with male house-
hold heads demonstrating a higher propensity for
adopting FLR practices. Age also shows a positive cor-
relation with adoption, indicating that older individuals,
possibly due to their accumulated experience or
a longer-term perspective on land management, are
somewhat more inclined to engage in restoration activ-
ities. Furthermore, both residence status and marital
status are linked to greater adoption intensity.
Permanent residents and married individuals may pos-
sess a stronger sense of responsibility or permanence,
which motivates them to invest in sustainable land
management practices.

Household characteristics, such as size and access
to labor, play a significant role in the adoption of FLR
practices. Larger households tend to engage in these
practices more intensively, which may be attributed
to their increased labor capacity, shared responsibil-
ities, or greater resource demands. Additionally,
awareness of land degradation and access to credit
are positively correlated with FLR adoption, suggest-
ing that households confronted with urgent land
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Table 4. Factors that influence the intensity of FLR adoption (number of practices adopted)

Variables Coefficient. Robust Std.Err. P-value
Gender 0.664*** 0.133 0.000
Age 0.012** 0.005 0.026
Residence status 0.419%** 0.151 0.005
Marital status 0.468** 0.207 0.024
Education status 0.133 0.132 0311
Household size 0.065** 0.026 0.012
Household labor 0.003 0.032 0917
Degradation status 0.269** 0.121 0.026
Credit access 0.282** 0.127 0.026
Access to Extension services 0.123 0.144 0.392
Association Engaging in Ecological Activities 0.026 0.149 0.861
Association Engaging in Economic Activities 0.279** 0.128 0.030
Household farm size 0.024 0.024 0.313
Livestock owned —0.005 0.008 0.575
Poultry 0.011** 0.005 0.048
Experience in Farming 0.004 0.006 0.499
Distance household to farm —0.030% 0.017 0.088
Land Acquisition mode: Purchased land 0.014 0.153 0.926
Land Acquisition mode: Inherited land 0.299** 0.159 0.060
Land Acquisition mode: Donation 0.116 0.149 0.438
Land Acquisition mode: Rented land —-0.101 0.139 0.469
Land Acquisition mode: Finance arrangement —0.068 0.134 0.609
Additional Harvest of NTFPs —0.069 0.197 0.727
Fuelwood as additional harvest —-0.095 0.199 0.633
Plot land is seen as crucial for Food Security 0.636*** 0.208 0.002
Plot land is seen as crucial for Energy 0.278 0.196 0.157
Plot land is seen as crucial for climate change 0.236 0.153 0.124

Observations = 313.

Wald chi2 (27) = 145.15.

Prob > chi2 = 0.0000.

Pseudo R2=0.139.

Log pseudolikelihood = —428.04331

Level of significance: ***p < 0.01, **p < 0.05, *p < 0.1.

degradation issues or those with financial resources
are more likely to prioritize restoration efforts.
Furthermore, membership in economic associations
enhances adoption rates, likely by providing resources
and collective incentives that help mitigate individual
entry barriers.

Land tenure types and perceptions regarding the
importance of land significantly influence the adoption
of FLR. Households that inherit land tend to be more
committed to restoration efforts, likely due to a mindset
focused on generational investment. The belief that land
is essential for food security also strongly motivates
adopting FLR, emphasizing how subsistence needs can
drive sustainable practices. Conversely, households with
farms farther from their residences are less likely to
adopt FLR strategies intensively, potentially due to
logistical challenges or diminished monitoring capabil-
ities. Additionally, ownership of small livestock, such as
poultry, positively correlates with FLR adoption, sug-
gesting that diversified agricultural livelihoods may pro-
mote sustainable land use. These insights highlight the
critical role of socioeconomic factors, land tenure, and
perceptions of land’s purpose in shaping the intensity of
FLR adoption.

5. Discussions

This study investigates the drivers influencing the adop-
tion and intensity of FLR practices among smallholder
farmers, revealing a complex interplay of variables that
shape both the likelihood and extent of adoption. Key
drivers include gender, age, land tenure, household size,
and access to resources like credit and extension
services.

One of the most notable findings of this study is the
significant influence of gender on both the adoption and
intensity of FLR practices. Households headed by men
were more likely to adopt FLR practices and engage
more actively in restoration efforts. This observation is
consistent with several studies highlighting the gen-
dered nature of land management, where men typically
have greater access to land, resources, and decision-
making authority (Celine et al, 2023; Chazdon &
Guariguata, 2016; Hounkpati, Moluh Njoya, et al.,
2024; Malapit et al., 2019; Pettinotti & Raga, 2023). For
instance, Meinzen-Dick et al. (2019) emphasize how
gender-differentiated access to land and agricultural
inputs perpetuates inequalities in land-use decisions.
Similarly, Midamba and Ouko (2024) demonstrate that



male-headed households often have better access to
extension services, which enhances their ability to
adopt FLR practices. Conversely, women in rural areas
often face challenges such as restricted access to capital,
education, and land ownership (Djenontin et al., 2022),
which can impede their ability to invest in long-term
restoration initiatives. This gender disparity in the
intensity of adoption underscores the necessity for gen-
der-sensitive policies and approaches that empower
women by enhancing their access to resources and
decision-making opportunities.

Household size also emerged as a key factor influen-
cing the intensity of FLR adoption. Larger households,
typically associated with a greater labor force, were more
likely to adopt FLR practices more intensively. This
finding resonates with Ahmad et al. (2023); Ngaiwi
et al. (2023), who suggest that larger households are
better equipped to engage in labor-intensive agricultural
practices, including land restoration efforts. The avail-
ability of labor is crucial in the context of FLR, as it often
requires significant manual effort, especially in the early
stages of restoration, such as tree planting and land
preparation. Additionally, larger households may have
greater access to resources and social capital, further
facilitating the adoption of FLR practices. Moreover,
larger households often benefit from a more diverse
array of income sources, which can provide the financial
stability necessary for investing in long-term restoration
activities. Their broader networks of family members
and social connections may also improve access to
information, capital, and support from local agricultural
extension services, thereby enhancing the success of
restoration efforts. Consequently, understanding house-
hold dynamics is very important for designing effective
FLR programs that capitalize on the strengths of larger
households while also addressing the potential chal-
lenges smaller households may encounter in adopting
similar practices.

Access to credit and extension services have been
identified as critical drivers of FLR adoption. Farmers
with access to capital are more inclined to implement
FLR practices, highlighting the necessity of financial
resources for investing in sustainable land management
techniques. This observation aligns with research by
Bayisa et al. (2024); Hounkpati, Moluh Njoya, et al.
(2024); Kolapo et al. (2022), which indicates that access
to financial services significantly facilitates the adoption
of environmentally sustainable practices by lowering the
financial barriers to implementation. Extension services
are vital in equipping farmers with the necessary knowl-
edge and technical support to adopt new agricultural
methods. The lack of significance of other variables,
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such as education and membership in ecological asso-
ciations, suggests that while education may have long-
term benefits, its immediate impact on the intensity of
FLR adoption is constrained by more direct factors,
including labor availability, access to financial resources,
and secure land tenure.

The study reaffirms the significant role of land tenure
in the adoption of FLR practices. Notably, land acquired
through inheritance was positively linked to both the
adoption and intensity of these practices, highlighting
how secure land tenure fosters long-term investment in
land management. This finding aligns with previous
research that emphasizes the importance of land tenure
security in promoting sustainable land use practices
(Gedefaw, 2023; Olumba et al., 2024). Farmers who
own land or have secure access to it through inheritance
are more likely to invest in practices that enhance soil
fertility, restore degraded land, and mitigate the effects
of climate change. Conversely, those with insecure
tenure—such as renters or individuals involved in infor-
mal financial arrangements—may be less inclined to
adopt practices that necessitate long-term investments.

The perceived value of restored plot land significantly
influences farmers’ engagement in restoration activities,
shaping their decisions to invest in these practices.
Farmers who recognize the benefits of land restoration
—such as enhanced food security, increased fuelwood
availability, and improved resilience to climate change
—are more inclined to adopt restoration techniques.
The belief that restoring their land will boost productiv-
ity and ensure long-term sustainability is a compelling
incentive. However, while restoration efforts can
enhance resource availability, the immediate advantages
for food security may not always be evident, presenting
a challenge for farmers under short-term livelihood
pressures (Muluneh & Sime, 2024). This highlights the
importance of presenting the benefits of land restoration
in ways that resonate with farmers’ immediate needs
and priorities. Understanding the trade-offs between
long-term ecological advantages and short-term food
security concerns is essential for developing restoration
initiatives that are both attractive and sustainable.

The findings of this research highlight that inter-
ventions aimed at promoting the adoption of FLR
practices must consider a complex array of barriers.
Implementing gender-sensitive policies that ensure
equal access to land, capital, and extension services
is crucial for enabling both men and women to par-
ticipate fully in FLR initiatives. Strengthening land
tenure security can positively influence adoption.
Additionally, improving access to credit and exten-
sion services can help overcome financial and
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knowledge-related obstacles, empowering farmers to
engage in restoration efforts actively. Subsequent stu-
dies should examine the role of social networks and
collective action, as these factors may significantly
influence farmers’ willingness to embrace new prac-
tices. Moreover, exploring the interactions between
socioeconomic factors and environmental conditions
—such as soil degradation and climate change—could
provide a more nuanced understanding of adoption
decisions.

6. Conclusion

We investigate the socioeconomic factors influencing the
adoption and intensity of FLR practices among smallholder
farmers in central Togo. By integrating mvprobit and
ordered probit models, we have illustrated how various
drivers interact to shape the likelihood and extent of FLR
adoption. The results indicate that male-headed house-
holds, larger households, and those with secure land tenure
are more likely to adopt FLR practices, including also more
multiple practices in parallel. Furthermore, access to capital
and extension services emerges as a crucial enabler of FLR
adoption, whereas the distance from the household to the
farm negatively affects the intensity of adoption. These
findings underscore the need for policies that enhance
land tenure security, particularly for women and margin-
alized groups, to ensure equitable access to FLR opportu-
nities. Additionally, Policymakers should focus on
expanding financial support mechanisms such as credit
programs and subsidies to help farmers invest in restora-
tion practices. Strengthening agricultural extension services
is also essential to provide farmers with the technical
knowledge and training needed for effective FLR imple-
mentation. Future research should explore the dynamic
relationship between socioeconomic drivers, environmen-
tal conditions, and collective action in the adoption of FLR
practices. Such insights will contribute to developing more
effective policies to promote FLR and achieve long-term

environmental sustainability.
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