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Abstract

Post-harvest loss significantly affects food security in sub-Saharan Africa (SSA) and elsewhere across developing coun-
tries. Weak institutional factors like ineffective agricultural extension services in rural communities can exacerbate
such problems among smallholder farmers in SSA and other developing countries. Therefore, international develop-
ment policies have prioritized strengthening rural extension systems to enhance access to effective extension services
and thereby enhance food security outcomes like ineffective agriculturalpost-harvest loss reduction among rural
households. As such, the US-Agency for International Development supported the Strengthening Agricultural and
Nutrition Extension program in Malawi from 2015 to 2021 to improve access to rural extension services by promot-

ing Agricultural Stakeholder Panels (ASPs)—platforms designed to enhance farmer interaction with local extension
agents in rural communities and thereby enhance improved access to quality extension services in rural areas. The
ASP approach can reduce post-harvest losses for major crops, such as maize. However, rigorous analyses of the effects
of ASPs on post-harvest loss reduction remain limited. To address this knowledge gap, we apply recursive bivariate
probit regression to primary survey data from 2134 households in Malawi to estimate the effects of the ASP approach
on post-harvest loss reduction in 2018. The results show that ASPs reduced post-harvest losses among households

by 53%, and a crucial outcome that can improve household food security. The result demonstrates that policies

that strengthen rural extension systems can contribute to the achievement of the Sustainable Development Goals

on hunger and food security in rural Malawi and similar contexts.
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Introduction

Post-harvest loss constitutes a major challenge in rural
communities across sub-Saharan Africa (SSA) and other
developing regions due to binding resource constraints
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and weak institutions such as agricultural extension' ser-
vices to help rural households adopt crucial technologies,
like post-harvest management practices like improved
storage and processing of crops [1-3]. To reduce such
constraints, therefore, many innovative agricultural poli-
cies are increasingly implemented to boost agricultural
extension services in rural communities in SSA. One
such approach is the use of Agricultural Stakeholder

! In this study, the terms extension, agricultural extension, agricultural and
nutritional extension, and rural extension services are used synonymously.
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Panels (ASPs)’>—extension governance platforms that
can enhance farmer voice and thereby improve efficient
delivery of agricultural and nutritional extension services
in rural areas of developing countries, such as Malawi [6].

In 2015, the US Agency for International Develop-
ment (USAID) in Malawi supported the Strengthening
Agricultural and Nutrition Extension (SANE) project—
a $10 million investment under its Feed the Future pro-
gram to establish new ASPs and strengthen existing ones
in the USAID Feed the Future Zone of Influence (ZOI)3
from 2015 to 2021. The ASP approach was a core strat-
egy in the SANE project and was implemented in the
USAID Feed the Future ZOI across Malawi. ASPs pro-
vide a forum for farmers to have vigorous discussions
about their priorities and how their lead farmers and
local extension agents can provide services to meet such
priorities [4]. As such, farmers and extension agents
can equally demand accountability from other farm-
ers regarding their implementation of the extension and
advisory services they receive. Moreover, ASPs serve as
a linkage between government representatives (such as
extension officers at the Ministry of Agriculture) and
other extension service providers in the private sector. In
so doing, ASPs can induce the adoption of Green Revolu-
tion technologies, such as improved seeds and fertilizers
[7-9], climate smart agriculture practices [10-12], and
sustainable land management practices, like agroforestry
[13, 14], as well as the adoption of post-harvest technolo-
gies. Thus, ASPs can invigorate the rural economy toward
food security [15, 16].

Post-harvest loss is a vital aspect of food security
through sustainable consumption or utilization in Malawi
[17-20]. A prior analysis shows that ASPs enhanced the
resilience of rural communities to climate related shocks
[4]. However, analyses of the effects of ASPs on crucial
outcomes like reduction of post-harvest losses for major
crops like maize remain lacking. Therefore, an important
question is, can ASPs reduce post-harvest loss among
rural households?

To answer this question, we apply recursive bivariate
probit (RBP) regression to survey data from 2,134 rural
households in 22 districts in Malawi in 2021 to estimate
the effects of the ASP approach on post-harvest loss
reduction in Malawi. The RBP model is a suitable ana-
lytical technique that estimates the effects of a binary

% Also known as Agricultural Stakeholder Platforms generally and our usage
here is different from that of “Area Stakeholder Panels” that are subsets of
Agricultural Stakeholder Platforms at Extension Planning Area levels across
districts [4, 5].

3 A list of districts with high level of food and nutrition insecurity com-
pounded by weak institutional factors like ineffective extension services.
They include Balaka, Blantyre, Chikwawa, Dedza, Lilongwe, Machinga,
Mangochi, Mchinji, Nsanje, Ntcheu.
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variable such as participation in a program like farmer
interaction with an ASP (measured as a binary outcome
(yes=1, 0 otherwise), on the effect of another binary out-
come such as reported experience of post-harvest losses
(yes=1, 0 otherwise). The RBP approach is a maximum
likelihood estimation technique that accounts for endo-
geneity arising from unobservable factors and selection
bias in impact assessment [21]. Other methods such as
ordinary probit regression and propensity score match-
ing (PSM) do not account for unobservable factors and
endogeneity, which can lead to bias estimates of the
effects of farmer interaction with ASPs on post-harvest
loss reduction. As such, the RBP approach has been used
extensively in similar studies across Malawi (e.g. [10, 11,
22]) and other developing countries (e.g., [23, 24]).

We posit that the ASP approach can enhance post-
harvest loss reduction in Malawi and elsewhere. A crucial
pathway through which ASPs can reduce post-harvest
losses among rural farmers is by inducing the adoption of
post-harvest management practices [25, 26].

This study contributes to the literature on agriculture
and food security by shedding lights on the role of the ASP
approach as an innovative extension system that can induce
food security outcomes such as post-harvest loss reduc-
tion, and thereby provide a pathway for rural transforma-
tion in SSA and elsewhere [27-30]. It also contributes to
international development policy by shedding light on the
effectiveness of the SANE project in enhancing the effec-
tive operations of ASPs in rural Malawi. Moreover, the study
contributes to agricultural extension by highlighting the ASP
approach as an exemplary rural extension system for achiev-
ing sustainable extension service delivery in rural areas of
developing countries like Malawi and similar contexts where
access to rural extension services remain lacking [31]. Fur-
thermore, this study contributes empirically by being among
the first set of studies to apply an RBP regression tech-
nique to analyze primary survey data on the ASP approach
as a demand-side extension system in rural Malawi. Most
prior studies on post-harvest loss reduction associated with
smallholder farmer interactions with extension agents in
rural contexts of developing countries do not account for
the endogeneity of farmer interaction and unobservable fac-
tors associated with crucial outcomes like post-harvest loss
reduction stemming from such interactions. Studies that
have utilized the RBP model in agricultural extension-related
programs do not focus on post-harvest loss reduction (e.g.,
[10, 24]). This study, therefore, can be useful in scaling up rig-
orous analyses of the effects ASPs and other conduits of rural
extension services in developing countries. Such analyses can
enhance an achievement of the Sustainable Development
Goals (SDGs) in Malawi and similar contexts elsewhere [27,
32-34].
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Agricultural stakeholder panels in Malawi

The ASP approach has been widely implemented in
Malawi to improve rural development through the pro-
vision of effective demand-driven and community-led
extension services in rural communities [4]. However,
there are diverse problems ranging from governance to
cost and lack of efficiency in their operations across dif-
ferent rural communities, which limits their effectiveness
in responding to farmer priorities [4, 6]. Thus, USAID
supported the SANE?* project to improve the function-
ality of ASPs in various areas of the country especially
across the USAID Feed the Future ZOL

An important objective of SANE was to provide tech-
nical assistance to improving the national extension
system in Malawi by strengthening the District Agricul-
tural Extension Services System (DAESS) of the Govern-
ment of Malawi to enhance effective extension services
through resource mobilization and better coordination
among service providers [4]. The SANE project empow-
ered the DAESS to deliver high-quality extension services
in rural communities using the ASP approach both as a
vehicle of efficient extension services and as a source of
mutual accountability between farmers and local exten-
sion workers.

SANE was operational in the USAID Feed the Future
ZOI in Malawi from 2015 to 2021 to enhance the opera-
tions of ASPs and thereby enhance their outreach to
smallholder farmers in the project area (Fig. 1). SANE
sought to improve the policy environment for efficient
agricultural and nutrition extension service delivery in
Malawi through activities led by various ASPs in col-
laboration with Ministry of Agriculture personnel. Prior
to SANE, many ASPs were not effectively meeting the
needs of the farmers. The SANE project sought to reverse
this trend by empowering ASPs to serve as effective plat-
forms, where the varying needs of farmers can be dis-
cussed through interactions with local extension agents
and experts while also meeting the needs of extension
workers by equipping them with vital training and feed-
back toward their effectiveness in their daily operations.
The operations of SANE aligned with the core princi-
ples of Malawi’s National Agricultural Extension Policy
through DAESS such as demand-driven and decentral-
ized extension services, accountability to stakeholders,
and sustainable resource management through a stake-
holder-driven framework.

Following Alvarez-Mingote et al. [4], this study opera-
tionalizes ASP functionality as the ability of an ASP to
effectively respond to the needs of their clientele in a

* The SANE project was implemented by the University of Illinois at
Urbana-Champaign in partnership with Catholic Relief Services (CRS) in
Malawi and Michigan State University.
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spirit of inclusivity, diversity, and equity. ASPs improve
the delivery of rural extension services in Malawi.
Accordingly, ASP functionality is measured in three
ways. First, the use of standard operating procedures
(SOPs) like adherence to regular meeting schedules, hav-
ing a well-prepared agenda for meetings, well-organ-
ized meetings, minutes for each meeting, and follow-up
action points and feedback for meetings. Second, inclu-
sive farmer representation in terms of small-scale farm-
ers comprising 50 percent of membership disaggregated
by gender and youths. And third, diversity of stakeholder
participation in meetings—in terms of local farmers,
state, and non-state actors as well as the private sector
[4].

Functional ASPs can facilitate robust stakeholder
engagement, enhance community participation and
expression of felt needs, and thereby ensure that service
providers can efficiently address such needs. They also
enhance accountability to farmers and their representa-
tives for extension service providers through the commu-
nication of feedback. Thus, the ASP framework considers
farmers and extension workers as consumers and pro-
viders, respectively, co-existing along a knowledge value
chain [4].

In this study, however, we implicitly assume that ASPs
were largely functional in the SANE area. Therefore,
although the terms “functional ASPs” or “functioning
ASPs” are used interchangeably throughout the paper,
the focus of analysis is not on ASP functionality per se,
but rather on the effects of the ASP approach on post-
harvest loss reduction in Malawi. The findings can be
potentially applicable in similar contexts elsewhere in
SSA and beyond.

Theoretical framework and expectations

The literature on agricultural extension has evolved in
diverse ways in the past several decades in terms of the vari-
ous approaches and principles of extension service delivery
[27, 35-38]. These approaches include (1) “top-down’, (2)
Training and Visit, (3) bottom-up or more participatory sys-
tem, and (4) one-to-one information exchange and advice
systems [39-41]. However, advances in agricultural exten-
sion have led to the concept of pluralistic extension systems
that emphasize a “best-fit” approach to extension delivery
across context, because the effectiveness of extension ser-
vices often vary across context [40, 42, 43]. Therefore, con-
text-specific extension service delivery is increasingly useful
in developing countries such as Malawi, where access to
extension services remain low [5, 31].

This study utilized several theoretical concepts such
as the diffusion of innovations [44], social learning—a
process or mechanism that can enhance the transfer of
knowledge and foster learning through social interaction
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Fig. 1 Map of the study area

across context [10, 45-47], the concept of learning by
doing [48, 49], as well as the theory of innovation systems
[50]. ASP functionality can enhance access to improved
extension services especially regarding quality nutri-
tional information for farmers [4, 6]. Functional ASPs can
enhance agricultural productivity and related outcomes
such as adoption of post-harvest management practices

that can reduce post-harvest loss among rural house-
holds. They do so by serving as conduits of crucial exten-
sion messages at the community level by linking local
farmers and extension agents with resources beyond the
immediate community, such as district level and national
actors in the supply chain. As such, ASPs can improve
extension services through a form of information cascade
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Explanatory
variables

Treatment
variable: Farmer
interaction with
ASPs

Outcome variable:
Post-harvest loss
reduction

Post-harvest loss reduction pathway

Fig. 2 Relationship between explanatory variables, agricultural stakeholder panels, and post-harvest loss reduction

wherein local extension agents can better interact with
farmers and thereby yield an indirect effect through
improved farmer attention to services and feedback from
their local extension agents.

Post-harvest loss prevention, like many development
priorities, is complex, and requires substantial knowl-
edge and training to enhance the transmission of crucial
information among smallholder farmers in the develop-
ing world [1, 2, 51-53]. Without adequate training and
information on post-harvest loss techniques such as
drying and appropriate storage, can reduce post-harvest
loss many food commodities are subject to post-harvest
losses [1, 2, 51, 52]. Thus, when farmers interact with
other farmers and local extension agents through func-
tioning ASPs in their communities, they can learn about
critical agricultural information such as those pertain-
ing to post harvest losses by improving their capacity to
understand the value and benefits of such practices. This,
in turn, can enable them to adopt better practices that
can reduce post-harvest losses as demonstrated by previ-
ous studies in similar contexts elsewhere in Malawi [54,
55] Kenya [12, 56], and Ghana [26].

Therefore, from the forgoing discussion, this study tests
the hypothesis that ASPs can significantly reduce post-
harvest losses among smallholder farmers in Malawi. As
discussed in this section, farmer interaction with exten-
sion agents associated with functional ASPs” can reduce
post-harvest losses in rural Malawi. For instance, by
enhancing farmer voice in the supply of critical agricul-
tural extension services in their communities [4, 57-59]
and through linkages with other stakeholders beyond
their immediate village [17, 60, 61].

Moreover, functional ASPs provide critical information
that can influence household adoption of post-harvest

® Throughout this paper, our reference to the effects of ASPs implicitly
refers to functional ASPs—i.e., those that demonstrate the three principles
of inclusivity, farmer representation, and standard operating procedures
(see [4]).

management practices, which can reduce post-harvest
losses at the household level [17, 20, 62] and other ben-
efits such as dietary diversity by helping farmers make
proper utilization of food crops [63—-66], and thereby
enhance the Sustainable Development Goals (SDGs) on
hunger and food security in such contexts.

Furthermore, interaction with functional ASPs can
enhance farmer voice, better collaboration, and improved
peer interaction among stakeholders including local
farmers and NGO staff associated with such ASPs. Thus,
ASPs can enhance the capacity of farm households to
demand higher performance standards from local exten-
sion agents [4, 6]. Therefore, household interactions with
extension agents associated with ASPs receive qual-
ity extension services by holding such extension agents
accountable through their awareness of improved tech-
niques. Equally, extension agents associated with such
ASPs can hold their constituent farmers accountable by
ensuring that they apply the information they received,
which can result in improved outcomes, such as post-
harvest loss reduction.

Conceptual framework
Following the afore-mentioned literature and concepts,
such as diffusion of innovations [44], innovation sys-
tems [50], and social learning [45, 46, 48, 49], we present
a conceptual framework that illustrates the relationship
between explanatory variables, the treatment variable—
interaction with ASPs, and the outcome variable—post-
harvest loss reduction. According to this framework, our
treatment variable is farmer interaction with ASPs, which
can reduce post-harvest losses (Fig. 2). Thus, we expect
ASPs to have a negative effect on post-harvest losses,
because they help to reduce constraints and barriers and
thereby reduce the transaction costs faced by smallholder
farmers in the adoption of post-harvest management
technologies [67, 68].

Explanatory variables such as age and gender of house-
hold heads, their level of education, and the distance
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Fig. 3 Analytical framework for how ASPs can enhance post-harvest loss reduction (Adapted from Amadu [10])

from markets can affect farmers interaction with for-
mal extension agents such as those associated with the
Ministry of Agriculture due to proximity and other con-
straints as noted in recent studies from Malawi [31] and
elsewhere [67, 68]. These variables can shape the par-
ticipation decision of farmers in ASPs, which can affect
post-harvest loss reduction. Specifically, communities
that are farthest away from paved roads are more likely
to participate in ASPs to receive viable extension services
through such platforms, which in turn, can enhance their
adoption of post-harvest management techniques and
consequently reduce post-harvest losses.

Analytical approach

In Fig. 3, we provide a stylized analytical framework for
how the ASP approach can enhance post-harvest loss
reduction. Farmer interaction with functional ASPs can
enhance their adoption of post-harvest management
techniques that can help reduce post-harvest losses nor-
mal distribution expressed as. Specifically, households
in the SANE project area (i.e., the treatment area) can
have more access to viable extension services through
functional ASPs. However, due to the diffusion of inno-
vation [44], households in non-SANE districts can also
benefit from high quality extension services associ-
ated with ASPs, which can inform their adoption of

Control households no direct
interaction with ASPs

ques

ey Non-adoption of post-
harvest techniques

viable post-harvest management techniques, and thereby
enhance their probability of post-harvest loss reduction.
Moreover, because the SANE project that enhanced
ASP functionality and the interaction of farmers with
such ASPs was not random across the study area, selec-
tion bias from unobservable factors can affect the extent
to which ASPs affected post-harvest loss reduction. Thus,
we utilized appropriate analytical techniques (discussed
below) to account for such factors and thereby enhance
rigorous estimates of the effects of the ASP approach on
post-harvest loss reduction in the study area.

Empirical strategy

Using random utility theory, we assume that households
interact with ASPs if their perceived utility of interaction
(U is greater than the utility of non-interaction (L")
Because we cannot observe the interaction utility as we
do with the interaction decision (/*), we can express I* as
a binary variable, such that:

F=1if' >uNM>0 andI*=0if N > ' >0

1)

From Eq. (1), we express the interaction decision as a
latent variable, such that:

I} =0OZ;+ 2 forI =1, if I > 0, (2)
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where I'; represents interaction decision. Z,; is a vector of
determinants of interaction, © is a vector of parameters
to be estimated, and A is a normally distributed error
term with a zero mean and constant variance. By impos-
ing linearity on the expected effects of interaction such as
post-harvest loss reduction along with a dummy variable
for interaction and other covariates, we can express the
effects of ASPs as follows:

yf = oa'X; + BPi + ¢;, (3)

where y'; is the impacts of ASPs on post-harvest loss
reduction, X; is a vector of covariates accounting for
the effects of ASPs including household, biophysical,
and institutional factors (such as credit constraints), J; is
farmer interaction as defined in this section, a and f are
vectors of parameters to be estimated, and ¢ is an error
term.

Identification strategy

As noted in “Analytical approach” section, the establish-
ment of ASPs under SANE and the subsequent interac-
tions of farmers with extension workers associated with
such ASPs were not random. Thus, there are two poten-
tial sources of endogeneity that can affect our analysis
of the effects of ASPs on post-harvest loss reduction in
this study. The first source of endogeneity is placement
endogeneity, which can arise, because the ASPs were
not randomly established and supported. Instead, their
establishment and support were determined by spe-
cific community attributes—such as being in the ZOE
of the Feed-the-Future (FtF) area of USAID in Malawi.
Such communities may be strategically different from
other communities. Therefore, to enhance a rigorous
analysis, we should consider such potential placement
endogeneity.

The second source of endogeneity is selection bias,
which arises, because farmers self-select to interact with
extension workers associated with functional ASPs over
and beyond other extension agents in their communi-
ties. Selection bias can be serious if such interactions
are driven by unobservable factors, such as motivation
and experience, which can affect both the interaction
decision and the outcome of such interactions on post-
harvest losses. Such farmers, therefore, may be system-
atically different from other farmers, and can lead to bias
estimates of the effects the ASP approach on post-har-
vest loss reduction. Therefore, to provide rigorous esti-
mates, we need to account for both sources of potential
endogeneity.

Our identification strategy utilized an RBP regression
model in the spirit of Amadu [10], Amadu et al. [11],
and Sitko et al. [22]. The RBP model is suitable in this
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context, because the interaction of farmers with exten-
sion agents in functional ASPs, and the outcome variable
(post-harvest loss reduction) are both binary. The RBP
model accounts for the endogeneity of our treatment var-
iable and the potential selectivity bias in post-harvest loss
reduction by controlling for potential endogeneity bias
related to unobservable characteristics in the treatment
variable, which we cannot efficiently account for using
ordinary probit or ordinary least square (OLS) regression
or other analytical techniques, such as propensity score
matching (PSM).

We used an RBP model with full information maximum
likelihood algorithm to estimate the determinants of the
treatment and the impact of ASP functionality (condi-
tional on other covariates), while accounting for endo-
geneity and selectivity bias. The RBP model estimates
both the determinants of the treatment variable and the
effects on post-harvest loss reduction. From Eq. (3), we
specify the following participation and outcome equa-
tions jointly:

Pf =87+, forP=1,ifPf > 0 (4)

yi=1tXi+¢P" + &, (5)

where P’; denotes a latent variable for the treatment, y,
denotes the effects of ASPs on the reduction of post-har-
vest losses, Z; and X, are, respectively, vectors of deter-
minants of farmer interaction with ASPs and the effects
of ASPs on post-harvest loss reduction, 8, T, and ¢ are
vectors of parameters to be estimated, while 9, and ¢ are
error terms. The joint error term (2) follows a bivariate
normal distribution expressed as

1
o- (41):

where p denotes the correlation coefficient of unobserv-
able factors.

Application of the RBP model requires the use of at
least one instrumental variable (IV)—a concept of exclu-
sion restriction, wherein the vector Z; in Eq. (2) include
at least one variable that is not in the vector X;. To be
valid, such an IV (or a set of IVs) should affect the treat-
ment variable conditional on other covariates, but they
should not directly affect post-harvest loss reduction
except through the treatment. Instrument validity is a
major challenge in empirical studies including the pre-
sent study, because variables that affected the treatment
can also affect the crucial outcomes, such as post-harvest
losses [11, 24]. We use a set of binary dummy variables
(yes=1, 0 otherwise) as our exclusion restriction. First,
we ask whether there was any farmer-to-farmer extension
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program in the village prior to the ASP approach, and
second, whether the district was in a feed-the-future area
before the ASP approach under SANE intervention in
2015. In Malawi, the categorization of districts and com-
munities within the USAID ZOI is well-pronounced [69].

We argue that farmers in the FtF areas that had prior
exposure to farmer-to-farmer extension agents are
more likely to be aware of, and interact with lead farm-
ers and extension agents associated with functional ASPs
through pathways such as group interactions, farmer
social networks, as well as prior rural infrastructures
arising from previous projects. Such factors can enhance
the effectiveness of ASPs to provide better services to
households in their locality. However, merely being in an
FtF area or living in a community that had prior exposure
to an extension program may not necessarily affect post-
harvest loss reduction except through interactions with
lead farmers and extension agents associated with func-
tional ASPs, which were pivotal in influencing the adop-
tion of post-harvest loss prevention technologies in such
communities.

We used falsification tests to establish the validity of
these two potential IVs as done in relevant studies (e.g.,
[10, 11]). They affected the interaction decision with
extension workers associated with ASPs, but they did
not affect post-harvest loss reduction among non-par-
ticipants (Table 4). From Eqgs. (4) and (5) we estimate
marginal effects (ME) and average treatment effects of
the ASP approach (i.e., average treatment effects on the
treated (ATT)) as follows:

ME = Exp|(yi)|Pi > 1] (7)

ATT = E{[(3 = )2 = 1] - [(5 = 0)12 = 1]},
(8)
In Egs. (7) and (8), Exp[(yi)|Pi > 1} is the condi-
tional effect of the ASP approach, E[(yi = 1)|Pi = 1}
denotes the effect of ASPs on beneficiary farmers, and
E [(yi =0)|P; = 1} is the effects of ASPs among the con-
trol group.

Data

Data were collected in 2018 from 2134 rural households
across 20 Malawian districts—including all ten districts
in the ZOI where SANE was operational (i.e., Balaka,
Blantyre, Chikwawa, Dedza, Lilongwe, Machinga, Man-
gochi, Mchinji, Nsanje, and Ntcheu), and ten other dis-
tricts® beyond the ZOI to serve as an artificial control
in our analysis We used a set of structured survey ques-
tionnaires designed mainly for this study. The sampled

© Dowa, Karonga, Kasungu, Mwanza, Nkhatabay, Nkhotakota, Phalombe,
rumphi, Thyolo, and Zomba district.
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households were purposely selected from rural commu-
nities across the ten USAID ZOI districts and the other
districts beyond. The outcome variable is post-harvest
loss in the previous season immediately before the sur-
vey period. We used households’ self-reported measure
of post-harvest losses in terms of a binary dummy vari-
able equal to one if household experienced post-harvest
losses in the preceding season, and zero otherwise. The
treatment variable—farmer interaction with extension
workers associated with functional ASPs in their commu-
nities—was also used as a binary dummy variable (yes =
1, 0 otherwise).

Questionnaires were administered by trained local enu-
merators experienced in the local languages. Moreover,
key informant interviews were conducted with lead farm-
ers and community leaders about their perceptions of
ASPs in their communities, and the average agricultural
activities per community. The key informant responses
were used to complement the household data. Data were
analyzed using STATA statistical package version 17.

Description and measurement of variables and summary
statistics

Table 1 provides definition and descriptions of the main
variables. As noted in “Data” section, the outcome vari-
able—post-harvest loss—is a binary variable that equals
one if a household experienced post-harvest loss in the
previous harvest season immediately before the survey,
and zero, otherwise. Likewise, interaction with ASPs—
the main policy (treatment) variable—was measured as a
binary dummy variable equal to one if the household had
interactions with an ASP under the SANE project and
zero otherwise.

We controlled for several demographic, socioeco-
nomics and institutional, as well as biophysical factors
to ensure reliability of our estimates. Demographic fac-
tors include the age, gender, and educational status of
the household head (a binary variable equal to one if the
household head attained secondary education, and zero
otherwise), household size, and the number of adults in
the households. These variables are important determi-
nants of program participation such as interaction with
extension workers like those associated with ASPs as
noted in literature from Malawi (e.g., [10, 11]) and else-
where (e.g., [27, 70, 71]).

Socioeconomic and institutional factors were measured
as dummy variables (yes=1, 0 otherwise) for livestock
ownership, whether the household experienced credit
constraints, market constraint, and fertilizer constraints,
transportation constraints, and storage constraints, if
the household participated in any farmer field day pro-
gram in the community, and whether the household
received extension services from multiple sources. These
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Table 1 Variable definition and summary statistics
Variable Definition Mean Std.dev  Min  Max
Post-harvest loss (1/0) If the household experienced post-harvest losses 0.55 0.50 0 1
Interaction with an ASP If the household had interaction with an extension agent associated 0.69 0.30 0 1
with an ASP through the SANE project (yes=1)
Age Age of household head (years) 4240 15.71 18 81
Male-headed household If the household head is a male 083 038 0 1
High school plus If the household Head completed high school education 0.15 036 0 1
Married If the respondent is married 0.65 048 0 1
Household size Number of persons in the household 534 2.04 3 13
Number of adults per household ~ Number of adults in the household 2.19 0.94 1 6
Credit constraint If the household is credit constrained (1 =yes, 0 otherwise) 049 0.50 0 1
Livestock ownership If the household owned livestock (yes=1) 0.08 027 0 1
Market constraints If the household experienced market constraint (yes=1) 0.69 046 0 1
Fertilizer constraint If the household had fertilizer constraint (yes=1) 039 0.49 0 1
Off-farm income If household has other sources of income 0.03 0.17 0 1
Distance to markets Distance to the nearest market 23331 61171 1 2016
Transportation constraint If household experienced transportation constraints 0.19 0.39 0 1
Storage constraint If household experienced storage constraints 030 046 0 1
Farmer field day If there was a farmer field day in the community 0.64 048 0 1
Multiple EAS sources If household received extension services from multiple sources 0.01 0.10 0 1
Districts
Balaka If household is in Balaka district (1 =yes, 0 otherwise) 0.05 0.22 0 1
Blantyre If household is in Blantyre district (1 =yes, 0 otherwise) 0.08 0.27 0 1
Chikwawa If household is in Chikwawa district (1 =yes, 0 otherwise) 0.06 0.23 0 1
Dedza If household is in Dedza district (1 =yes, 0 otherwise) 0.08 027 0 1
Lilongwe If household is in Lilongwe district (1 =yes, 0 otherwise) 0.16 036 0 1
Machinga If household is in Machinga district (1 =yes, 0 otherwise) 0.12 032 0 1
Mangochi If household is in Mangochi district (1 =yes, 0 otherwise) 0.08 0.27 0 1
Mchinji If household is respondent is in Mchinji district (1 =yes, 0 otherwise) 0.07 0.26 0 1
Nsanje If household is in Nsanje district (1 =yes, 0 otherwise) 0.03 017 0 1
Ntcheu If household is in Ntcheu district (1 =yes, 0 otherwise) 0.06 0.23 0 1
Dowa If household is in Dowa district (1 =yes, 0 otherwise) 0.04 0.19 0 1
Karonga If household is in Karonga district (1 =yes, 0 otherwise) 0.02 0.13 0 1
Kasungu If household is in Kasungu district (1 =yes, 0 otherwise) 0.03 0.18 0 1
Mwanza If household is in Mwanza district (1 =yes, O otherwise) 0.01 0.08 0 1
Nkhatabay If household is in Nkhatabay district (1 =yes, 0 otherwise) 0.02 0.13 0 1
Nkhotakota If household is in Nkhotakota district (1 =yes, 0 otherwise) 0.01 0.09 0 1
Phalombe If household is in Phalombe district (1 =yes, 0 otherwise) 0.02 0.16 0 1
Rumphi If household is in Rumphi district (1=yes, 0 otherwise) 0.01 0.11 0 1
Thyolo If household is in Thyolo district (1 =yes, 0 otherwise) 0.03 0.18 0 1
Zomba If household is in Zomba district (1 =yes, 0 otherwise) 0.03 0.18 0 1
Instrumental variable dummy
Feed the Future Area dummy If ASP was in a FtF district before the SANE project (1 =yes, 0 otherwise) 0.79 041 0 1
Farmer-to-farmer extension If there was a farmer-to-farmer extension program in the area before SANE 0.15 036 0 1

ASP, Agricultural Stakeholder Panel, EAS Extension and Advisory Services, NGO Non-governmental Organization, Dummy variables; yes=1

variables were selected, because they are important fac-
tors for rural extension services in Malawi [4, 6, 10, 17]
and elsewhere in SSA [15, 27, 52, 70, 72]. Biophysical fac-
tors include distance to markets, measured in terms of

proximity to motorable roads—a major determinant
of services delivery and access to extension in Malawi
[10, 31] as well as district dummy variables to account
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Fig. 4 Average post-harvest loss across districts

district-level heterogeneity of the effectiveness of ASPs
and household interaction of such ASPs.

On average, 55% of households reported post-harvest
losses across the study area, while 69% had interactions
with ASPs through the SANE project. The average age
of respondents was 42 years, while 83% of households
are headed by males. Only 15% of household heads
attained high school education, and 65% of respondents
were married. The average household size was five.

Figure 4 shows district-level heterogeneities in terms
of post-harvest losses, with Dowa, Lilongwe, Thyolo, and
Karonga districts having the highest rates at 89%, 84%,
77% and 74%, respectively, while Balaka and Blantyre
had the lowest rates at 44% each (Fig. 4). Such differences
show that post-harvest loss constitutes a serious problem
in Malawi and further reinforces the need for an analy-
sis of post-harvest loss reduction as a function of exten-
sion programs like the ASP approach that was targeted to
address such problems in Malawi.

Summary statistics conditional on farmer interaction

with ASPs

Table 2 provides summary statistics, conditional on farmer
interaction with functional ASPs through the SANE pro-
ject. There are statistically significant differences between
our treatment and control group in terms of the outcome
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variable (post-harvest losses). Households that had inter-
actions with ASPs had lower post-harvest losses than
other households (with a statistically difference of 18%).
This indicates that the ASP approach helped to reduce
post-harvest losses in the project area. There are also sta-
tistically significant differences between the treatment
and control households in terms of other important vari-
ables like the average educational level of the household
head (in terms of high school completion rates), house-
hold size, market constraints, fertilizer constraints, and
off-farm income. For instance, the average level of educa-
tion was slightly lower for households that had interac-
tions with the project ASPs than other households with a
difference of 6%. Likewise, households in the control area
had higher constraints in terms of access to markets and
fertilizer. These differences may have shaped the program
targeting and participation across the country, and, there-
fore, requires the use of rigorous analytical techniques for
understanding the effects of the ASP approach.

Failure to account for those differences can bias our esti-
mates of the effects of the ASP approach on post-harvest loss
in this context. Thus, we apply an RBP model as our main
analytical technique to account for such differences, and
thereby, enhance credible estimates of the effects of func-
tional ASPs on post-harvest loss reduction in rural Malawi.
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Table 2 Summary statistics, conditional on farmer interaction with ASPs

Variable Control Treatment
Mean sD Mean sD Difference
Post-harvest loss (1/0) 0714 0453 0.536 0.499 0.179%**
Age 41.908 14.521 42448 15.835 -0.54
Male-headed household 0.816 0.388 0.826 0.379 —-0.01
High school plus 0.204 0.404 0.147 0.354 0.057**
Married 0.634 0483 0.647 0478 -001
Household size 5.648 2113 5.307 2.025 0.341**
Number of adults per household 2.296 0.974 2182 0933 0.11
Credit constraint 0474 0.501 0.490 0.500 -0.02
Livestock ownership 0.066 0.249 0.077 0.267 —-0.01
Market constraints 0.791 0408 0.675 0.469 0.116%**
Fertilizer constraint 0474 0.501 0.381 0.486 0.093**
Off-farm income 0.066 0.249 0.027 0.162 0.039***
Distance to markets 180.186 540.393 239.165 618.960 —58.98
Transportation constraint 0.184 0.388 0.190 0.393 -0.01
Storage constraint 0.352 0479 0.290 0454 0.062*
Farmer field day 0.698 0461 0.638 0481 0.06
Multiple EAS sources 0.010 0.101 0.010 0.101 0.00
Feed the Future Area dummy 0.148 0.356 0.858 0.350 —0.710%**
Farmer-to-farmer extension 0216 0413 0.145 0.352 0.071**
Districts
Balaka 0.000 0.000 0.058 0.235 —0.058%**
Blantyre 0.000 0.000 0.090 0.287 —0.090***
Chikwawa 0.000 0.000 0.063 0.242 —0.063%**
Dedza 0.000 0.000 0.085 0.279 —0.085%**
Lilongwe 0.000 0.000 0.173 0.378 —0.173%**
Machinga 0.000 0.000 0.129 0336 —0.129%*
Mangochi 0.000 0.000 0.086 0.280 —0.086***
Mchinji 0.134 0.342 0.066 0.249 0.068***
Nsanje 0.000 0.000 0.033 0.180 —0.033%**
Ntcheu 0.000 0.000 0.062 0.241 —0.062***
Dowa 0273 0447 0.011 0.104 0.262%**
Karonga 0.060 0.238 0.011 0.107 0.0497**
Kasungu 0.185 0.389 0.018 0.132 0.167***
Mwanza 0.005 0.068 0.007 0.085 0.00
Nkhatabay 0.083 0.277 0.011 0.104 0.072%**
Nkhotakota 0.000 0.000 0.009 0.094 -0.01
Phalombe 0.046 0211 0.022 0.148 0.024**
Rumphi 0.051 0.220 0.007 0.085 0.044***
Thyolo 0.162 0.369 0.019 0.136 0.143%**
Zomba 0.000 0.000 0.038 0.191 —0.038%**

ASP Agricultural Stakeholder Panel, EAS Extension and Advisory Services, SD Standard Deviation, Number of observations for all variables, 2050
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Table 3 Main estimates of the effects of ASPs and covariates on post-harvest loss reduction in Malawi

Variable Coef SE P value ME Std. Err P value
Interaction with ASPs —1.654** 0.750 0.027 —0.525% 0.249 0.035
Age 0.004 0.003 0.199 0.001 0.001 0.196
Male-headed household 0.103 0.162 0.523 0.033 0.051 0.521
High school plus 0.072 0.130 0.579 0.023 0.041 0.579
Married -0.076 0.109 0.485 -0.024 0.035 0.485
Household size —-0.027 0.026 0.304 —0.009 0.008 0.308
Number of adults per household 0.074 0.056 0.189 0.024 0.018 0.190
Farmer field day —0.267*** 0.099 0.007 —0.085%** 0.031 0.006
Multiple EAS sources 0.238 0.456 0.602 0.075 0.145 0.602
Credit constraint 0.124 0.090 0.170 0.039 0.029 0.171
Livestock ownership 0.070 0.145 0.627 0.022 0.046 0.627
Market constraints 0.580*** 0.105 0.000 0.184*** 0.031 0.000
Fertilizer constraint 0.4077%** 0.114 0.000 0.129%** 0.034 0.000
Off-farm income 0.141 0.276 0.610 0.045 0.087 0.607
Distance to markets 0.000 0.000 0.128 0.000 0.000 0.126
Transportation constraint 0.310%** 0.099 0.002 0.098*** 0.031 0.001
Storage constraint 0.156* 0.091 0.088 0.049* 0.029 0.086
Balaka -0512* 0.286 0.074 -0.162* 0.091 0.073
Blantyre —0.215%* 0.120 0.038 —0.068*** 0.006 0.001
Chikwawa —0.393*** 0.116 0.002 —0.125%* 0.062 0.037
Dedza —0.404 0.260 0.120 -0.128 0.082 0.118
Lilongwe —0482%* 0.246 0.050 —0.153** 0.078 0.050
Machinga —0.286** 0.142 0.041 —0.091*** 0.017 0.004
Mangochi 0461 0.281 0.101 0.146 0.089 0.100
Mchinji —0.191%** 0.038 0.006 —0.061*** 0.021 0.009
Nsanje —0420** 0.205 0.032 —0.133* 0.064 0.032
Ntcheu —0.078%* 0.043 0.049 —0.025* 0.013 0.071
Dowa —1.337* 0.739 0.070 —0424** 0.215 0.041
Karonga —1.374%%* 0.760 0.000 —0.388*** 0.220 0.000
Kasungu —-0.056 1.191 0.962 -0.018 0.379 0.962
Mwanza 0319 0579 0.582 0.101 0.183 0.580
Nkhatabay —0.874* 0.497 0.079 -0.278* 0.160 0.082
Nkhotakota -0519 0.644 0420 —-0.165 0.204 0420
Phalombe —0.200 0.392 0611 —0.063 0.125 0613
Rumphi —0.550** 2.239 0.042 —0.444** 0.680 0.034
Thyolo -0.389 0.772 0615 -0.123 0.248 0618
Constant 1.093 0.971 0.260

Wald Chi-Square 549.76*** 0.000

Log Pseudoliklihood —989.58*** 0.000

rho 0438** 0.151 0.021

Wald test of rho=0 6.318%** 0.012

Zomba is the base category district; SE, Standard Error; Asterisks ***, **,* significance at the 1%, 5%, and 10% levels, respectively
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Results and discussion

Main results: impact of ASP functionality on post-harvest
losses

We present the main findings of our empirical analysis of
the effects of ASP approach on the reduction of post-har-
vest losses in Malawi. The fifth column of Table 3 shows
the marginal effects of our treatment variable—ASPs along
with a set of control variables including household demo-
graphic, socioeconomic and institutional variables such
as farmer field days and contacts with multiple extension
and advisory services (EAS) as well as biophysical factors
such as distance to a market, transportation constraints,
and district dummy variables to account for time-invariant
heterogeneity across districts in the study area.

We found a negative and statistically significant effect
of ASPs on post-harvest losses, with effects of 53%
(Table 3). This result implies that households that are
associated with functional ASPs through the SANE pro-
ject experienced a 53% reduction in self-reported post-
harvest losses compared to other households. Our result
supports our hypothesis that ASPs can reduce post-har-
vest losses in Malawi.

In addition to interaction with ASPs, we also found that
participation in farmer field days (a forum where farm-
ers are often organized to view demonstrations from
local extension agents) had a significant effect on post-
harvest loss reduction by 9%. While more research would
be needed to unpack the actual effects of participation in
farmer field days across Malawi and other context, our
results suggests that improving participatory extension
services in rural communities can significantly improve
food security outcomes, such as reduction of post-har-
vest losses.

As expected, we found that weak socioeconomic and
institutional factors such as credit constraints, market
constraints, fertilizer constraints, transportation con-
straints, and storage constraints worsened the problem of
post-harvest losses among households in the study area.
Specifically, credit constraints, market constraints, fer-
tilizer constraints, transportation constraints, and stor-
age constraints increased post-harvest losses by 4%, 18%,
13%, 10%, and 5%, respectively.

These results underscore the relevance of addressing
resource constraints not only to enhance agricultural pro-
ductivity in rural communities but also to minimize food
security outcomes like post-harvest losses at the house-
hold level. Our results imply that to sustainably improve
food security outcomes associated with ASPs in Malawi,
the government of Malawi and its development partners
should reduce those factors that increase post-harvest
losses such as credit constraint, market constraints, and
transportation constraints in the farming systems of the
rural communities. This result is consistent with previous
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studies in Malawi [4, 10, 17, 31] and elsewhere [1, 2, 52,
67, 68].

We also found significant district-level effects on post-
harvest loss reduction across the ZOI districts (i.e., Bal-
aka, Blantyre, Chikwawa, Dedza, Lilongwe, Machinga,
Mangochi, Mchinji, Nsanje, Ntcheu) with all of them
having statistically significant negative effects on post-
harvest losses compared to other districts. This implies
that households in the ZOI districts experienced signifi-
cant reduction of post-harvest lasses as a result of their
interaction with ASPs across their communities—a result
that is consistent with Alvarez-Mingote et al. [4] in sup-
port of the role of the agricultural platforms in improving
crucial development outcomes in Malawi.

At the lower end of Table 3, there are statistically sig-
nificant results for the various diagnostics tests such as
the Wald Chi-square test, Log Pseudolikelihood, and rho
(the measure of correlation between unobservable fac-
tors associated with ASP and post-harvest losses). These
results indicate both a good model fit and the presence
of unobservable factors in the determinant of ASP func-
tionality and post-harvest loss reduction in this context.
Specifically, the statistically significant Wald-Chi-squared
estimate suggests that the model fits the data very well,
while the statistically significant rho value, which is statis-
tically significant at the 5% level, shows that unobservable
factors influenced ASP functionality, which could have
biased our impact assessment estimates if we had relied
on our other methods, such as OLS or PSM. Likewise,
the statistically significant estimates and the Wald test
of rho overwhelmingly rejects the null hypothesis that
farmer interaction with functional ASPs and the effects
of the ASPs on post-harvest loss reduction are uncorre-
lated, further justifying our use of the RBP model as our
main analytical approach.

Discussion and implications
There are several implications of our results. First, our
results show that improving agricultural and nutri-
tion extension systems at the local and national levels in
Malawi can significantly enhance the reduction of post-
harvest losses—a critical constraint to food security in
Malawi and elsewhere in SSA [17, 20, 73, 74]. Being a
drought and flood prone country, any policy that reduces
Malawi’s post-harvest loss situation is especially vital
for stimulating rural development in terms of food and
nutrition security, which are crucial aspects of develop-
ment policy implementation in the country [17, 20].
Moreover, studies show that addressing such a critical
constraint requires broader efforts beyond the farm-level
of smallholder agricultural households [74-76]. There-
fore, improving rural extension systems using ASPs (and
similar demand-side extension governance efforts) that
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empower farmers with better access to improved exten-
sion systems is a crucial first step in the right direction
towards food and nutrition security in low-income coun-
tries like Malawi [77, 78].

Furthermore, our results show that innovative exten-
sion policies such as the ASP approach can serve as vital
channels through which rural households can be empow-
ered with the right tools to aid their recovery from
chronic food insecurity conditions through food waste
due to post-harvest losses [77, 79-81]. Strengthening the
rural extension systems can, therefore, can have signifi-
cant effects on the productive capacities of rural house-
holds in Malawi and elsewhere [66, 82—84]. For example,
ASPs can serve as platforms for farmer-to-farmer and
farmer-extension agents’ interaction, which can yield
benefits like information on the adoption of critical agri-
cultural productivity techniques, such as climate smart
and resilient agriculture [11, 70, 85, 86], crop and dietary
diversity [66, 87], and better food storage systems [20, 60,
88], thereby increasing households’ nutritional outcomes
[4, 64, 81, 89]. Therefore, this study is crucial for stimu-
lating significant food policy debates around the devel-
opment of sustainable pathways that can help empower
rural households to tackle the critical issues of food and
nutritional deficiency in their communities.

The statistically significant findings of market and
credit constraints underscore the persistent problem of
resource constraints in rural areas not just in Malawi but
elsewhere in SSA and beyond. As such, the use of inno-
vative extension programs such as the ASP approach can
help to ameliorate such development constraints and
thereby enhance food security in Malawi and similar con-
texts elsewhere [86, 90]. Improving rural extension sys-
tems through innovative approaches such as ASPs can
help shed light on such important issues and contribute
to vital institutional development as well as food and
nutrition security policies in rural Malawi and beyond.
Further, local extension agents in rural communities can
use the ASP approach to scale up rural extension out-
reach to poor farmers in diverse areas of Malawi and
thereby enhance the sustainability of development pro-
grams such as post-harvest loss reduction in the country.

Robustness checks

To check the robustness of our main estimates, we ran
several robustness checks. First, we reran the main RBP
model with only one IV, to determine if the results would
be significantly different. The result shows that ASP func-
tionality reduced post-harvest losses by 49% (Table 5),
and thereby supports our main estimate. Moreover, we
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re-ran the main RBP model without district dummy vari-
ables to determine if a lack of variation across districts
variation can adversely affect our main estimates. The
results have the expected sign for the effect of ASPs on
post-harvest loss reduction in supports of our main esti-
mates, albeit at lower magnitudes (Table 6).

Furthermore, we ran an ordinary probit regression,
which does not account for unobserved heterogene-
ity and endogeneity to determine the extent at which
we might have underestimated the effect of the ASP
approach on post-harvest loss reduction. The result
shows that ASP functionality reduced post-harvest
losses—in support of our main estimates (Table 7). The
lower probit estimates, suggest that unobserved factors
influenced ASP functionality, which would have signifi-
cantly biased our results, and therefore, justify our use
of an RBP regression, which captures such unobservable
factors in estimating the effects of a treatment such as
ASPs on outcomes such as post-harvest losses.

Limitation and recommendations for future research
Although our analytical techniques and our robustness
suggests that our estimation result are quite robust, we
are careful to note that our study may have some limi-
tations, which we herein discuss and provide potential
recommendations for improvement. First, the study
utilized cross-sectional data, which limits our ability
to adequately address all potential endogeneity-related
issues in our study. Future research using panel data from
Malawi or similar contexts elsewhere can provide more
rigorous estimates of the impacts of the ASP approach
on post-harvest losses in Malawi and elsewhere. Another
limitation of this study is its reliance on households’
self-reported measure of post-harvest loses and their
interaction with extension agents associated with ASPs.
Self-reported data is often fraught with errors, which can
be overcome by the use of more nuanced measurements
of core variables associated with post-harvest losses and
ASPs in Malawi. Therefore, future research on the effec-
tiveness of the ASP approach on post-harvest loss reduc-
tion should conduct more detailed measurements of
the key socioeconomic and institutional variables credit
constraints, transportation constraints, market con-
straints, and storage constraints to obtain more rigorous
estimates.

Conclusion

We have estimated the effects of agricultural stake-
holder panels (ASPs) on post-harvest loss reduction in
Malawi. The ASP approach was implemented through
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the Strengthening Agricultural and Nutrition Exten-
sion (SANE) activity, a $10 million investment by the US
Agency for International Development in Malawi from
2015 to 2021. The goal of SANE was to improve small-
holder farmer access to effective extension services, to
improve accountability of extension agents, and thereby
enhance agricultural productivity, incomes, and nutri-
tional outcomes such as post-harvest loss reduction in
the country. SANE provided technical assistance to the
Government of Malawi’s District Agricultural Extension
Services System (DAESS) to enhance effective resource
mobilization and better coordination among service pro-
viders, and thereby help to achieve efficient extension
service delivery in the country.

SANE worked in alignment with the core principles of
Malawi’s national agricultural extension policy through
DAESS to enhance demand-driven and decentralized
extension services, accountability to stakeholders, and
sustainable resource management through a stakeholder-
driven framework. In so doing, SANE helped improve
the national extension system in Malawi by strengthening
the DAESS to be effective and efficient in its functional-
ity through the establishment and operations of ASPs
across the rural communities in specific districts. Yet,
there was a gap in terms of rigorous analysis that deter-
mine the effectiveness of the ASP approach in achieving
critical outcomes, such as post-harvest loss reduction. To
address this gap, we used primary survey data collected
from 2134 households in 20 districts across Malawi in
2018 to estimate the impacts of the ASP approach on
post-harvest loss reduction—a crucial food security
outcome in Malawi and elsewhere in developing coun-
tries. We utilized recursive bivariate probit regression to
account for the endogeneity of farmers’ interaction with
extension agents associated with ASPs under the SANE
project and the potential selection bias in the effects
ASPs on post-harvest reduction in the study area.

Table 4 Falsification test for the validity of the instrumental variables
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We found that the ASP approach reduced post-
harvest losses by 53%: a significant indicator of the
potential for the approach to enhance food security
in Malawi. We contribute to the literature on agricul-
ture and food security by highlighting the important
role of the ASP approach as an innovative extension
program that can induce agricultural development in
Malawi. Our study also provides empirical evidence of
the importance of such funding streams towards rural
extension systems, which can provide a pathway for
rural transformation in Malawi and elsewhere in SSA.
Additionally, we contribute to food and nutrition secu-
rity debates in SSA and other developing regions by
highlighting the continued existence of institutional
factors such as credit constraints, market constraints,
and transportation constraints as crucial impediments
to food security outcomes, such as post-harvest loss
reduction in Malawi.

Further research using panel data from the SANE
area in Malawi and elsewhere can provide better
insights on the long-term impacts of the ASP approach
on post-harvest loss reduction and other food security
outcomes in Malawi. Moreover, nuanced measure-
ments of post-harvest loss reduction beyond house-
hold self-reported data can provide rigorous estimates
of post-harvest loss reduction attributable to the ASP
approach and thereby, enhance food security and rural
development in Malawi, similar contexts elsewhere,
and beyond.

Appendix
See Tables 4, 5, 6, 7.

ASP functionality index

Post-harvest (outcome)

Variable Coefficient SE Z-stats P>z Coef SE Z-stats P>z
Farmer-to-farmer extension —0.243* 0.146 —1.660 0.096 0.167 0.340 0490 0.623
Feed the Future Area dummy 1.578%** 0.117 13.470 0.000 0326 0.364 0.900 0370
Constant 0.466*** 0.083 5.630 0.000 0.757%** 0.159 4.770 0.000

SE Standard error; Asterisks ***, *, Significance at the 1% and 10% levels, respectively
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Table 5 Main RBP model with only one instrumental variable

Variable Coef Std. Err P-value ME Std. Err P-value
Interaction with ASPs —1.555% 0.738 0.035 —0.492** 0.242 0.042
Age 0.004 0.003 0.193 0.001 0.001 0.191
Male-headed household 0.112 0.157 0475 0.036 0.049 0473
High school plus 0.068 0.131 0.605 0.021 0.041 0.605
Married -0.077 0.110 0483 -0.024 0.035 0483
Household size —-0.026 0.026 0.321 —0.008 0.008 0.323
Number of adults per household 0.073 0.057 0.196 0.023 0018 0.196
Farmer field day —0.265%** 0.099 0.008 —0.08*** 0.031 0.007
Multiple EAS sources 0.222 0459 0.629 0.070 0.145 0.628
Credit constraint 0.122%* 0.061 0.043 0.039** 0.013 0.027
Livestock ownership 0.072 0.145 0618 0.023 0.046 0618
Market constraints 0.586*** 0.105 0.000 0.186*** 0.031 0.000
Fertilizer constraint 0.4715%** 0.105 0.000 0.1377%** 0.031 0.000
Off-farm income 0.158 0.263 0.548 0.050 0.083 0.545
Distance to markets 0.000 0.000 0.122 0.000 0.000 0.120
Transportation constraint 0.372%** 0.099 0.002 0.099%** 0.031 0.001
Storage constraint 0.156* 0.092 0.088 0.050* 0.029 0.086
Balaka —0.505* 0.287 0.078 —-0.160* 0.091 0.077
Blantyre —0.214* 0.170 0.029 —0.068** 0.035 0.048
Chikwawa —0.394** 0.196 0.047 —0.125%* 0.064 0.039
Dedza —0.404 0.260 0.120 -0.128 0.082 0.119
Lilongwe —0.482%* 0.246 0.050 —0.153** 0.078 0.050
Machinga —0.280** 0.148 0.048 —0.089** 0.038 0.043
Mangochi —0.469* 0.282 0.096 —0.149* 0.089 0.095
Mchinji —0.166%** 0.039 0.010 —0.052** 0.025 0.038
Nsanje —0418%* 0.061 0.006 —0.132** 0.064 0.043
Ntcheu -0.079* 0.053 0.787 —0.025%* 0.012 0.047
Dowa —1.244* 0714 0.081 —0.394* 0.232 0.090
Karonga 4.374** 1.853 0.018 1.385%* 0.563 0.014
Kasungu 0.069 1.051 0.948 0.022 0.332 0.948
Mwanza 0.362 0.575 0529 0.115 0.181 0.527
Nkhatabay —0.848 0.520 0.103 —0.268 0.167 0.107
Nkhotakota -0.522 0.644 0417 —-0.165 0.204 0417
Phalombe -0.172 0.393 0.662 -0.054 0.125 0.664
Rumphi 4.550 3217 0.157 1.441 0.993 0.147
Thyolo -0310 0.683 0.650 —0.098 0218 0.652
Constant 0.969 0.931 0.298

Wald Chi-Square 7294.9%** 0.000

Log Pseudolikelihood —989.58*** 0.000

rho —715.81%* 0.151 0.021

Wald test of rho=0 0.798*** 0.010

Zomba is the base district category; SE Standard Error, ME Marginal Effects; Asterisks ***, **,* Significance at 1%, 5%, and 10% levels, respectively
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Table 6 RBP estimates of the without district dummy variables

Variable Main estimate with both IVs Main estimate with one IV

Coef Std. Err P-value Marginal effects Std. Err P-value
Interaction with ASPs —0.235%* 0.101 0.020 —0.230** 0.101 0.023
Age of household head 0.001 0.001 0.234 0.001 0.001 0.236
Male-headed households 0.046 0.050 0.367 0.046 0.051 0.366
High school plus 0.026 0.043 0.540 0.026 0.043 0.545
Married —-0.024 0.036 0498 -0.025 0.036 0497
Household size —0.004 0.008 0.601 —0.004 0.008 0.602
Number of adults per household 0.028 0.019 0.126 0.029 0.019 0.125
Farmer filed days —0.105%** 0.031 0.001 —0.105%** 0.031 0.001
Multiple EAS sources 0.106 0.169 0.529 0.106 0.169 0.531
Credit constraint 0.031 0.029 0.290 0.031 0.029 0.292
Livestock ownership 0.011 0.046 0.805 0.011 0.046 0.807
Market constraints 0.209%** 0.032 0.000 0.210%** 0.032 0.000
Fertilizer constraints 0.161*** 0.028 0.000 0.161%** 0.028 0.000
Off-farm income 0.083 0.075 0.267 0.084 0.075 0.264
Distance to the nearest market 0.000 0.000 0.310 0.000 0.000 0312
Transportation constraint 0.084%*** 0.032 0.008 0.084*** 0.032 0.008
Storage constraints 0.053* 0.030 0.071 0.054* 0.030 0.069
Regression diagnostics
Number of observations 1044 1044
Wald Chi-Square 368.91%** 0.000 367.27%%* 0.000
Log Pseudolikelihood —826.431 —825.934
rho 0.812%*% 0.101 0.788*** 0.121
Wald test of rho=0 1.952%** 0.000 1.452%** 0.000

SE Standard Error, ME Marginal Effects; Asterisks ***, **, * Significance at 1%, 5%, and 10% levels, respectively
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Table 7 Ordinary probit regression model

Variable Coef Std. Err P-value ME SE P>z
Interaction with ASPs —0419** 0.158 0.008 —0.140%** 0.053 0.008
Age of household head 0.003 0.003 0.259 0.001 0.001 0.259
Male-headed households 0.139 0.155 0.371 0.047 0.052 0.370
High school plus 0.064 0.128 0614 0.022 0.043 0614
Married -0.071 0.109 0512 -0.024 0.036 0512
Household size -0.011 0.024 0.657 —-0.004 0.008 0.657
Number of adults per household 0.087 0.055 0.113 0.029 0.018 0.112
Farmer filed days —0.309*** 0.094 0.001 —0.104%** 0.031 0.001
Multiple EAS sources 0.302 0.466 0517 0.101 0.156 0517
Credit constraint 0.086 0.089 0333 0.029 0.030 0333
Livestock ownership 0.031 0.138 0.820 0.011 0.046 0.820
Market constraints 0.639*** 0.098 0.000 0.214%** 0.031 0.000
Fertilizer constraints 0.492%** 0.085 0.000 0.165%** 0.027 0.000
Off-farm income 0.280 0.228 0.220 0.094 0.076 0.219
Distance to the nearest market 0.000 0.000 0.347 0.000 0.000 0.347
Transportation constraint 0.257%** 0.095 0.008 0.084%** 0.031 0.008
Storage constraints 0.176** 0.089 0.047 0.059** 0.030 0.045
Constant —0401 0.265 0.131

Regression diagnostics

Number of observations 1044

Likelihood ratio 147.53% 0.000

Log Likelihood -616.138

Pseudo R2 0.1069

SE Standard Error, ME Marginal Effects; Asterisks ***, **, Significance at 1% and 5%, levels, respectively. No of obs., 2050

Acknowledgements

We acknowledge the outstanding efforts of the project staff in Malawi for
providing contextual information. Special thanks to our enumerators for their
excellent services regarding data collection.

Author contributions

Paul McNamara received the funding and directed the research conceptual-
ization and reviewed the data and manuscript. Festus Amadu managed data
cleaning and analysis and wrote manuscript drafts and incorporated com-
ments from co-author and other sources to produce a revised version of the
manuscript for submission.

Funding

This research was funded by the United States Agency for International
Development in Malawi, through the Strengthening Agricultural and Nutrition
Extension (SANE) Project (Grant # AID-612-LA-15-00003, 2015).

Availability of data and materials
Data will be available upon request.

Declarations

Ethics approval and consent to participate
Note applicable.

Consent for publication
Both authors agree to publish this work in the Journal Agriculture and Food
Security

Competing interests
None. The authors declare that they have no conflicts of interests.

Received: 9 October 2023 Accepted: 10 April 2024
Published online: 22 July 2024

References

1. Chrisendo D, Piipponen J, Heino M, Kummu M. Socioeconomic factors of
global food loss. Agric Food Secur. 2023;12(1):23. https://doi.org/10.1186/
540066-023-00426-4.

2. Debebe S. Post-harvest losses of crops and its determinants in Ethiopia:
tobit model analysis. Agric Food Secur. 2022;11(1):1-8. https://doi.org/10.
1186/540066-022-00357-6.

3. Kostandini G, Rhoads J, MacDonald GE, Tanellari E, Johnson R, Car-
roll E, Pressoir G. Production, post-harvest management and gender
dynamics among smallholder peanut farmers in Haiti. Agric Food Secur.
2021;10(1):1-12. https://doi.org/10.1186/540066-021-00311-y.

4. Alvarez-Mingote C, Moore A, McNamara P. Assessing the role of stake-
holder platforms as drivers of resilient communities: the case of Malawi.

J Agric Educ Ext. 2020;26:75-95. https://doi.org/10.1080/1389224X.2019.
1674169.

5. FreerTJ, Ganunga H, Moore A, Amadu F. The 2017 Malawi agriculture
extension field notebook as a capacity building tool; 2018. https://ingen
aes.illinois.edu/wp-content/uploads/SANE-Research-Report-Effectiven
ess-of-the-Field-Notebook-Freer-et-al.-FINAL.pdf. Accessed 24 Feb 2024.

6. Alvarez-Mingote C, McNamara PE. Evaluating agricultural extension
and advisory services through a governance lens. J Int Agric Ext Educ.
2018;25:71-86. https://doi.org/10.5191/jiaee.2018.25206.

7. Chirwa EW. Adoption of fertiliser and hybrid seeds by smallholder maize
farmers in Southern Malawi. Dev South Afr. 2005;22:1-12. https://doi.org/
10.1080/03768350500044065.


https://doi.org/10.1186/s40066-023-00426-4
https://doi.org/10.1186/s40066-023-00426-4
https://doi.org/10.1186/s40066-022-00357-6
https://doi.org/10.1186/s40066-022-00357-6
https://doi.org/10.1186/s40066-021-00311-y
https://doi.org/10.1080/1389224X.2019.1674169
https://doi.org/10.1080/1389224X.2019.1674169
https://ingenaes.illinois.edu/wp-content/uploads/SANE-Research-Report-Effectiveness-of-the-Field-Notebook-Freer-et-al.-FINAL.pdf
https://ingenaes.illinois.edu/wp-content/uploads/SANE-Research-Report-Effectiveness-of-the-Field-Notebook-Freer-et-al.-FINAL.pdf
https://ingenaes.illinois.edu/wp-content/uploads/SANE-Research-Report-Effectiveness-of-the-Field-Notebook-Freer-et-al.-FINAL.pdf
https://doi.org/10.5191/jiaee.2018.25206
https://doi.org/10.1080/03768350500044065
https://doi.org/10.1080/03768350500044065

Amadu and McNamara Agriculture & Food Security

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2024) 13:30

PanY, Smith SC, Sulaiman M. Agricultural extension and technology
adoption for food security: evidence from Uganda. Am J Agr Econ.
2018;100:1012-31. https://doi.org/10.1093/ajae/aay012.

Thuo MW, Bravo-Ureta BE, Obeng-Asiedu K, Hathie I. The adoption of
agricultural inputs by smallholder farmers: the case of an improved
groundnut seed and chemical fertilizer in the senegalese groundnut
basin. J Dev Areas. 2014;48:61-82. https://doi.org/10.1353/jda.2014.0014.
Amadu FO. Farmer extension facilitators as a pathway for climate smart
agriculture: evidence from southern Malawi. Clim Policy. 2022. https://
doi.org/10.1080/14693062.2022.2066060.

. Amadu FO, McNamara PE, Miller DC. Understanding the adoption of

climate-smart agriculture: a farm-level typology with empirical evidence
from southern Malawi. World Dev. 2020. https://doi.org/10.1016/j.world
dev.2019.104692.

. Waaswa A, Nkurumwa AO, Kibe AM, Kipkemoi NJ. Communicating

climate change adaptation strategies: climate-smart agriculture infor-
mation dissemination pathways among smallholder potato farmers in
Gilgil Sub-County, Kenya. Heliyon. 2021;7: e07873. https://doi.org/10.
1016/j.heliyon.2021.e07873.

. Amadu FO, Miller DC, McNamara PE. Agroforestry as a pathway to

agricultural yield impacts in climate-smart agriculture investments:
evidence from southern Malawi. Ecol Econ. 2020. https://doi.org/10.
1016/j.ecolecon.2019.106443.

. Blaser WJ, Oppong J, Hart SP, Landolt J, Yeboah E, Six J. Climate-smart

sustainable agriculture in low-to-intermediate shade agroforests. Nat
Sustain. 2018;1:234-9. https://doi.org/10.1038/541893-018-0062-8.

. BjornlundV, Bjornlund H, Van Rooyen AF. Why agricultural production

in sub-Saharan Africa remains low compared to the rest of the world-a

historical perspective. Int J Water Resour Dev. 2020;36:1-34. https://doi.

0rg/10.1080/07900627.2020.1739512.

. Rustad SA, Rosvold EL, Buhaug H. Development aid, drought, and

coping capacity. J Dev Stud. 2020;56:1578-93. https://doi.org/10.1080/
00220388.2019.1696958.

. Ambler K, de Brauw A, Godlonton S. Measuring postharvest losses at

the farm level in Malawi. Aust J Agric Resour Econ. 2018;62:139-60.
https://doi.org/10.1111/1467-8489.12237.

. Government of Malawi. National agriculture policy. Minitsry of Agri-

culture, Irrigation and Water Development. Lilongwe: Government of
Malawi; 2016.

. Petros S, Abay F, Desta G, O'Brien C. Women farmers’ (dis)empower-

ment compared to men farmers in Ethiopia. World Med Health Policy.
2018;10:220-45. https://doi.org/10.1002/wmh3.280.

Ricker-Gilbert J, Jones M. Does storage technology affect adoption of
improved maize varieties in Africa? Insights from Malawi’s input sub-
sidy program. Food Policy. 2015;50:92-105. https://doi.org/10.1016/j.
foodpol.2014.10.015.

Li C, Poskitt DS, Zhao X. The bivariate probit model, maximum likeli-
hood estimation, pseudo true parameters and partial identification. J
Econometr. 2019;209:94-113. https://doi.org/10.1016/j.jeconom.2018.
07.009.

Sitko NJ, Scognamillo A, Malevolti G. Does receiving food aid influence
the adoption of climate-adaptive agricultural practices? Evidence from
Ethiopia and Malawi. Food Policy. 2021;102: 102041. https://doi.org/10.
1016/j.foodpol.2021.102041.

Abdulai A. Impact of conservation agriculture technology on house-
hold welfare in Zambia. Agric Econ (United Kingdom). 2016;47:729-41.
Ma W, Abdulai A, Goetz R. Agricultural cooperatives and investment

in organic soil amendments and chemical fertilizer in China. Am J Agr
Econ. 2018;100:502-20. https://doi.org/10.1093/ajae/aax079.

Morgan SN, Mason NM, Maredia MK. Lead-farmer extension and small-
holder valuation of new agricultural technologies in Tanzania. Food
Policy. 2020,97: 101955. https://doi.org/10.1016/j.foodpol.2020.101955.
Tambo JA, Winscher T. Building farmers’ capacity for innovation
generation: insights from rural Ghana. Renew Agric Food Syst.
2018;33:116-30. https://doi.org/10.1017/S1742170516000521.

Amadu F. Peer effects in agricultural extension: evidence from com-
munity knowledge workers in rural Uganda. Soc Sci Hum Open.
2023;7(2023): 100484. https://doi.org/10.1016/j.ssah0.2023.100484.
Nakano Y, Tsusaka TW, Aida T, Pede VO. Is farmer-to-farmer extension
effective? The impact of training on technology adoption and rice

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

Page 19 of 21

farming productivity in Tanzania. World Dev. 2018;105:336-51. https://
doi.org/10.1016/j.worlddev.2017.12.013.

Taylor M, Bhasme S. Model farmers, extension networks and the
politics of agricultural knowledge transfer. J Rural Stud. 2018;64:1-10.
https://doi.org/10.1016/jjrurstud.2018.09.015.

Umali-Deininger D. Public and private agricultural extension: Partners or
rivals? World Bank Res Obs. 1997;12:203-24.

Lee HB, McNamara PE, Ho H. Road accessibility and agricultural extension
services in Malawi. Agric Food Secur. 2023;12(1):3. https://doi.org/10.
1186/540066-023-00410-y.

Abay KA, Asnake W, Ayalew H, Chamberlin J, Sumberg J. Landscapes

of opportunity: patterns of young people’s engagement with the rural
economy in sub-Saharan Africa. J Dev Stud. 2021;57:594-613. https://doi.
0rg/10.1080/00220388.2020.1808195.

Carneiro B, Garbero A. Supporting impact with evidence: a content analy-
sis of project completion reports. J Dev Stud. 2018;54:1426-49. https.//
doi.org/10.1080/00220388.2017.1324148.

Gez YN. The afterlives of international development interventions: a
site-specific ethnographic approach. J Dev Stud. 2021. https://doi.org/10.
1080/00220388.2021.1873288.

Doll JD, Francis CA. Participatory research and extension strategies for
sustainable agricultural systems. Weed Technol. 1992;6:473-82.

Rivera WM. The changing nature of agricultural information and the
conflictive global developments shaping extension. J Agric Educ Ext.
2000;7(1):31-42.

Vanclay F, Lawrence G. Farmer rationality and the adoption of environ-
mentally sound practices; a critique of the assumptions of traditional
agricultural extension. Eur J Agric Educ Ext. 1994;1(1):59-90.

Anderson JR, Feder G. Agricul tural extension: good intentions and hard
realities. World Bank Res Obs. 2004;19:41-60. https://doi.org/10.1093/
wbro/IkhO13.

Black AW. Extension theory and practice: A review. Aust J Exp Agric.
2000;40(4):493-502.

Davis KE. Extension in sub-Saharan Africa: overview and assessment

of past and current models, and future prospects. J Int Agric Ext Educ.
2008;15(3):15-28.

Spielman D, Lecoutere E, Makhija S, Van Campenhout B. Information and
communications technology (ICT) and agricultural extension in develop-
ing countries. Annu Rev Resour Econ. 2021;13:177-201.

Birner R, Davis K, Pender J, Nkonya E, Anandajayasekeram P, Ekboir J,
Mbabu A, Spielman DJ, Horna D, Benin S, Cohen M. From best practice to
best fit: a framework for designing and analyzing pluralistic agricultural
advisory services worldwide. J Agric Educ Ext. 2009;15:341-55. https://
doi.org/10.1080/13892240903309595.

Wellard K, Jenny R, Nyirenda M, Okotel M, Vincent S. A review of com-
munity extension approaches to innovation for improved livelihoods in
Ghana, Uganda and Malawi. J Agric Educ Ext. 2013;19(1):21-35.

Rogers EM. Diffusion of Innovations (5th ed.). New York: The Free Press;
2003.

Benyishay A, Mobarak AM. Social learning and incentives for experimen-
tation and communication. Rev Econ Stud. 2019;86:976-1009. https://doi.
0rg/10.1093/restud/rdy039.

Conley T, Udry C. Social learning through networks: the adoption of new
agricultural technologies in Ghana. Am J Agric Econ. 2001;83:668-73.
https://doi.org/10.1111/0002-9092.00188.

Amadu FO, McNamara PE. Performance incentives and information
communication technologies in Ugandan agricultural extension service
delivery. Afr J Food Agric Nutr Dev. 2019;19:14113-36. https://doi.org/10.
18697/AJFAND.84.BLFB1007.

Foster AD, Rosenzweig MR. Learning by doing and learning from oth-
ers: Human capital and technical change in agriculture. J Polit Econ.
1995;103:1176-209.

Genius M, Koundouri P, Nauges CC, Tzouvelekas V. Information transmis-
sion in irrigation technology adoption and diffusion: Social learning,
extension services, and spatial effects. Am J Agric Econ. 2014,96:328-44.
https://doi.org/10.1093/ajae/aat054.

Spielman DJ, Ekboir J, Davis K. The art and science of innovation systems
inquiry: applications to Sub-Saharan African agriculture. Technol Soc.
2009;31:399-405. https://doi.org/10.1016/j.techsoc.2009.10.004.

Amit SK, Uddin MM, Rahman R, Islam SR, Khan MS. A review on
mechanisms and commercial aspects of food preservation and


https://doi.org/10.1093/ajae/aay012
https://doi.org/10.1353/jda.2014.0014
https://doi.org/10.1080/14693062.2022.2066060
https://doi.org/10.1080/14693062.2022.2066060
https://doi.org/10.1016/j.worlddev.2019.104692
https://doi.org/10.1016/j.worlddev.2019.104692
https://doi.org/10.1016/j.heliyon.2021.e07873
https://doi.org/10.1016/j.heliyon.2021.e07873
https://doi.org/10.1016/j.ecolecon.2019.106443
https://doi.org/10.1016/j.ecolecon.2019.106443
https://doi.org/10.1038/s41893-018-0062-8
https://doi.org/10.1080/07900627.2020.1739512
https://doi.org/10.1080/07900627.2020.1739512
https://doi.org/10.1080/00220388.2019.1696958
https://doi.org/10.1080/00220388.2019.1696958
https://doi.org/10.1111/1467-8489.12237
https://doi.org/10.1002/wmh3.280
https://doi.org/10.1016/j.foodpol.2014.10.015
https://doi.org/10.1016/j.foodpol.2014.10.015
https://doi.org/10.1016/j.jeconom.2018.07.009
https://doi.org/10.1016/j.jeconom.2018.07.009
https://doi.org/10.1016/j.foodpol.2021.102041
https://doi.org/10.1016/j.foodpol.2021.102041
https://doi.org/10.1093/ajae/aax079
https://doi.org/10.1016/j.foodpol.2020.101955
https://doi.org/10.1017/S1742170516000521
https://doi.org/10.1016/j.ssaho.2023.100484
https://doi.org/10.1016/j.worlddev.2017.12.013
https://doi.org/10.1016/j.worlddev.2017.12.013
https://doi.org/10.1016/j.jrurstud.2018.09.015
https://doi.org/10.1186/s40066-023-00410-y
https://doi.org/10.1186/s40066-023-00410-y
https://doi.org/10.1080/00220388.2020.1808195
https://doi.org/10.1080/00220388.2020.1808195
https://doi.org/10.1080/00220388.2017.1324148
https://doi.org/10.1080/00220388.2017.1324148
https://doi.org/10.1080/00220388.2021.1873288
https://doi.org/10.1080/00220388.2021.1873288
https://doi.org/10.1093/wbro/lkhO13
https://doi.org/10.1093/wbro/lkhO13
https://doi.org/10.1080/13892240903309595
https://doi.org/10.1080/13892240903309595
https://doi.org/10.1093/restud/rdy039
https://doi.org/10.1093/restud/rdy039
https://doi.org/10.1111/0002-9092.00188
https://doi.org/10.18697/AJFAND.84.BLFB1007
https://doi.org/10.18697/AJFAND.84.BLFB1007
https://doi.org/10.1093/ajae/aat054
https://doi.org/10.1016/j.techsoc.2009.10.004

Amadu and McNamara Agriculture & Food Security

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

(2024) 13:30

processing. Agric Food Secur. 2017;6:1-22. https://doi.org/10.1186/
540066-017-0130-8.

Ariong RM, Okello DM, Otim MH, Paparu P. The cost of inadequate post-
harvest management of pulse grain: farmer losses due to handling and
storage practices in Uganda. Agric Food Secur. 2023;12(1):20. https://doi.
0rg/10.1186/540066-023-00423-7.

Klatt BK, Klaus F, Westphal C, Tscharntke T. Enhancing crop shelf life with
pollination. Agric Food Secur. 2014;3:1-7.

Maertens A, Michelson H, NouraniV. How Do farmers learn from exten-
sion services? Evidence from Malawi. Am J Agric Econ. 2021;103(2):569—
95. https://doi.org/10.1111/ajae.12135.

Ragasa C. Effectiveness of the lead farmer approach in agricultural exten-
sion service provision: Nationally representative panel data analysis in
Malawi. Land Use Policy. 2020;99:104966. https://doi.org/10.1016/j.landu
5epol.2020.104966.

Kangogo D, Dentoni D, Bijman J. Adoption of climate-smart agriculture
among smallholder farmers: Does farmer entrepreneurship matter ? Land
Use Policy. 2021;109 https://doi.org/10.1016/jlandusepol.2021.105666.
Chowa C, Garforth C, Cardey S. Farmer Experience of pluralistic agricul-
tural extension, Malawi. J Agric Educ Ext. 2013;19:147-66. https://doi.org/
10.1080/1389224X.2012.735620.

Masangano C, Mthinda C. Pluralistic extension system in Malawi. IFPRI
discussion paper 01171. IFPRI, Washington, DC; 2012. http://www.ndr.
mw:8080/xmlui/bitstream/handle/123456789/264/Pluralistic%20Ext
ension%_20System%20in%20Malawi.pdf?sequence=1. Accessed 19 May
2021.

Mudege NN, Nyekanyeka T, Kapalasa E, Chevo T, Demo P. Understanding
collective action and women's empowerment in potato farmer groups
in Ntcheu and Dedza in Malawi. J Rural Stud. 2015;42:91-101. https://doi.
0rg/10.1016/jjrurstud.2015.09.002.

Mutenje M, Kankwamba H, Mangisonib J, Kassie M. Agricultural innova-
tions and food security in Malawi: gender dynamics, institutions and mar-
ket implications. Technol Forecast Soc Chang. 2016;103:240-8. https://
doi.org/10.1016/j.techfore.2015.10.004.

Phiri MAR, Chilonda P, Manyamba C. Challenges and opportunities for
raising agricultural productivity in Malawi. Int J Agric For. 2012;2:210-24.
https://doi.org/10.5923/j.ijaf.20120205.04.

Rusike J, Mahungu NM, Jumbo S, Sandifolo VS, Malindi G. Estimating
impact of cassava research for development approach on productivity,
uptake and food security in Malawi. Food Policy. 2010;35:98-111. https://
doi.org/10.1016/j.foodpol.2009.10.004.

Koppmair S, Kassie M, Qaim M. Farm production, market access and
dietary diversity in Malawi. Public Health Nutr. 2017,20:325-35. https://
doi.org/10.1017/51368980016002135.

Ragasa C, Aberman NL, Alvarez Mingote C. Does providing agricultural
and nutrition information to both men and women improve household
food security? Evidence from Malawi. Glob Food Sec. 2019,20:45-59.
https://doi.org/10.1016/j.gfs.2018.12.007.

Sibhatu KT, Krishna VV, Qaim M. Production diversity and dietary
diversity in smallholder farm households. Proc Natl Acad Sci.
2015;2015:201510982. https://doi.org/10.1073/pnas.1510982112.

Snapp SS, Fisher M. “Filling the maize basket” supports crop diversity and
quality of household diet in Malawi. Food Security. 2014;7:83-96. https://
doi.org/10.1007/512571-014-0410-0.

Tadesse B, Bakala F, Mariam LW. Assessment of postharvest loss along
potato value chain: the case of Sheka Zone, southwest Ethiopia. Agric
Food Secur. 2018;7(1):1-14. https://doi.org/10.1186/540066-018-0158-4.
Troger K, Lelea MA, Hensel O, Kaufmann B. Re-framing post-harvest
losses through a situated analysis of the pineapple value chain in
Uganda. Geoforum. 2020;111:48-61.

Cook K, Manfre C, Kamoto J, Kalagho K. Feed the future, integrating nutri-
tion in value chains, Malawi gender and value chain assessment; 2014. p.
1-62.

Agwu A, Egbule C, Amadu F, Morlai T, Wollor E, Cegbe L. Linkages among
key actors in the climate change and food security innovation system in
Nigeria, Sierra Leone and Liberia. J Agric Ext. 2013;16:34-51. https://doi.
org/10.4314/jaev16i2.4.

Amadu FO, Miller DC. The impact of forest product collection and pro-
cessing on household income in rural Liberia. For Policy Econ. 2024;158:
103098.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Page 20 of 21

Barrett CB, Christian P, Shiferaw BA. The structural transformation of Afri-
can agriculture and rural spaces: introduction to a special sectiont. Agric
Econ (United Kingdom). 2017;48:5-10. https://doi.org/10.1111/agec.
12382.

Denning G, Kabambe P, Sanchez P, Malik A, Flor R, Harawa R, Nkhoma P,
Zamba C, Banda C, Magombo C, Keating M, Wangila J, Sachs J. Input sub-
sidies to improve smallholder maize productivity in Malawi: toward an
African green revolution. PLoS Biol. 2009. https://doi.org/10.1371/journal.
pbio.1000023.

Sonnino R, Faus A, Maggio A. Sustainable food security: an emerging
research and policy agenda. Int J Sociol Agric Food. 2014;21:173-88.
Lentz E, Upton J. Benefits to smallholders? Evaluating the world food
programme’s purchase for progress pilot. Glob Food Sec. 2016;11:54-63.
https://doi.org/10.1016/j.9fs.2016.07.003.

Thornton PK, Kristjanson P, Forch W, Barahona C, Cramer L, Pradhan S. Is
agricultural adaptation to global change in lower-income countries on
track to meet the future food production challenge? Glob Environ Chang.
2018;52:37-48. https://doi.org/10.1016/j.gloenvcha.2018.06.003.

Bryan E, Garner E. Understanding the pathways to women's empower-
ment in Northern Ghana and the relationship with small-scale irriga-
tion. Agric Human Values. 2022;39:905-20. https://doi.org/10.1007/
$10460-021-10291-1.

Lacy W. Local food systems, citizen and public science, empowered
communities, and democracy: hopes deserving to live. Agric Hum Values.
2022. https://doi.org/10.1007/510460-022-10398-z.

Ecker O, Qaim M. Analyzing nutritional impacts of policies: an empirical
study for Malawi. World Dev. 2011;39:412-28. https://doi.org/10.1016/j.
worlddev.2010.08.002.

Patel R, Bezner Kerr R, Shumba L, Dakishoni L. Cook, eat, man, woman:
understanding the new alliance for food security and nutrition, nutrition-
ism and its alternatives from Malawi. J Peasant Stud. 2014;42:21-44.
https://doi.org/10.1080/03066150.2014.971767.

Satzinger F, Bezner Kerr R, Shumba L. Intergenerational participatory
discussion groups foster knowledge exchange to improve child nutrition
and food security in northern Malawi. Ecol Food Nutr. 2009;48:369-82.
https://doi.org/10.1080/03670240903170483.

Bezner-Kerr R. Lessons from the old Green Revolution for the new: Social,
environmental and nutritional issues for agricultural change in Africa.
Prog Dev Stud. 2012;12:213-29.

Fanzo J, Marshall Q, Dobermann D, Wong J, Merchan RI, Jaber MI, Souza
A, Verjee N, Davis K. Integration of nutrition into extension and advisory
services: a synthesis of experiences, lessons, and recommendations. Food
Nutr Bull. 2015;36:120-37. https://doi.org/10.1177/0379572115586783.
Verkaart S, Munyua BG, Mausch K, Michler JD. Welfare impacts of
improved chickpea adoption: a pathway for rural development in Ethio-
pia? Food Policy. 2017;66:50-61. https://doi.org/10.1016/j.foodpol.2016.
11.007.

Amadu FO, McNamara PE, Davis KE. Soil health and grain yield impacts
of climate resilient agriculture projects: evidence from southern Malawi.
Agric Syst. 2021;193: 103230. https://doi.org/10.1016/j.agsy.2021.103230.
Madsen S. Farm-level pathways to food security: beyond missing markets
and irrational peasants. Agric Hum Values. 2022;39:135-50. https://doi.
org/10.1007/510460-021-10234-w.

Machida L, Derera J, Tongoona P, Langyintuo A, MacRobert J. Exploration
of farmers' preferences and perceptions of maize varieties: implications
on development and adoption of quality protein maize (QPM) varieties
in Zimbabwe. J Sustain Dev. 2014;7:194-207. https://doi.org/10.5539/jsd.
v7/n2p194.

Martey E, Etwire PM, Denwar N. Improved storage technique and man-
agement of aflatoxin in peanut production: evidence from Ghana. Sci Afr.
2020. https://doi.org/10.1016/j.sciaf.2020.e00381.

Zulu LC, Adams EA, Chikowo R, Snapp S. The role of community-based
livestock management institutions in the adoption and scaling up of
pigeon peas in Malawi. Food Policy. 2018;79:141-55. https://doi.org/10.
1016/j.foodpol.2018.06.007.

Krafft J, Hockert J, Ljung M, Lundberg S, Kolstrup CL. Delivering too much,
too little or off target—possible consequences of differences in percep-
tions on agricultural advisory services. Agric Hum Values. 2022;39:185-99.
https://doi.org/10.1007/510460-021-10239-5.


https://doi.org/10.1186/s40066-017-0130-8
https://doi.org/10.1186/s40066-017-0130-8
https://doi.org/10.1186/s40066-023-00423-7
https://doi.org/10.1186/s40066-023-00423-7
https://doi.org/10.1111/ajae.12135
https://doi.org/10.1016/j.landusepol.2020.104966
https://doi.org/10.1016/j.landusepol.2020.104966
https://doi.org/10.1016/j.landusepol.2021.105666
https://doi.org/10.1080/1389224X.2012.735620
https://doi.org/10.1080/1389224X.2012.735620
http://www.ndr.mw:8080/xmlui/bitstream/handle/123456789/264/Pluralistic%20Extension%20System%20in%20Malawi.pdf?sequence=1
http://www.ndr.mw:8080/xmlui/bitstream/handle/123456789/264/Pluralistic%20Extension%20System%20in%20Malawi.pdf?sequence=1
http://www.ndr.mw:8080/xmlui/bitstream/handle/123456789/264/Pluralistic%20Extension%20System%20in%20Malawi.pdf?sequence=1
https://doi.org/10.1016/j.jrurstud.2015.09.002
https://doi.org/10.1016/j.jrurstud.2015.09.002
https://doi.org/10.1016/j.techfore.2015.10.004
https://doi.org/10.1016/j.techfore.2015.10.004
https://doi.org/10.5923/j.ijaf.20120205.04
https://doi.org/10.1016/j.foodpol.2009.10.004
https://doi.org/10.1016/j.foodpol.2009.10.004
https://doi.org/10.1017/S1368980016002135
https://doi.org/10.1017/S1368980016002135
https://doi.org/10.1016/j.gfs.2018.12.007
https://doi.org/10.1073/pnas.1510982112
https://doi.org/10.1007/s12571-014-0410-0
https://doi.org/10.1007/s12571-014-0410-0
https://doi.org/10.1186/s40066-018-0158-4
https://doi.org/10.4314/jae.v16i2.4
https://doi.org/10.4314/jae.v16i2.4
https://doi.org/10.1111/agec.12382
https://doi.org/10.1111/agec.12382
https://doi.org/10.1371/journal.pbio.1000023
https://doi.org/10.1371/journal.pbio.1000023
https://doi.org/10.1016/j.gfs.2016.07.003
https://doi.org/10.1016/j.gloenvcha.2018.06.003
https://doi.org/10.1007/s10460-021-10291-1
https://doi.org/10.1007/s10460-021-10291-1
https://doi.org/10.1007/s10460-022-10398-z
https://doi.org/10.1016/j.worlddev.2010.08.002
https://doi.org/10.1016/j.worlddev.2010.08.002
https://doi.org/10.1080/03066150.2014.971767
https://doi.org/10.1080/03670240903170483
https://doi.org/10.1177/0379572115586783
https://doi.org/10.1016/j.foodpol.2016.11.007
https://doi.org/10.1016/j.foodpol.2016.11.007
https://doi.org/10.1016/j.agsy.2021.103230
https://doi.org/10.1007/s10460-021-10234-w
https://doi.org/10.1007/s10460-021-10234-w
https://doi.org/10.5539/jsd.v7n2p194
https://doi.org/10.5539/jsd.v7n2p194
https://doi.org/10.1016/j.sciaf.2020.e00381
https://doi.org/10.1016/j.foodpol.2018.06.007
https://doi.org/10.1016/j.foodpol.2018.06.007
https://doi.org/10.1007/s10460-021-10239-5

Amadu and McNamara Agriculture & Food Security (2024) 13:30 Page 21 of 21

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Festus O. Amadu, Dr Festus Amadu is an Assistant Professor of
Climate Policy at Florida Gulf Coast University (FGCU in the Depart-
ment of Ecology and Environmental Studies in the Water School. Dr.
Amadu’s research and teaching interests include the use of applied
econometrics to understand policy-relevant issues like adop-
tion, impacts, and pathways of climate smart and resilient agricul-
ture, household food security and income, as well as green infrastruc-
ture and climate resilience at various spatial scales. He has extensive
research experience in sub-Saharan Africa where he has led fieldwork
in diverse countries like Sierra Leone, Uganda, and Malawi. He com-
pleted his Ph.D. in 2018 from the Department of Natural Resources
and Environmental Sciences with a concentration in Environmen-
tal Economics, at the University of lllinois, Urbana-Champaign. He
has a Master of Science in Agricultural and Applied Economics in
2014 from the Department of Agricultural and Consumer Econom-
ics at University of Illinois, Urbana-Champaign, and a Master of Sci-
ence in Agricultural Economics in 2006 in the School of Social Sci-
ences at Njala University, Sierra Leone. Prior to joining the faculty at
FGCU, Dr. Amadu served as a Postdoctoral Research Scholar in the
Department of Agricultural and Consumer Economics at University of
lllinois, Urbana-Champaign; and the Keough School of Global Affairs
at the University of Notre Dame. He graduated with a Bachelor of Sci-
ence degree with Honors in Agricultural Economics, from the Univer-
sity of Sierra Leone in 2004.

Paul E. McNamara, Dr. McNamara develops and strengthens
extension services to help them meet the needs of some of the
world’s poorest smallholder farmers in places like Ghana, Kenya, and
Malawi. Through his AgReach Program, he assists organizations and
programs that reach millions of smallholder farmers and helps them
to improve their agricultural productivity, increase their incomes, and
achieve better household food security. His activities at the Univer-
sity of lllinois focus on using tools from applied economics to address
challenging issues around poverty, access to resources and opportu-
nities, and health and nutrition. Extension, outreach and service form
core themes in his program. Dr. McNamara completed his Ph.D. in
1998 at the University of Minnesota, St. Paul. He earned his under-
graduate degree from Wheaton College, lllinois in 1983, and Master’s
degree in Public Policy from the Harvard Kennedy School in 1985.



	Do Agricultural stakeholder panels enhance post-harvest loss reduction? Evidence from Malawi
	Abstract 
	Introduction
	Agricultural stakeholder panels in Malawi
	Theoretical framework and expectations
	Conceptual framework

	Analytical approach
	Empirical strategy
	Identification strategy

	Data
	Description and measurement of variables and summary statistics
	Summary statistics conditional on farmer interaction with ASPs

	Results and discussion
	Main results: impact of ASP functionality on post-harvest losses
	Discussion and implications
	Robustness checks
	Limitation and recommendations for future research

	Conclusion
	Appendix
	Acknowledgements
	References


