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Abstract: Post-harvest losses represent a significant threat to food security and farmer
incomes worldwide. It is an inefficiency in the global food production system that is
avoidable. In deducing principles of designing and implementing agricultural extension
programs to reduce post-harvest losses, valuable lessons can be gleaned from the handful of
previous extension projects and programs addressing post-harvest loss. Abstracting
principles from previous experiences and using this to inform future post-harvest loss
prevention programs is an evidence-based approach to arrive at solutions to this problem.
This paper reviews extension programs for post-harvest loss prevention, before presenting
key principles abstracted from the review that should be taken into consideration for future
post-harvest loss prevention programs. This paper aims to contribute to knowledge on the
role of agricultural extension in the design of post-harvest loss reduction efforts in
developing countries.

Keywords: post-harvest loss; agricultural extension; program design; enabling
environment; dimensionality; process approach

1. Introduction

It is estimated that a third of food produced worldwide is lost and or wasted [1]. Post-harvest loss is
an important threat to food security, loss in farmer incomes, and inefficiency in the global food system.
The Food and Agricultural Organization (FAO) estimates that the value of post-harvest loss in
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Sub-Saharan Africa is about US$4 billion a year out of an annual grain crop value of US$27 billion
produced in the years 2005-2007 [2]. Important elements of the post-harvest loss challenge include:
multiple points of intervention, multiple value chains, multiple technologies (a dimensionality problem
in terms of the technology), and value chains embedded in weak and poorly developed agricultural
systems. Post-harvest losses are also due to agricultural systems affected by poor policy choices, as well
as institutional capacity constraints, and in some cases, weaknesses in the investment and private sector
business-operating climate [3,4].

This multiple cause characteristic of the post-harvest loss problem makes it difficult to deduce general
principles to inform post-harvest loss prevention programs. Nevertheless, this paper addresses this
challenge because we are convinced that such broad based principles will be beneficial to donors,
governments, and the many non-state actors in the agricultural sector. The paper is organized as follows:
following the introduction, we review extension programs that have included post-harvest loss
prevention as a major objective. This is followed by a discussion of the challenges identified in the
reviewed extension programs. The fourth section of the paper articulates broad based principles that
should guide post-harvest loss prevention (PHLP) extension programs, deduced from the findings in
previous sections of the paper. The paper concludes in section five with a summary of its arguments.

2. PHLP Extension Experiences in Developing Countries

Tyler et al. [3] carried out a broad-based assessment of post-harvest loss prevention programs for
grains in developing countries, funded by bilateral and multilateral donors. They note that determined
global efforts to tackle the problem of post-harvest loss started in the 1970s led by the United Nations
through the Post-harvest Food Loss (PFL) Trust Fund Programme implemented by the Food and
Agricultural Organization (FAO). Other institutions that took up the challenge then included the World
Bank, the European Development Fund, and the International Foundation for Science. A major drawback
they observed was that post-harvest loss prevention programs focused on losses at farm level and were
studying losses along the crop value chain from production to consumption.

In the Philippines, the Postharvest Horticulture Training and Research Center (PHTRC) has been at
the forefront of research and dissemination of knowledge on how to reduce post-harvest losses of
horticultural crops [5]. The PHTRC was established in 1977 and is part of the University of the
Philippines Los Banos (UPLB) College of Agriculture. Since its creation the PHTRC has received
support from similar collaborating institutions in Australia, England, Israel, Japan, and the United States.
This has been critical in the PHTRC fulfilling its mission of training experts able to provide solutions to
the post-harvest loss problem in the Association of Southeast Asian Nations (ASEAN). To this end the
PHTRC has trained personnel from 22 countries on post-harvest loss prevention.

The PHTRC carries out basic research on perishable crops to understand their physiology and
biochemistry; the results of their work have contributed to the design of appropriate technology to
prevent post-harvest losses of perishable crops in the ASEAN. The PHTRC also develops instructional
materials (books, manuals, and visual aids) for the teaching of post-harvest prevention to its students,
for public use, and for instruction in foreign countries like Thailand and Indonesia that have invited the
PHTRC to train its personnel. Despite the existence of the PHTRC and its educational activities,
post-harvest loss prevention education is only carried out in just about 20 of the more than
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200 agricultural colleges in the Philippines. Bautista et al. [5] noted that post-harvest education in
Philippines is hampered by loss of trained manpower, slow replacement of manpower, and a widespread
belief that techniques used for the post-harvest handling of grains is the same for perishable crops.

The World Vegetable Center (AVRDC) with funding from the Asian Development Bank
implemented two post-harvest training and extension projects in Cambodia, Laos, and Vietnam from
2005-2010 [6]. The first phase of the projects, which ran from 2005-2007, focused on reducing
post-harvest loss of vegetable crops in the three countries and also included training for their National
Agricultural and Research Extension System (NARES) personnel and partners. The projects also
involved resource persons drawn from Thailand, Myanmar, China, and the Philippines. The projects
developed simple, low cost and appropriate post-harvest technologies for smallholder vegetable farmers.
The post-harvest handling techniques and simple technologies that were developed were published in
local languages and disseminated through trained extension agents.

The second phase of the project which was from 2009-2010 evaluated the impact of the first phase
in terms of adoption of the post-harvest technologies developed. It found that the projects had very strong
impacts on rural farmers as adopters experienced 25%—-30% higher incomes, and a ten-fold reduction in
crop losses from 20%—-30% to 2%—3%. Acedo Jr. et al. [6] argue that to increase the post-harvest
technology adoption rate (highest in Vietnam at 60% and lowest in Cambodia at 27%) financial services
providers should be included in post-harvest training programs. These are needed to provide credit
facilities to smallholder farmers to be able to acquire the low cost post-harvest technologies. Acedo Jr.
et al. [6] also call for successful trainees to be used as resource persons in training programs to increase
the programs’ experiential learning content, and enhance program value and credibility.

Barrett et al. [7] carried out a three-year project funded by the USAID on ‘Extension of Appropriate
Post-Harvest Technology in Sub-Saharan Africa’. The project had three major objectives. The first was
to train 30 persons (researchers, extension agents, development workers) from Rwanda, Ghana, Kenya,
Tanzania, Benin and Gabon as post-harvest specialists via E-learning in the first year. The second was
to design and establish a ‘Postharvest Training and Services Center’ (PTSC) in Kigali, Rwanda, in the
second year. The third objective was to provide demonstrations, training programs and conduct adaptive
research on innovative small-scale appropriate postharvest technologies at the PTSC in collaboration
with Trainees and local extension personnel in the second and third year.

At the end of the project, the PTSC successfully trained 36 (17 men, 19 women) post-harvest loss
prevention extension agents from seven African countries (Rwanda, Ghana, Kenya, Tanzania, Benin,
Ethiopia, and Uganda). The PTSC was now located in Tanzania due to the Rwandan project partner not
being able to provide a facility to host the PTSC. The trainees received instructions on Commodity
Systems Assessment (CSA), post-harvest systems research (PSR), postharvest demonstration and
extension program design, and cost-benefit analysis. Barrett et al. [7] maintain that the 36 post-harvest
extension agents have already trained approximately 16,000 smallholder farmers in their various home
countries. The PTSC pilot training curriculum is now part of a Global Post-harvest E-learning Program
run by the USA-based Postharvest Education Foundation (PEF).
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3. Challenges to Designing and Implementing PHLP Extension

When considering efforts to reduce post-harvest loss significantly in the developing countries of SSA
and South and Southeast Asia, what dimensions of the phenomenon shape how we think about the
challenge of large-scale programs? Especially, what dimensions of the problem are relevant to utilizing
insights from extension programs?

Kitinoja et al. [8] asserts that post-harvest science, education and extension services should be
integrated into the agricultural curriculum in developing countries. They maintain that this is because
there is a very urgent need for capacity building in developing countries with regards to post-harvest
policy formulation at the level of government, research, design of appropriate technology, and extension
services. They also proposed that post-harvest science and education be taught from grade school
through university, and for developing countries to establish a Postharvest Working Group focus on
solving post-harvest problems. In addition, Kitinoja et al. [8] call for developing countries to set up
‘Postharvest Training and Services Centers’ for testing of innovations under local conditions, providing
hands-on training, and providing practical information to different actors including women. They also
call for regional collaboration on training amongst postharvest groups in the same region.

In addition to getting the institutional and policy environment right, the large variety of crops and the
many different post-harvest processes they require means that post-harvest extension is complex. It
involves linkages up and down the agricultural supply chain [9], though some experts feel that
post-harvest loss challenges are greatest at the “farmer-producer end of the supply chain” [10] (p. 17).
In addition, many different actors have decision-making power that affects the level of post-harvest loss
in these chains: farmers, processors, importers and suppliers, machine and tractor service providers,
millers, distributors and storage businesses, marketing channel actors, input dealers, as well as
institutions such as credit markets, labor markets, output markets, and academic and commercial
researchers. Figure 1 illustrates this complexity in a typical crop production to consumption value chain,
while Figure 2 is a simplified model of how post-harvest losses reduces the volume, quality and
consequently the value of crops along the production to consumption value chain.

As illustrated in Figures 1 and 2, compared to many archetypal agricultural innovations such as
adoption of a new seed variety or adoption of an innovation in water management like drip irrigation,
innovations necessary to reduce post-harvest loss would in many cases involve more nodes in the
agricultural supply chain and potentially more actors.
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Figure 1. Production to Consumption Value Chain [4].
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Figure 2. Post-harvest loss along a production to consumption food crop value chain [1].

A further level of complexity or dimensionality of the post-harvest loss prevention challenge is the
agricultural investment environment [8]. This determines whether industry actors from farmers to end
product distributors will be willing to invest capital and other scarce resources into their operations. On
the technical side, multiple approaches and technological products (some low-cost, others not) exist to
help reduce post-harvest losses. In developing countries, simple low cost technologies have greater
chances of being adopted by smallholder farmers [11]. However, technically sound innovations may fail
to become adopted if other aspects of the crop value chain are inhibiting or reducing the ability of
adopters to increase net incomes through the technological improvement. In cases where bottlenecks
occur at the milling stage, even if post-harvest losses can be prevented on the farm, farmers would
hesitate to invest in the loss-reducing technology. Similarly, if a technological advance in post-harvest
loss is available but credit is highly constrained, smallholder farmers would not be able to adopt the
technology [1].

The post-harvest loss prevention extension challenge displays multiple dimensions, which indicate
that a multi-pronged extension approach is needed to reach the various decision-makers and actors
involved. Given scarce resources, governments and donors face the challenge of prioritizing where to
target their research, education, demonstration, and extension funds for a post-harvest loss prevention
program [3].

Extension should be the central and integrating element throughout the supply chain in a program to
reduce post-harvest loss [12]. Extension explains the needs of the farmers to actors and agencies and
informs the farmer of opportunities available to them. Given the urgency of providing solutions to the
post-harvest loss challenge facing farmers in developing countries, and the many innovative post-harvest
loss prevention programs now being funded by donors [1,7,8,11], the capacity to design and implement
post-harvest loss prevention extension programs should also be accorded very urgent attention. The
principles we provide in the next section of this paper is one small step in this direction.
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4. Principles of Extension Program Design and Implementation Relevant to Addressing the
Post-Harvest Loss Challenge

What principles can inform the design and implementation of agricultural extension programs to
reduce post-harvest losses in a developing country? In this section we provide seven principles abstracted
from extension programs linked to post-harvest loss prevention.

4.1. Begin with the Audience in Mind

How do farmers think about post-harvest losses? Are they already experimenting and seeking out
solutions? What are their local approaches and their level of knowledge concerning the phenomenon?
What are their trusted sources of technical information? How good is their access to sources of
information (persons who have the expertise, as well as information and communication technologies,
ICTs, such as Internet, radio, television, mobile-based services)? Is qualitative research available that
reflects the audience’s point of view? If it does not exist or is too thin or out-of-date, such research
should be included in the design stage. In post-harvest loss prevention, this understanding must be gained
from the relevant actors up and down the value chain in question, including farmers, millers and
processors, distributors, as well as buyers and marketing agents [8,13]. Understanding of the
decision-maker’s perspective is important before specific technologies and practices are selected and
included in a program to improve efficiency in post-harvest processing.

Program developers can utilize this understanding of the audience’s perspective to help shape
messages, education, and extension efforts that will promote participation in the post-harvest loss
prevention program, and bring about changes in behavior or investments [ 14]. Messages must be framed
in ways that match up with the audience’s preferred communication methods in terms of mode: internet,
face-to-face, peer and social networks for education, commercial and marketing-based communications,
print, video, radio, demonstrations and field tests, research papers, reports to influence thought-leaders,
level of language and language option (English, national trade and business language, dialects and tribal
languages), as well as level of numeracy and technical detail [15]. Graphic design images should be
chosen with the audience in mind so that campaigns avoid any images that might create an unintended
communication barrier.

Understanding the gender dimensions of practices and behaviors that influence post-harvest loss is
also very important [16]. Potential technologies in harvesting may displace women laborers who
traditionally harvest by hand for crops, such as rice or maize. Further, some proposed interventions may
receive subsidies and other financial support, and men may primarily capture these benefits. Conversely,
programs that narrowly focus on women may disenfranchise men and lead to conflict. Gender
considerations can force trade-offs between promoting technical efficiency in a value chain through
increased levels of commercialization (better and more efficient processing equipment and higher quality
storage and processing) and capturing of benefits along gender lines.
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4.2. Engage Multiple Actors and Institutions at Their Strengths

As indicated in Figures 1 and 2, post-harvest loss occurs along a value chain that includes farmers,
produce buyers and marketers, input dealers, machinery suppliers and service providers, labor
contractors and hired laborers, processors, distributors and truckers, extension agents, as well as
researchers and knowledge providers such as institutes and universities. Moving to the broader
conception of an agricultural innovation system, we also note the roles of information providers like
media outlets, television stations, radio stations, and consultants. All of these chain and system actors
have a role to play in a program to reduce post-harvest loss in a value chain [2—4,17].

The post-harvest loss prevention extension program developers have to identify chain actors and
system participants at critical nodes where interest and support for a program can be expressed. An
example might be identifying, encouraging and supporting lead farmers to demonstrate technologies and
approaches to peers. Another is to purposefully involve national research programs and strategic
academic partners to engage in programs of action-oriented research and demonstrations. It might also
involve various media outlets, from government agency staff to radio stations and broadcasting services.

However, since it really is a supply chain and there really is an innovation system needed, utilizing
just one or two types of actors or players will likely not produce the intended impacts. Deciding which
actors on which to focus program resources and attention additionally becomes an important task, as no
program can engage all the possible players and decision-makers easily or efficiently [3]. Participation
and ownership of the process by value chain actors, especially farmers, will create more lasting impacts
and engagements [18]; this includes control and voice so that they can act, provide input and feedback
into the process of reducing post-harvest losses. Participation will also involve inclusion and input into
steering committees and evaluations, as well as involvement in the main activities of the program by
serving as peer trainers, educators, commercial partners, and media nodes. By recognizing the variety of
chain and system actors and by inviting significant input and participation from the actors, a program is
more likely to have lasting deep impact.

4.3. Finance in a Manner that Corresponds to the Program Goals

The way large development programs get financed shapes the outcomes and consequences from the
programs [3,19]. As part of health sector reforms in Kenya, conditional grants financing from donors
and the central government to local counties have been used to incentivize more efficient delivery of
public health services [20]. Education reforms, which have included bonus pay for improved teacher
performance, have been shown to be an effective incentive mechanism for teachers in developed and
developing countries [21].

Given this ability for financing to shape impacts, taking the program goals and mapping the financing
directly onto these goals would result in a framework that links payments to the agency or person
achieving the results. This is a very important element of smart development program design. Care must
be taken so that the way a program is financed, especially the structure and timing of payments, creates
incentives and motivation for actors and partners to achieve program outcomes and impacts [2,17]. The
source of financing, whether public, private or a public-private partnership also has an impact on
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program outcomes [22,23]. Figure 3 shows the results when different funding sources are combined with
different delivery mechanisms.

FUNDING
Public Private
Deconcentration Cost recovery (fee-based)
) projects
E Devolution
E [Move toward federalism] [Commoadification of information]
Diversified
= Strategies
[11]
2 Contracting out to public Commercialization
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3 private providers
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'E [Enabling the private sector] good to the private sector)
Funding for community-driven Withdrawal from support for
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to NGOs
(Subsidiarity)
(State withdrawal from
agricultural extension)

Figure 3. Influence of program financing on operational strategy [24].
4.4. Manage for Impact

To achieve significant impacts, extension project management has to encourage and incentivize the
performance of the extension system [2]. Specific actions and management tools, such as the monitoring
and evaluation system and the reporting systems, need to align with the mission of the program in
strengthening the system. One dimension of managing for impact is discerning what various partners
can contribute to the overall effort and providing them with sufficient resources to achieve results.
Holding them accountable via monitoring and reporting structures, and having sanctions if the actions
are poorly performed or are not of a sufficient quantity is important [23]. In systems and supply chains
where key partners like farmer organizations or public sector extension are weak, this aspect of
management becomes quite challenging. NGOs and private sector entities can be engaged but oftentimes
the impacts may not be sustainable.

4.5. Employ Multiple Modes and Methods of Communication

Effective extension programs often employ multiple modes of communication [15]. A national
program on soil fertility might utilize demonstrations through farmer field schools, as well as radio
messages, fact sheets, training sessions for extension agents and lead farmers, videos, print media and
newspaper articles. Utilizing multiple modes of communication makes sense because the agricultural
systems have multiple actors and multiple types of decision-makers. Given variations in education levels
and preferred communication modes, it is pertinent to use a variety of communication approaches within
a program in order to increase effectiveness [25].
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A variety of approaches in extension communications is also necessary because learning styles and
readiness for behavior change among people are varied [15]. Consider rice millers in a developing
country: mills are operated by agricultural business associations, farm groups, and private businesses.
While some decision-makers may realize their equipment process rice inefficiently with significant
broken rice, leading to a lower quality rice than could be achieved with improved equipment, others may
not realize there could be an issue here at all. Therefore, millers may vary regarding their perception of
aneed to invest in new equipment. Having a variety of media channels and approaches would help reach
rice millers wherever they find themselves in terms of perception of the need for change.

A last reason for multiple modes of communication concerns the economics of messaging. Given the
challenge of formulating effective extension messages, with technical and communication credibility,
using multiple modes of communication ensures that the good message reaches the largest number
clients. Another dimension of the economies of scale in messaging concerns using the network of a
program. Good extension programs utilize their internal networks to move messages via multiple
modes [15]. These coordination networks for field extension activities can be effectively utilized to
distribute and disseminate videos, audio for radio, articles to local media, as well as lesson and activity
plans for field activities, and to deliver trainings for farmers and farmer groups.

4.6. Embrace the Tension between the Technology Diffusion and Process Approaches

There is a tension that exists within extension program design: approaches that emphasize the
“technology” or a specific product or innovation versus the process or system oriented approach. In the
technology approach, the extension agent is the expert; in the system approach, farmers are owners of a
learning and discovery process with power and agency to investigate and select approaches that will
improve their lives. In the technology approach, the emphasis is transfer of knowledge about a
technology, while the system approach builds social capital and capacity of farmers. The system
approach enables farmers adopt a specific technology if they so choose, and builds their capacity to link
with suppliers of technology and information as well as with market opportunities for their
crops [2,26].

Program designers for a post-harvest loss prevention program must possess an awareness of these
design issues and how they may impact program sustainability, effectiveness, costs, and staffing.
Further, many variants of these polar approaches exist and good elements can be integrated into a hybrid
program. A related question is, how does the program develop the capacity of supply chain and
innovation system actors, from farmers and further along the chain, to build their own capacity and that
of their organizations to independently assess and acquire technologies and approaches to improve their
post-harvest efficiency?

4.7. Realize the Enabling Environment can Swamp the Program’s Good Work

Another lesson from extension practice and program design for post-harvest loss prevention program
designers is that the overall agricultural and investment policy environment is critically
important [2,22]. Agricultural development projects, and small business and enterprise development
projects, in developing countries, work in the context of an overall policy environment that is uncertain
and sometimes contradictory. In conditions where high budget deficits lead to high interest rates (cost
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of capital) and weak exchange rates, export producers may experience increased demand, but unstable
exchange rates could lead to higher cost of imported goods including agricultural inputs like fertilizers
and new equipment. Thus a policy that would lead to growth in exports could also dampen investment
in the agricultural sector with consequent impact on post-harvest loss.

Investment climate considerations also play an important role in mobilizing the private sector
investments necessary to move a major post-harvest loss prevention effort forward [22]. This includes
security of contracts, trade agreements (including phytosanitary regulations), food industry
infrastructure, procedures and ability of government to participate in public/private partnerships, land
title, and access to credit [4]. Program designers must understand that the macro-level environment can
determine the success of programs that are fully endorsed by the national government.

This underscores the importance of macro-level variables in any scoping exercise at the country level.
It may be necessary to design post-harvest loss prevention programs to work with other large-scale
agricultural initiatives, such as World Bank-funded agricultural productivity improvement projects,
USAID and other donor-funded agricultural development projects, so as to work under an enabling
agricultural sector environment [13,27].

5. Conclusions

Extension programs that achieve significant impacts in terms of behavior and practice changes, as
well as agricultural productivity increases, succeed as a result of good program designs and effective
implementation management. They succeed because they provide a platform and avenue for desired
change with their participants and because the program elements that support this change at the
household, farm, firm or community level are present and vibrant. Making this happen is challenging in
many environments because it involves mobilizing multiple actors, significant institutional capacity and
human resources, as well as a sound suite of technical or practical innovations. By considering the
experiences of previous post-harvest loss prevention programs and agricultural extension programs more
broadly, post-harvest loss prevention program designers will increase their likelihood for significant
program impacts.

In this regard, this paper has presented seven design principles which we consider to be fundamental
to good extension program design, these include: begin with the audience in mind; engage multiple
actors and institutions at their strengths; finance in a manner that corresponds to the program goals;
manage for impact; employ multiple modes and methods of communication; embrace the tension
between the technology diffusion and process approaches; and lastly realize the enabling environment
can swamp the program’s good work. We do not maintain that these seven principles are a silver-bullet
guaranteeing sure success in extension program design, but we do assert that they are foundational and
where extension program designers ignore any of these, they risk program failure attributable to weak
program design.
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