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Adoption of conservation agriculture production systems (CAPS) requires changes
in knowledge and resources that affect farmers’ decision-making on agricultural
practices, ultimately impacting production, family income, and food security. The
effectiveness of CAPS promotion is influenced by demographic and socioeconomic
characteristics, promotion mechanisms, agricultural information sources, and
extension methods. This research explored the factors influencing the adoption and
transfer mechanisms for CAPS and evaluated their impact from early adopters to
laggards in Cambodia. A mixed-methods approach was employed and data were
collected through face-to-face and in-depth interviews in Battambang and Preah
Vihear provinces. The results indicated that the factors influencing the adoption
and transfer included gender, age, field numbers related to farm size (i.e., farmers
with more fields tended to have larger farm sizes), and off-farm income, all of
which had a positive and significant effect. Early adopters improved productivity
[95% confidence interval (Cl): 0.87-0.92] and food security (95% Cl: 0.86-0.92)
by 4% compared to laggard farmers. However, there was no significant impact on
family income between both groups. Several mechanisms for promoting CAPS
including support, transfer, and adoption, required the engagement of relevant
stakeholders such as the government, non-governmental organizations (NGOs),
early adopter farmers, and laggard farmers. Farm-to-farmer initiatives were the
most effective mechanism for transferring CAPS, followed by demonstration
plots, farm or home visits, workshops or discussions, local agriculture fairs, and
office calls. Relatives became the fundamental agricultural information sources,
followed by mass media, research institutes, NGOs, the government, and personal
experiences. The farm-to-farmer approach should be prioritized for CAPS outreach
as farmers tend to trust information from their relatives. Future research should
assess the sustained adoption of CAPS post-intervention, as outcome values
are projected to increase by over 4%, potentially influencing household income.
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adoption and transfer mechanisms, impact evaluation, agricultural extension
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1 Introduction

Conservation agriculture production systems (CAPS) is a package
of practices that include mulching crop residues, minimizing soil
disturbance, and intercropping or rotating crops with cover crops
(Ward et al,, 2018). The benefits of CAPS have increasingly contributed
to problem-solving within sustainable agroecosystems (Akter et al.,
2021). CAPS was primarily applied to large-scale or commercial farms
in the U. S. (Thierfelder et al, 2013). In contrast, Wall (2007)
emphasized that in developing countries, CAPS efforts were
predominantly aimed at smallholder farmers and their management
practices. Adoption of new technologies is valuable for future of
smallholder farmers’ livelihoods, food security, and ecological and
crop productivity (Han and Niles, 2023). The agricultural extension
system impacts technology adoption by influencing outcomes such as
food security, family income, and crop productivity (Adams and
Jumpah, 2021; Norton and Alwang, 2020). Adoption of CAPS by
smallholder farmers have been slow, with a focus on factors such as
productivity, risk preference, social capital, and farmer knowledge
(Ngombe et al,, 2017). In Cambodia, CAPS started in 2004, whereas
this technology began in the U. S. in the 1960s. However, the CAPS
adoption rate by Cambodian farmers has remained slow, with only
about 0.12% of the total agricultural land area (approximately
6,099,100 ha) utilized for CAPS in 2021 (FAO et al.,, 2022; Men
et al., 2024b).

A variety of information sources are available to support
agriculture-related activities, which are essential for the development
of small-scale farmers and the sustainability of livelihoods in both
rural and urban areas (Adams and Jumpah, 2021; Kolapo et al., 2022;
Kolapo and Kolapo, 2023; Mutyasira et al., 2018; Rastegari et al., 2023;
Topp et al., 2023). Males are more likely to be impacted by adoption
than females and farmers with larger farm sizes have more money and
space for investment in a new technology (Sotamenou and Parrot,
2013; Valbuena et al,, 2012). Farmers of larger farm sizes are more
likely to adopt a new technology than small-scale farmers (Ngaiwi
etal, 2023). Age and off-farm income also influence their perception
of adoption and transfer (Foguesatto et al., 2020; Mutyasira et al,
2018). Smallholder farmers require knowledge support to make
informed decision-making about adopting or rejecting new
technologies. Technology information sources are potential key
factors in adoption (Chalak et al., 2017). Studies have been limited in
considering factors such as education level, marital status, soil fertility,
primary crop production, type of main crops, distance to markets, and
access to extension services. These factors can influence adoption of
technologies including CAPS.

Various information sources are available for agriculture-related
activities, upon which small-scale farmer development and people’s
ability to sustain their livelihoods in rural and urban areas depend
(Achichi et al., 2023). Agricultural information sources including
relatives (i.e., friends and neighbors), agricultural extension agents,
agricultural literacy programs, agricultural product sellers, farmer
service providers, non-governmental organizations (NGOs), personal
experience, and media play a crucial role in influencing small-scale
farmers’ decision-making processes regarding adoption and transfer
(Fidelugwuowo, 2021; Wale and Mkuna, 2023). Relatives are
important information sources influencing adoption and transfer
among smallholder farmers (Geleta et al., 2023; Yaseen et al., 2016).
information

The main sources influencing small farmers’
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decision-making include the internet, television, extension services,
and family members. Farmers identified fellow farmers as their most
important and least costly source of information for making decisions
(Bjornlund et al., 2019; Drafor, 2016; Nesheim et al., 2017). One could
experience the impact of technology adoption through learning from
past experiences (Nickens et al., 2023). Agricultural technology
transfer efforts aim to achieve adoption, which requires support from
agricultural information sources to make extension methods effective.

Agricultural extension methods, including individual or
interpersonal, group, and mass media approaches, are among the most
effective means of disseminating agricultural technologies, influencing
both information sharing and the adoption and transfer of innovations
(Melaku et al., 2024; Takahashi et al., 2020; Tegene et al., 2023).
Technology adoption and transfer methods include farmer-to-farmer
(F2F) methods, demonstrations, farm or home visits, workshops or
discussions, local agricultural fairs, and office calls (Chowdhury et al,,
2014; Cooreman et al., 2021; Davis et al., 2012; Fisher et al., 2018;
Kansanga et al., 2021; Khainga et al., 2021; Mwololo et al., 2019; Singh
etal., 2018; Sousa et al., 2020; Thiombiano et al., 2023). F2F is defined
as the voluntary delivery of training by farmers who provide
technology to other farmers, which helps solve information access,
issues and knowledge gaps that could prevent widespread adoption
(Fisher et al,, 2018). This method has proven valuable for adoption by
smallholder farmers. Field days, demonstration plots, and agricultural
fairs are effective and intended to persuade farmers to adopt (Sousa
et al., 2020).

Technology adoption involves the change of knowledge and
resources to improve family outcomes such as productivity, family
income, and food security (Kuhl, 2020). Agricultural trials serve as
venues for demonstrating and persuading farmers about new
technologies (Hermans et al., 2023). The technology transfer process
that involves the relationship between providers and users significantly
affects adoption (Kuhl, 2020). Effective technology transfer requires
understanding the connections between vulnerability, resilience, and
adoption. Adoption is significantly linked to increased crop production
but not to family income and food security in Mozambique (Nkala
etal, 2011). In contrast, Tambo and Mockshell (2018) reported that
adopting CAPS significantly enhances total family income in
Sub-Saharan Africa, whereas Mideksa et al. (2023) found that adopting
CAPS substantially increases food security in Eastern Ethiopia. The
relevance of these regions to the present study stems from their
comparable agricultural and socio-economic contexts to Cambodia,
particularly with respect to smallholder farming systems, vulnerability
to climate change, and dependence on subsistence agriculture. Despite
these parallels, limited research has examined the factors influencing
the impact of CAPS adoption and transfer on crop productivity, family
income, and food security, as well as the mechanisms underlying
adoption and transfer in the Cambodian context.

In Cambodia, intensifying land degradation and declining soil
fertility are becoming more severe, adversely affecting crop
productivity, household income, and food security. Although adopting
CAPS has the potential to address these issues, the adoption rate
among farmers remains slow. Literature indicates a limited focus on
training mechanisms to facilitate CAPS adoption. Extension methods
have also received limited attention in promoting CAPS from early
adopter farmers (EAFs) to laggard farmers (LFs). Filling this
knowledge gap could offer valuable information support to
stakeholders—including the government, the private sector, NGOs,
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and farmers—through agricultural extension models and strategies
for the adoption of CAPS, ultimately increasing crop production,
family income, and food security. This research addresses the
following research question (RQ):

RQI: What factors influence the adoption of CAPS among
Cambodian farmers?

RQ2: What is the impact of CAPS adoption on household
outcomes such as productivity, income, and food security?

This research explored the factors influencing the adoption and
transfer mechanisms for CAPS and evaluated their impact in
Cambodia. The following section reviews the empirical framework
used to assess the current state of CAPS adoption and transfer through
the agricultural extension model.

2 Empirical framework

2.1 Literature background and model
choice

Adoption is a broad term designed to increase agricultural
efficiency (Belay et al., 2023). Agricultural technology adoption refers
to the outcome, widely recognized as a key element of sociotechnical
change (Kuhl, 2020). Adoption can be identified as changes in farmers’
agricultural practices including changes in production costs and crop
management (Kuhl, 2020). Adoption theory demonstrates that
farmers’ source allocation decisions regarding agricultural techniques
are subject to adopting agricultural technologies that maximize the
projected utility of money and food security (Maina et al., 2020). The
literature review identified several key barriers to the adoption of
agricultural technologies in developing countries. These include a lack
of agricultural credit support, which limits farmers investment
capacity (Balana and Oyeyemi, 2022); limited access to technical
knowledge and market information, which hampers informed
decision-making; poor rural infrastructure, such as inadequate roads
and storage facilities, which restricts input delivery (Magesa et al.,
2020) and market access; and an insufficient supply of agricultural
inputs, which delays or prevents adoption (Berha, 2022; Ngango and
Hong, 2021; Zeweld et al., 2015).

Cambodian farmers employ various strategies to adopt CAPS,
with small-scale farmers in this study anticipating benefits such as
increased productivity, family income, and food security (Sardar et al,,
2021). Farmers embrace new agricultural practices and technology
when the expected usefulness or benefits associated with adoption
(e.g., CAPS) outweigh those associated with non-adoption (non-
CAPS) (Belay et al., 2023; Ngango and Hong, 2021; Nyirahabimana
etal., 2021).

2.2 Conceptual framework and variables
The concept of technology adoption and transfer involves three
stages: (1) technologies that support adoption, (2) mechanisms for

transferring technologies that can meet diverse farmers’ needs, and (3)
strategies to overcome barriers to adoption (Ngango and Hong, 2021).
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This perspective aligns with Rogers’ (1962) Diffusion of Innovations
theory, which remains a cornerstone in adoption studies (Miller,
2015). These are influenced by sustained adoption. The path to
resilience includes improving techniques to increase staple crop
productivity, introducing high-value crops, and connecting farmers
to markets. These measures can improve productivity, enhance food
security, and increase family income (Ngango and Hong, 2021).

The dependent variable is binary, where 1 indicates that the
farmer has attended CAPS training (EAFs), and 0 indicates otherwise
(LFs). CAPS adoption may directly impact the outcome variable,
which is an independent variable (i.e., age, gender, marital status,
education level, field numbers related to farm size, soil fertility, types
of main crops, distance to markets, distance to extension offices, and
off-farm income), as shown by estimation. Multicollinearity among
the independent variables was assessed using Variance Inflation
Factors and tolerance values, which are commonly applied diagnostics
in regression analysis. In this study, the majority of the variables did
not exhibit multicollinearity.

This method may result in inconsistent estimations since it
assumes that exogenous factors have little effect on the uptake of
CAPS. LFs can increase agricultural production, family income, and
food security by adopting and implementing CAPS. Recent studies
have shown that increasing agricultural productivity can increase
farmers’ wellbeing by increasing household income and ensuring
access to food security (Ogunyiola et al., 2022). If farmers decide
whether to adopt CAPS, it may affect productivity, family income, and
food security.

2.3 Empirical strategy and analytical
techniques

2.3.1 Model specification and variable selection

Agricultural technology adoption is a decision-making process in
which a unit develops an attitude toward employing an innovative
approach and decides whether to accept or reject it (Akter et al., 2021).
Farmers either adopt (EAFs) or do not adopt (LFs) CAPS, which is
measured by a dichotomous variable: 1 for EAFs and 0 for LFs. This
empirical study looks at how CAPS impacts changes in farmers’ means
of subsistence. This research recorded changes in productivity, family
income, and food security as the key livelihood outcome of interest,
with a binary decision choice (1 = improved and 0 = otherwise).

The probit or logit model is recommended when the outcome
variable is binary or dichotomous (1 or 0) (Breen et al., 2018), whereas
the linear regression model has been applied for both binary outcomes
(Chatla and Shmueli, 2017) and continuous outcomes (i.e., numerical
measurements; Srimaneekarn et al,, 2022). Moreover, the probit
model is grounded in the multivariate normal distribution, permitting
nonzero covariance terms, whereas the logit model is based on the
univariate independent extreme value distribution (Hausman and
Wise, 1978). The goodness-of-fit test is valuable for the selection of the
most adequate model (Andersen, 1973). The model fit test evaluates
how effectively the model aligns with the data. Model fit and predictive
performance after cross-validation were quantified using Akaike’s
Information Criterion (AIC), Bayesian Information Criterion (BIC),
and the nonlinear determination coefficient (Pseudo-R?), which were
also used as metrics for model selection (Aertsen et al, 2010;
Bozdogan, 1987; Schwamborn et al., 2019; Thomas et al., 2018; Vrieze,
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2012). A lower AIC or BIC value signifies a more favorable model
(Vieiraetal., 2023; Vrieze, 2012; Wu et al,, 2020). In linear regression,
the coefficient of determination (R?) ranges from 0 to 1, with higher
values indicating a better model fit; however, it does not apply to
binary outcome models such as probit or logit. Instead, the pseudo-R*
measure is used to assess model fit. Instead, pseudo-R* measures are
used to evaluate model fit, with values between 0.2 and 0.4 generally
considered to indicate a strong fit (McFadden, 1974), while values
between 0.1 and 0.3 are generally considered acceptable (Hemmert
etal., 2018).

Several types of models with binary choice-dependent variables
have been commonly utilized to determine technology adoption
including linear probability, logistic (logit, multinomial logit), and
normal density functions (ID’Souza and Mishra, 2018; Ngango and
Hong, 20215 Ward et al., 2018; Wordofa et al., 2021). Probit analysis
was conducted in this research because the dependent variable was a
dummy variable, which is a popular choice for such analyses (Adams
and Jumpah, 20215 Li et al., 2020). The propensity score matching
(PSM) framework follows semiparametric estimation techniques to
reduce selection bias, as demonstrated by Nkala et al. (2011) and Belay
etal. (2023). This technique considers the probability that EAFs and
LFs may have systematic differences in traits that make them difficult
to compare. D’Agostino (1998) reported that the treatment and control
groups were randomly allocated via PSM, suggesting that both groups
had an equal probability of being assigned to either the treatment or
the control. Farmers often adopt a technology if the benefits outweigh
the benefits of not doing so (Equation 1):

Adoption(D*)zUi(EAFS) ~Uy(1r) >0 1)

where Uj( g4F) is the value of farmer i as a result of participation
in CAPS training (EAFs), Ui(Lrs) is a variable of non-CAPS training
(FLs), and D" is a binary variable (1 = EAFs and 0 = LFs). Adoption
(D), a condensed version of the adoption decision, is the first barrier
in Equation 2.

Adoption (D,* ) =BZ;+& withD=1if D*>0,D; =0 otherwise 2)

where Z; is a matrix of family features; the  parameter needs to
be estimated and ¢; is the usual term of error. Theoretically, the
expansion of agricultural productivity is anticipated to be significantly
affected by CAPS adoption (Ngango and Hong, 2021). Therefore, in
evaluating this connection, we presumptively consider the result
variable in Equation 3:

Yi = aXl- + 6Dl + 4 (3)

To evaluate this connection, the outcome variables (i.e.,
productivity, family income, and food security) are modeled as linear
functions of CAPS adoption (represented by the dummy variable D)),
where X; denotes the independent variables and y; is the error term,
as specified in Equation 3. The outcome variables include: (1)
productivity, measured as the yield of the main crop in tons per
hectare; (2) family income, defined as the total amount of money
received by farmers from their main crop production, expressed in
U. S. dollars; and (3) food security, which refers to the consistent
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access of farming families to sufficient, safe, and nutritious food for a
healthy and active life. These variables were based on farmers’
perceptions of whether each aspect improved as a result of
practicing CAPS.

2.3.2 Estimation of propensity score (probit
regression model)

A probit regression model was used to explore the factors
influencing farmers to adopt or not adopt CAPS. A binary logit or
probit model is employed to compare the effects of the intervention
between the treatment and control groups and to determine
differences in the outcome of interest. In previous studies, the effect of
explanatory variables must be taken into account only when the probit
model, which is consistent throughout different expected values of the
dependent variable, is used and constrains the estimated probabilities
to model dichotomous or binary outcome variables in the range of 0
to 1. Equation 4 assumes that Y can be described as follows:

n
Yi=a+pi) I+ uj (4)
izl

where Y;is a dependent variable that is binary to the farmer, who
decides a value of 1 if the farmer has attended CAPS training (EAFs),
and 0 refers to non-CAPS (LFs). Parameters of the estimate include a
and f. The number of variables is 7, while yj is the error term, and I;
is the explanatory variable.

P, = +Prgen+Prage + Psmars +...+ Proffai + & (5)
where in Equation 5:

- P;is the probability of participating in CAPS training or EAFs
- a, is the intercept

- ¢ = Error term

- Pi...p, = are the coeflicients of explanatory variables
- X, = Gender (gen)

- X, = Age (age)

- X5 = Marital status (mars)

- X, = Education level (edul)

- X, = Field numbers (fien)

- X, = Soil fertility (soilf)

- X, = Rice is the main crop (ricemc)

- X, = Cassava is the main crop (cassavamc)

- X, = Maize is the main crop (maizemc)

- X, = Distance to markets (distm)

- X;, = Distance to the extension office (disteo)

- X, = Off-farm income (offai)

2.3.3 Matching technique and treatment effect
estimation (NNM, KBM, CM)

Propensity score matching (PSM) was employed to evaluate the
impact of CAPS adoption between the EAF and LF groups. PSM
methods could differ qualitatively from the treatment group in terms
of unmeasured variables. Several previous studies have used PSM for
adoption or impact evaluation, i.e., Nkala et al. (2011), Nkhoma et al.
(2017), and Tambo and Mockshell (2018). This research focused on
three dependent variables or outcome variables: productivity, family
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income, and food security. Age, gender, marital status, field numbers,
education level, soil fertility, types of main crops (i.e., rice, cassava, and
maize), distance to markets, distance to the extension office, and
off-farm income are independent variables or explanatory variables.
A probit model is used to estimate PSM for CAPS adoption. Numerous
literature reviews show similar match methods of PSM for the adopter
and non-adopter respondents. Becerril and Abdulai (2010), Cariappa
et al. (2021), and Ramappa et al. (2022) reported that the most
commonly used approaches are Nearest Neighbor Matching (NNM),
Kernel-Based Matching (KBM), and Caliper Matching (CM) methods.
Similarly, three matching methods were subsequently used to calculate
the average treatment effect on the treated (ATT) of a certain program
used to match the treatment and comparison groups: NNM, KBM,
and CM (Ngango and Hong, 2021). The formulation of PSM

Equation 6 is as follows:

ATT =E(ygo|d =1,p(X))~ E(y4-0ld =0, p(X)) (6)

ATT is among the subsample of EAFs, whereas yd = 0|d = 0 is the
change observed in the yd = 1|d = 1 is the reported shift in livelihood
results seen in LFs. PSM, or p(X), is the chance of being in LF groups
under certain conditions, as defined by X. The PSM technique avoids
the difficulty of dimensionality-creating covariate matching issues,
particularly when matching several variables. As a result, PSM
includes a several-step process, which is involved in conducting PSM
to evaluate the impact of CAPS adoption, as outlined by Salam and
Sarker (2023); Staffa and Zurakowski (2018); and Haile et al. (2024).

According to Figure 1, PSM was conducted through a multi-step
process including selecting covariate, selecting a model for estimating
PSM, selecting matching methods, checking for matching, evaluating

10.3389/fsufs.2025.1568363

outcome variables, computing PSM, and conducting impact
evaluation. This study was conducted with EAFs and LFs, using a
probit regression model to estimate the propensity score [p(X)]—the
probability that a household belongs to the EAFs group. A group of
factors thought to impact the decision to use CAPS is contained in
vector X. The matching stage of EAFs and FLs was conducted via
NNM, KBM, and CM. This study was conducted with the common
support of an unadjusted sample between the two groups (EAFs and
FLs). A balancing check was performed to assess the matching quality,
followed by an effect analysis. A mean comparison between the EAFs
and FLs groups, both before and after matching, was conducted using
an independent two-sample ¢-test. ATT was computed and an impact
evaluation was carried out to assess the outcome variables of this study
including productivity, family income, and food security.

3 Methodology
3.1 Study areas and sample size

This study employed a mixed-methods approach, integrating
qualitative and quantitative methods. By utilizing multiple data
collection techniques, a triangulation protocol was implemented to
cross-check findings and ensure the validity and quality of the research
(Figure 2) (Amadi, 2023). Data were gathered from Battambang
(BTB) and Preah Vihear (PHV) provinces in Cambodia. The
implementation of the MetKasekor (MK) Agricultural Extension
Model project started in 2021 to promote CAPS in Cambodia. The
number of participants who attended the CAPS fields showcase or
EAFs was 270 households: 180 households from the BTB, and 90
households from the PHV. The data used in this research were

Select covariates:
1 = Early adopter farmers (EAFs) and
0 = Laggard farmers (LFs)

Select a model for estimation:
Regression model, the probit model, and
logit model were tested for model fit.
The probit regression model was used.

IMPACT EVALUATION:
The outcome variables included productivity,
family income, and food security.

Select matching methods:
Three matching methods were
employed: Nearest Neighbor Matching
(NNM), Kernel-Based Matching (KBM),

Check for matching:

Check common support or overlap to
ensure that individuals or groups with the
same values for characteristics.

This study was conducted in common

and Caliper Matching (CM).

support of an unadjusted sample
between both groups (EAFs and FLs).

+/-

Compute propensity score
matching (PSM):
Average treatment effect on the
treated (ATT).

Evaluate outcome variables:
Check the matching quality and
conduct an effect analysis. Perform a
mean comparison between EAFs and
FLs groups (before and after
matching). An independent two-
sample t-test was employed.

FIGURE 1

The process of conducting propensity score matching to evaluate outcome variables.
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A MIXED-METHOD DESIGN FOR DATA COLLECTION
QUANTITATIVE DESIGN QUALITATIVE DESIGN
DATA COLLECTION: =z DATA COLLECTION:
- Survey Instrument (n = 481) o - FGDs ('7 =28) & Kils (n=28)
Simple Random Sampling [~e) Purposive Sampling
Structured Interview S 8 Unstructured Interview
Face-to-Face Interview 8 = In»depth Int.erview
Questionnaire (Closed-Ended) 2 2 Questionnaire (Open-Ended)
<a
o o
DA ARARER = DATA ANALYSIS:
Descriptive Statistics )
p ; - Thematic Content Approach
Probit Regression Model - Quotation Analysi
W-test and t-test HOLHOURSN VRIS
Propensity Score Matching (PSM)
CONCURRENT
QUAN + QUAL
RESULTS COMPARED, INTEGRATED, AND INTERPRETED
FIGURE 2
Triangulation protocol of research validation for mixed method design. QUAN, Quantitative Approach; QUAL, Qualitative Approach; n, Number of
observations.

obtained via face-to-face interviews conducted in 2023. In the BTB,
only three districts (Rathanak Modul, Banan, and Sangkea) out of the
total 13 were selected as the sample. In PHV province, among the
eight districts, only one district (Rovieng) was chosen. Detailed
information on the farmers who attended or did not attend the CAPS
field showcase was collected via a field survey. A total of 481 sample
observations were selected for an interview: 242 from EAFs and 239
from LFs, chosen randomly assignment. The response rate of the EAFs
was 89.63%.

3.2 Sampling technique and data collection

3.2.1 Survey instrument

This sample is a completed survey instrument of EAFs who
attended the CAPS training field showcase in 2021, with 242
observations from the recode list of the randomly selected MK model
project. LFs referred to farmers out of the MK model project. The
details of the MK model project are described in Men et al. (2024b).
The sample size of LFs (239 observations) was assumed to be equal
to that of EAFs. Before data collection, a pretest was developed to
verify the legitimacy of the survey with 10 respondents. The sample
of pretest respondents was not included in the data collection by the
survey instrument. Survey instrument was improved and finalized
after the pretest. The questions concerning the characteristics of
households, farmers’ perceptions, agricultural extension methods,
and information sources were revised following the pretest section.

3.2.2 Focus group discussions and key informant
interviews

Focus group discussions (FGDs) and key informant interviews
(KIIs) provided qualitative data. Both methods examine the CAPS
adoption and transfer mechanism in the agricultural extension model
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from EAFs to LFs and discuss information on agricultural sources. KII
supplemented the qualitative findings of this research (10 government,
six private sectors, eight farmers, and four NGOs). The number of
participants in the FGD was equal to that in the KII. The sample size was
selected by purposive sampling. An open-ended questionnaire was used
to collect the data. The questions included agricultural information
sources, agricultural extension methods, and technology transfer
mechanisms from EAFs to LFs. Details of KII are described in Men et al.
(2024b); and FGD methods are descibred in Men et al. (2024a). Two
specific questions related to the research objective were added: What
mechanisms are in place to encourage early adopter farmers involved in
the CAPS to transfer technology to laggard farmers in the region? Which
agricultural extension methods and technology transfer approaches are
most suitable for laggard farmers to adopt CAPS?

3.2.3 Statistical analyses

The statistical analysis was performed via the R program (version
R 4.3.2) to process the acquired data via descriptive statistical
techniques such as frequencies, means, standard deviations, and
standard errors. Farmers' characteristics were computed with an
independent two-sample ¢-test. AIC, BIC, and Pseudo-R? were used
to assess the goodness-of-fit to select the model fit. Factors
influencing CAPS adoption and transfer were analyzed using
quantitative data through a probit regression model and marginal
effects. The impact of CAPS adoption was evaluated using propensity
score matching. Consistent with previous studies, a 5-point Likert
scale was employed by Azumah et al. (2018) with 1 = strongly
disagree, 2 = disagree, 3 = moderate, 4 = agree, and 5 = strongly
agree. This Likert scale was used to rank agricultural extension
methods and information sources for promoting CAPS among
laggard farmers. Kendall's W-test was used to identify the priority of
agricultural extension methods and information sources for
promoting CAPS. The qualitative data were distilled and placed into
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text, and thematic content methodologies were used to examine the
quantitative data from the household surveys. The CAPS adoption
and transfer mechanisms in the agricultural extension model were
drawn from qualitative data.

4 Results

4.1 Summary statistics of farmer
characteristics for promoting CAPS

Descriptive statistics of characteristics of EAFs and LFs regarding
the adoption and transfer of CAPS are presented. Outcome variables
included productivity, family income, and food security. Explanatory
variables comprised of household demographic characteristics: such
as gender, age, marital status, education level, and socioeconomic
characteristics, including field numbers, soil fertility, type of main
crops, off-farm income, distance to the extension office, and distance
to markets (Table 1).

The outcome variables from an independent two-sample ¢-test
revealed that the average productivity and food security of EAFs and
LFs were significantly different (p <0.10; p <0.05, respectively),

10.3389/fsufs.2025.1568363

whereas family income was not significantly different between the two
groups (p > 0.10) (Table 1). The explanatory variables revealed that
gender, age, and field numbers were significant between EAFs and LFs
(p <0.01). Off-farm income was significantly impacted (p < 0.10).
However, education level, marital status, type of main crops, distance
to markets, and distance to the extension office were nonsignificant
between the EAF and LF groups (p > 0.10).

4.2 Factors influencing the adoption and
transfer of CAPS

The estimated coeflicients of probit model represent the change in
the latent variable (unobserved underlying tendency) associated with
a one-unit change in the independent variable, while marginal effects
quantify how this change impacts the probability of the dependent
variable equaling 1. The model goodness-of-fit indicated that the
probit model (AIC = 649.35, BIC = 703.64, pseudo-R* = 0.12) was a
better fit than the logit model (AIC = 649.63, BIC = 703.92, pseudo-
R*=0.11) and regression model (AIC=683.10, BIC=741.57,
R*=10.09) (Table 2). The explanatory variables were statistically
significant (log-likelihood = —311.67, likelihood ratio test = 10.80,

TABLE 1 Differences in the characteristics of early adopters and laggard farmers for promoting CAPS.

EAFs (n = 242)
x YD)

Variables

Description

t-test
(p-value)

Difference
mean

LFs (n = 239)
x SD

Outcome variables

Productivity 1 = if improved 0.92 0.28 0.87 0.34 0.05 0.09%
Family income 1 = if improved 0.91 0.29 0.87 0.34 0.04 0.17"
Food security 1 = if improved 0.92 0.28 0.86 0.35 0.06 0.03%%*
Explanatory variables
Demographic characteristics
Gender 1 = if male 0.53 0.50 0.38 0.49 0.15 0.00%**
Age Age of household (years
49.64 12.11 44.97 13.86 0.00°%**
old) 4.67
Marital status 1 =if single 1.26 0.82 1.26 0.79 0.00 0.91™
Education level Formal grade of education 2.40 0.85 2.49 0.93 —0.09 0.27"
Socioeconomic characteristics
Field numbers Number of field (s) 2.42 141 2.08 0.95 0.34 0.00%**
Soil fertility 1 =if good 0.63 0.49 0.64 0.48 —0.01 0.78™
Main crops Type of main crops
Rice 1 = if rice is the main crop 0.21 0.41 0.22 0.41 —0.01 0.50"™
Cassava 1 = if cassava is the main
0.09 0.29 0.10 0.30 0.77%
crop —0.01
Maize 1 = if maize is the main crop 0.01 0.09 0.02 0.13 —0.01 0.72"
Distance to markets Distance to the nearest
17.83 10.47 18.75 10.22 0.33™
markets (km) -0.92
Distance to the Distance to the extension
17.70 10.40 18.68 10.23 0.30™
extension office office (km) -0.98
Off-farm income 1 = if the farmer has 0.70 0.46 0.62 0.49 0.08 0.05%*

*,#% and *** Indicate significance at 10% (p < 0.10), 5% (p < 0.05), and 1% (p < 0.01) levels, respectively; SD, Standard deviation; ns, Not significant (p > 0.10); #, Number of observations;

EAFs, Early adopter farmers, LFs, Laggard farmers.
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p <0.01) (Table 3). The estimated coefficients and marginal effects of
the probit model suggest that four variables were statistically
significant at the 5% (p < 0.05) and 1% (p < 0.01) levels in influencing
the probability of the CAPS adoption and transfer. This research
revealed that the positive factors influencing the adoption and transfer
of CAPS include gender, age, field numbers, and oft-farm income
(Table 3).

Gender was positively and significantly associated with the
likelihood of adopting and transferring CAPS (p < 0.05). Male farmers
were more likely than female farmers to adopt and transfer CAPS,
holding other factors constant. The marginal effect of gender indicated
that being a male farmer increased the probability of by 11% compared
to being a female farmer. Age was also positively and significantly
associated with an increased likelihood of CAPS adoption and transfer
(p <0.01). The marginal effect of farmers’ age showed that each
additional year increased the probability of the CAPS adoption and
transfer by 1%. The field numbers by farmers had a positive and
significant effect on the likelihood of the CAPS adoption and transfer
(p < 0.01). The marginal impact suggested that farmers with more
fields were 6% more likely to adopt and transfer CAPS than those with
fewer fields. Off-farm income was positively and significantly
associated with an increased likelihood of adoption and transfer
(p < 0.01). The marginal effect revealed that farmers with off-farm
income were 13% more likely to adopt CAPS.

10.3389/fsufs.2025.1568363

4.3 Impact evaluation for CAPS adoption

PSM was used to evaluate how CAPS impacted livelihood outcome
changes, including improved productivity, family income, and food
security resulting from CAPS adoption. Matching methods, including
NNM, KBM, and CM, were used to generate sample EAF and LF
groups. ATT estimation for all three matching algorithms illustrates the
impact of adopting CAPS on productivity, family income, and food
security. PSM and regional support for two groups, the treatment
group or EAFs and the control group or LFs, are displayed in Figure 3.
Common support refers to the overlap in propensity score distributions
between the treatment and control groups and is typically assessed
through visual inspection (Figure 3). This overlap ensures group
comparability. Additionally, the propensity scores should exhibit
similar distributions to achieve covariate balance (Garrido et al., 2014;
Staffa and Zurakowski, 2018). Common support illustrated that before
matching (unadjusted sample), there was a significant difference in the
probability of propensity values between EAFs and LFs, which could
lead to biased estimation results (Figure 3). Conversely, after matching
(adjusted sample), the two groups’ probability distribution values were
very similar, demonstrating an effective matching process and a
successful common support test.

CAPS adoption increased productivity in the treatment group by
430 compared with 52 in the control group, family income by 428 versus

TABLE 2 Selection of the model goodness-of-fit for regression, probit, and logit models in propensity score matching.

Explanatory Model 1 Model 2 Model 3
variables .. o .
Coefficient p-value Coefficient p-value Coefficient

Gender 0.11%%* 0.05 0.02 0.30%* 0.13 0.02 0.49%%* 0.21 0.02
Age 0.017%** 0.00 0.00 0.027%%* 0.00 0.00 0.037%%* 0.01 0.00
Marital status —0.01 0.03 0.72 —-0.03 0.08 0.71 —0.05 0.12 0.70
Education level —0.02 0.03 0.57 —0.04 0.07 0.59 —0.07 0.12 0.58
Field numbers 0.06%** 0.02 0.00 0.17%#%* 0.05 0.00 0.277%#%* 0.09 0.00
Soil fertility —0.01 0.05 0.79 —0.03 0.12 0.80 —0.05 0.20 0.79
Rice is the main

0.04 0.10 0.66 0.10 0.25 0.68 0.17 0.41 0.69
crop
Cassava is the main

0.05 0.10 0.64 0.12 0.27 0.64 0.19 0.44 0.66
crop
Maize is the main

0.05 0.12 0.65 0.14 0.31 0.66 0.22 0.50 0.67
crop
Distance to markets —0.00 0.01 0.87 —0.00 0.04 0.88 —0.00 0.06 0.89
Distance to the

—0.00 0.01 0.96 —0.00 0.04 0.93 —0.00 0.06 0.95
extension office
Off-farm income 0.13%#* 0.05 0.00 0.36%** 0.13 0.00 0.58%# 0.21 0.00
Constant —-0.03 0.19 0.88 — 1.44%%% 0.50 0.00 — 2.32%%* 0.82 0.00
Number of

481 481 481
observations (n)
R 0.09
AIC 683.1 649.35 649.63
BIC 741.57 703.64 703.92
Pseudo-R? 0.12 0.11

R?, Coefficient of determination; AIC, Akaike information coefficient; BIC, Bayesian information criterion; Pseudo-R* = Nonlinear determinative coefficient; Model 1 = Regression model;
Model 2 = Probit model; Model 3 = Logit model; ** and *** Indicate significance at 5% (p < 0.05) and 1% (p < 0.01) levels, respectively; SE, Standard error.
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TABLE 3 Estimated factors influencing adoption and transfer among early adopter farmers for promoting CAPS.

Explanatory Coefficient of variation Marginal effects

variabies Coefficient SE z values p-value Coefficient 3 FAEE

Gender 0.30%* 0.13 2.32 0.02 0.11%* 0.05 2.36 0.02
Age 0.027%%* 0.00 347 0.00 0.01%%* 0.00 3.61 0.00
Marital status -0.03 0.08 -0.37 0.71 —0.01 0.03 -0.37 0.72
Education level —0.04 0.07 —0.54 0.59 —0.02 0.03 —-0.55 0.57
Field numbers 0.17%%* 0.05 3.19 0.00 0.06%%* 0.02 3.30 0.00
Soil fertility —0.03 0.12 -0.25 0.80 —0.01 0.05 —0.25 0.79
Rice is the main crop 0.10 0.25 0.41 0.68 0.04 0.09 0.41 0.66
Cassava is the main 0.12 0.27 0.46 0.05 0.10 0.46

crop 0.64 0.64
Maize is the main crop 0.14 0.31 0.44 0.66 0.05 0.12 0.44 0.65
Distance to markets —0.00 0.04 —0.14 0.88 —0.00 0.01 —0.14 0.87
Distance to the —0.00 0.04 —0.08 —0.00 0.01 —0.08

extension office 0% 0.96
Off-farm income 0.36%#* 0.13 2.76 0.00 0.13%%#5% 0.05 2.83 0.00
Constant —1.44%%% 0.50 —2.87 0.00

Log-likelihood —311.67

Likelihood ratio test: 10.80

7 (13)

Number of 481

observations (1)

*## and ***Indicate significance at 5% (p < 0.05) and 1% (p < 0.01) levels, respectively; SE, Sta

ndard error.
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1
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FIGURE 3
Displays of the propensity score distribution and common support of the

0.25 0.50 0.75

unadjusted sample between the treatment or early adopter farmers (EAFs)

and control or laggard farmers (LFs) groups for propensity score estimation. 1 = Early adopter farmers, O = Laggard farmers.

53 in the control group, and food security by 427 in the treatment group
compared with 54 in the control group (Table 4). Three matching
algorithms indicate that adopting CAPS significantly improves
productivity (95% CI: 0.87-0.92) and food security (95% CI: 0.86-0.92),
with significance at p < 0.10. Specifically, CAPS adoption improved

Frontiers in Sustainable Food Systems

productivity and food security by approximately 4% when NNM, KBM,
and CM were used. In other words, this implies that, on average, EAFs
have higher crop productivity than LFs (Table 4). These findings suggest
that when accounting for socioeconomic factors, randomly selected
EAFs are demonstrated to be 4% more likely to report improvements in
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TABLE 4 The average treatment effect on the treated to evaluate the impact of CAPS adoption via the propensity score matching.

Description Productivity Family income Food security

KBM NNM KBM NNM KBM
Treatment (EAFs) 0.89 0.89 0.89 0.96 0.89 0.89 0.89 0.89 0.89
Control (LFs) 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Difference, ATT 0.04* 0.04* 0.04* 0.11 0.04 0.04 0.04* 0.04* 0.04*
SE 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
p value 0.09 0.09 0.09 0.13 0.13 0.13 0.05 0.05 0.05
Number of observations (n)
Treatment (EAFs) 430 430 430 428 428 428 427 427 427
Control (LFs) 51 51 51 53 53 53 54 54 54
Common support (n)
Treatment (EAFs) 430 430 430 428 428 428 427 427 427
Control (LFs) 52 52 52 53 53 53 54 54 54

*Indicates significance at 10% (p < 0.10) level, respectively; SE, Standard error; EAFs, Early adopter farmers; LFs, Laggard farmers; ATT, Average treatment effect on the treated; NNM, Nearest
Neighbor Matching; KBM, Kernel-Based Matching; CM, Caliper Matching. The confidence intervals (CIs) were as follows: productivity (95% CI: 0.87-0.92), family income (95% CI: 0.86-

0.91), and food security (95% CI: 0.86-0.92).

food security than LFs. The standardized mean difference (sometimes
referred to as Cohen’s d) represents an effect size that indicates the
strength of the relationship between variables or the difference between
before and after matching (Hedges, 2024). Effect sizes are commonly
categorized into three levels: small (Cohen’s d = 0.2), medium (Cohen’s
d =0.5), and large (Cohen’s d =0.8) (Cohen, 1988). In this study,
we observed a small effect size in the standardized mean difference
between the treatment and control groups. Gender, age, and field
numbers were minimized before matching (p < 0.01), whereas all
variables with nonsignificant differences (p > 0.10) were matched
(Table 5 and Figure 2). Before matching, the average score of off-farm
income was significantly different (p < 0.10), but after matching, the
average score was the same (Table 5).

4.4 Mechanisms for promoting CAPS in an
agricultural extension model

This study utilized data from 239 observations of LFs to identify
potential agricultural information sources and extension methods.
The number of respondents who are aware of and practice CAPS are
shown in Figures 4A,B. This research identified several reasons why
farmers who were aware of CAPS did not practice it (Figure 4C). The
reasons include limited access to CAPS inputs, limited labor, limited
time, family assets, and other factors. CAPS inputs have become a
major challenge, with 156 respondents (38%). Among the respondents,
21% (n = 86) identified labor as the main challenge, whereas 18%
(n =77) considered the time required for practicing to be a concern.
Other challenges to CAPS adoption included family assets and
additional factors such as a lack of information sources, technology
support, and access to resources, with 8% (n = 33) and 15% (n = 63)
of the respondents citing these issues, respectively.

4.4.1 Ranking agricultural information sources for
promoting CAPS

Kendall's W-test showed agreement among the information
sources, indicating that the rankings provided by the information
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sources were statistically significant [W-test = 0.14; y*(5) = 164.52;
p <0.01] (Table 6). The mean ranks for information sources were as
follows: relatives ranked the highest, followed by mass media, research,
NGOs, the government, and personal experience, with mean ranks
ranging from 2.70 to 4.32.

4.4.2 Ranking agricultural extension methods for
promoting CAPS

Kendall’s
agricultural extension method sources, indicating that the rankings

W-test showed respectable agreement among

provided by the agricultural extension methods were statistically
significant [W-test = 0.10; y*(5) = 114.67; p < 0.01] (Table 7). The
F2F
demonstration plots, farm or home visits, workshops or discussions,

mean ranks for extension methods were as follows:
local agricultural fairs, and office calls, with mean ranks ranging from
2.94 to 3.96.

4.4.3 Mechanisms for CAPS promotion activity in
an agricultural extension model

FGD and KII examined mechanisms for promoting CAPS: (1)
support mechanism, (2) transfer mechanism, (3) receiving mechanism,
and (4) adoption mechanism (Figure 5). These mechanisms are
correlated with CAPS promotion to improve productivity and food
security. Several quotes from FGDs and KIIs are shown below.

Key stakeholders and FGDs from the BTB and PHV provinces
stated the following:

“NGOs should support technical CAPS training to EAFs.
Information on CAPS, including details on the location, date,
goals, benefits, subsidies, incentives, and extensive training,
should be provided by NGOs. The government should share
relevant information with farmers interested in attending CAPS
training to aid in participant recruitment. Agricultural extension
methods should focus on F2F, demonstration plots, and local
training for transferring CAPS. Engaging farmers with NGOs is a
good way to promote CAPS; however, it also requires support

from the government”
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TABLE 5 Testing factors balancing check both mean before and after matching between the treatment and control groups to check matching quality

for PSM.
Explanatory Mean before match Mean after match
variabies LFs Difference LFs Difference t-test

(p-value)

Gender 0.53 0.38 0.15 0.00%** 0.53 0.56 —0.03 0.16™
Age 49.64 4497 4.67 0.00%** 49.65 49.96 —0.31 0.74
Marital status 1.26 1.26 0.00 0.99™ 1.26 1.28 —0.02 0.76™
Education level 240 2.49 —0.09 0.25™ 2.40 2.38 0.02 0.80™
Field numbers 242 2.08 0.34 0.00%** 242 2.44 —0.02 0.80™
Soil fertility 0.63 0.64 —0.01 0.78™ 0.63 0.58 0.05 0.28™
Rice is the main crop 0.64 0.62 0.02 0.50™ 0.64 0.61 0.03 0.45™
Cassava is the main crop 0.21 0.22 —0.01 0.77% 0.21 0.22 —0.01 0.72™
Maize is the main crop 0.09 0.10 —0.01 0.72™ 0.09 0.14 —0.05 0.10™
Distance to markets 17.83 18.75 —-0.92 0.33™ 17.83 18.50 —0.67 0.45"™
Distance to the extension 17.70 18.68 0.29™ 17.70 18.47 0.38™
office —0.98 -0.77
Off-farm income 0.70 0.62 0.08 0.05% 0.70 0.64 0.06 0.10™

EAFs, Early adopter farmers; LFs, Laggard farmers; * and *** Indicate significance at 10% (p < 0.10) and 1% (p < 0.01) levels, respectively; ns, No significance (p > 0.10).
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(A) Proportion of laggard farmer respondents aware of CAPS (n = 239); (B) proportion of laggard farmers practicing CAPS (n = 120); and (C) reasons for
farmers not practicing CAPS.
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TABLE 6 Agricultural information sources utilized by laggard farmers for
promoting CAPS.

10.3389/fsufs.2025.1568363

the benefits of CAPS with farmers in the community, whereas
NGOs should encourage EAFs to become farmer advisors by
providing technical and incentive support. We need to see the
results before accepting or rejecting new technology. Learning
from other farmers is the best mechanism for transferring new
technology. We will conduct training sessions with LFs to share
knowledge. Seeing is believing and learning by doing””

Agricultural Mean rank SD Ranking
information
sources
Relatives 2.70 0.98 Ist
Mass media 3.23 0.91 2nd
Research 3.36 0.82 3rd
NGOs 3.61 0.78 4th
Government 3.77 0.78 5th
Own experience 4.32 0.65 6th
Number of observations

239
(n)
Kendall's W-test 0.14%%*
Chi-square (y?) 164.52
Degree of freedom (df) 5

The ranking was 1-6, with 1 being the most significant in importance and 6 being the least
significant. The means were measured on a 5-point Likert scale (1 = Strongly disagree,

2 = Disagree, 3 = Moderate, 4 = Agree, 5 = Strongly agree); *** Indicates significance at 1%
(p <0.01) level, respectively; SD, Standard deviation.

TABLE 7 Agricultural extension methods used by laggard farmers for
promoting CAPS.

KIIs and FGDs in the BTB and PHV provinces confirmed
the following:

“The mechanisms to promote CAPS include the transfer mechanism
by using F2F and demonstrate plots. Demonstration plots are the
best way to learn about CAPS from EAFs. We would believe a farmer
in the commune if we saw the result during the harvest stage.
Farmers learn faster from each other through observation. The
problems preventing us from joining a CAPS include time
constraints and the required CAPS inputs. Learning from EAFs and
extension agents would be beneficial. We would trust a farmer’s
advisor if we saw the farmer’s results. Farmer advisors should
be provided incentives by NGOs and the government. Training
should be scheduled at convenient times for farmers. F2F should
be conducted because farmers learn easily from relatives in the local
area. The mechanism to promote CAPS from EAFs to LFs is to
increase the capacity of farmer advisors. Farmers” knowledge can
be impacted by technology adaptation. Adopting and transferring
CAPS will increase productivity by improving food security””

Agricultural Mean rank SD Ranking
extension
methods
Farmer-to-farmer (F2F) 2.94 0.95 st
Demonstration plots 3.19 0.80 2nd
Farm or home visits 3.38 0.82 3rd
Workshops or

4th
discussions 3.62 0.71
Local agriculture fairs 3.92 0.72 5th
Office calls 3.96 0.74 6th
Number of observations

239

(n)
Kendall’s W-test 0.10%#%*
Chi-square (y?) 114.67
Degree of freedom (df) 5

The ranking was 1-6, with 1 being the most significant in importance and 6 being the least
significant. The means were measured on a 5-point Likert scale (1 = Strongly disagree,

2 = Disagree, 3 = Moderate, 4 = Agree, 5 = Strongly agree); *** Indicates significance at 1%
(p <0.01) level, respectively; SD, Standard deviation.

Multiple key informants in the BTB and PHV provinces stated
the following:

“Incentives and subsidy support should be provided to promote
EAFs to become farmer advisors because this persuades them to
transfer CAPS to LFs in the community. Transferring CAPS from
EAFs to LFs should include benefits and incentives for farmer
advisors. When we understand the benefits of CAPS, we will
decide whether to adopt or reject it. The government should share
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5 Discussion

5.1 Factors influencing the adoption and
transfer of CAPS promotion

Several factors influence adoption and transfer, including gender,
age, number of fields, and off-farm income. Gender disparity in
adopting agricultural technologies affects productivity, with men
being more likely to adopt these innovations than women (Hirpa Tufa
etal, 2022). Gender positively and significantly influenced adoption
(p < 0.10). This finding is consistent with Ojo et al. (2023) and Ngaiwi
etal. (2023), who reported that gender impacts agricultural technology
interventions, with men being more willing to adopt technology.
Similar findings were highlighted by Manda et al. (2016) in rural
Zambia. This prediction supports an earlier study by Negera et al.
(2017) in Ethiopia, which shows that men manage agricultural
resources and are more likely to adopt agriculture practices that
require more resources. Focusing on gender to promote CAPS can
significantly accelerate adoption and influence farmer characteristics,
including productivity, family income, and food security.

This study revealed that the average age of farmers was
approximately 50 years old, which influenced their adoption and
transfer. Age had a significantly positive effect on the adoption and
transfer of CAPS. This result aligns with findings from Belay et al.
(2023) in southern Ethiopia and Mugandani and Mafongoya (2019)
in Zimbabwe. In another study, Simtowe et al. (2011) and Tufa et al.
(2023) noted that older farmers in Tanzania and southern Africa were
more inclined to adopt new technologies. However, these results
contrast with those of Ali and Erenstein (2017) in Pakistan, which
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suggest that younger farmers are more likely to adopt and experiment
with new technologies to enhance agricultural productivity. In
addition to age, field numbers play a fundamental role in adopting
agricultural technologies (Krishna et al., 2022).

Field numbers are related to farm size; i.e., if farmers have more
fields, they are likely to have larger farms, which allows them to
practice new technologies. As expected, this study demonstrated that
farmers’ field numbers were significantly positive factors in the CAPS
adoption and transfer. This result supports the findings of Gao et al.
(2020), who reported that having more field numbers positively affects
technology adoption. For example, large-scale farms are more likely
to adopt and transfer technology than smaller farms because they can
test the technology on a small part of their field before deciding to
implement it on a larger scale (Akudugu et al., 2023). Similar results
were reported by Kifle et al. (2022) in Ethiopia and Tufa et al. (2019)
in Malawi, supporting the present finding. According to Li et al.
(2020), farm size positively impacts adoption and transfer. In addition
to farmers’ demographic characteristics, socioeconomic factors such
as off-farm income are also crucial.

Oft-farm income is identified as a significant factor that directly
influences farmers’ decisions to adopt agricultural technology
(Nkhoma et al., 2017). This study also indicated that off-farm income
significantly influence on farmers’ decision-making regarding the
CAPS adoption and transfer. These results aligns with the findings of
Amankwah (2023) in rural Nigeria and Knowler and Bradshaw
(2007), who found that off-farm activities had a significantly positive
effect on technology adoption and transfer. Nevertheless, this result
was argued by Tambo and Mockshell (2018) in Sub-Saharan Africa
and Chichongue et al. (2020) in Mozambique. Off-farm employment
provides families with income. For example, smallholder farmers
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earning more money from off-farm employment find adopting easier
(Kifle et al., 2022; Tadesse and Ahmed, 2023). Farmers with off-farm
income were more likely to adopt new technologies, as this income
allowed them to pay for CAPS inputs such as agricultural machinery,
land preparation, cover crops, main crops, and harvest. Farmers’
demographic and socioeconomic characteristics, including gender,
age, field numbers, and oft-farm income, influence the adoption and
transfer of CAPS. These factors encourage farmers to adopt and
transfer CAPS, which improves productivity, family income, and food
security. Stakeholders should provide technology support via
appropriate extension methods, which would also increase the
number of farmers adopting and transferring CAPS.

5.2 Impact evaluation of CAPS adoption

CAPS adoption is essential in enhancing productivity as new
technologies are developed to address farmers’ problems (Hobbs
et al,, 2007). Productivity serves as a reliable measure of land
conditions, as it directly reflects variations in land quality and its
limitations, including the need to ensure optimal conditions for crop
growth from planting to harvest (FAO, 2024). This research showed
that EAFs who adopted CAPS had approximately 4% higher
productivity than LFs. This finding is consistent with Nkala et al.
(2011), who pointed out that technology adoption has a positive effect
on improving crop production in central Mozambique. Similarly, this
result is also consistent with several previous studies by Nkhoma et al.
(2017) in Zambia, Gebeyehu (2023) in southern Ethiopia, Mideksa
etal. (2023) in eastern Ethiopia, and Siziba et al. (2019) in Zimbabwe,
which showed that CAPS adoption improves crop productivity and
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food security because it enhances soil health, reduces input costs, and
increases water use efficiency—factors that contribute to yield
stability, long-term sustainability, and diversification of food
production. Enhancing agricultural productivity and profitability is
essential to meet the food security needs of smallholder farmers
(Asfaw et al., 2012; Miah et al., 2023; Mideksa et al., 2023).

Sometimes, CAPS adoption impacts crop productivity but does
not impact household income because the initial costs and investments
required for CAPS inputs such as agricultural machinery, land
preparation, cover crops, and harvesting the main crops necessitate
upfront funds from farmers (Sims and Kienzle, 2015). The investment
cost would typically be too steep, and the opportunity cost for the
available capital is significant. This present research revealed that
adopting CAPS did not affect family income. Results align with that
of Nkala etal. (2011) in central Mozambique. However, this contrasts
with the findings of Tambo and Mockshell (2018), who found that
CAPS adoption significantly enhances total family income in
Sub-Saharan Africa, as adoption of CAPS components in combination
is associated with greater income gains compared to when the
components are adopted in isolation.

Food security is defined as having an adequate and high-quality
food supply that ensures continuous nutritional wellbeing and meets
all physiological needs (FAO, 2006). Adoption of CAPS is crucial for
increasing crop production and positively impacts household
livelihoods by improving food security (Mango et al., 2017; Mgolozeli
etal,, 2020). This study revealed that EAFs improved food security by
approximately 4% compared with LFs. This result aligns with the
findings of Opoku-Acheampong et al. (2024), who discovered that
adopting CAPS practices significantly impacts household food
security levels in Ghana. Consistent with previous studies, including
those by Mideksa et al. (2023) in Ethiopia, Sileshi et al. (2019) in
eastern Ethiopia, Anghinoni et al. (2021) in central Brazil, and
Pradhan et al. (2018) in India. Similarly, Fentie and Beyene (2019)
stated that adopting new technology enhances yield productivity and
food security. The positive effects of adopting new technology
encourage more farmers to embrace these innovations, ultimately
improving family food security (Belay et al., 2023; Yang et al., 2023).

Agricultural technology adoption integrates decision-making
theory and the diffusion of innovations theory to explain why some
farmers adopt new technologies while others resist them (Ruzzante
etal., 2021). CAPS is a package that includes reducing soil disturbance,
adding organic materials to the soil, and diversifying crops (Hobbs
et al, 2007). This study demonstrated that EAFs who adopted CAPS
experienced a 4% improvement in productivity and food security
compared with LFs. This information would be valuable for
stakeholders in providing technology training to farmers interested in
practicing CAPS. The government should implement long-term
policy measures to support and promote the adoption of CAPS. The
agricultural extension model should be considered for technology
transfer to smallholder farmers, as it significantly impacts the adoption
of agricultural practices. This study evaluated the impact of CAPS
adoption during the short duration of the MK agricultural extension
model project, which may have influenced the number of farmers
adopting the practices. An evaluation conducted at the end of the
project would likely reveal a greater impact, exceeding 4%, in terms of
improving productivity and food security. Furthermore, after the
project concludes, family income is expected to be positively affected
by the CAPS adoption.
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5.3 Mechanisms for promoting CAPS in the
agricultural extension model

Agricultural extension methods improve the level of technology
adoption by farmers to a certain extent, with a partial spillover effect
promoting these technologies within the community (Gao et al,
2020). Agricultural information sources are essential in encouraging
farmers to adopt new technology because information is required to
make decisions (Caffaro et al., 2020). Problems of technology adoption
include a lack of access to inputs for CAPS, limited labor, limited time,
family assets, and other factors. This result is similar to the findings of
Bhan and Behera (2014) in India, which explored the challenges,
opportunities, and policy implications of conservation agriculture.

The labor demand associated with CAPS implementation is
significant, but labor needs are particularly critical during key times
in farm management and practices (Silva et al., 2023). For example,
limited time and labor can affect crop management and practices, as
delayed operations may lead to reduced crop productivity, impacting
food security (Silva et al., 2023). Prioritizing agricultural information
sources and extension methods would be valuable for promoting
CAPS. These methods impact the adoption of CAPS by improving
crop productivity and food security, especially for smallholder farmers.

5.3.1 Agricultural information sources for
promoting CAPS

Relatives were the highest-ranked potential information sources
for farmers as indicated in the present study. Asule et al. (2023) stated
that in the central highlands of Kenya, local information included
family members, friends, and neighbors, as farmers believed that
fellow farmers possessed valuable knowledge to share, particularly
regarding agricultural practices. In developing countries, local
information sources had a positive effect on providing information to
smallholder farmers, as reported in several studies by Lambrecht et al.
(2016) in the Republic of Congo, Ndimbwa et al. (2020) in Tanzania,
and Brown et al. (2018a) in Eastern and Southern Africa. Wani et al.
(2021) pointed out that farmers adopted new technologies, such as
increased crop improvement and family food security, by observing
the benefits to other farmers. This illustrates that “seeing is
believing”—farmers would trust in innovation if they witnessed its
success firsthand.

Mass media is also a powerful information source for farmers
because it provides accessible and easy-to-understand information
(Fan et al., 2022). This research presented that mass media was the
second most important information source. Wale and Mkuna (2023)
found that mass media sources include newspapers, magazines,
posters, and social media platforms—serve as important and timely
sources of information for the majority of farmers. Additionally,
media such as radio, television, and smartphones are effective
information sources, positively influencing adoption (Ben-Enukora
etal., 2023). Farmers can learn about new farming technologies and
their applications through radio and television, which act as
intermediaries (Das et al., 2021). These media sources are utilized in
information-sharing channels, which include formal channels such as
local officials, print media (i.e., newspapers), information and
communication technology (i.e., radio and mobile phones), and
national meteorological services (Friedman et al., 2023). Innovations
from agricultural research offer valuable information sources for
farmers (Alexander et al., 2020). This present study revealed that

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1568363
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Men et al.

research was the third most important information source. The
research referred to universities, institutes, and human resources for
agricultural research. Participatory research systems cannot
be effectively implemented if researchers are unable to communicate
properly with farmers (Brown et al., 2018b).

NGOs and agricultural extension agents play pivotal roles in
providing agricultural information sources to farmers and
encouraging their technology adoption. NGOs offered support
services such as information, input supply, technical training,
technology transfer, credit, and oversight of extension activities.
Farmers typically view these services as valuable and applicable to
their needs (Buadi et al., 2013). The present study showed that the
information source by NGOs ranked fourth. In developing countries,
NGOs are a potential source of information for small-scale farmers
(Tandi Lwoga et al., 2011). Promoting new technologies requires
engaging both the private sector and NGOs, which need government
support for information sharing (Nickens et al., 2023). Agricultural
extension agents are key government actors responsible for
transferring agricultural information sources to smallholder farmers.
The government is also a significant information source, ranking fifth
in importance. Agricultural extension agents need to provide essential
information to farmers and play a crucial role in technology transfer
and information dissemination (Lee et al., 2023; Ragasa, 2020).

Aligned with the initiative of the Royal Government of Cambodia,
the development of professional extension agents, particularly
commune agriculture officers, is expected to grow, as they serve as vital
links between farmers and essential agricultural information. Own
experience including conducting field trials and experiments on farms
and learning from past agricultural seasons (Garner, 2022; Phiri et al.,
2019) was a part of the information source for accepting or rejecting
new technologies. Own experience is the last rank of information
source. Models of the production process that incorporate knowledge
gained through experience are known as learning by doing in another
area of knowledge literature (Levitt et al., 2013; Nemet, 2012; Yang and
Shumway, 2020). The present research indicated that relatives were a
significant source of agricultural information, as most farmers in the
Cambodian context are more likely to adopt or learn new practices
from their relatives, including family members, friends, and neighbors.
The principle of ‘seeing is believing’ further supports the effectiveness
of using relatives as a channel for promoting new technologies.

5.3.2 Agricultural extension methods for
promoting CAPS

F2F complements formal agricultural extension methods by
helping disseminate agricultural technologies and enhancing farmers’
skills to improve production (Kiptot and Franzel, 2015). This study
highlighted that F2F ranked highest among extension methods for
delivering information to farmers. These results align with the findings
of Nakano et al. (2018) in Tanzania. Kansanga et al. (2021) and Nakano
etal. (2018) stated that farmer training is generally a more affordable
way to reach a variety of farmers in smallholder agricultural situations.
Dosso etal. (2023) pointed out that effective communication enhances
farmers’ adaptability and problem-solving skills. The F2F system is a
collaborative strategy (Martini et al., 2023) which offers several
benefits, including the widespread adoption through farmer training,
as it is a cost-effective and straightforward method for technology
transfer (Bourne et al., 2021; Nakano et al., 2018).

Demonstration plots are considered the most effective agricultural
extension method for promoting technology (Dhehibi et al., 20205
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Kuhl, 2020). In this present research, the average score for the
demonstration plots ranked second. This finding is consistent with the
results of Dhehibi et al. (2020) in Tunisia. These demonstration plots
are typically farmer-owned and farmer-managed, with support from
extension agents (Sseguya et al., 2021). Agricultural extension agents
are more likely to select experienced farmers as key organizers for
agricultural events, such as demonstration farms and field visits, to
facilitate knowledge sharing with other farmers in their communities
(Gido et al., 2015; Lee et al,, 2023). This method requires substantial
financial resources but results in improved outcomes; i.e., the
demonstration plot approach has delivered significant benefits to
smallholder farmers, such as improved decision-making and
marketing skills, contributing to increased profits (Parven et al., 2023).
Extension access ratings for technology transfer methods and
adoption were positively correlated with the number of agricultural
commodities, extension agents, demonstration plots, and farm or
home visits (Lee et al., 2023). The mean score for farm or home visits
ranked third among agricultural extension methods, followed by
workshops or discussions, local agricultural fairs, and office calls.
Agricultural extension agents either visit farms to address regular
farming activities or to deliver timely agricultural messages (Tegene
et al., 2023). Farm or home visits are valuable for smallholder farmers
facing challenges with agricultural practices, as they provide an
opportunity to discuss these issues directly with agricultural extension
agents, who can then share their expertise to improve agricultural
outcomes. In contrast, workshops or discussions and local agriculture
fairs are considered one component of agricultural extension methods,
allowing smallholder farmers to learn new information through
knowledge sharing sessions organized by agricultural extension agents.
The increasing adoption of smartphones offers the possibility of
turning traditional extension services into digital extension services
(Abebe, 2023). Phone calls are agricultural extension methods in
which smallholders receive information quickly from the agricultural
extension agents. Smallholder farmers were not interested in the
phone call approach because they found it difficult to explain their
field problems to experts over the phone. This approach may prove
useful for solving problems for small-scale farmers in the future.
Technology transfer and adoption methods in agricultural extension
methods, such as F2F, demonstration plots, farm or home visits,
workshops or discussions, local agriculture fairs, and phone calls,
would be valuable for smallholder farmers. Among agricultural
extension methods, F2F has become an extension method for
transferring CAPS to laggard or smallholder farmer in Cambodia. To
effectively promote CAPS, it is important to prioritize the F2F
methods to encourage technology adoption among farmers.

5.3.3 Mechanisms for promoting CAPS in an
agricultural extension model

Support mechanism actors, including the government and NGOs,
provide information and technical support to EAFs through training.
For example, governance actors provide information-sharing support
and NGOs provide technology support to farmers (Vignola et al.,
2013). NGOs support technical training and offer subsidies to EAFs,
whereas the government needs support for training in areas such as
disseminating information, selecting farmers, inviting farmers, and
providing incentives to farmers. NGOs should coordinate with the
government by providing detailed information on training activities,
including the topic, objectives, location, date, participant selection
criteria, and associated benefits. This enables the government, through
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local authorities such as village chiefs, to appropriately identify and
invite eligible farmers to participate. NGOs should provide the
government with information for participant recruitment, such as the
training topic, goals, location, date, participant criteria, and benefits
of the training. This information impacts the quality of technology
transfer and adoption for promoting CAPS. Based on the information
provided by NGOs, the government would invite the participants for
information sharing. The government processed the paperwork to
invite participants and other relevant stakeholders for training. This
study revealed that subsidies and incentive support would be obtained
by collaborating with private sector actors to persuade EAFs to adopt
practices that enhance crop production and food security. NGOs
provide technical support to farmers on the training day, which is
supported by the government (Lukuyu et al., 2012). Farmers can
discuss their problems with the technical staff and learn through
hands-on experience such as F2F and demonstration plots.

The transfer mechanism is important in encouraging EAFs to
adopt CAPS and in facilitating its dissemination to LFs. Farmers who
are early adopters, frequently regarded as leaders in innovation,
constitute the initial quarter of adopters within the broader population
of potential users (Diederen et al., 2003). Face-to-face interviews
found several factors that influence EAFs in adopting CAPS, including
gender, age, field numbers, and off-farm income. These factors impact
adoption, which in turn affects productivity and food security. The
mechanism of EAFs engaging with information sharing serves as an
incentive or benefit to convey to farmers’ advisors. The purpose of
providing incentives is to develop farmer advisors for knowledge-
sharing or technology transfer. Incentives would be provided for the
efforts of EAFs to implement more efficient practices and new
technologies, and they would transfer this technology to LFs (Fisher
et al., 2018; Levidow et al., 2014). Kansiime et al. (2018) concluded
that incentives included higher yields, increased land productivity,
and labor savings. The farmers who attended the training observed all
the training processes and steps. The survey procedure highlighted
that agricultural information sources, such as relatives, NGOs, mass
media, research, and personal experience, were confirmed by EAFs.
The technology transfer methods included F2F, demonstration plots,
farm or home visits, workshops or discussions, local agriculture fairs,
and office calls for promoting CAPS. EAFs emphasized that farmer
training programs should serve as effective platforms for sharing
agricultural technologies and innovations.

The mechanisms of promoting CAPS are important. These
mechanisms need direct support from the transfer mechanism and
indirect support from the support mechanism. LFs are those who
either adopt new technologies with significant delay or do not adopt
them at all. This group can be categorized into two distinct segments:
late adopters and non-adopters. Late adopters eventually implement
an innovation but do not fall within the initial quarter of potential
adopters. In contrast, non-adopters are individuals who refrain from
adopting any new technologies (Diederen et al., 2003). LFs in this
study refer to those who did not participate in the MK agricultural
extension model project activities. Face-to-face interviews revealed
that while most of them were aware of CAPS (50% out of 120
respondents), 10% practiced it. Several factors, such as limited CAPS
inputs, time, labor, information, and family assets, were identified as
challenges for practicing CAPS. LFs receive information about
technology directly from EAFs, and they provide feedback to them.
The government also provides information support to LFs.
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Additionally, LFs receive agricultural information from various
sources such as relatives, mass media, research, NGOs, government,
and own experience.

The adoption mechanism is influenced by the support mechanism,
transfer mechanism, and receiving mechanism. Providing the right
extension methods would be valuable for promoting CAPS from EAFs
to LFs. The promotion requires the engagement of multiple actors,
including the government, NGOs, EAFs, and LFs, as their involvement
can impact agricultural outcomes such as productivity and food
security. Stakeholders of CAPS should recognize the value of
agricultural extension methods in promoting CAPS, which could lead
to an increase in the number of EAFs and, consequently, more
widespread CAPS adoption across Cambodia.

6 Conclusion

Key factors influencing adoption and transfer mechanisms for
CAPS include gender, age, field numbers, and off-farm income, which
demonstrate positive impacts. The results showed that early adopter
farmers who attended CAPS training experienced significantly
improved productivity (95% CI: 0.87-0.92) and food security (95%
CI: 0.86-0.92) compared to laggard farmers, with a 4% improvement.
The mechanisms of CAPS promotion include support, transfer,
receiving, and adoption mechanisms. These mechanisms involve
several primary actors: the government, NGOs, early adopter farmers,
and laggard farmers. The farmer-to-farmer approach emerged as the
most effective agricultural extension method for promoting CAPS,
followed by demonstration plots, farm or home visits, workshops or
discussions, local agriculture fairs, and office calls. Laggard farmers
primarily sourced agricultural information from relatives, mass
media, research, NGOs, the government, and their personal
experience. This study is constrained by small effect sizes and
limitation of only two provinces covered by the MK agricultural
extension model activities. Future studies should consider including
a broader and more diverse groups of farmers to strengthen scientific
evidence for promoting CAPS adoption in Cambodia. Additionally,
this current research only captures the impact on technology adoption
during the project implementation phase. Thus, longitudinal
assessment is needed to examine post-project effect, particularly
tracking evolving outcomes which could potentially affect
family income.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

The studies involving humans were approved by the Research
Ethics Committee of Kasetsart University, Thailand. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1568363
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Men et al.

Author contributions

PM: Conceptualization, Data curation, Formal analysis,
Methodology, Software, Supervision, Validation, Visualization,
Writing - original draft, Writing - review & editing, Project
administration. LH: Conceptualization, Funding acquisition,
Methodology, Project administration, Supervision, Validation,
Visualization, Writing - review & editing. PS: Methodology,
Supervision, Validation, Writing - review & editing. BM: Funding
acquisition, Methodology, Supervision, Validation, Writing — review
& editing. FK: Writing - review & editing. PP: Funding acquisition,
Writing - review & editing. RD: Conceptualization, Methodology,
administration, Software, Validation,

Project Supervision,

Visualization, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This research and partial
scholarship of the primary author was funded by the Center of
Excellence on Sustainable Agricultural Intensification and Nutrition
(CE SAIN) of the Royal University of Agriculture through the Feed
the Future Innovation Lab for Collaborative Research on Sustainable
Intensification at Kansas State University funded by the United States
Agency for International Development (USAID) under Cooperative
Agreement No. AID-OAA-L-14-00006. Another partial scholarship
is funded by the Southeast Asian Regional Center for Graduate Study
and Research in Agriculture (SEARCA).

Acknowledgments

The data collection of this research was supported by the
Department of Agricultural Land Resources Management, the

References

Abebe, A. (2023). Farmers’ willingness to pay for mobile phone-based agricultural
extension service in northern Ethiopia. Cogent Food Agric. 9:2260605. doi:
10.1080/23311932.2023.2260605

Achichi, C., Sennuga, S. O., Osho-Lagunju, B., and Alabuja, F. (2023). Effect of
farmers' socioeconomic characteristics on access to agricultural information in
Gwagwalada area council, Abuja. Disc. Agric. Food Sci. 10, 28-47. doi:
10.14738/dafs.105.14273

Adams, A., and Jumpah, E. T. (2021). Agricultural technologies adoption and
smallholder farmers’ welfare: evidence from northern Ghana. Cogent Econ. Finance
9:2006905. doi: 10.1080/23322039.2021.2006905

Aertsen, W, Kint, V., van Orshoven, J., Ozkan, K., and Muys, B. (2010). Comparison
and ranking of different modelling techniques for prediction of site index in
Mediterranean mountain forests. Ecol. Model. 221, 1119-1130. doi:
10.1016/j.ecolmodel.2010.01.007

Akter, S., Gathala, M. K., Timsina, J., Islam, S., Rahman, M., Hassan, M. K., et al.
(2021). Adoption of conservation agriculture-based tillage practices in the rice-
maize systems in Bangladesh. World Dev. Perspect. 21:100297. doi:
10.1016/j.wdp.2021.100297

Akudugu, M. A., Nkegbe, P. K., Wongnaa, C. A., and Millar, K. K. (2023). Technology
adoption behaviors of farmers during crises: what are the key factors to consider? J.
Agric. Food Res. 14:100694. doi: 10.1016/j.jafr.2023.100694

Alexander, K. S., Greenhalgh, G., Moglia, M., Thephavanh, M., Sinavong, P,, Larson, S.,
et al. (2020). What is technology adoption? Exploring the agricultural research value
chain for smallholder farmers in Lao PDR. Agric. Hum. Values 37, 17-32. doi:
10.1007/s10460-019-09957-8

Frontiers in Sustainable Food Systems

17

10.3389/fsufs.2025.1568363

General Directorate of Agriculture (GDA), the Ministry of
Agriculture, Forestry, and Fisheries (MAFF), and CE SAIN graduate
research assistants. Other appreciations are routed to Dr. Leangsrun
Chea, the CE SAIN Agricultural Technical Manager, for supporting
research activities logistics in the fields. Finally, the first author would
like to thank all the farmers who participated and shared their
thoughts and issues.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Author disclaimer

The contents are the sole responsibility of the authors and do not
necessarily reflect the views of USAID or the United States Government.

Ali, A., and Erenstein, O. (2017). Assessing farmer use of climate change adaptation
practices and impacts on food security and poverty in Pakistan. Clim. Risk Manag. 16,
183-194. doi: 10.1016/j.crm.2016.12.001

Amadi, A. (2023). Integration in a mixed-method case study of construction
phenomena: from data to theory. Eng. Constr. Archit. Manag. 30, 210-237. doi:
10.1108/ECAM-02-2021-0111

Amankwah, A. (2023). Climate variability, agricultural technologies adoption, and
productivity in rural Nigeria: a plot-level analysis. Agric. Food Secur. 12:7. doi:
10.1186/S40066-023-00411-X

Andersen, E. B. (1973). A goodness of fit test for the rasch model. Psychometrika 38,
123-140. doi: 10.1007/BF02291180

Anghinoni, G., Anghinoni, E B. G., Tormena, C. A., Braccini, A. L., de Carvalho
Mendes, 1., Zancanaro, L., et al. (2021). Conservation agriculture strengthen
sustainability of Brazilian grain production and food security. Land Use Policy
108:105591. doi: 10.1016/j.landusepol.2021.105591

Asfaw, S., Shiferaw, B., Simtowe, E, and Lipper, L. (2012). Impact of modern
agricultural technologies on smallholder welfare: evidence from Tanzania and Ethiopia.
Food Policy 37, 283-295. doi: 10.1016/j.foodpol.2012.02.013

Asule, P. A, Musafiri, C., Nyabuga, G., Kiai, W., Ngetich, F. K., and Spurk, C. (2023).
Determinants of simultaneous use of soil fertility information sources among
smallholder farmers in the central highlands of Kenya. Agriculture 13:1729. doi:
10.3390/agriculture13091729

Azumah, S. B., Donkoh, S. A., and Awuni, J. A. (2018). The perceived effectiveness of
agricultural technology transfer methods: evidence from rice farmers in northern
Ghana. Cogent Food Agric. 4:1503798. doi: 10.1080/23311932.2018.1503798

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1568363
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1080/23311932.2023.2260605
https://doi.org/10.14738/dafs.105.14273
https://doi.org/10.1080/23322039.2021.2006905
https://doi.org/10.1016/j.ecolmodel.2010.01.007
https://doi.org/10.1016/j.wdp.2021.100297
https://doi.org/10.1016/j.jafr.2023.100694
https://doi.org/10.1007/s10460-019-09957-8
https://doi.org/10.1016/j.crm.2016.12.001
https://doi.org/10.1108/ECAM-02-2021-0111
https://doi.org/10.1186/S40066-023-00411-X
https://doi.org/10.1007/BF02291180
https://doi.org/10.1016/j.landusepol.2021.105591
https://doi.org/10.1016/j.foodpol.2012.02.013
https://doi.org/10.3390/agriculture13091729
https://doi.org/10.1080/23311932.2018.1503798

Men et al.

Balana, B. B., and Oyeyemi, M. A. (2022). Agricultural credit constraints in
smallholder farming in developing countries: Evidence from Nigeria. World Dev. Sust.
1:100012. doi: 10.1016/j.wds.2022.100012

Becerril, J., and Abdulai, A. (2010). The impact of improved maize varieties on poverty
in Mexico: a propensity score-matching approach. World Dev. 38, 1024-1035. doi:
10.1016/j.worlddev.2009.11.017

Belay, A., Mirzabaev, A., Recha, . W,, Oludhe, C., Osano, P. M., Berhane, Z., et al.
(2023). Does climate-smart agriculture improve household income and food security?
Evidence from southern Ethiopia. Environ. Dev. Sustain. 26, 16711-16738. doi:
10.1007/S10668-023-03307-9

Ben-Enukora, C. A, Ejem, A. A,, Aremu, C. O., Adeyeye, B. K., and Oloruntoba, A. F.
(2023). Access to dry season agricultural content in the broadcast media and dry season
irrigation farming among smallholder farmers in Nigeria. Agriculture 13:1139. doi:
10.3390/agriculture13061139

Berha, A. N. (2022). Does exposure to weather variability deter the use of productivity-
enhancing agricultural technology? Evidence from Ethiopia. World Food Policy 8,
85-117. doi: 10.1002/wfp2.12037

Bhan, S., and Behera, U. K. (2014). Conservation agriculture in India - problems,
prospects and policy issues. Int. Soil Water Conserv. Res. 2, 1-12. doi:
10.1016/52095-6339(15)30053-8

Bjornlund, H., Zuo, A., Wheeler, S. A., Parry, K., Pittock, J., Mdemu, M., et al. (2019).
The dynamics of the relationship between household decision-making and farm
household income in small-scale irrigation schemes in southern Africa. Agric. Water
Manag. 213, 135-145. doi: 10.1016/j.agwat.2018.10.002

Bourne, M., de Bruyn, L. L., and Prior, J. (2021). Participatory versus traditional
agricultural advisory models for training farmers in conservation agriculture: a comparative
analysis from Kenya. J. Agric. Educ. Ext. 27, 153-174. doi: 10.1080/1389224X.2020.1828113

Bozdogan, H. (1987). Model selection and Akaike's information criterion (AIC): the
general theory and its analytical extensions. Psychometrika 52, 345-370. doi:
10.1007/BF02294361

Breen, R., Karlson, K. B., and Holm, A. (2018). Interpreting and understanding logits,
probits, and other nonlinear probability models. Annu. Rev. Sociol. 44, 39-54. doi:
10.1146/annurev-soc-073117-041429

Brown, B., Llewellyn, R., and Nuberg, I. (2018a). Global learnings to inform the local
adaptation of conservation agriculture in eastern and southern Africa. Glob. Food Secur.
17, 213-220. doi: 10.1016/j.gfs.2017.10.002

Brown, B., Nuberg, I, and Llewellyn, R. (2018b). Research capacity for local
innovation: the case of conservation agriculture in Ethiopia, Malawi and Mozambique.
J. Agric. Educ. Ext. 24, 249-262. doi: 10.1080/1389224X.2018.1439758

Buadi, D. K., Anaman, K. A,, and Kwarteng, J. A. (2013). Farmers’ perceptions of the
quality of extension services provided by non-governmental organisations in two
municipalities in the central region of Ghana. Agric. Syst. 120, 20-26. doi:
10.1016/j.agsy.2013.05.002

Caffaro, E, Micheletti Cremasco, M., Roccato, M., and Cavallo, E. (2020). Drivers of
farmers’ intention to adopt technological innovations in Italy: the role of information
sources, perceived usefulness, and perceived ease of use. J. Rural. Stud. 76, 264-271. doi:
10.1016/j.jrurstud.2020.044028

Cariappa, A. G. A., Mahida, D. P, Lal, P, and Chandel, B. S. (2021). Correlates and
impact of crop insurance in India: evidence from a nationally representative survey.
Agricultural Finance Review 81, 204-221. doi: 10.1108/AFR-03-2020-0034

Chalak, A, Irani, A., Chaaban, J., Bashour, L, Seyfert, K., Smoot, K., et al. (2017).
Farmers’ willingness to adopt conservation agriculture: new evidence from Lebanon.
Environ. Manag. 60, 693-704. doi: 10.1007/s00267-017-0904-6

Chatla, S. B., and Shmueli, G. (2017). An extensive examination of regression models
with a binary outcome variable. J. Assoc. Inf. Syst. 18:1. doi: 10.17705/1jais.00455

Chichongue, O,, Pelser, A., Tol, J. V., du Preez, C., and Ceronio, G. (2020). Factors
influencing the adoption of conservation agriculture practices among smallholder
farmers in Mozambique. Int. J. Agric. Ext. 7, 277-290. doi: 10.33687/ijae.007.03.3049

Chowdhury, A. H., Odame, H., and Leeuwis, C. (2014). Transforming the roles of a public
extension agency to strengthen innovation: lessons from the national agricultural extension
project in Bangladesh. J. Agric. Educ. Ext. 20:25. doi: 10.1080/1389224X.2013.803990

Cohen, J. (1988). The effect size. Statistical power analysis for the behavioral sciences.
Abingdon: Routledge, 77-83.

Cooreman, H., Debruyne, L., Vandenabeele, ]., and Marchand, E. (2021). Power to the
facilitated agricultural dialogue: an analysis of on-farm demonstrations as transformative
learning spaces. J. Agric. Educ. Ext. 27, 699-719. doi: 10.1080/1389224X.2021.1969958

D'Agostino, R. B. (1998). Propensity score methods for bias reduction in the comparison
of a treatment to a non-randomized control group. Stat. Med. 17, 2265-2281. doi:
10.1002/(SICI)1097-0258(19981015)17:19<2265::AID-SIM918>3.0.CO;2-B

D’Souza, A., and Mishra, A. K. (2018). Adoption and abandonment of partial
conservation technologies in developing economies: the case of South Asia. Land Use
Policy 70, 212-223. doi: 10.1016/j.Jandusepol.2017.10.015

Das, S., Ahmed, K., and Awal, M. (2021). The role of radio and television in the
dissemination of agricultural technologies among farmers of Bangladesh. Bangladesh J.
Agric. 22, 55-64. doi: 10.3329/bjagri.v46i1-6.59974

Frontiers in Sustainable Food Systems

10.3389/fsufs.2025.1568363

Davis, K., Nkonya, E., Kato, E., Mekonnen, D. A., Odendo, M., Miiro, R., et al. (2012).
Impact of farmer field schools on agricultural productivity and poverty in East Africa.
World Dev. 40, 402-413. doi: 10.1016/j.worlddev.2011.05.019

Dhehibi, B, Rudiger, U., Moyo, H. P, and Dhraief, M. Z. (2020). Agricultural
technology transfer preferences of smallholder farmers in Tunisia's arid regions. Sustain.
For. 12:421. doi: 10.3390/SU12010421

Diederen, P.,, Van Meijl, H., Wolters, A., and Bijak, K. (2003). Innovation adoption in
agriculture: innovators, early adopters and laggards. Cah. Econ. Sociol. Rurales 67, 29-50.
doi: 10.3406/reae.2003.1714

Dosso, E, Gouroubera, M. W, Idrissou, L., and Moumouni-Mousa, I. (2023). The
combination of extension approaches strengthens farmers’ innovativeness in sustainable land
management. Environ. Dev. Sustain. 26, 10043-10062. doi: 10.1007/s10668-023-03134-y

Drafor, I. (2016). Access to information for farm-level decision-making. J. Agric. Food
Inf. 17, 230-245. doi: 10.1080/10496505.2016.1213170

Fan, L, Ge, Y, and Niu, H. (2022). Effects of agricultural extension system on
promoting conservation agriculture in Shaanxi plain, China. J. Clean. Prod. 380:134896.
doi: 10.1016/j.jclepro.2022.134896

FAO (2006). Food security: policy brief. Rome: Food and agriculture Organization of
the United Nations.

FAO (2024). Sustainable agricultural mechanization. Rome: Food and agriculture
Organization of the United Nations.

FAO, MAFF, and CASIC (2022). Bottom-up solutions to promote conservation
agriculture in Cambodia — Results from a multistakeholder policy dialogue process.
Rome: FAO, MAFE, & CASIC.

Fentie, A., and Beyene, A. D. (2019). Climate-smart agricultural practices and welfare
of rural smallholders in Ethiopia: does planting method matter? Land Use Policy 85,
387-396. doi: 10.1016/j.landusepol.2019.04.020

Fidelugwuowo, U. B. (2021). Knowledge and skills for accessing agricultural
information by rural farmers in south-East Nigeria. IFLA J. 47, 119-128. doi:
10.1177/0340035220951837

Fisher, M., Holden, S. T., Thierfelder, C., and Katengeza, S. P. (2018). Awareness and
adoption of conservation agriculture in Malawi: what difference can farmer-to-farmer
extension make? Int. J. Agric. Sustain. 16,310-325. doi: 10.1080/14735903.2018.1472411

Foguesatto, C. R., Borges, J. A. R., and Machado, J. A. D. (2020). A review and some
reflections on farmers' adoption of sustainable agricultural practices worldwide. Sci.
Total Environ. 729:138831. doi: 10.1016/j.scitotenv.2020.138831

Friedman, R. S., Mackenzie, E., Sloan, T., and Sweaney, N. (2023). Networking for
gender equitable climate-smart agriculture. Clim. Dev. 15, 229-239. doi:
10.1080/17565529.2022.2076645

Gao, Y., Zhao, D,, Yu, L., and Yang, H. (2020). Influence of a new agricultural
technology extension mode on farmers' technology adoption behavior in China. J. Rural.
Stud. 76, 173-183. doi: 10.1016/j.jrurstud.2020.04.016

Garner, B. (2022). An ethnographic analysis of consumer information processing and
decision-making at farmers markets. J. Consum. Mark. 39, 66-77. doi:
10.1108/JCM-07-2020-3999

Garrido, M. M., Kelley, A. S., Paris, J., Roza, K., Meier, D. E., Morrison, R. S., et al.
(2014). Methods for constructing and assessing propensity scores. Health Serv. Res. 49,
1701-1720. doi: 10.1111/1475-6773.12182

Gebeyehu, T. A. (2023). Adoption and impacts of conservation agriculture on
smallholder farmers’ livelihoods in the case of Arba Minch Zuria district of southern
Ethiopia. Cogent Soc. Sci. 9:2235782. doi: 10.1080/23311886.2023.2235782

Geleta, S., Natcher, D., and Henry, C. J. (2023). The effect of information networks on
the scaling out of new agricultural technologies: the case of pulse variety adoption in
southern Ethiopia. J. Rural. Stud. 99, 153-166. doi: 10.1016/j.jrurstud.2023.02.012

Gido, E. O., Sibiko, K. W,, Ayuya, O. L, and Mwangi, J. K. (2015). Demand for
agricultural extension services among small-scale maize farmers: micro-level evidence
from Kenya. J. Agric. Educ. Ext. 21,177-192. doi: 10.1080/1389224X.2013.872045

Haile, N. Z., Huluka, A. T., and Beyene, A. B. (2024). Impacts of mining projects on
food security of households in Ethiopia: empirical evidence from Benishangul-Gumuz
region. Front. Sust. Food Syst. 8:1481827. doi: 10.3389/fsufs.2024.1481827

Han, G., and Niles, M. T. (2023). An adoption spectrum for sustainable agriculture
practices: a new framework applied to cover crop adoption. Agric. Syst. 212:103771. doi:
10.1016/j.agsy.2023.103771

Hausman, J. A., and Wise, D. A. (1978). A conditional probit model for qualitative
choice: discrete decisions recognizing interdependence and heterogeneous preferences.
Econometrica 46, 403-426. doi: 10.2307/1913909

Hedges, L. V. (2024). Interpretation of the standardized mean difference effect size
when distributions are not Normal or homoscedastic. Educ. Psychol. Meas. 85, 245-257.
doi: 10.1177/00131644241278928

Hemmert, G. A. J,, Schons, L. M., Wieseke, J., and Schimmelpfennig, H. (2018). Log-
likelihood-based pseudo-R2 in logistic regression: deriving sample-sensitive
benchmarks. Sociol. Methods Res. 47, 507-531. doi: 10.1177/0049124116638107

Hermans, T. D. G., Smith, H. E., Whitfield, S., Sallu, S. M., Recha, J., Dougill, A. J.,
et al. (2023). Role of the interaction space in shaping innovation for sustainable

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1568363
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1016/j.wds.2022.100012
https://doi.org/10.1016/j.worlddev.2009.11.017
https://doi.org/10.1007/S10668-023-03307-9
https://doi.org/10.3390/agriculture13061139
https://doi.org/10.1002/wfp2.12037
https://doi.org/10.1016/S2095-6339(15)30053-8
https://doi.org/10.1016/j.agwat.2018.10.002
https://doi.org/10.1080/1389224X.2020.1828113
https://doi.org/10.1007/BF02294361
https://doi.org/10.1146/annurev-soc-073117-041429
https://doi.org/10.1016/j.gfs.2017.10.002
https://doi.org/10.1080/1389224X.2018.1439758
https://doi.org/10.1016/j.agsy.2013.05.002
https://doi.org/10.1016/j.jrurstud.2020.04.028
https://doi.org/10.1108/AFR-03-2020-0034
https://doi.org/10.1007/s00267-017-0904-6
https://doi.org/10.17705/1jais.00455
https://doi.org/10.33687/ijae.007.03.3049
https://doi.org/10.1080/1389224X.2013.803990
https://doi.org/10.1080/1389224X.2021.1969958
https://doi.org/10.1002/(SICI)1097-0258(19981015)17:19<2265::AID-SIM918>3.0.CO;2-B
https://doi.org/10.1016/j.landusepol.2017.10.015
https://doi.org/10.3329/bjagri.v46i1-6.59974
https://doi.org/10.1016/j.worlddev.2011.05.019
https://doi.org/10.3390/SU12010421
https://doi.org/10.3406/reae.2003.1714
https://doi.org/10.1007/s10668-023-03134-y
https://doi.org/10.1080/10496505.2016.1213170
https://doi.org/10.1016/j.jclepro.2022.134896
https://doi.org/10.1016/j.landusepol.2019.04.020
https://doi.org/10.1177/0340035220951837
https://doi.org/10.1080/14735903.2018.1472411
https://doi.org/10.1016/j.scitotenv.2020.138831
https://doi.org/10.1080/17565529.2022.2076645
https://doi.org/10.1016/j.jrurstud.2020.04.016
https://doi.org/10.1108/JCM-07-2020-3999
https://doi.org/10.1111/1475-6773.12182
https://doi.org/10.1080/23311886.2023.2235782
https://doi.org/10.1016/j.jrurstud.2023.02.012
https://doi.org/10.1080/1389224X.2013.872045
https://doi.org/10.3389/fsufs.2024.1481827
https://doi.org/10.1016/j.agsy.2023.103771
https://doi.org/10.2307/1913909
https://doi.org/10.1177/00131644241278928
https://doi.org/10.1177/0049124116638107

Men et al.

agriculture: empirical insights from African case studies. J. Rural. Stud. 100:103012. doi:
10.1016/j.jrurstud.2023.103012

Hirpa Tufa, A., Alene, A. D., Cole, S. M., Manda, |, Feleke, S., Abdoulaye, T., et al.
(2022). Gender differences in technology adoption and agricultural productivity:
evidence from Malawi. World Dev. 159:106027. doi: 10.1016/j.worlddev.2022.106027

Hobbs, P. R., Sayre, K., and Gupta, R. (2007). The role of conservation agriculture in
sustainable agriculture. Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 363, 543-555. doi:
10.1098/rstb.2007.2169

Kansanga, M. M., Bezner Kerr, R., Lupafya, E., Dakishoni, L., and Luginaah, I. (2021).
Does participatory farmer-to-farmer training improve the adoption of sustainable land
management practices? Land Use Policy 108:105477. doi: 10.1016/j.landusepol.2021.105477

Kansiime, M. K., Watiti, J., McHana, A., Jumah, R., Musebe, R., and Rware, H. (2018).
Achieving scale of farmer reach with improved common bean technologies: the role of
village-based  advisors. ]  Agric. Educ. Extens. 24, 215-232. doi:
10.1080/1389224X.2018.1432495

Khainga, D. N., Marenya, P. P,, and da Luz Quinhentos, M. (2021). How much is
enough? How multi-season exposure to demonstrations affects the use of conservation
farming practices in Mozambique. Environ. Dev. Sustain. 23, 11067-11089. doi:
10.1007/s10668-020-01106-0

Kifle, T., Ayal, D. Y., and Mulugeta, M. (2022). Factors influencing farmers adoption
of climate smart agriculture to respond climate variability in Siyadebrina Wayu district,
central highland of Ethiopia. Clim. Serv. 26:100290. doi: 10.1016/j.cliser.2022.100290

Kiptot, E., and Franzel, S. (2015). Farmer-to-farmer extension: opportunities for
enhancing performance of volunteer farmer trainers in Kenya. Dev. Pract. 25, 503-517.
doi: 10.1080/09614524.2015.1029438

Knowler, D., and Bradshaw, B. (2007). Farmers adoption of conservation agriculture:
a review and synthesis of recent research. Food Policy 32, 25-48. doi:
10.1016/j.foodpol.2006.01.003

Kolapo, A., Didunyemi, A. J., Aniyi, O. J., and Obembe, O. E. (2022). Adoption of
multiple sustainable land management practices and its effects on productivity of
smallholder maize farmers in Nigeria. Resour. Environ. Sustain. 10:100084. doi:
10.1016/j.resenv.2022.100084

Kolapo, A., and Kolapo, A. J. (2023). Implementation of conservation agricultural
practices as an effective response to mitigate climate change impact and boost crop
productivity in Nigeria. J. Agric. Food Res. 12:100557. doi: 10.1016/j.jafr.2023.100557

Krishna, V. V,, Keil, A., Jain, M., Zhou, W, Jose, M., Surendran-Padmaja, S., et al.
(2022). Conservation agriculture benefits Indian farmers, but technology targeting
needed for greater impacts. Front. Agron. 4:772732. doi: 10.3389/fagro.2022.772732

Kuhl, L. (2020). Technology transfer and adoption for smallholder climate change
adaptation: opportunities and challenges. Clim. Dev. 12, 353-368. doi:
10.1080/17565529.2019.1630349

Lambrecht, I, Vanlauwe, B., and Maertens, M. (2016). Agricultural extension in
eastern Democratic Republic of Congo: does gender matter? Eur. Rev. Agric. Econ. 43,
841-874. doi: 10.1093/erae/jbv039

Lee, H. B., McNamara, P. E., and Ho, H. (2023). Road accessibility and agricultural
extension services in Malawi. Agric. Food Secur. 12:3. doi: 10.1186/s40066-023-00410-y

Levidow, L., Zaccaria, D., Maia, R., Vivas, E., Todorovic, M., and Scardigno, A. (2014).
Improving water-efficient irrigation: prospects and difficulties of innovative practices.
Agric. Water Manag. 146, 84-94. doi: 10.1016/j.agwat.2014.07.012

Levitt, S. D, List, J. A., and Syverson, C. (2013). Toward an understanding of learning
by doing: evidence from an automobile assembly plant. J. Polit. Econ. 121, 643-681. doi:
10.1086/671137

Li, H.,, Huang, D., Ma, Q., Qi, W,, and Li, H. (2020). Factors influencing the technology
adoption behaviours of litchi farmers in China. Sustain. For. 12:271. doi:
10.3390/5u12010271

Lukuyu, B., Place, E, Franzel, S., and Kiptot, E. (2012). Disseminating improved
practices: are volunteer farmer trainers effective? J. Agric. Educ. Ext. 18, 525-540. doi:
10.1080/1389224X.2012.707066

Magesa, M. M., Michael, K., and Ko, J. (2020). Access and use of agricultural market
information by smallholder farmers: measuring informational capabilities. Electron. J.
Inf. Syst. Dev. Count. 86:e12134. doi: 10.1002/isd2.12134

Maina, K. W, Ritho, C. N,, Lukuyu, B. A,, and Rao, E. J. O. (2020). Socio-economic
determinants and impact of adopting climate-smart Brachiaria grass among dairy farmers
in eastern and Western regions of Kenya. Heliyon 6:¢04335. doi: 10.1016/j.heliyon.2020.e04335

Manda, J., Alene, A. D., Gardebroek, C., Kassie, M., and Tembo, G. (2016). Adoption
and impacts of sustainable agricultural practices on maize yields and incomes: evidence
from rural Zambia. J. Agric. Econ. 67, 130-153. doi: 10.1111/1477-9552.12127

Mango, N,, Siziba, S., and Makate, C. (2017). The impact of adoption of conservation
agriculture on smallholder farmers’ food security in semi-arid zones of southern Africa.
Agric. Food Secur. 6:32. doi: 10.1186/s40066-017-0109-5

Martini, E., Pagella, T., Mollee, E., and van Noordwijk, M. (2023). Relational values
in locally adaptive farmer-to-farmer extension: how important? Curr. Opin. Environ.
Sustain. 65:101363. doi: 10.1016/j.cosust.2023.101363

McFadden, D. (1974). “Conditional logit analysis of qualitative choice behavior” in
Frontiers in econometrics. ed. P. Zarembka (New York, NY: Academic Press), 105-142.

Frontiers in Sustainable Food Systems

10.3389/fsufs.2025.1568363

Melaku, B. S., Sefereh, E. Y., Emunu, M. H., and Wassie, D. Y. (2024). Application of
communication strategies in the diffusion of agricultural innovations and technologies:
the case of Amhara regional agricultural research institute, Ethiopia. Cogent Soc. Sci.
10:2306704. doi: 10.1080/23311886.2024.2306704

Men, P, Hok, L., Seeniang, P., Middendorf, B. J., and Dokmaithes, R. (2024b).
Identifying credit accessibility mechanisms for conservation agriculture farmers in
Cambodia. Agriculture 14:917. doi: 10.3390/agriculture14060917

Men, P, Hok, L., Seeniang, P., Middendorf, J. B., Kuok, E, and Dokmaithes, R. (2024a).
Assessment of influencing factors and mechanisms to engage the private sector in
promoting conservation agriculture production systems in Cambodia. Int. J. Agric.
Sustain. 22:2399398. doi: 10.1080/14735903.2024.2399398

Mgolozeli, S., Nciizah, A. D., Wakindiki, I. I. C., and Mudau, F. N. (2020). Innovative
pro-smallholder farmers’ permanent mulch for better soil quality and food security
under conservation agriculture. Agronomy 10:605. doi: 10.3390/agronomy10040605

Miah, M. A. M., Bell, R. W,, Haque, E., Rahman, M. W,, Sarkar, M. A. R., and
Rashid, M. A. (2023). Conservation agriculture practices improve crop productivity and
farm profitability when adopted by Bangladeshi smallholders in the eastern Gangetic
plain. Outlook Agric. 52, 11-21. doi: 10.1177/00307270221150830

Mideksa, B., Muluken, G., and Eric, N. (2023). The impact of soil and water
conservation practices on food security in eastern Ethiopia. A propensity score
matching approach. Agric. Water Manag. 289:108510. doi: 10.1016/j.agwat.2023.108510

Miller, R. L. (2015). “Rogers' innovation diffusion theory (1962, 1995)” in Information
seeking behavior and technology adoption: Theories and trends. eds. I. Ajzen and M.
Fishbein (London: IGI Global Scientific Publishing), 261-274.

Mugandani, R., and Mafongoya, P. (2019). Behaviour of smallholder farmers towards
adoption of conservation agriculture in Zimbabwe. Soil Use Manag. 35, 561-575. doi:
10.1111/sum.12528

Mutyasira, V., Hoag, D., and Pendell, D. (2018). The adoption of sustainable
agricultural practices by smallholder farmers in Ethiopian highlands: an integrative
approach. Cogent Food Agric. 4:1552439. doi: 10.1080/23311932.2018.1552439

Mwololo, H., Nzuma, J., and Ritho, C. (2019). Do farmers' socio-economic
characteristics influence their preference for agricultural extension methods? Dev. Pract.
29, 844-853. doi: 10.1080/09614524.2019.1638344

Nakano, Y., Tsusaka, T. W,, Aida, T., and Pede, V. O. (2018). Is farmer-to-farmer
extension effective? The impact of training on technology adoption and rice farming
productivity in Tanzania. World Dev. 105, 336-351. doi:
10.1016/j.worlddev.2017.12.013

Ndimbwa, T., Mwantimwa, K., and Ndumbaro, E (2020). Channels used to deliver
agricultural information and knowledge to smallholder farmers. IFLA J. 47, 153-167.
doi: 10.1177/0340035220951828

Negera, M., Alemu, T., Hagos, E, and Heliyon, A. H. (2017). Determinants of adoption
of climate smart agricultural practices among farmers in bale-eco region, Ethiopia.
Heliyon 7:¢09824. doi: 10.1016/j.heliyon.2022.e09824

Nemet, G. E (2012). Subsidies for new technologies and knowledge spillovers from
learning by doing. J. Policy Anal. Manage. 31, 601-622. doi: 10.1002/pam.21643

Nesheim, I, Barkved, L., and Bharti, N. (2017). What is the role of agro-met
information services in farmer decision-making? Uptake and decision-making context
among farmers within three case study villages in Maharashtra, India. Agriculture 7:70.
doi: 10.3390/agriculture7080070

Ngombe, J. N., Kalinda, T. H., and Tembo, G. (2017). Does adoption of conservation
farming practices result in increased crop revenue? Evidence from Zambia. Agrekon 56,
205-221. doi: 10.1080/03031853.2017.1312467

Ngaiwi, M. E., Molua, E. L., Sonwa, D. J., Meliko, M. O., Bomdzele, E. J., Ayuk, J. E.,
etal. (2023). Do farmers’ socioeconomic status determine the adoption of conservation
agriculture? An empirical evidence from eastern and southern regions of Cameroon.
Sci. Afr. 19:e01498. doi: 10.1016/j.sciaf.2022.01498

Ngango, J., and Hong, S. (2021). Adoption of small-scale irrigation technologies and
its impact on land productivity: evidence from Rwanda. J. Integr. Agric. 20, 2302-2312.
doi: 10.1016/52095-3119(20)63417-7

Nickens, P,, Ader, D, Enriquez, J. P, Bates, R., Gill, T., Huot, S., et al. (2023). Where
do smallholder farmers get their information? An exploration of the sources of
agricultural information in Northwest Cambodia. J. Int. Agric. Ext. Educ. 30, 160-172.
doi: 10.4148/2831-5960.1143

Nkala, P., Mango, N., and Zikhali, P. (2011). Conservation agriculture and livelihoods
of smallholder farmers in Central Mozambique. J. Sustain. Agric. 35, 757-779. doi:
10.1080/10440046.2011.606492

Nkhoma, S., Kalinda, T., and Kuntashula, E. (2017). Adoption and impact of
conservation agriculture on smallholder farmers’ crop productivity and income in
Luapula Province, Zambia. J. Agric. Sci. 9, 168-181. doi: 10.5539/jas.v9n9p168

Norton, G. W,, and Alwang, J. (2020). Changes in agricultural extension and
implications for farmer adoption of new practices. Appl. Econ. Perspect. Policy 42, 8-20.
doi: 10.1002/aepp.13008

Nyirahabimana, H., Turinawe, A., Lederer, ]., Karungi, J., and Herrnegger, M. (2021).
What influences farmer’s adoption lag for soil and water conservation practices?
Evidence from Sio-Malaba Malakisi River basin of Kenya and Uganda borders.
Agronomy 11:1985. doi: 10.3390/agronomy11101985

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1568363
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1016/j.jrurstud.2023.103012
https://doi.org/10.1016/j.worlddev.2022.106027
https://doi.org/10.1098/rstb.2007.2169
https://doi.org/10.1016/j.landusepol.2021.105477
https://doi.org/10.1080/1389224X.2018.1432495
https://doi.org/10.1007/s10668-020-01106-0
https://doi.org/10.1016/j.cliser.2022.100290
https://doi.org/10.1080/09614524.2015.1029438
https://doi.org/10.1016/j.foodpol.2006.01.003
https://doi.org/10.1016/j.resenv.2022.100084
https://doi.org/10.1016/j.jafr.2023.100557
https://doi.org/10.3389/fagro.2022.772732
https://doi.org/10.1080/17565529.2019.1630349
https://doi.org/10.1093/erae/jbv039
https://doi.org/10.1186/s40066-023-00410-y
https://doi.org/10.1016/j.agwat.2014.07.012
https://doi.org/10.1086/671137
https://doi.org/10.3390/su12010271
https://doi.org/10.1080/1389224X.2012.707066
https://doi.org/10.1002/isd2.12134
https://doi.org/10.1016/j.heliyon.2020.e04335
https://doi.org/10.1111/1477-9552.12127
https://doi.org/10.1186/s40066-017-0109-5
https://doi.org/10.1016/j.cosust.2023.101363
https://doi.org/10.1080/23311886.2024.2306704
https://doi.org/10.3390/agriculture14060917
https://doi.org/10.1080/14735903.2024.2399398
https://doi.org/10.3390/agronomy10040605
https://doi.org/10.1177/00307270221150830
https://doi.org/10.1016/j.agwat.2023.108510
https://doi.org/10.1111/sum.12528
https://doi.org/10.1080/23311932.2018.1552439
https://doi.org/10.1080/09614524.2019.1638344
https://doi.org/10.1016/j.worlddev.2017.12.013
https://doi.org/10.1177/0340035220951828
https://doi.org/10.1016/j.heliyon.2022.e09824
https://doi.org/10.1002/pam.21643
https://doi.org/10.3390/agriculture7080070
https://doi.org/10.1080/03031853.2017.1312467
https://doi.org/10.1016/j.sciaf.2022.e01498
https://doi.org/10.1016/S2095-3119(20)63417-7
https://doi.org/10.4148/2831-5960.1143
https://doi.org/10.1080/10440046.2011.606492
https://doi.org/10.5539/jas.v9n9p168
https://doi.org/10.1002/aepp.13008
https://doi.org/10.3390/agronomy11101985

Men et al.

Ogunyiola, A., Gardezi, M., and Vij, S. (2022). Smallholder farmers’ engagement with
climate smart agriculture in Africa: role of local knowledge and upscaling. Clim. Pol. 22,
411-426. doi: 10.1080/14693062.2021.2023451

Ojo, T. O., Kassem, H. S., Ismail, H., and Adebayo, D. S. (2023). Level of adoption of
climate smart agriculture among smallholder rice farmers in Osun state: does financing
matter? Sci. Afr. 21:¢01859. doi: 10.1016/j.sciaf.2023.e01859

Opoku-Acheampong, K., Tham-Agyekum, E. K., Ankuyi, E, Okorley, E. L., Andivi
Bakang, J.-E., and Nimoh, F. (2024). Effect of adoption of conservation agriculture on
household food security of smallholder maize farmers in Ghana. Environ. Sustain. Indic.
23:100436. doi: 10.1016/j.indic.2024.100436

Parven, T., Afrad, M. S. I, Hasan, S. S., Sharmin, S., Habib, M. A., Nayak, S., et al.
(2023). Dealer-customer partnership in rice production demonstration: assessment of
private extension system in Bangladesh. ] Agric Food Res. 14:100752. doi:
10.1016/j.jafr.2023.100752

Phiri, A., Chipeta, G. T., and Chawinga, W. D. (2019). Information behaviour of rural
smallholder farmers in some selected developing countries: a literature review. Inf. Dev.
35, 831-838. doi: 10.1177/0266666918804861

Pradhan, A., Chan, C., Roul, P. K., Halbrendst, J., and Sipes, B. (2018). Potential of
conservation agriculture (CA) for climate change adaptation and food security under
rainfed uplands of India: a transdisciplinary approach. Agric. Syst. 163, 27-35. doi:
10.1016/j.agsy.2017.01.002

Ragasa, C. (2020). Effectiveness of the lead farmer approach in agricultural extension
service provision: nationally representative panel data analysis in Malawi. Land Use
Policy 99:104966. doi: 10.1016/j.landusepol.2020.104966

Ramappa, K. B., Jadhav, V., and Manjunatha, A. V. (2022). A benchmark study on
economic impact of neem coated urea on Indian agriculture. Sci. Rep. 12:9082. doi:
10.1038/5s41598-022-12708-1

Rastegari, H., Nooripoor, M., Sharifzadeh, M., and Petrescu, D. C. (2023). Drivers and
barriers in farmers’ adoption of vermicomposting as keys for sustainable agricultural waste
management. Int. J. Agric. Sustain. 21:2230826. doi: 10.1080/14735903.2023.2230826

Rogers, E. M. (1962). Bibliography on the diffusion of innovations. Department of
Communication, Michigan State University.

Ruzzante, S., Labarta, R., and Bilton, A. (2021). Adoption of agricultural technology
in the developing world: a meta-analysis of the empirical literature. World Dev.
146:105599. doi: 10.1016/j.worlddev.2021.105599

Salam, M. A., and Sarker, M. N. I. (2023). Impact of hybrid variety adoption on the
performance of rice farms in Bangladesh: a propensity score matching approach. World
Development Sustainability 2:100042. doi: 10.1016/j.wds.2023.100042

Sardar, A., Kiani, A. K., and Kuslu, Y. (2021). Does adoption of climate-smart
agriculture (CSA) practices improve farmers’ crop income? Assessing the determinants
and its impacts in Punjab province, Pakistan. Environ. Dev. Sustain. 23, 10119-10140.
doi: 10.1007/s10668-020-01049-6

Schwamborn, R., Mildenberger, T. K., and Taylor, M. H. (2019). Assessing sources of
uncertainty in length-based estimates of body growth in populations of fishes and
macroinvertebrates with bootstrapped ELEFAN. Ecol. Model. 393, 37-51. doi:
10.1016/j.ecolmodel.2018.12.001

Sileshi, M., Kadigi, R., Mutabazi, K., and Sieber, S. (2019). Impact of soil and water
conservation practices on household vulnerability to food insecurity in eastern Ethiopia:
endogenous switching regression and propensity score matching approach. Food Secur.
11, 797-815. doi: 10.1007/s12571-019-00943-w

Silva, E., Wezel, A., Stafford, C., Brives, J., Bosseler, N., Cecchinato, N., et al. (2023). Insights
into agroecological farming practice implementation by conservation-minded farmers in
North America. Front. Sustain. Food Syst. 7:1090690. doi: 10.3389/fsufs.2023.1090690

Sims, B., and Kienzle, J. (2015). Mechanization of conservation agriculture for
smallholders: issues and options for sustainable intensification. Environments 2,
139-166. doi: 10.3390/environments2020139

Simtowe, E, Kassie, M., Diagne, A., Asfaw, S., Shiferaw, B., Silim, S., et al. (2011).
Determinants of agricultural technology adoption: the case of improved pigeonpea
varieties in Tanzania. Q. J. Int. Agric. 50, 325-345. doi: 10.22004/ag.econ.155537

Singh, A., MacGowan, B., O'Donnell, M., Overstreet, B., Ulrich-Schad, J., Dunn, M.,
et al. (2018). The influence of demonstration sites and field days on adoption of
conservation practices. J. Soil Water Conserv. 73, 276-283. doi: 10.2489/jswc.73.3.276

Siziba, S., Nyikahadzoi, K., Makate, C., and Mango, N. (2019). Impact of conservation
agriculture on maize yield and food security: evidence from smallholder farmers in
Zimbabwe. Afr. . Agric. Resour. Econ. 14, 89-105. doi: 10.22004/ag.econ.301030

Sotamenou, J., and Parrot, L. (2013). Sustainable urban agriculture and the adoption
of composts in Cameroon. Int. J. Agric. Sustain. 11, 282-295. doi:
10.1080/14735903.2013.811858

Sousa, J., Rodrigues, P, and Basch, G. (2020). Social categories and agency within a
conservation agriculture framework in Laikipia, Kenya. Int. J. Agric. Sustain. 18,
554-566. doi: 10.1080/14735903.2020.1798179

Srimaneekarn, N., Hayter, A., Liu, W,, and Tantipoj, C. (2022). Binary response
analysis using logistic regression in dentistry. Int. J. Dentistry 2022, 5358602-5358607.
doi: 10.1155/2022/5358602

Sseguya, H., Robinson, D. S., Mwango, H. R., Flock, J. A, Manda, J., Abed, R., et al.
(2021). The impact of demonstration plots on improved agricultural input purchase in

Frontiers in Sustainable Food Systems

10.3389/fsufs.2025.1568363

Tanzania: implications for policy and practice. PLoS One 16:€0243896. doi:
10.1371/journal.pone.0243896

Staffa, S. J., and Zurakowski, D. (2018). Five steps to successfully implement and
evaluate propensity score matching in clinical research studies. Anesth. Analg. 127,
1066-1073. doi: 10.1213/ane.0000000000002787

Tadesse, B., and Ahmed, M. (2023). Impact of adoption of climate smart agricultural
practices to minimize production risk in Ethiopia: a systematic review. . Agric. Food Res.
13:100655. doi: 10.1016/j.jafr.2023.100655

Takahashi, K., Muraoka, R., and Otsuka, K. (2020). Technology adoption, impact, and
extension in developing countries’ agriculture: a review of the recent literature. Agric.
Econ. 51, 31-45. doi: 10.1111/agec.12539

Tambo, J. A., and Mockshell, J. (2018). Differential impacts of conservation agriculture
technology options on household income in sub-Saharan Africa. Ecol. Econ. 151,
95-105. doi: 10.1016/j.ecolecon.2018.05.005

Tandi Lwoga, E., Stilwell, C., and Ngulube, P. (2011). Access and use of agricultural
information and knowledge in Tanzania. Libr. Rev. 60, 383-395. doi:
10.1108/00242531111135263

Tegene, T., Wims, P, Gebeyehu, D., and Abo, T. (2023). Analysis of communication
approaches used in agricultural extension: case of Wolaita zone, southern Ethiopia. Local
Dev. Soc. 4, 348-369. doi: 10.1080/26883597.2023.2173635

Thierfelder, C., Chisui, J. L., Gama, M., Cheesman, S., Jere, Z. D., Trent
Bunderson, W,, et al. (2013). Maize-based conservation agriculture systems in Malawi:
long-term trends in productivity. Field Crop Res. 142, 47-57. doi:
10.1016/j.£cr.2012.11.010

Thiombiano, B. A., Le, Q. B., and Ouédraogo, D. (2023). The role of responsive
heterogeneity in sub-Saharan smallholder farming sustainability: socio-economic and
biophysical determinants of mineral and organic fertilizers used in South Western
Burkina Faso. Int. J. Agric. Sustain. 21:2219921. doi: 10.1080/14735903.2023.2219921

Thomas, M. K., Fontana, S., Reyes, M., Kehoe, M., and Pomati, E. (2018). The
predictability of a lake phytoplankton community, over time-scales of hours to years.
Ecol. Lett. 21, 619-628. doi: 10.1111/ele.12927

Topp, E., El Azhari, M., Cicek, H., Cheikh M’'Hamed, H., Dhraief, M. Z., El
Gharras, O., et al. (2023). Perceptions and sociocultural factors underlying adoption of
conservation agriculture in the Mediterranean. Agric. Hum. Values 41, 491-508. doi:
10.1007/s10460-023-10495-7

Tufa, A. H., Alene, A. D,, Manda, J., Akinwale, M. G., Chikoye, D., Feleke, S., et al. (2019).
The productivity and income effects of adoption of improved soybean varieties and
agronomic practices in Malawi. World Dev. 124:104631. doi: 10.1016/j.worlddev.2019.104631

Tufa, A. H., Kanyamuka, J. S., Alene, A., Ngoma, H., Marenya, P. P, Thierfelder, C.,
et al. (2023). Analysis of adoption of conservation agriculture practices in southern
Africa: mixed-methods approach. Front. Sustain. Food Syst. 7:1151876. doi:
10.3389/fsufs.2023.1151876

Valbuena, D., Erenstein, O., Homann-Kee Tui, S., Abdoulaye, T., Claessens, L.,
Duncan, A. J,, et al. (2012). Conservation agriculture in mixed crop-livestock systems:
scoping crop residue trade-offs in sub-Saharan Africa and South Asia. Field Crop Res.
132, 175-184. doi: 10.1016/j.fcr.2012.02.022

Vieira, A., Santos, B., and Picado-Santos, L. (2023). Modelling road work zone crashes’
nature and type of person involved using multinomial logistic regression. Sustain. For.
15:2674. doi: 10.3390/su15032674

Vignola, R., McDaniels, T. L., and Scholz, R. W. (2013). Governance structures for
ecosystem-based adaptation: using policy-network analysis to identify key organizations
for bridging information across scales and policy areas. Environ. Sci. Pol. 31, 71-84. doi:
10.1016/j.envsci.2013.03.004

Vrieze, S. 1. (2012). Model selection and psychological theory: a discussion of the
differences between the Akaike information criterion (AIC) and the Bayesian
information criterion (BIC). Psychol. Methods 17, 228-243. doi: 10.1037/a0027127

Wale, E., and Mkuna, E. (2023). Smallholder satisfaction with the quality of agricultural
information, and their preferences among the sources: empirical evidence from KwaZulu-
Natal, South Africa. J. Agric. Food Res. 14:100715. doi: 10.1016/j.jafr.2023.100715

Wall, P. C. (2007). Tailoring conservation agriculture to the needs of small farmers in
developing countries. J. Crop Improv. 19, 137-155. doi: 10.1300/J411v19n01_07

Wani, S. P, Sudi, R, and Pardhasardhi, G. (2021). “Scaling-up land and crop
management solutions for farmers through participatory integrated demonstrations
“seeing is believing” approach” in Scaling-up solutions for farmers: Technology,
partnerships and convergence. eds. S. P. Wani, K. V. Raju and T. Bhattacharyya (Cham:
Springer International Publishing), 149-203.

Ward, P. S,, Bell, A. R,, Droppelmann, K., and Benton, T. G. (2018). Early adoption of
conservation agriculture practices: understanding partial compliance in programs with
multiple adoption decisions. Land Use Policy 70, 27-37. doi: 10.1016/j.landusepol.2017.10.001

Wordofa, M. G., Hassen, J. Y., Endris, G. S., Aweke, C. S., Moges, D. K., and
Rorisa, D. T. (2021). Adoption of improved agricultural technology and its impact on
household income: a propensity score matching estimation in eastern Ethiopia. Agric.
Food Secur. 10:5. doi: 10.1186/s40066-020-00278-2

Wu, H., Cheung, E. S., and Leung, O. S. (2020). Simple use of BIC to assess model

selection uncertainty: an illustration using mediation and moderation models. Multivar.
Behav. Res. 55, 1-16. doi: 10.1080/00273171.2019.1574546

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1568363
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1080/14693062.2021.2023451
https://doi.org/10.1016/j.sciaf.2023.e01859
https://doi.org/10.1016/j.indic.2024.100436
https://doi.org/10.1016/j.jafr.2023.100752
https://doi.org/10.1177/0266666918804861
https://doi.org/10.1016/j.agsy.2017.01.002
https://doi.org/10.1016/j.landusepol.2020.104966
https://doi.org/10.1038/s41598-022-12708-1
https://doi.org/10.1080/14735903.2023.2230826
https://doi.org/10.1016/j.worlddev.2021.105599
https://doi.org/10.1016/j.wds.2023.100042
https://doi.org/10.1007/s10668-020-01049-6
https://doi.org/10.1016/j.ecolmodel.2018.12.001
https://doi.org/10.1007/s12571-019-00943-w
https://doi.org/10.3389/fsufs.2023.1090690
https://doi.org/10.3390/environments2020139
https://doi.org/10.22004/ag.econ.155537
https://doi.org/10.2489/jswc.73.3.276
https://doi.org/10.22004/ag.econ.301030
https://doi.org/10.1080/14735903.2013.811858
https://doi.org/10.1080/14735903.2020.1798179
https://doi.org/10.1155/2022/5358602
https://doi.org/10.1371/journal.pone.0243896
https://doi.org/10.1213/ane.0000000000002787
https://doi.org/10.1016/j.jafr.2023.100655
https://doi.org/10.1111/agec.12539
https://doi.org/10.1016/j.ecolecon.2018.05.005
https://doi.org/10.1108/00242531111135263
https://doi.org/10.1080/26883597.2023.2173635
https://doi.org/10.1016/j.fcr.2012.11.010
https://doi.org/10.1080/14735903.2023.2219921
https://doi.org/10.1111/ele.12927
https://doi.org/10.1007/s10460-023-10495-7
https://doi.org/10.1016/j.worlddev.2019.104631
https://doi.org/10.3389/fsufs.2023.1151876
https://doi.org/10.1016/j.fcr.2012.02.022
https://doi.org/10.3390/su15032674
https://doi.org/10.1016/j.envsci.2013.03.004
https://doi.org/10.1037/a0027127
https://doi.org/10.1016/j.jafr.2023.100715
https://doi.org/10.1300/J411v19n01_07
https://doi.org/10.1016/j.landusepol.2017.10.001
https://doi.org/10.1186/s40066-020-00278-2
https://doi.org/10.1080/00273171.2019.1574546

Men et al.

Yang, X., Deng, X., and Zhang, A. (2023). Does conservation tillage adoption
improve farmers’ agricultural income? A case study of the rice and fish co-cultivation
system in Jianghan plain, China. J. Rural. Stud. 103:103108. doi:
10.1016/j.jrurstud.2023.103108

Yang, S., and Shumway, C. R. (2020). Knowledge accumulation in US agriculture: research
and learning by doing. J. Prod. Anal. 54, 87-105. doi: 10.1007/s11123-020-00586-6

Frontiers in Sustainable Food Systems

21

10.3389/fsufs.2025.1568363

Yaseen, M., Xu, S., Yu, W,, and Hassan, S. (2016). Farmers’ access to agricultural
information sources: evidences from rural Pakistan. J. Agric. Chem. Environ. 5, 12-19.
doi: 10.4236/jacen.2016.51B003

Zeweld, W,, Huylenbroeck, G. V., Hidgot, A., Chandrakanth, M. G., and Speelman, S.
(2015). Adoption of small-scale irrigation and its livelihood impacts in northern
Ethiopia. Irrig. Drain. 64, 655-668. doi: 10.1002/ird.1938

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1568363
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1016/j.jrurstud.2023.103108
https://doi.org/10.1007/s11123-020-00586-6
https://doi.org/10.4236/jacen.2016.51B003
https://doi.org/10.1002/ird.1938

	Factors influencing the adoption and transfer mechanisms for conservation agriculture production systems from early adopters to laggards in Cambodia
	1 Introduction
	2 Empirical framework
	2.1 Literature background and model choice
	2.2 Conceptual framework and variables
	2.3 Empirical strategy and analytical techniques
	2.3.1 Model specification and variable selection
	2.3.2 Estimation of propensity score (probit regression model)
	2.3.3 Matching technique and treatment effect estimation (NNM, KBM, CM)

	3 Methodology
	3.1 Study areas and sample size
	3.2 Sampling technique and data collection
	3.2.1 Survey instrument
	3.2.2 Focus group discussions and key informant interviews
	3.2.3 Statistical analyses

	4 Results
	4.1 Summary statistics of farmer characteristics for promoting CAPS
	4.2 Factors influencing the adoption and transfer of CAPS
	4.3 Impact evaluation for CAPS adoption
	4.4 Mechanisms for promoting CAPS in an agricultural extension model
	4.4.1 Ranking agricultural information sources for promoting CAPS
	4.4.2 Ranking agricultural extension methods for promoting CAPS
	4.4.3 Mechanisms for CAPS promotion activity in an agricultural extension model

	5 Discussion
	5.1 Factors influencing the adoption and transfer of CAPS promotion
	5.2 Impact evaluation of CAPS adoption
	5.3 Mechanisms for promoting CAPS in the agricultural extension model
	5.3.1 Agricultural information sources for promoting CAPS
	5.3.2 Agricultural extension methods for promoting CAPS
	5.3.3 Mechanisms for promoting CAPS in an agricultural extension model

	6 Conclusion

	References

